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PREFACE TO SEVENTH EDITION 

The changes made in this edition consist principally of a description 
in Chapter XXVI of the advantages of the ‘‘ Parallel-depth System 
of bevel-gears and in instruction for milling the teeth according to this 
system. 

W. S. Leonard. 

Atlanta, Ga., May 22, 1919. 



PREFACE TO FOURTH EDITION 

In this edition a few corrections and changes of minor import 

have been made, and a chapter on “Laying Out Work'' has been ac 

W. S. 
Agricultural College, Michigan, December, 1905. 

PREFACE TO FIFTH EDITION 

Considerable new matter has been added to the chapter 

“Grinding Machines and Methods" in this edition, and a few mi 
changes have been made elsewhere in the work. 

Suggestions and criticisms which may lead to improvement in i 
work will be appreciated by the author. 

W. S. Leonard, 

Edoswood, Ga., February, 1908. 

PREFACE TO SIXTH EDITION 

Two new tables have been added to Chapter XXXIII in th 
edition. One of these tables gives the proportions of machine-scre\ 

as recommended by the American Society of Mechanical Engineers j 
May, 1907, and the corresponding tap-drill sizes; the other being 

table of constants to aid in solving various problems relating to bars ( 

polygonal cross-section. The slight alterations which have been mad 
in other chapters are not worthy of note in this connection. 

W. S. Leonard. 
Atlanta, Ga., February, 1911. 



PREFACE TO THE FIH8T EDITION 

The printed matter here presented is designed to serve as an aid 

in connection with the le' tnres on nia<‘bine-shop methods given in the 

Mechanical Departnienr at the Michigar Agricultural College. There 

are many questions connected with machine-shop practice which can 

be more systematically and economically treated in the class-room 

than by giving individual instruction in the shop. Some of these ques¬ 

tions will be treated in these notes, and they will be further discussed 

and elaborated before the class. The expressions exhibited and blacks 

hoard sketch, used in the side-headings, mean that the apparatus to 

which the text refers is shown before the class or illustrated on the 
blackboard. At the discretion of the instructor the student will be 

required to sketch the apparatus exhibited; however, the work is 

largely illustrated by detached blue-print sketches and printed plates, 

to which the text refers by number. Additional matter will be given 

in the class-room, and it is intended that the examinations shall, as 

far as practicable, cover the whole subject.^’ 
The foregoing brief introduction, which was printed in the two 

preceding loose-leaf editions of this work, is reproduced here to indi¬ 

cate the circumstances under which the work has been develo})ed and 
its primary object. In its original form the book served its purpose 

well at the college mentioned above, and the enlarged edition is pre¬ 

sented with the hope that it may be equally valuable in connecuion 
with the engineering departments of other schools. 

In the foot-notes there are a few references to articles in such tech¬ 

nical journals as are likely to be found in college libraries. It may be 

advantageous, in connection with a course of lectures, to require some 

of the students to read these or other similar articles and report their 

findings to the class for discussion. Such variations from a fixed 
method serve to keep up the interest of the student and at the same 

time tend to broaden his views. In institutions which have no regular 
course of lectures on shop-practice, the book may prove of value for 

reference in connection with machine-shop instruction. 
V 



vi PREFACE. 

In some of the larger shops of this country there has recently been 
introduced a system which requires that the workman shall follow a 
carefully prepared order of operations in his work. As suggestive of 
what may be done in this direction, the instructions for some of the 
exercises in Chapters XVII and XVIII are presented in this regular 
order. 

The list of questions at the end of the book is not a complete outline 
of the contents, but it may be supplemented by additional questions 
at the discretion of the instructor. Such an outline is of value to the 

student in preparing for examinations. 
It is hoped that a considerable portion of the book may be found 

profitable reading for experienced machinists. This class of readers, 
bearing in mind that many of the students for whom the work is prin¬ 
cipally designed know practically nothing of machine-shop practice, 

will overlook the elementary character of much of the text. 

Among the publications consulted in the preparation of the manu¬ 

script may be mentioned Modern Machine-shop Practice, by Joshua 
Rose; “Modern Machine-shop Tools,’^ by \"andervoort; and “Practical 
Treatise on Gearing,” and other publications by The Brown and Sharpe 

Manufacturing Company. Frequent reference was also made to the 
files of “The American Machinist ” and “Machinery.” 

A considerable number of the cuts which illustrate the text were 
made expressly for this work; many others were loaned by manufac¬ 
turers. Grateful acknowledgment is here made to the friends who have 

thus assisted us. 'It is due to the manufacturers to explain that the 
cuts used do not in every instance represent their best work. In a few 

cases the simpler machines were chosen in preference to the more elab¬ 
orate designs, in order to illustrate a principle more clearly. Acknowl¬ 
edgments are due also to the publishers of the “American Machinist,” 
who very kindly presented a number of valuable electrotypes. During 
the preparation of the manuscript the author was afflicted with a serious 
and persistent eye strain. Sincere thanks are tendered Mr. C. E. 
Johnson, of the class of 1905, who in this emergency rendered valuable 
assistance in connection with the drawings. 

Agricultural College, Michigan" W. S. L. 
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MA(^HTNE.ST10? TOOLS AND METHODS 

CHAPTER 1 

THE MEASTTRING SYSTEM OF THE MAOHINF^SHOP—STANDARDS OF 
LENGTH 

The British Yard.—A vast deal of time and energy have been expended 

by the nations of civilizatioh in an endeavor to arrive at scientific stan¬ 

dards of money. Ibc agitations of this (piestion in the United States at 

various times, and especially during the closing years of the nineteenth 

century, indicate the importance with whi(‘h the subjc^^t is viewed in this 

country. Of scarcely less importance is a standard of length in the 

mechanical world; and much labor and research have been directed 

towards establishing standards of length upon scientific bases. The 

final outcome of these efforts, so far as the English-speaking peoples 

are concerned, was the British Imperial yard. The yard became the unit 

of length in England by legal enactment in 1824, but the metallic repre¬ 

sentation of this unit was destroyed by fire in 1834. Later a more accu¬ 

rate standard was made, and to provide against its being lost a number 

of duplicates were made and deposited with other countries. This 

later standard was recognized by an Act of Parliament in 1855, and 

a copy of it was presented to the United States in 1856. 

This ^'yardstick” is made of “Bailey^s metal,'’ a composition 

chosen after much experimentation. The bar is 38" long by 1" square, 

and lines 36" apart are marked upon gold studs sunk to its neutral 

axis. The studs are thus placed as a provision against flexure. To 

further provide against errors from this cause the positions of support¬ 

ing the bar had been determined by elaborate calculations before the 

lines were drawn. As all metals change in dimensions with variations 

in temperature, the British yard was established as standard at a tem¬ 

perature of 62® F. 
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After having been made with the greatest precision possible the 

“yardstick” presented to the United States was found to be .000088" 

short at 62° F. This, however, did not necessitate any alteration in 

the bar, but merely suggested changing tlie temperature of the room 

in which it was kept. At 62.25° the bar is so nearly a duplicate of the 

original that no difference can be discovered with the most costly and 

elaborate instruments. 

The French Standard.—In their efforts to discover some natural 

standard the French settled upon the ten-millionth part of a quadrant 

of the earth through Paris. This unit they called the metre and it is 

equivalent to 39.37 English inches. To be independent of any instru¬ 

ment for gaging the temperature the French made the metre standard 

at the temperature of melting ice, or 32° F. While the English sys¬ 

tem predominates in America, the metric system is used to a consider¬ 

able extent, and it is generally preferred in scientific investigations.* 

The manufacturers of the measuring instruments sold to the pub¬ 

lic use as their guides duplicates of the authorized standard. The 

making of these duplicates, as well as the production of the original, 

involves very great refinements. For instance, the temperature of the 

metallic bar being lower than that of the human body, special precau¬ 

tions have to be taken when comparisons are made with duplicate stan¬ 

dards. Otherwise the heat of the body would expand the yardstick. 

The high degree of refinement referred to above is, of course, unneces- 

sary in average shop work, and is commercially impossible in all but ex¬ 

ceptional cases. Nevertheless the degree of accuracy required in every¬ 

day practice is such as to justify the great expense of establishing and 

maintaining an invariable standard. The necessity for this invariable 

standard may be illustrated as follows: Suppose John Jones in Chicago 

sends to Brown in New York for a gear to fit a 2" shaft. Now two 

inches in New York must agree within about .001" with two inches 

in Chicago or the gear will not fit. Both must be ^/ig of the standard 

yard, and both Jones and Brown must have means for determining 

the two inches with practical accuracy. In this connection we shall 

describe in detail the measuring-instruments of the machine-shop. 

* In 1893 the standard yardstick was superseded in the National Bureau of 
Standards by the National Prototype Metre. Congress having in 1866 legalized the 
metric system and defined the yard as ****V8w metre. However, this action is not 
likely to change the prevailing usage of the people. 

A very interesting account of the National Prototype Meter is published by Tbi 
National Bureau of Standards. 
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Rules, Wood and Steel.—^The common boxwood rule is familiar to 

all, but in the machine-shop this rule is used for only very general and 

rough measurements, the steel rule or scale being used for finer work. 

The boxwood rule is less accurate than the steel rule partly because 

it is made with joints subject to wear, and also for reasons of minor im¬ 

portance. The steel rule is made without any joint, and, while subject 

to some variation due to temperature changes, the material measured 

is affected in very nearly the same ratio, and when made by a reliable 

manufacturer the steel rule is a fairly accurate tool. It requires some 

skill, however, to measure to, say, within .002" by a rule of any kind, and^ 

as above indicated, tlie fit of many machine details is required to be 

well within this limit. JHut for ordinary measurements, where the 

parts are not required to fit as a gear should fit its shaft, the steel rule 

is satisfactory. I'hese rules are made in various graduations, widths, 

lengths, and shapes. Fig. 1 shows a common form. Figs. 2 and 3 

Fig. 1. 

tiSiOMmiSikUkk MfHHAMMfirirniiMMi 

Fig. 2, 

Fig. 3. 

show respectively a square rule and a triangular rule. 'I'he hook rule 

shown in Fig. 4 is a very convenient tool. In setting inside calipers 

by it one point of the caliper is held against the hook, while the other 

point is adjusted to the required dimension. This rule is advantageous, 

also, in measuring the distance from a recess in the hub of a pulley, 

for instance, to the end of the hub, and in many other ways. The 

hook may be detached from the rule by turning the eccentric screw 

oneyhalf revolution. 

Commoii Machinists’ Calipers.—In fitting one piece to another, and 

also for transferring dimensions from the steel rule, common calipers 
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are frequently used. They are made in two leading designs, friction* 

joint and spring-joint. These again have various modifications, but 

the modifications are not of sufficient importance to justify a detailed 

description within the scope of this work. Fig. 5 shows an outside 

spring-joint caliper. It is used generally for outside dimensions, and 

especially for calipering the diameters of cylinders. Fig. 6 is an inside 

Fig. 4. 

Fig. 6. Fm. 6. 

caliper of the same design as Fig. 5. Its principal use is that of caliper¬ 

ing internal diameters, but it may also be used for rectangular and 

other shaped openings. These calipers are often made with solid” 

nuts, but the designs her6 shown have spring-nuts. Slight pressure 

on the knurled end of the nut causes disengagement of the thread in 

the nut, when it may be quickly moved along the screw, allowing the; 

caliper to open or close in an instant./ 
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The calipers shown in Figs. 7 and 8 are good examples of the friction 

or firm-joint pattern. Spring-joint calipers are adjusted by screw and 

nut, but the old style firm-joint calipers are adjusted by repeated light 

taps of the caliper limb against some convenient object—preferably a 

block of wood. This may appear to be a very awkward method; 

nevertheless some good mechanics prefer these calipers to the spring- 

joint design. 

The instrument shown in Fig. 0 is known as a double caliper. In 

reality it coml)ines in one tool an inside caliper, an hermaphrodite, and 

dividers. The double joints admit of the cali]^ being used with advan¬ 

tage in boring-bar work. By adjusting^.the joints so as to bring the 

legs parallel the points of the caliper will enter a narrow space between 

a boring-bar and hole which could not be reached by the single-joint 

caliper. I'his will often save the trouble of taking the boring-bar out 

to caliper the hole. 
Universal Dividers.—A very unique and handy tool is illustrated 

in Figs. 10 and 11. The manufacturers call this instrument '^universal 

dividers.’' By inclining the adjustable point inward as shown, very 

small circles may be drawn. When reversed the point will work closer 

to shoulders, and draw larger circles than is possible with other dividers 

of this character which have slJraight points. Any one of the points 
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J8, C, 2>, or V may be inserted in place of either of the points shown 

in the instrument. 5 is a needle-point, C a pen-point attachment, D 

an extra straight point and socket, and V a center point designed as a 

guide when drawing circles concentric with a reamed center in the end 

of a shaft. A pencil-point may also be used in one of the sockets. An 

Fiu. 10. Fig. 11. 

auxiliary beam long enough for drawing 25" circles is furnished with 

the instrument. 

Hennaphrodite Caliper.—^I'he tool shown in Fig. 12 is commonly 

known as the hermaphrodite caliper—a very awkward name. In spite 

of its name this is quite a useful instrument. It is used in the same 

way that a carpenter uses a marking-gage when drawing lines parallel 

with the edges of rectangular objects. It can be used also to draw 

concentric arcs on the end of a cylinder or circular disk. In drawing 

these arcs the legs of the caliper should be held in radial lines, the caliper- 

point being pressed again'^t and moved around the periphery of the circle. 

A Scratch-gage somewhat similar to the carpenter's marking-gage 

is shown in connection with Fig. 687, 

Thread-calipers*—^The calipers shown in ^'i^. 13,14 and 15 are called 

respectively thread-calipers, outside-thread calipers, and inside-thread 

calipers. The points of Fig. 13 are made quite broad to give a more 

reliable contact on V and U, S. standard threads. In order to measure 

the small diameter at the root of a screw-thread the points of Fig. 14 

are made thin. Fig. 15 is designed to measure the greater diameter 

of internal thread. A screw-thread is more difficult to measure accu-* 



THE MEASURING SYSTEM OF THE MACHINE-SHOP 



8 MACHINE-SHOP TOOLS AND METHODS 

rately than a plain cylinder, and these tools are not reliable for close- 
fitting screws. They answer well enough for approximate measure¬ 
ments, but one of the tools mentioned later should be used for more 
exacting requirements. Otherwise the screw itself applied directly 
in the threaded hole must be the final test. 

Setting Calipers.—^To make an accurate measurement with the in¬ 
side caliper, hold one leg against the inside of the hole and adjust and 
vibrate the other leg until its point just touches the part of the hole 
diametrically opposite. To transfer the measurement from the inside 
caliper to the outside, place the extretne point of one leg of the out¬ 
side cailiper in contact with the similar point of the inside caliper, and 
vibrate and adjust the other leg of the outside caliper until its extreme 

point just touches the other extreme point of the inside caliper. Great 

care must be taken to find these extreme points, and the caliper must 
not be forced over in. the least degree. Forcing the caliper over 
another caliper, or over a shaft, will cause it to register falsely and lead 
to misfits. 

The Vernier Caliper.—^The Vernier caliper is a measuring-instru¬ 
ment much used in tool-making and other fine work. It takes its 
name from Pierre Vernier, who invented the method of graduating 
which admits of reading by the unaided eye dimensions which could 
not thus be read from a common rule. The instriunent is based on 
the principle that the eye can discover when two lines are coincident, 
but cannot determine their distance apart when they are not coinci¬ 
dent. Fig. 16 shows a small pocket Vernier caliper. It is designed 

for both outside and inside measurements, the outside measurements 
being taken between the jaws at 0, and the inside over the jaws at L 

There are two leading systems of graduation used on machine- 



THE MEASURING SYSTEM OF THE MACHINE-SHOP 9 

shop Vernier calipers. The scale S of the caliper shown in the figure 

is divided into Yso", Vio", V2''> the smallest divisions being equal 

to .020". Twenty divisions on the vernier V equal nineteen of the 

smallest divisions on the scale. The difference between a division on 

the vernier and one on the scale (smallest divisions being meant in 

both cases) is, therefore, for this instrument V20XV50 (or .05X.02) 

= .001". On the other caliper the smallest scale divisions equal .025" 

or V40", and twenty-five <livisions on the vernier equal twenty-four 

on the scale, the difference being V26XV40 (or .04 X .025) = .001. 

Then starting at zero with either instrument, moving the vernier jaw 

until its second line coincides with the second line on the scale will give 

.001" opening; moving the jaw to bring its third line coincident with 

the next forward line on the scale will give .002" opening, etc. Thus, 

to set the caliper shown in the figure: 

Divide the number of thousandths of an inch in required dimen¬ 

sion by number of thousandths in smallest division of the scale S, 

both values being expressed as whole numbers. Move sliding jaw 

until its zero-mark points off the number of divisions on the scale indi- 

c.ated by the whole nuipber in the quotient. Move jaw further until 

the line of the vernier corresponding to the number of thousandths 

in the remainder coincides with the next forward line on the scale. The 

opening at 0 will be as required. For example, let it be required to 

set this caliper to .137". 137-^20=6 as the whole number in the quo¬ 

tient, with 17 as the remainder. So we move the sliding jaw (vernier 

jaw) a distance equal to six divisions on the scale S, and then move 

it further to bring its seventeenth division in line with the next for¬ 

ward division on the scale. If the required dimension be divisible 

without a remainder by the number of thousandths in the smallest 

scale division, the required dimension may be read from the scale as 

would be done with a common scale. 

Applying the same rule to the other Vernier caliper and using the 

same required dimension for opening of jaws we have 137 -r- 25 = 5 

for the number of fortieths to be read from the scale, and 12 as the 

number of thousandths to be measured by the vernier. 

Micrometer-calipers.—This instrument, the typical form of which 

is shown in Fig. 17, is perhaps more generally used than the Vernier 

caliper. It consists of the U-shaped frame A, the anvil B, spindle C, 

sleeve D, and thimble E, The spindle is threaded on the concealed 

end and screws through a fixed nut in the frame. In setting the instru¬ 

ment the thimble E is turned by the fingers, carrying the screw and 
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spindle with it. The thread on the screw is y4o"=.025" lead. There¬ 
fore one revolution of the thimble advances the spindle .025", which 
is equal to the smallest division on the sleeve D, The beveled edge 
of E is graduated into twenty-five divisions. If then E be turned one 
division, the spindle will advance V40X V26= *001". Thus to deter¬ 
mine the opening between B and C, read the graduations on the sleeve 
D ss of Si common rule, observing that each numbered division equals 
.100", which corresponds to four revolutions of the thimble. Add to 
the value thus found as many thousandths of an inch as there arc divi¬ 
sions on the thimble between its zero and the longitudinal line on the 
sleeve. The sum gives the opening, w^hich on the instrument of the 
illustration is .178". Some mechanics, when confused as to the read¬ 

ing, screw the spindle against the anvil and then unscrew it again, 
noting the number of turns. Multiplying the number of turns by .025 
and adding the thousandths indicated on the thimble gives the opening. 

When the zero of the thimble does not correspond to the zero¬ 
line of the sleeve the correction may be made (in most micrometers) 
by a small screw at the outer end of the anvil. 

Vernier Graduation on Micrometers.—When a micrometer-caliper 
has vemier^ graduatims these are placed on the sleeve and read in con¬ 
nection with the .001" divisions on the thimble. Fig. 18 shows one 
of these instruments. Ten of the vernier divisions or spaces at D equal 
nine on the thimble E, The thimble spaces being .001", the difference 
equals VioX Viooo** Vioooo or .0001". The principle is, of course, 
the same as explained in connection with Fig. 16, but the finest read¬ 
ings are in ten-thousandths, while the Vernier caliper of Fig. 16 reads 
no finer than thousandths. 

Large Micrometer-calipers.—^Makers of micrometers furnish these 
instruments with various modifications and minor improvements. 



THE MEASURING SYSTEM OF THE MACHINE-SHOP 11 

One design is somewhat similar to the Vernier caliper of Fig. 16; but 
instead of the vernier it has a micrometer-screw arrangement in the 
end of the sliding jaw. The screw-thread is cut but little longer than 
one inch (as is the case with most micrometers), but the sliding jaw 

Fig. 18. 

• can be locked at intervals of one inch up to six inches from the fixed 
jaw. Micrometers of the U-shaped pattern have been made with a 
measuring capacity of twelve indies. Sweet's measuring-machine, 
Fig. 19, is a good example of a large micrometer. Instead of having 

Fig. 19. 

V4o'^ lead, the screw in this instrument has either Vio" or */2o" lead. 
As the range of the screw is but one inch, test-rods are furnished for 
the zero positions when measuring greater dimensions. To guard 
against errors that might be occasioned by handling these rods (which 
errors would be caused by the temperature of the hand), the rods are 
covered with rubber sleeves. This provision emphasizes the precau¬ 
tions necessary in very fine measurements. 
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Methods of Compensating for Errors in Screws.—^There is considerable 

difficulty in making screws sufficiently accurate for measuring-instru¬ 

ments. This difficulty is due in part to commercial considerations— 

the price must not be prohibitive. A method of compensating for 

minute errors in screws is illustrated in Fig. 20. Referring to this 

figure, which shows an instrument of the same design as that represented 

in Fig. 17, E is the thimble, D the sleeve, C the spindle, and B the anvil. 

As the thimble reVolves in the direction of the arrow it is advanced 

by the concealed screw toward the zero-mark, 0. Suppose that this 

screw k exactly lead. Then will the zero-mark on the beveled 

edge of the thimble indicate V40" advance for each revolution or for 

each time it passes a line P, drawn parallel with the axis of the thimble. 

If, however, the lead of the screw be slightly greater than V40", then 

it will require less than one revoliUion to advance the thimble V40", and 

the line P should be drawn at some angle with the axis of the spindle, as 

at X. This line A" ma,y be marked as follows: Starting with the anvil B 

and spindle C in contact, both B and C being assumed to have flat 

ends, establish first the two zero-marks on sleeve and thimble. Now 

unscrew C, and with a test-piece Y40" long resting against R, screw C 
against the test-piece. A point marked on the sleeve coincident with 

the zero-mark of the thimble will lie on the required line. In a similar 

manner, and with other test-pieces varying in length by fortieths of an 

inch, any number of points in the required line may be established. A 

detachable bar graduated and set to the required angle is used on some 

instruments. If the screw of the instrument be of irregular lead, the 
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line may be considerably curved. This compensating method involves 

an important principle, whi(;h may admit of other applications in con¬ 
nection with screws. 

This process of establishing by test-pieces points on the graduated 

line of a micrometer is not known by- the writer to have been used, but 

it is mentioned for the instruction of the student as a possible method. 

However, the angular line itself is known to have been used for correct¬ 

ing, or compensating for, errors in screws. 

The Pratt and Whitney Measuring-machine.—We have already 

alluded to the refinements necessary in making subdivisions of the 

standard yard, in originating standard gages, etc. Fig. 21 shows a 

machine for this purpose. An adequatf* description of this machine 

is impossible within the space here available. The manufacturers claim 

that it readily indicates variations within Viooooo". This is about 

Vsoo thickness of common nov^^spaper. The largest of these machines 

have a measuring capacity of 80". They are made for either the English 

or the metric system as recjuired.* 
Screw-thread Micrometer-caliper.—For measuring the IT. B. stand¬ 

ard and V-shaped screws there is a special micrometer-caliper. The 

measuring-points of this instrument are of special construction, as show’n 

in Fig. 20, the movable point being cone-shaped and the fixed point V- 

shaped. Thus the points are in contact on the angular sides of the 

thread rather than at top or bottom, and the dimension registered is 

the pitch diameter. To obtain the outside diameter we add to the pitch 

diameter .6495" divided by the number of threads per inch for U. S. 
standard, and .866" divided by the number of threads per inch for V thread. 

The Inside Micrometer-gage shown in Fig. 22 was designed primarily 

for internal measurements, but it may be used as an end gage, for setting 

calipers, and in other ways. The thimble is graduated to thousandths 

of an inch, and the screw has a movement of half an inch. By using 

the extension rods shown in connection with the instrument, measure¬ 

ments may be made in thousandths of an inch from 3 to 6 inches. 

Fig. 23 shows a Micrometer Depth Gage.—^The measuring-rod on 

this instrument has little V grooves exactly half an inch apart (as have 

also the extension-rods shown in Fig. 22), and the screw has a movement 

of half an inch. By an ingenious clamping device near the end of the 

thimble the rod may be adjusted and damned at intervals of half an 

inch from zero to 2V2". The thimble is graduated to read to thousandths 

of an inch, and by this means, in connection with the sfcrew, any dimen- 

♦To insure the highest degree of accuracy in a measuring-machine, it is essentia) 
that the measuring-nibs be in very nearly the same line as the scale. 
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sions between the notches may be measured in thousandths of an inch. 
This instrument is used in measuring the depth of slots, drilled holes, etc. 

Inside Ml<Tomt*ter Caliper 

Fio. 22, 

Fig. 24. Fig. 25. 

Caliper-gages (Pigs. 24 and 25).—^The caliper-gage is a non-adjust- 
able gage for standard dimensions. As made by the Brown & Sharpe 
Manufacturing Company, these instruments vary in sixteenths of an inch 
from V4" to 2", and above 2" in eighths of an inch. Being made in the 
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caliper form they are as weW adapted ior measuring rectangular shapes as 

for cylindrical. The caliper-gage should not be applied to a shaft while 

the shaft is turning; for, notwithstanding it is made quite rigid, it is likely 
to be sprung out of shape if used in this manner. (Jbviously it may 

be used to set common calipers by, as well as for direct measurement. 

All things considered, the caliper-gage is the best standard measuring- 

mstrument used in the shop. 

Collar- and Plug-gages (Figs. 26 and 27). —Collar- and plug-gages 

are cylindrical in form and are f)refcrred by some mechanics because 

Fig. 26. Fig. 27. 

of their greater durability and because they are more reliable for cylin- 

drical shapes than the caliper-gage. But the (collar cannot be applied 

to rectangular shapes, nor can it be applied to such work as crank-pins, 
and similar work having a small diameter between two larger diameters. 

The cost is also greater than that of the caliper-gage. 

Limit-gages (Fig. 28). — The limit-gage is used where extreme 

accuracy is not required. It is always made with two dimensions, 

mL 

nal size. It i 
ler size not g< 
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Thus, if the piece of work is made of a size between the two sizes of the 
gage, it is considered sufficiently accurate for the work in hand. The 

difference between the two sizes depends upon the quality of the work 

and may vary from .001 to .005 of an in(*-h. The limit-gage is made 

both in the internal and external form. 

Machining work to an exact size is very expensive, and it is obvious 

that the limit-gage, wherever it can be used, is a great time-saver. In 

some lines of machinery, wffiere compcMition is very c^Iose, it has been 

found well-nigh indispensable. Th(^ limit-gage is a comparatively 

modem tool, and it is nut fully appreciated; but it will doubtless be 

more generally used in the future. 

An Adjustable Limit-gage is shown in Fig. 29. It will be understood 

that the adjustment is effected by thi^ screws shown. These gages 

Fig. 29. 

could be made with micrometer-screws and thus the difference would 

be registered. 
A gage of this form having only one screw is called a sruip-gage. 

External and Internal Thread-gages.—In Figs. 30 and 31 are repre¬ 

sented external and internal standard thread-gages. The slight adjust¬ 

ment provided in Fig. 30 is not intended for different sizes, but rathei* 

to compensate for wear of the instrument. In the manufacture of 

taps and dies, and in any other case in which accurate measurement 

of screws is necessary, these instruments are very reliable. As the 

collar and plug-gages are to the micrometer-calipers, so are these instru- 
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ments to the screw-thread micrometer, and by some they are used in 
preference to the latter instrument. The blank end of Fig. 31 is a 
gage for the hole before thread is cut. 

Fig. 30. 

Fig. 31. 

Thread* and Center-gage (Fig. 32).—One of the smallest standard 
gag€fi used in the machine-shop is the thread-gage. This is used not 
only for testing the shape of the thread-tool, but also for setting the 
tool when cutting thread in the lathe. It is used on U. S. standard 

Fig. 32. 

and V-shaped threads for setting the tools, and in grinding the tools 
for V threads. It has still another application: the U. S. standard 
and V-shaped threads, having the same angle as lathe-centers, 60°, the 
large V on the end of the gage is used to test the conical end of the lathe- 
center. For this reason it is sometimes called a center-gage. The 
use of the instrument for setting a thread-tool will be more particu¬ 
larly described in connection with the subject of screw-cutting. 

The gage shown in Fig. 33 is used for testing the shape of thread- 
tools for U. S. standard thread. 

Thread-pitch Gage (Fig. 34). — The thread-pitch gage is some¬ 
times confused with the thread-gage. The purpose of this instrument 
is not to test the angles of the thread, but the pitch of the thread. It 
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consists of a number of gages hinged on a common center, each of which 
is adapted to one particular pitch, which pitch is indicated on the gage 

Fig. 33. 

Templets. Distinction between Templets and Gages. — AniAber 
instrument used to some extent is the templet. There is some con¬ 
fusion in the minds of mechanics respecting the distinction between 

Fig. 34. 

templets and gages. A templet is a pattern by which to mark off the 
shape of a piece of work or to mark positions for holes, etc. Templets 
are generally made of sheet steel, but a modified form of templet is a 
frame (generally made of wood) having holes by which the foimdation- 
bolts for engine bed-plates, etc., are located. A gage is a standard of 
measurement or shape, but a gage may be used as a pattern to mark off a 
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shape or size, and a templet may be used to test a shape; there is, therefore, 

an overlapping of the definitions, hence the confusion. A gage, how¬ 

ever, is more frequently used for regular shapes 

and sizes, and a tempfet for special or more com¬ 

plicated shapes. 

Surface-gages.—The surface-gage is quite a 

fleparture, both in its design and in its use, from 

any of the instruments heretofore described. A 

typical form of this tool is shown in Fig. 35. It 

consists of a base similar to that of an ordinary 

lamp, and a central stem, which stem carries a 

needle and a clamp by which the needle may be 

held in any position on the stem. This instru¬ 

ment is used in connection with a base-plate for 

establishing centers, marking center lines, etc., 

when laying out work. It is also used to adjust 

work on a planer, and sometimes on the lathe and 
drill-press. 

A special design of this instrument is so con¬ 

structed as to admit of its use on cylinders. This 

modified design has a V-shaped grooved cut length¬ 

wise through the base by which the gage may be 

revolved around the cylinder to mark concentric 

circles on the end of the cylinder, as shown in Fig. 

36. It may also be used for small work in general. 

Wire-gages, Twist-drill Gages, etc.—^There is a class of gages used 

for measuring sheet metal, wire, etc., in which the sizes, with few excep- 

i'lo. 36. 

tions, are denoted by numbers. The most common forms are the cir¬ 

cular disk with slots cut in the periphery, the rectangular plate with slots 

in the two edges, and the rectangular plate with a long angular slot 
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lengthwise of the plate. These are shown in Figs. 37,38, and 39 respect¬ 

ively. Numbers near the slots indicate the dimensions, the wire or 

the plate being measured by passing either into the slot. In the case 

of the gage having angular openings the article is passed down the 

Fig. 39. 

slot until it touches two sides, the number at the points of contact indi¬ 

cating the size. The method of using the drill-gage will be readily 

understood. 
As the numbers of most of the gages are arbitrary, one must be 

fflTy^iliar with the significance of the numbers, or consult a table to ascer- 
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tain the values. There would be no serious trouble here were it not 

for the fact that there are so many different gages, and so few persons 

understand the usage prevailing among the manufacturers, or the impor^ 

tance of specifying the gage to he used. Ignorance on this subject has 

caused delays, endless disputes, and sometimes expensive lawsuits. 

The following table, which is not complete for any of the gages, 

gives the names, numbers, and corresponding values of most of the 

gages used in this country, and some that are used in foreign countries. 

(8-0, 7-0, etc. *00000000, 0000000, etc.) 
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1 2 3 4 5 6 7 9 10 11 

8-0 .0083 
7-0 .49 .5 .0087 .5 
6-0 .46 .464 .46875 
5-0 .43 4.‘?2 .01 .4375 .450 

.43 .454 .3938 ■cS!}! .011 .40625 .400 
3-0 .425 .3625 .012 .03152 .375 .360 
2-0 .3648 .38 .3310 .348 .0133 .04468 .34375 .330 
1-0 32486 .3065 .0144 .05784 .3125 .305 

1 .2893 .2830 ’!227’ .0156 .071 .228’ .28125 .001 .285 
2 .26763 .284 .2625 .276 .219 .0166 .08416 .221 .265625 .002 .265 
3 .22942 .259 .2437 .252 .212 .0178 .09732 .213 .25 .003 .245 
4 .20431 .238 .2253 .232 .207 .0188 .11048 .209 .234375 .004 .225 
5 .18194 .22 .2070 .212 .12364 .2055 .21875 .005 .205 

If one will take the time to thoroughly investigate this matter, he 

will find that, notwithstanding there are so many wire-gages in use in 

this country, there are only three in general use. The American (or 

Brown & Sharpe), the English (Birmingham or Stubs' iron wire), and 

the United States standard gage are probably used in at least 95 per 

cent of the cases where wire and plate are measured. 

Chas. A. Strelinger & Company of Detroit, who handle a variety 

of brass wire, sheet brass, etc., state in their catalog that unless other¬ 

wise ordered brass manufacturers furnish sheet brass, hard-drawn 

copper and German-silver wire, and brazed copper and brass tubing 

by the American gage; while for sheet copper, regular copper and brass 
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wire, and seamless brass tubing they use the English gage. The gage 

of column 9, known as the United States standard, was established in 

1893 by Congress as the standard for sheet and plate iron and steel. 

It is used in determining duties and taxes on the above materials, and 

quite generally by manufacturers of sheet iron and steel for thicknesses 

below about Eor heavier sheets or ))lates the Birmingham gage 

is used, as a rule. In ordering any of the above materials the gage to he 

used should be specified. 

As the Stubs’ gages are used extensively in America, it is important 

to di^inguish between the Stubs’ wire’^age 

and Stubs’ steel-mre gage. It should be 

noted, also, that Stubs’ wire-gage, the English 

wire-gage, and the Birmingham gage are one 

and the same. The Imperial wdre-gage, which 

was adopted by Parliament in 1884 as the 

English standard, is not used to any great 

extent in this country. Neither is the ‘‘Old 

English ” or London gage (which, as shown 

in the catalog of Merchant & Company of 

Philadelphia, agrees with Birmingham in all 

sizes between 0000 and 18) used to any 

considerable extent in America. Confusion 

respecting the identity of the gages will, in 

a large measure, be avoided by attention to 

the names given in the preceding table. 

The Twist-drill Gage of column 8 and 

Fig. 40, though sometimes used for measur¬ 

ing wire, is the Stubs’ drilUgagCt and differs 

but little from the Stubs’ steel-wire gage, 

with which it is sometimes confused. Indeed, 

it follows Stubs’ steel-wire gage exactly for 

sizes larger than No. 1, which sizes in both 

of these gages are designated by letters. 

Thus, A «= .234" diameter, B = .238" diameter, 

etc., the largest size, Z, equaling .413" diam¬ 

eter, This gage is practically the standard of numbered drill-gages for 

the United States. It is very seldom that any other numbered gage is 

used for measuring drills in this country. 

There is a drill-gage in common use known as the "/obfecra”’ driUr 

on which numbers are not used. On this gage the dimensions are 

Fig. 40. 
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given in binary divisions of the inch, and it includes all the sizes between 
^/i6 and V2 inch by sixty-fourths of an inch. 

The Gage for Wood and Machine Screws is regarded as the standard 
of numbered gages in America for the purposes indicated, although the 
jobbers' drill-gage is used to some extent for ^'fractional sizes” (Vi6» 
Vs, etc). 

We cannot, within the space of this work, discuss the principles 
of the various gages, but, because of its radical and significant difference, 
the theory of the Edison gage is briefly outlined. The Engineering 
Department of the Edison Company designed this gage with special 
reference to electrical requirements. It is based on the sectional area 
of the wire, the number indicating the number of thousands of circular 
mils, A few sizes are here given: 

Gage Number. Circular Mils. Diameter in Mils, 

3 3000 54.78 
5 5000 70.72 
8 8000 89.45 

12 12000 109.55 

This gage has not come into general use, the American gage still 
being extensively used for measuring wire for electrical purposes. 

Because of the confusion arising from the use of gages, there is a 
growing tendency to specify the size of mire and sheet metal in thousandths 

of an inch. Accordingly, we have the decimal gage, shown in Fig. 41, 
and the Whitworth gage, referred to in column 10 of the table. But 
as gages are more or less unreliable on account of wear, the micrmneter^ 

caliper is used when great accuracy is required. 

In answer to an inquiry as to whether the mills would roll to any 
decimal of an inch without extra charge, Merchant & Company of Phila¬ 
delphia replied: 

"Mills that are rolling sheet brass or wire are quite willing to roll 
to decimals of an inch, but, it is a very difficult matter to get any mills 
that are rolling steel or drawing steel wire to guarantee decimals of an 
inch unless they receive a special price for the work." 

From what has been said respecting gages it will be observed that 
a wire-gage may be used for both wire and sheet metal, and that a twist- 
drill gage is sometimes used for measuring wire and screws as well as 
twist drills. 

The Key-seat Rule is an instrument used in drawing parallel lines 
on cylinders, as in marking off key-seats. It is shown in Fig. 42. Fig. 43 
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shows the method of aj)plying it to a shaft Slight pressure at P causes 

the two edges to he parallel with the a\is of the shaft, when the lines 

may be drawn along the edge with a scriber 

>i(. 41 

V' ^ 

■2 

¥‘ 
iifi 

Fig 42 

P 

IlG. 44. 

Machinists’ Try-squares.—It is unnecessary to enter into a lengthy 

description of machinists^ squares. A brief reference to a few of the 

more modern instruments will be sufficient. Fig. 44 shows a square 
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with three different blades. Each blade fits into the stock, and is held 

f&id adjusted by means of the thumb-nut shown at bottom of the stock. 

One of the blades is shaped to 30 and 45 degrees on the two ends. The 

narrow blade is very convenient for die-sinking and similar fine work. 

The special feature of this stjuare is the provision for endwise adjust¬ 

ment of the blades. 

The Combination Square shown in Fig. 45 is very much in favor. 

It combines in one instrument a square, center head, bevel protractor, 

spirit-bevel, and rule. Each of the first four may be quickly detached 

or used interchangeably with the rule. While these tools are fairly 

Fio. 45. 

reliable, it is not likely that they can be depended upon to hold their 

original accuracy as long as the best solid steel square with hardened 

stock and blades. 

Fig. 46, which is taken from an article by '^E. A. R.'' in the 

American Machinist,” vol. 27, page 287, shows, how the combination 

square may be used to measure tapers. The degree of taper is in¬ 

dicated on the instrument. 

Fig. 47 shows a universal bevel protractor, and Fig. 48 shows its 

application to a variety of cases. 

In the preceding pages we have described the principal measuring- 

instruments used in the machine-shop, and have referred to the high 

degree of accuracy possible in the use of some of these tools. But it 

should be understood that differeyii classes of work require different degrees 
of accuracyy and, other things being equal, he is the best mechanic who 

loxows about what degree of refinement is needed in each case. One 

may be a very skillful workman and yet be a failure from a commercial 
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Fia. 46. 
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standpoint. It was this difference in judgment that led to the inven¬ 

tion and development of the limit-gage. There is an impression that 

this instrument was designed for very fine and accurate work, but from 

Fro. 48. 

the above considerations, and what was previously said in this con¬ 

nection, it will be seen that the limit-gage is intended rather to pre¬ 

vent workmen from wasting time by being more exact than necessary. 

Caliper-gages and collar- and plug-gages are adapted to a higher degree 

of accuracy. As the plug-gage will not enter the hole until the latter 
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is as large as the gage, it is necessary to use common machinists^ calipers 

or some other adjustable measuring-tool in connection with this gage. 

The same remark applies to inside cahper-gages, and with slight modi¬ 

fication to collar- and caliper-gages for outside measurements. 

A Peculiar Phenomenon.—Such tools as caliper- and plug-gages 

are machined to approximate dimensions of untenipered steel and then 

hardened. Later they are ground to final dimensions by special 

machinery. But the steel seems to resent being subjected to any treat¬ 

ment immediately after the iiardening process. Following this fiery 

ordeal the metal requires a prolonged rest. If not allowed this ‘^sea- 

soning/' the gages will change in size or become otherwise distorted. 

{Several months are required to thoroughly season such tools. 



CHAPTER II 

THE HAMMER AND ITS USE 

Three Common Forms of the Hammer—^Material, Weight, etc.— 
The hammer is one of the oldest instruments connected with industrial art. 
To trace its invention would necessitate a search through the remotest 
records of history. Notwithstanding its resonant din was not per-, 
mitted within the walls of Solomon's temple, this humble tool was 
indispensably associated with some of the noblest structures of anticiuity. 

Fig. 49. Fig. 50. Fig. 51. 

The thr€« forms of the hammer in most common use are: first, ham¬ 
mer \nth flat peen parallel , to handle (Fig. 49); second, 
flat peen at right angles to the handle (Fig. 50); and third,"fhe ball-peen 
hammer (Fig. 51). Hammers are always made of tool-steel and tem- 
jpei^ on each enH about as hard as they will stand without bieaking, 
tiie eye being left soft. As used in the machine-shop they are made 
in sizes varying from 6 to 28 ounces. The smaller sizes, from 6 to 16 

30 
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ounces, are used for light riveting, laying out work, etc. The heavy 
sizes are used for heavy riveting, chipping, and for general shop work. 
The word ^‘peen'^ refers to the upper end of the hammer—the end 
used in riveting. Used as a verb, it means to stretch by hammer-blows, 
as in straightening a shaft. The other end of the hammer is called 
the head. The opening in the center, called the eye, is 
oval-shaped and made flaring or larger at each end than in 
the middle. The handle should be so fitted to the eye that 
a plane passing through the axis of the hammer would bisect 
the handle through its long diameter, as at Fig. 52. 
If the handle be otherwise set, a slight twistiiig motion 

’ of the workman's hand will be necessary in order to make 
the hammer strike a square blow. Some authorities say 
that the handle should set at right angles to the axis of 
the hammer, but the writer has observed that many ma¬ 
chinists prefer to incline the handle slightly in the direction 
of the hanuner-head. It should never incline in the oppo¬ 
site direction. The hammer is held on the handle by a 
small metal wedge which spreads the end of the handle, causing it to 
fill the flaring eye. The wedge should be nicked somewhat like a rasp 
to keep it from being jarred loose. In order to impart a certain flexi¬ 
bility to the handle it is made of smaller cross-section near the ham¬ 
mer or at the neck of the handle. The shock of the blow is by this 
means partly neutralized and the use of the hammer is rendered less 
tiresome. That part of the head which takes the blow is called the 
face. It is made slightly ‘‘crowning,'' or high in the center. 

Proper Method of Using the Hammer.—Some persons swing a ham¬ 
mer as they would a bat. This is a very awkward method. In striking 
a blow the hammer should move in a plane but slightly inclined from 
the vertical. In using the hammer the handle should not be gripped in 
the middle, as the beginner is likely to do, but near the end; and for the 
heaviest work it should be held at the extreme end. In this connection 
the writer recalls a story, read in some technical journal, which is sub¬ 
stantially as follows: Bill Shirk applied to John Littlepay & Co. for a 
“job," and was set to work at $1.75 per day. Soon afterward the foi:e- 
man noticed that Shirk held his hammer near the neck of the handle, 
and spoke to him about it. In replying, Shirk held up the hammer, 
exposing three marks on the handle. The first was $1.76, the middle one 
$2.50, and the mark on the extreme end $3. He explained that the 
marks indicated the relation between wages and work, and t^t it was 

a 

Fig 52. 
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against his principles to do $3 work for SI.75 pay. Now that man^s 
principles were entirely wrong. Not only does it make one appear 
awkward and inexperienced to grip the hammer-handle at the neck, 
but when the motive is that of Bill Shirk, or when the workman is so 
particular about gaging his work according to wages, he is very likely 
to have to continue at low wages. Furthermore, such a conception of 
one^s calling, however humble that calling may be, is degrading. Work 
is simply another word for duty, and that word is sacred. ''My Father 
worketh hitherto and I work,"’ said the Divine Teacher. Then let us 
give to life's duties the best that is in us, whether we get "value received " 
or not. 

Striking Two Blows for One.—Another awkward practice on the 
part of the novice is that of striking two blows for one—^a heavy blow and 
then a light one. The student may as well overcome this fault in the 
beginning. He can make but little progress after this fashion. 

Riveting.—^The peen end of a hammer is used mainly for peening 
and riveting. The word peen has already been defined. Riveting is 
the process of upsetting by hammer-blows, or by machine, a pin or rivet 
to fasten two pieces of metal together. Riveting as used in connection 

F 

Fig. 53. 

with boilers is sometimes done by hand and sometimes by machine, and 
the rivets are always heated. In riveting in the machine-shop the rivet, 
as a rule, is cold. A plain pin is inserted, as at C (Fig. 53), and the ends 
hammered down to fill the countersink, as at I) or or a rivet is used, 
as at Ff in which case one end only is riveted. While one end of the 
rivet is being hammered the other end must be supported by an anvil or 
any other suitable means. 

Figs. 54 and 55 show a special method for riveting large pins. For 
this method the pin is placed in the lathe and the end recessed or cupped 
out, leaving a circular edge or ring B to be pounded down> rather than 
the whole end area of the rivet. This method is sometimes used for the 
crank-pins of engines, and may be used on any pins of about one inch 
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in diameter and larger. If the end of the rivet is to present a rounded or 
crowned finish, care should be taken that the pin be made long enough 
to have the bottom of the recessed surface project slightly beyond the 
surface of the crank disk or other work for which the rivet may be used. 

In riveting, the force of the blow should be proportioned to suit 
the size of the rivet; comparatively speak¬ 
ing, light blows affect the end of the rivet, 
while heavy blows tend to bulge the rivt t in 
the center respecting its length. 

Straightening Shafts by Peening, by 
Screw-press, etc.—In the case of a bent or 
curved shaft the concave side of the shaft 

Fig. 54. Fig. 55. 

is shorter than the convex side, and in straightening the shaft it is 
required to make the two sides equal in length. That the concave 
side is shorter than the convex will be apparent if we consider the 
curved shaft as the sector of a circle: if sufficiently extended, the shaft 
will make a complete circle. 

One method of straightening such a shaft is to place it on the centers 
in the lathe, pry up the convex side by a lever, and peen by light ham¬ 
mer-blows the upper side. This should be repeated until the shaft is 
found to be straight. To find the convex side of a shaft we revolve 
the shaft in the lathe and move a piece of chalk carefully toward the 
shaft until it touches the latter. The chalk will mark the convex side. 
As a more accurate method we may fasten a tool in the tool-post of the 
lathe, and, while running the lathe backwards, feed the tool toward the 
shaft until it touches the convex side. This method of straightening 
shafts applies in the case of an old shaft, but is not adapted to shafts 
which have to be machined. The reason why it is not adapted to shafts 
which have to be machined or turned is that the peening affects only the 
outer surface of the shaft, and the turning removes this outer surface, 
thereby partially neutralizing the effect of the peening. 

For straightening shafts which are to be turned the screw-press m^hod 
should generally be used, and in the case of a very large shaft it is some- 
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times necessary to heat the shaft. Lathes designed especially for turn¬ 
ing shafting are generally provided with a suitable screw-press. This 
device consists essentially of a base and U-shaped standard, with a large 
screw passing through the projecting arm of the standard. It usually 
has four rollers designed to roll along tlie ways of the lathe. When 
a shaft is to be straightened it is placed in the lathe and the convex side 
found as above described. The press is now moved along the ways of 
the lathe until the screw is about central with the convex portion of 
the shaft. With the convex side of the shaft uppermost, and the under 
side of the shaft supported at two points on the base of the press, the 
pressure is applied by the screw and a lever. The screw is next released 
and the shaft again revolved to ascertain if the curved portion has been 
straightened. When straight the chalk will make a continuous mark 
around the shaft; if not straight, the process is repeated. 

Straightening a Long Bar of Cast Iron.—For straightening a bar 
of cast iron (not a regular shaft) we usually ascertain the point of curva¬ 
ture by means of a straight-edge. Having found the convex portion, 
it is placed over an anvil or other suitable support, with concave side 
up, and pressure applied by hand to the ends of the bar. The bar is 
then peened on the concave side and again tested with straight-edge, 
the process being repeated until the bar is found to be straight. 

There is, however, another method which has some advantages; 
this we call the dropping process. The bar or slab is dropped over a 
solid block of wood, the convex side striking the wood and the curvature 
being corrected by the momentum of the free ends of the bar. This 
avoids the bruising incident to the peening process, and in the hands 
of skillful workmen gives very satisfactory results. Care should be 
taken, however, to avoid dropping the bar too heavily, as there is some 
danger of breaking it. A bar of cast iron may also be broken by applying 
too great pressure while peening it. 

Peening a Connecting-rod Strap.—^That detail on a’ steam-engine 
which binds the crank-pin brasses to the connecting-rod is called a strap, 
or a connecting-strap. There are also the cross-head strap and the 
eccentric-strap, the latter serving a somewhat different purpose from 
the other two. Fig. 56 shows a connecting-rod strap. From various 
causes, sometimes due to errors in machining the straps, and at other 
times due to hard usage, these straps become spread, so that the opening 
is wider at A than at B, A knowledge of peening is veiy useful in this 
case. By holding the strap over a block of copper, or Babbitt metal, 
or hard wood, and applying pressure by a carpenter's clamp or other- 
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wise to draw the strap sides closer together at A, the strap may be peened 
by light hammer-blows at C until the error is corrected If the sides 
of the strap at A be too close to¬ 
gether, the peening would of course 
be needed on the opposite side. 

Enlarging a Piston-ring by 
Peening.—Fig. 67 shows one form 
of piston-packing or a piston-ring. 
The object of this device is to form 
a steam-tight joint between the 
walls of a steam-engine cylinder 
and its reciprocating piston. This 
form of ring is commonly made 
slightly larger in diameter than the 
cylinder-bore, and sprung to its place on the piston. If by long usage 
it becomes too small to make a good joint, it may be enlarged by peen¬ 
ing the inside surface. The ring should be supported on a block of 
hard wood or bar of Babbitt metal, and lightly peened throughout its 
inner circumference, being frequently tested to ascertain whether it 
has been sufficiently spread. Piston-rings are usually made of cast 
iron and special care is required in peening light sections of this material. 

Soft Hammers.—There is a modified form of hammer, sometimes 
called a mallet, which should be used more frequently in the machine- 
shop than it is. These hammers arc made of copper, Babbitt metal, 
or rawhide, and are used for driving mandrels in work or adjusting 
work in the lathe, and in any case where it is desirable to avoid marring 

K - -B—H 

Fig. 56. 

finished work. In the absence of such a hammer a block of hard wood 
may be used in connection with the ordinary hammer. For mandrels, 
however, a mandrel-press should be used when one is available, though 
many shops lack such a machine. Figs. 58 and 59 show respectively 
a rawhide mallet and a lead mallet. A rawhide mallet is made with 
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detachable heads or faces’^ A, which fit in the metal (cast-iron or drop 
forging) part of the hammer as shown. Extra faces are furnished very 
cheaply by machinery supply houses. In the ead mallet the body B 
may be made of cast iron, the lead being held in the dovetail openings 
on the ends. These lead faces may extend about ^/4" outside the cast 
iron, and for forming the faces a kind of open-and-shut mold enclosing 
the iron body may be used. Such molds may be purchased at the ma¬ 
chinery supply stores. 



CHAFfER III 

CHISELS: THEIR FORMS AND USES 

Names of Machinists’ Chisels.—Machinists' chistis are distinguished 

from other chisels by not having handles. 1'hey are generally made 

of ‘Y/' octagonal tool-steel, and about S" long when new, although 

for very delicate work they are sometimes made of 1/2" steel. The 

most common forms are the flat and cape chisels. Other chisels used 

less frequently are the side chisel, the diamond-point chisel, the cow- 

mouth and the oil-groove chisels. I'he key-drift and pin-drift, while 

somewhat similar to the chisel, are used for different purposes. The 

center-punch and drift are modifications of the chisel. 

The Flat Chisel (Fig. 60).—The flat chisel is tapered and flat¬ 

tened about its length to the cutting edge, which is about Y32" 

thick on the steel and proportion¬ 

ally thinner on smaller steel. The smaller 

chisels are also proportionally shorter. 

The flat chisel should be forged about 

wider at the cutting end excepting ^ 

when made especially for such soft metal 

as Habbitt, when it may be made as 

much as 50 per cent wider. But unless there is a considerable quantity 

of such work to do it will be hardly worth while to keep special chisels 

for the purpose. It will pay, however, to grind the chisel to a sharper 

angle for the softer metals, 30° included angle being about right for 

Babbitt metal, lead, and copper. For chipping brass and reasonably 

soft cast iron 45° will answer, while for average steel 60° would be 

about right. 
The experienced workman will not require a gage to test the chisel 

angle, but common angles, such as are found on certain tools, have 

been named as being convenient for those who prefer to use a gage. 

Thus the chisel for steel may be tested by a center-gage, which should 

be carried in every machinist's kit. 

Fig. 60. 

37 
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I _ 

< 

Fig. 62. 

The fiat chisel should be so ground that the center line CL in Fig. 60 

shall bisect the angle of cutting edge, or angle a. Looking at the other 

view, the end of the chisel may be square with the center line, 

or slightly rounded, as at R. Many machinists think they can do 

smoother chipping with the chisel thus rounded. 

A fault that the beginner is very likely to fall into is that of grinding #0 the extreme end at an angle with the flat sides, 

F as at EFy Fig. 61. The line formed at EF should, 

® of course, be parallel with the sides, and the 
Fig. 61. t-wo facets D should be quite flat. 

The Cape-chisel.—^All that has been said respecting the flat chisel 

applies equally well to the cape-chisel, excepting that the sides at right 

angles to the cutting edge are narrower than the shank (octagonal 

part), and that the sides at right angles to these are spread wider where 

they join the shank. The cape- 

chisel will cut up some ugly capers 

if not properly forged and ground. 

If not made narrower at AB than 

GH (see Fig. 62), it will, when the 

comers wear dull or tapering at GH, 
wedge and possibly break open a 

frail piece in which it is being used 

to cut a slot. Referring to the end 

view, if the sides IJ are not ground approximately at right angles with 

KLy the chisel will twist and hang, and cannot be accurately guided 

in a slot or keyway. Fig. 63 shows a side view of the cape-chisel. 

The Uses of Flat and Cape Chisels.—^The flat chisel is used prin¬ 

cipally on flat surfaces, but it is also used for general chipping. If 

we have a light cut to take from any metal surface, we use the flat 

chisel, but if we are to cut deep, or deeper, it is better to* precede 

the flat chisel by grooves cut with the cape-chisel. The distance apart 

of these grooves should be less than the width of the flat chisel, thus 

leaving narrow strips to be chipped by the latter. This method is 

used in chipping broad surfaces, but it is unnecessary when the area 

is quite small. The surface shown in Fig. 64 represents this prepara¬ 

tory grooving with the cape-chisel; the intervening strips are to be cut 

sway with the flat chisel. 

There are other uses for the cape-chisel than that just described. 

It is used for cutting keyways in shafts, pulleys, gears, etc.; also for 

cutting slots. In- cutting a slot with the cape-chisel, however, the 

Fig. 63. 
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holes is cut out with a cape-chisel, and finished smoothly with a file. 

When slots are deep, say IV2" or more, we sometimes trim the sides 

with a side chisel. The latter is seldom used for any other purpose. 

In cutting a ke)rway with the cape-chisel, if the keyway be made 

Vs of an inch, or narrower, the chisel should be about V32 of an inch 

narrower than the finished keyway. The remainder is removed by 

Fio. 66. Fig. 67. Fio. 68. Fio. 69. 

the file. If the keyway be 3/4", or wider, it is better to use a cape- 

chisel less than half the width of keyway and cut two grooves. 

Forms and Uses of Other Chisels.—^The diamond-point chisel shown 

in Figs. 66 and 67 takes its name from the fact that a cross-section 

near the point is approximately diamond-shaped. It is used for cutting 

holes in boiler-plate, to correct errors in holes while drilling, and some¬ 

times for chipping oil-grooves in bearings. For the latter purpose, how¬ 

ever the oil-groove chisel shown in Figs. 68 and 69 is preferable. It 
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is merely a diamond-point chisel with the cutting end curved to facilitate 

its use for the purpose named. 

If we round the back corner of the diamond-point chisel and bevel it 

on that side toward the ]:)oint, it will become a draw-chisel. 7'he use of 

the draw-chisel is referred to on i)age 105. 

The Side Chisel differs from the flat chisel only in having the taper 

all on one side, as in Fig, 70. Its use has already been referred to. 

The Cow-mouth Chisel deriv(‘s ils name from its curved shape; 

a better name would be goiufe. U is shaped somewhat similar to the 

carpenter’s gouge and is Used for enlarging holes or chipping curved 

surfaces. See Figs. 71 and 72. 

Fig. 70. Fio. 73. 

A Center-punch is a short punch with a conical point. It is used 

in connection with the hammer to indent the centers and circles in work 

preparatory to drilling, and in a similar manner to establish lines in 

laying out work in general. Wlien the punch is used to establish lines 

the fine indentations are made sufficiently close together to answer the 

purpose of the lines should the latter become obliterated. In laying out 

machined surfaces it is often more accurate to depend upon the lines 
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alone, which in this case should be very clearly defined. Templets for 
important cams, etc., are often made of sheet steel in the condition in 
which it comes from the mill. To prepare such a surface for laying out 
it may be coated with a solution of blue vitriol. Thus prepared the 
surface is in shape to take sharply defined and permanent lines, and the 
use of the center-punch is scarcely necessary. Fig. 73 shows four center- 
punches; two punches, one for punching small indentations in laying 
out work, and a larger one to punch centers to guide the point of a drill, 
are sufficient. The smaller punch is often called a prick-punch.^' 

A Drift (Fig. 74) is a tool that is sometimes used instead of a file 
for enlarging holes, especially rectangular holes, h'or the latter pur 

pose the cutting end is made of rectangular 
cross-section and equal in width to the finished, 
hole. The drift has no proper cutting edge, 
but the end is at right angles to the body and 
cuts on the same principle as the punch used 
in punching holes in boiler-plate. It is driven 
by hammer-blows. 

The Key-drift is a tool for driving keys 
out of pulleys, gears, etc. Like the drift its 
small end is rectangular in cross-section, bu’'; 

0 it, of course, is not intended to do any cutting. 

Fig. 74. Fig. 75 75. 

The Pin-drift is merely a round tapering 
punch for driving out pins which are used to hold such machine ele 
ments as crank-handles, levers, etc. It is shaped like the center-punch 
excepting that the point is flat and the taper longer. 

Smooth Chipping. Precaution to Avoid Breaking Edge off of Work, 

etc.—^In chipping, the chisel should not be held near the cutting end^ 
but near the head. To do smooth work it is necessary to maintain a 
con.qt.Ant. ipnlinatipn of chisel to the surface being chipped. ^The propel 

inclination is easily determined during the first few blows of the hammer. 
If the angle be too great, the chisel will cut too deep;* if too small, the 
chisel soon ceases to cut^ ^The smaller the angle between center line 
of chisel and surface of work, within the above limitations, the more 
effective are the hammer-blows, and consequently the greater the amount 
of work accomplished. But the smaller this angle, the sharper must 
the angle at cutting edge be ground, and this, also, is limited by con¬ 
siderations previously indicated, viz., the chisel edge will get blunt 
too quickly if ground to too sharp an angle. 
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The chisel should be kept well up against the shoulder formed by 
the cut. If a particle of metal or a small chip gets under one corner 
of the chisel, it will cause that corner to lift. A blow struck at that 
instant will cause the opposite corner to cut below the chipping 
line. 

When the chisel approaches the edge of the surface it should be 
reversed, or the cut should be taken at right angles to the preceding 
cut. Otherwise the edge of the metal, especially if it be cast iron, is 
likely to be broken. 

Precautions in Grinding the Chisel.—In drawing the temper on the 
chisel it should be plunged in water just at the time the color is changing 
from straw to blue. In exceptional cases, however, as when chipping 
extra-hard metal, the chisel may require to be made harder, but the 
hammer-blows must be correspondingly light. Otherwise the more 
brittle edge will fail. 

No matter how carefully the chisel may be tempered it may be 
softened in a few minutes by overheating the edge at the emery-wheel. To 
avoid this a constant flow of water must be directed to the point of the 
chisel when grinding it. If the emery-wheel have no automatic water- 
supply, the chisel must be frequently dipped in a pail of water. Grinding 
the temper from the chisel is a common fault with beginners, and some¬ 
times they botch their work by attempting to use the chisels in this 
condition. 

When to Use Chisels.—In general the chisel should not be used when 
a machine is available for the work, because chipping is nearly always 
a slower process than machining. The chisel mav be used off 
risers and small irregularities from rough casting; for various odds 
and i^fidb, to the fitting of machine details together, and espe- 
cially in emergencies, or when not within reach nf a machme^shop. 
In oraer to have an ever-ready and a systematic means of imparting 
instruction, an instructor may require a student to chip pieces which 
would otherwise be machined. 

In this chapter we have discussed the principal considerations 
affecting the quality and quantity of work possible vdth the chisel. 
Failing to be instructed in these particulars the student will pay for 
his heedlessness in the extra work required in filing away the irregvr 

lariiies left by the chisel. 



CHAPTER IV 

FILES AND FILING 

Definition and General Remarks.—definition is scarcely neces¬ 
sary in this connection, but the file raay be defined as a bar of tool-steel 
pointed at one end to receive the handle, and having cutting edges 
or teeth extending from near the handle to the opposite end. We 
use the file at the bench to remove irregularities left by the chisel, to 
fit parts together, and to smooth surfaces preparatory to the polishing 
processes. The file is used at the lathe in fitting, and in preparing 
the work for the final finish with emery. 

One of the most difficult operations of the machine-shop is that 
of filing a true plane. Take, for instance, a rectangular block having 
a plane surface 2"X4". To file this surface perfectly true is impossible; 
to file it sufficiently accurate to meet the most exacting demands re¬ 
quires a high degree of skill. With this in view the beginner need not 
get discouraged if his first efforts in using the file result in compara¬ 
tive failure. 

Classification of Files. Tang, Pitch, etc.—There is a bewildering 
array of names, shapes, and peculiarities connected with the subject 
of files. Many of these names with their corresponding sections are 
shown in Figs. 76 and 77. The number adjacent to each section 
gives the length of that section, there being as many as fourteen 
different lengths and sectional areas under some of the names. The 
sections are not shown full size; they show the relative areas rather 
than the actual. 

Fig. 78 represents various cuts, or teeth characteristics, the two 
extreme grades, roughand ^'dead-smooth,^' being omitted. Fig. 79 
shows a common flat file without handle. 

The spike-shaped end which receives the handle is called the tang, 
and the part at which the tang joins the file proper is the heel. The 
length of a file is measured from the heel to the end opposite the tang. 

44 
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Notwithstanding the great variety of files they may be divided 
into three general classes, viz., single-cut, double-cut, and rasps. These 
again may be subdivided with respect to the fineness of the teeth as 
follows: 

&ingle<fut into rough, coarse, bastard, second-cut, smooth. 
Dovble-ciit into coarse, bastard, second-cut, smooth, dead-smooth. 
Rasps into coarse, bastard, second-cut, smooth. 
Single-cut files have one series of teeth. Double-cut have a second 

series cut diagonally across the first series. Files are cut with a kind 
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of chisel-edge tool. Rasps are cut with a pointed punch. The teeth 
of rasps are therefore disconnected cutting points, rather than continuous 
cutting edges. 

Pitch of Teeth Varies with Length of File*—The terms rough, coarse 
bastard, second-cut, etc., refer to the pitch of the teeth, or degree of fine¬ 
ness, the coarsest being about 20 and the finest about 120 to the linea 
inch. It is important to observe, however, that these terms do nol 
independently of the length of the file, definitely express thO numbei 
of t^th per inch for a given file. They rather indicate the range o' 
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pitches for a given nominal cut. To definitely express the pitch the 
length of the file must be coupled with the name of the cut. Thus 

Rasp Coarse Dotible Ctit Coarse Single Cut Coarse 

Rasp Bastard Double Cut Bastard Single Cut Bastard 

Rasp Second Cut DbL Cut Second Cut Single Cut Second Cut 

Ra^ Smooth Double Cut Smooth l^gle Cut Smoodi 

NXCHOIAON nLE CO, 
Fig. 78. 

when we speak of the bastard file we refer to a subolass of files the pitches 
of which vary within certain limits directly as the length of the file 

Fig. 79. 

varies. But when we speak of a 12" bastard we mean a file having a 
definite number of teeth per lineal inch. Fig. 78 shows different grades 
of cuts as they appear in 12" files, and Fig, 80 indicates the difference 
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in pitch due to the difference in length between the longest and shortest 
files of the same cut. 

To avoid the confusion which has often arisen the reader should note 
that the terms doiihle-cut and second-cut are not 
synonymous. He should also remember that, 
as distinguished from double-cut^ which refers to 

a fUe hamn{f two courses of chisel-cuts crossing 
each other, single-cut means one course of teeth. 

Classification of Files with Respect to Shape. 
Meaning of the Terms Taper and Blunt.—Me¬ 
chanics often refer to files by names indicating 
the form of their cross-sections, these names 
being qualified by other names indicating the 

general contour of the files. With this in view the Nicholson File 
Company classify files as follows: Quadrangular, Circular, Triangular, 
and Miscellaneous. In connection with this nomenclature the terms 
taper and blunt are used. 

A taper file is a file smaller in cross-section at the point than near the 
tang. The taper applies to both thickness and width and extends on an 
average about Vs the file’s length. A blunt file is uniform in sectional 
area throughout its length. 

Quadrangtilar Sections.—The most important files in these sections 
are the following: The flat file, mill-file, and square file, each of which 
is made either blunt or taper; the hand-file and the pillar-file, each 
made uniform in width and tapering in thickness; the warding-file, 
which is made uniform in thickness, but much tapering in width; the 
equaling-file, made blunt only; the flat wood-file and flat wood-rasp, 
both made taper. 

Mill-files are sometimes made with one or both edges semicircular. 
The equaling-file is classed as blunt, because it is very nearly of that 

shape, but it is in reality very slightly bellied or curved. 
Circular Sections.—Of these sections the most important are the 

round and half-round, made either blunt or taper; the pitsaw-file, blunt; 
the half-round wood-file, half-round wood-rasp, and cabinet-file, made 
taper. 

Triangular Sections.—^As indicated by their names, the files of tri¬ 
angular cross-section are used mainly for filing saws. Thus we have 
the hand-saw file, made either blunt or taper; the slim hand-saw or slim 
tapers; the double-ended hand-saw, the three-square, and the knife or 
kiiife-edge files, made taper; the cant-file and the cant-saw file, blunt; 
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and the band-saw file, made the same as the regular hand-saw, excepting 
that the edges are rounded. 

Miscellaneous.—Of this class we mention only the crossing-file, made 
either blunt or taper, and the feather-edge file, made blunt. 

Hand-cut and Machine-cut Files. Increment Cut.—Formerly all 
files were cut by hand, and machine-cut files had been on the market 
a. long time before they were regarded as serious competitors of the 
older files. Notwithstanding that the hand-cut files were slightly 
irregular in pitch they showed a high degree of efficiency in operation. 
When it was discovered that their irreg\dariiy was in a large measure 
the cause of the high efficiency, the makers of machine-(mt files endeavored 
to imitate this irregularity. As a result of such endeavor we have 
the modern increment-cut file. It is diffi(*ult to detect any difference 
between this file and the hand-cut. 

Convexity of Files.—Convexity presents one of the advantages of 
the irregularly spaced teeth, viz., it increases the bite of the file by afford¬ 
ing a smaller area of contact. Convexity is advantageous in another 
way, i.e., it compensates for the rocking motion of the file. This rock¬ 
ing or curved movement of the file must of necessity make a convex 
surface on the work when a bluntor straight-face file is used. 
Indeed it requires considerable skill to file straight even when a con¬ 
vex file is used. 

Files are more or less bent during the tempering process. This 
may neutralize the convexity on one side and increase it on the other. 
By sighting along the face of the file one may easily determine which 
side is in proper condition for filing a plane surface. The opposite 
side of the file may be used for round work, either at the vise or while 
the work is in rotation in the lathe. 

Grasping the File. Cross-filing and Draw-filing.—^When heavy 
duty is required of a file a strong heavy file should be used. Such ^ 

file should be grasped as in Fig. 81, the thumb of the right hand rest¬ 
ing on top and the end of the file-handle pressing against the palm of 
the hand in line with the wrist-joint. This method is correct also for a 
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somewhat lighter file when the pressure is not great enough to seri¬ 
ously bend the file. But when the file is thin or likely to be bent by 
the pressure required to make it cut, it should be grasped as in Fig. 82. 

Fig. 82. 

By thus grasping the file we may, by the downward pressure of the 
thumb and upward pressure of the fingers, support the file against flex¬ 
ure, which flexure would cause curvature of the work. 

The height of the vise jaws should be about 42" from the floor, 
though for the heaviest work it would be better to have the vise lower 
if it could be readjusted again to 42", this height being suitable for general 
work. In heavy work the workman should lean forv^ard somewhat, 
using the momentum and weight of the body to aid in applying pres¬ 
sure on the file. But in lighter filing he may stand more erect, depend¬ 
ing mainly on the movement of his arms. 

The above methods of grasping the file hold good when the strokes 
of the file are approximately in the direction of its length, or endwise 
This movement of the file is called cross-filing. 

In filing very light work the file is sometimes held with one hand, 
and in special cases, as for instance in filing the bore of a long-hub 
pulley, the file may be grasped at the handle end by both hands. These 
methods should also be classed under cross-filing. 

Draw-filing is a slower process than cross-filing, but it makes a 
smoother surface. In draw-filing the file is moved in a path approxi¬ 
mately at right angles to its length. Fig. 83 shows the method of 
grasping the file. Unless the file be of unusual length the handle should 
be removed. If the handle remain on the file, it should not be used 
in draw-filing. To avoid springing the file it should be grasped as close 
to the work as the width of the latter will permit. 

As the face of the file is "bellied" lengthwise, it will, if moved in 
one unchanging path, make a concave surface on the work;. To obvi- 
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ate this the position of the file in relation to the work should be fre- 
juently changed. 

As draw-filing (on plane surfaces) is used mainly to give the final 
finish preparatory to polishing, the surface of the work should be filed 
very nearly true with a coarser file first. In some cases a second-cut 
file would answer for the draw-filing process, but for a finer finish the 
smooth file would be more satisfactory. 

The draw-filing process is somcllmes used on cylindrical work, such 
as piston-rods, etc. The object in such cases is to lay the direction of 
the file-marks parallel with the reciprocating uiotl ii of the rod, and 

thereby lessen the wear on the rod-packing. Great care is required in 
such work to avoid introducing irregularities in the surface being filed. 
The lines of file contact around the rod or shaft should change in very 
small steps, and just sufficient filing should be done to hide the lathe- 
tool marks. 

Safe-edge Files.—In filing work having two plane surfaces at right 
angles, as for instance the keyway in a shaft, it is sometimes necessary to 
file one of the surfaces without cutting the other. For this purpose 
we use a file having one blank side or edge. 8uch files are called safe-- 

edge files, and they may be purchased of the dealers. But when one is 
not at hand it Is permissible to grind the teeth off one edge or one side 

of a common file. 
Pinning—^Prevention of. Definition.—^The term pinning means the 

wedging of minute lumps of metal (“pins”) between the teeth of the 
file. It is different from the accumulation of file-dust. The latter 
may be brushed out with a file-brush or file-card made for the purpose 
see Fig. 84); but pins wedged in between the file-teeth must be removed 
with a pointed instrument. A machinist's scriber (a tool for drawing 
lines upon metal) will answer the purpose, as will also a piece of wire, or 
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a nail ground thin at the point. If not removed, the lumps of metal 
will cause scratches on the surface being filed. 

Pinning may be partly prevented by use of chalk, oil, or turpentine. 
The latter is the best. Any of these substances may be applied to either 
the file or the work, but they should not be used on cast iron and brass. 
Ihey are advantageous only in filing fibrous ynaterials, such as wrought 
iron and steel. Any liquid, even the moisture of the hand, causes cast 
iron to glaze, when the file will not ''bite” or take hold so readily. For 
this reason the workman should not test the smoothness of the filed 
surface by rubbing his hand over it. 1'he beginner is very prone to 

Fig. 84. 

do this when smooth-filing, as the writer has often observed. A good 
illustration of the tendency of cast iron to glaze is that of a piston work¬ 
ing in a steam-cylinder. The moisture of the steam and oil causes the 
piston-rings to take on a glassy surface which is decidedly advantageous 
in resisting wear of these parts. 

Files Most Used in the Machine-shop.—Of the files described the 
most common are the flat file, half-round file, round file, square file, 
and three-cornered file. The surface to be filed will generally suggest 
the shape of the file. For plane surfaces one would naturally use some 
make of flat file;' for interior curves and large round holes the half- 
round file; for small round holes the round file,*;and for slots, rectangular 
openings, etc., the flat file and square file alternately^ with perhaps the 
half-round file for squaring the co'rtiers. As to. the character and cut 
of the file, it may be stated in general terms that coarse and bastard 
files are used on common and heavy work, while second^cut and smooth 
files are used on finer Work and for finishing work started by the coarse 
and bastard. When an exceptionally fine finish is required the deadr 

smooth file may be used. The rough file is seldom used.- The file tech¬ 
nically known as a flat file is used very extensively and for a great variety 
of work. It is made double-cut and mostly bastard, but may also be 
obtained in second-cut, smooth, and dead-smooth. 

The Hand-file, being parallel as to width and taper as to thickness, 
differs from the flat file, which is full taper. Like the flat file it is double- 
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cut, mostly bastard, but it may also be had in second-cut, smooth, and 
dead-smooth. It is made in lengths from 4 to 16 inches, which are 
also the lengths of the flat file. The hand-file is of the same form in 
cross-section as the flat, the section of which is shown in Fig. 76. The 
hand-file is very generally used by machinists for finishing flat surfaces, 
and having one safe edge, it may be used in some cases in which the 
flat file will not answer. 

The Pillar-file is nearly the same as tlie hand-file, but it is narrower. 
It has one safe ed^je, and in addition to being adapted to finishing flat 
surfaces in general, it is also rnath^ in extra-narrow form, which admits 
of its being used in narrow ajicrtures where the hand-file would not 
apply. The wdder pillar-files are made in lengths from 6 to 14 inches. 

The Mill-file is always single-cut and mostly bastard. Its prin¬ 
cipal use is for sharpening mill-saws, mowdng-machine knives and plows. 
This file has met with much favor in the machine-shop. It is well 
adapted to lathe w^ork and to draw-filing at the vise. It is also used 
to some extent for finishing the various compositions of brass and bronze. 
In high-grade finishing it should be followed by some file of finer cut 
or pitch. The mill-file is made in lengths varying between 4 and 16 
inches. 

The Equaling-file is made from mill sections, but it is double-cut 
and blunt, mostly bastard. It is used for general machine-shop work. 
Length 6 to 12 inches. Seldom used. 

The Round or Rat-tail File is double-cut and mostly bastard, as 
is also the half-round file. But the latter is made also in second-cut, 
smooth, and dead-smooth. Those made finer than bastard are single¬ 
cut on the convex side. Being made both taper and blunt, and in 
the above range of pitches, the half-round file has a very wide appli 
cation in the machine-shop. Evidently it may be used for fine finish¬ 
ing to follow the mill-file, and in many kinds of work it may be used 
instead of the flat file and hand-file. The round file, being generally 
of bastard cut, is not well adapted to any other work than enlarging 
holes; but it is sometimes used in smoothing small fillets when a half- 
round file small enough is not available. Both the round and half- 
round files are made in lengths from 4 to 16 inches. 

The reader will have observed that a slight modification in the name 
of a file sometimes materially affects its character and use. Thus the 
half-round wood file is made only in coarse pitch and in lengths 
from 8 to 14 inches. It is double-cut and used occasionally on coarse 
grades of brasswork, as well as for woodwork generally. 
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As previously stated, the files of triangular cross-section are used 
mainly for filing saws, the name of the file usually indicating the kind 
of saw for which the file is adapted. But the threc-sqmre or three-cornered 
file cannot be used in such work, for the reason that the corners or edges 
are left sharp and uncut. This file is quite generally used in the 
machine-shop for filing internal angles, for squaring the corners of 
rectangular apertures, key ways, etc., and for filing taps and cutters. 
It is double-cut and usually bastard. Length 6 to 14 inches. 

Finishing a Flat Surface.—If the surface be rough as left by the 
chisel, it should first be cross-filed with a coarse or bastard file. During 
this process the direction of the file-strokes should be frequently changed, 
the angle of the alternating strokes being unimportant. The object 
of changing the strokes is twofold: first, to make the file ^^bite^^ more 
freely; second, to show more clearly the points of contact between 
file and surface, and thus enable the operator to correct any tendency 
toward curvature in the filed surface. In this connection refer to what 
has been said with respect to convexity in files. 

Having thus filed the work as nearly true as practicable, the file- 
marks should now be reduced with a second-cut or smooth file prepara* 
tory to draw-filing. If the detail be steel or wrought iron, great care 
will be necessary during this preparatory work to prevent pinning. 

Draw-filing being a comparatively slow process, too much time will 
be required if deep scratches have been made in cross-filing. Work 
finished without first obliterating these scratches is sometimes sarcas¬ 
tically referred to by old mechanics as having ‘^deej) scratches and 
high polish.'' As has been indicated, it may bo well to use chalk, oil, 
or turpentine at this juncture, if fibrous material is being filed. 

For the draw-filing process a second-cut, smooth, or dead-smooth 
file would be used. Sometimes we use two kinds. This method 
will give a better finish, or leave less work to be done with the emery- 
paper or other poUshing material. Assuming that a smooth file is to 
be used, the surface should be gone over very carefully with this file, 
preferably moving the file crosswise the grain of the metal. During 
this operation the surface should be frequently tested with a straight¬ 
edge or surface plate. Chalk .used to prevent pinning will be found 
to be more convenient and offer less hindrance to the application of the 
testing instrument than oil. The pinning and scratching are less likely 
to occur with short file-strokes than with long ones. 

When the surface has been made fairly true and smooth by draw¬ 
filing it should next be gone over with emery-cloth, say No. V2. The 
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emery-cloth may be wrapped around the file or a straight piece of wood, 
and used the same as in draw-filing. The strokes, however, should be 
at right angles to those of the latter process. Changing the strokes 
again and using No. 0 or 00 emery-cloth, a still higher polish will be 
obtained. Oil should be used with the emery-cloth, both for fibrous 
and non-fibrous materials, the object being to give a polish which is 
not so likely to rust. 

By using the smooth and dead-smooth files, the strokes of the lat¬ 
ter being crosswise those of the former, and following this work with 
0 and 00 emery-cloth or crocus-cloth, which should also be used with 
alternately changing strokes, a finish may be had which will satisfy 
the most exacting requi!*ements. 

It may be observed that the average jxdifihed surface is merely a sur¬ 

face in which the scratches are very fine and very nearly 'parallel. The 
latter point is quite important. If the polishing-marks run in all direc¬ 
tions, the effect is not pleasing to the eye. 

All that has been said with respect to draw-filing and polishing a 
surface which had been prepared for these processes by cross-filing 
will apply equally w^ell to a planed surface. But the latter should 
not require the preliminary work of cross-filing. If, how^ever, because 
of unskillful manipulation on the planer, cross-filing be required, nothing 
coarser than a second-cut file should be tolerated. It w'ould be 
cheaper to replane the surface than consume too much time with the 
file. 

Filing Broad Surfaces.—In filing a surface of such breadth that 
the ordinary file-handle would interfere with the strokes of the file, a 
special file-handle is employed. The best device of this character 
is that shown in Fig. 85. It is called a surface file-holder. The part 

Fig. 85. 

which fits over the tang is slightly dovetailed and also tapering, the 
tang being filed to correspond. The part at the point of the file is also 
slightly undercut. Both of these pieces clear the surface of the work. 
The handle is threaded to fit the rod which passes through the center 
and tang pieces. By screwing up the handle and adjusting the center- 
piece lengthwise, the convexity of the file may he increased at any point 

along its length. 
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A cheaper and much inferior surface file-holder is shown in Fig. 86 
It would be pertinent to inquire, l:ow the draw-filing process coulil 

be applied to broad surfaces? In answer to this question it may be 
stated that draw-filing is not used by all mechanics, even for narrow 
work. In wide work it would be more convenient to use coarse emery- 

cloth on a thick block of wood, finishing with the finer grades. It will, 
however, require more preparatory work with the smooth file when 
emery-cloth is used instead of draw-filing. 

Filing Curved Surfaces.—If the curve be exterior or convex, it will 
be difficult to file it without making fiat spots. To obviate this the 
file must be given a rocking or circular sweep around the work, as illus¬ 
trated in Fig, 87. In using emery-cloth, a strip of suitable width should 

be wrapped partly around the curved surface, and with one hand on 
each end the cloth it should be wiped back and forth around the w^ork 
in a kind of seesaw fashion. 

Another method may be briefly given, as follows: Hollow out a 
block of soft wood to fit the curved surface, and after smearing the 
surface or the wood with oil and emery move the block in a circular 
path back and forth around the work until the required finish is 
attained. 
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In filing an interior curve like that of a pulley-bore the largest round 
or half-round file practicable should be used. The problem in this 
work is to enlarge or smooth the bore without making a series of small 
curves lengthwise the hole. To obviate this the file should be given 
a combined circular and longitudinal motion. The file must be kept 
from rocking lengthwise; otherwise the hole will be made larger at 
the ends than in the middle. 

Curving Files for Special Work.—In filing the shallow recesses and 
curves peculiar to ornamental work- 
stove patterns, for instatice—it may 
be necessary to use small sf.uh-files 

such as are shown in Fig. 88. The 
handle or holder shown in connec¬ 
tion with these samples is soldered 
to the stub and is called a stub-file 

holder. In the absence of such 
files it is permissible to bend an 
ordinary file to the required shape. 

Filing a Rectangular Recess.—In filing a rectangular recess like that 
of a key-seat in a pulley the file is very likely to leave -jilleis in the 

two comers of the recess. If the workman neglect to file correspond¬ 

ingly rounded comers on the detail which is to fit the recess, the detail, 
instead of fitting correctly, will touch only on the corners. The 
writer has often observed this fault in the work of beginners. When 
there is objection to rounding the corners of the key or other detail, 
the small fillets (so small as to be often overlooked) may be cut away 
with a fine half-round or three-cornered file. 

Filing Lathe Work.—^The principles covered in the preceding para^ 
graphs of this chapter apply with some exceptions to rotating work. 
The first exception we note is that in general only the finer cuts of files 

should be used. If there is much metal to remove, it should be turned 
off with a lathe-tool. We notice, secondly, that instead of using our 
highest skill to prevent the rocking of the file, it is advantageous 
though not essential, to give it a slightly rocking movement. 

The grade or fineness of teeth of the file should be governed by the 
quality of the work. The smooth-cut fiat files or second-cut mill-files are 
suitable for general lathe work, the dead-smooth file in flat, hand, or 
half-round shapes being used in exceptionally fine work. To obtain 
the best finish the file should be moved at right angles to the axis of 
the rotating piece with light uniform pressure. Eac h successive stroke 

f ■’ IS DCTACHAeue. 

Fig. 88. 
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should advance a small fraction of an inch lengthwise the work until 
the total length is covered. In heavier filing, when such is permissible, 
the strokes may be inclined to the axis, the direction being changed 
back and forth to avoid filing the work in grooves. 

Inasmuch as the work is moving toward the file, the novice concludes 
that the file may be held stationary. It is true that the file-strokes 
may be slower than in vise work, but holding the file still always causes 
rough and botched work. 

Danger in Filing Rotating Work.—In filing close to the headstock 
of the lathe there is danger of getting the clothing or the file caught 
in the revolving chuck-plate or lathe-dog. Here is where the left- 
handed man has the advantage. His arms and, indeed, his whole body 
is farther away from the chuck. We sometimes gain the same advantage 
by running the lathe backward and standing on the back side. It is 
occasionally the case that work having some projecting part near the 
center of its length must be filed. The student is also cautioned against 
this source of danger. 

Speed of the Work when Filing in the Lathe.—If the work be 
revolved too slowly, the effect will be to file it “out of roundif too 
fast, the teeth of the file will wear too fast. The work should run 
about three times faster for filing than for turning. 

The inexperienced and thoughtless workman will sometimes run the 
lathe the same number or revolutions in filing a 3" shaft as in a shaft 
1" diameter. It should not be forgotten that the cutting speed for a 
given number of revolutions is proportional to the diameter. If the 
file heat up rapidly, the speed should be reduced. 

Polishing in the Lathe.—In polishing with emery-cloth or crocus-cloth, 
either of these may be wrapped around the revolving work and moved 
back and forth lengthwise the work by hand. When giving the final 
polish No. 0 or 00 cloth should be used. This should be moved very 
slowly along the shaft, the object being to lay the polishing marks so 
close together and so regularly that they will scarcely be discernible. 
Some mechanics follow the emery-cloth with waste sprinkled with 
flour-emery. This gives a very bright appearance to brasswork, and 
also improves the looks of steel and other metals. The waste is held 
around the shaft by the hand. 

To obtain a quick polish, but generally not so fine a finish, polishing- 
clainps may be used (see Fig. 89). These may be made of two pieces 
of soft pine about H/a" thick X 3V2" wide X 24" long. The pine sticks 
should be hinged together at one end with sole-leather. The opposite ends 
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should be trimmed with a draw-shave to make them more comfortable 
to the hands. About 3" from the hinged ends emery and oil may be 
applied to the inner sides of the sticks. Now grip the revolving shaft 

or other detail between the clamps, and while applying pressure to the 

ends intended for the hands, move the clamps back and forth lengthwise 

the shaft until a satisfactory polish is obtained. Oil should be used 
in connection with the polishing materials, excepting possibly the waste. 

The File should not be Lifted.—^The file should be held to the work 
during both forward and return strokes. This applies to vise work as 

well as lathe wwk. On the return stroke the pressure should be relieved 
and the file moved back (luickly without cutting. 

Care of Files. Cases in which New Files should not be Used.—^The 

teeth of files are very brittle and easily broken, especially when the files 
are new. For this reason files should not be promiscuously mixed with 

other metal tools. They should be kept in some kind of rack or parti¬ 

tioned space, so that they cannot touch each other. For similar reasons 

a new file should not be used on a casting just from the foundry; that 

is, it should not be used to file the scale of such a casting, nor on a welded 

joint, nor on the edge of sheet metal, nor on a freshly chipped surface. In 
all such cases a second-hand or discarded file should first be used. In 

filing a chipped surface the projections may be flattened somewhat with 
the edge of a new file, if a second-hand file is not available. The teeth 

on the edge are not so easily broken, nor is this part of the file so much 

used as the face. 
An old file does not readily take hold of brass and cast iron, and it 

is proper to start the new file on these and other cast metals, excepting 

chipped surfaces. After the extreme points of the teeth are dulled 
somewhat the file may be used on the fibrous materials, such as steel and 

wrought iron. 
Oil may be removed from a file by filling the teeth with chalk, and 

then brushing the chalk out with a file-brush. The process may need 

to be repeated two or three times. 



CHAPTER V 

THE SURFACE-PLATE AND SCRAPER 

Object of the Surface-plate. — A skilled workman can machine a 
plane surface so nearly true that it will be difficult to detect any error 
in the surface with a straight-edge,* and the work will be sufficiently 
accurate for most practical requirements. Nevertheless there will be 
minute errors in the surface which make it unsatisfactory for some pur¬ 
poses. The sliding surfaces of machine-tools, for instance, require to be 
more accurate than it is possible to make them by machinery. l"or 
detecting the minute errors a surface-plate is used. 

Description of the Surface-plate. — The surface-plate is a cast-iron 
plate having one surface machined and scraped to a practically jDorfect 

Fig. 90. 

plane. Fig. 90 shows two surface-plates of the usual form. In this 
design they are made in sizes varying between 3i"X4" and 36"X68"^ 
the largest weighing more than 1000 lbs. 

A surface-plate of large size should be very carefully and intelli¬ 
gently designed. The metal should be so distributed as to require the 
least weight consistent with accuracy. The plate should also be so 
designed that it would not be distorted by variations in temperature. 
When not in use the plate should be oiled to prevent rusting and kept 
in a wooden case. 

* A kind of ruler for testing plane surfaces. 
60 
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Using the Surface-plate.—In using the surface-plate a very thin 
coat of Venetian red, or red lead mixed with oil, is applied to the plate 
(preferably by hand). The plate is then moved back and forth over 
the work, or the work over the plate, when the prominent spots on 
the work surface will be marked with the coating. These spots are 
to be removed with the scraper, or scraper and file. It will depend 
on how nearly true the surface has been machined as to whether a file 
will be needed, but usually it will save time to file away most of the 
inequalities. 

A Typical Scraper.—The illustrations iu Fig. 91 show two views 
of a typical hand-scraper. It is shaped very much the same as a common 
file and it is often made from a high-gnnle thin file. It should be forged 
dawn to about Yie" at the point and tapered back about IV2'' to the 

Fia. 91. 

normal thickness at B, which thickness may be about The 
width at the point may be about Vs"- The end A should be ground 
at right angles to the center line. Looking at the other view, the end 
should be slightly rounded as at T), If not thus rounded, the corners are 
likely to dig in and score the work. 

False Economy in Making a Scraper of Cheap Steel. — Whether 
forged from a file or otherwise the scraper should be made of a Iiigh 
grade of steely and very carefully tempered and oil-stoned. As it is 
not subjected to hammer-blows, the scraper will stand a much harder 
temper than a chisel. Steel makers and dealers are always glad to 
assist purchasers in selecting the grade of steel best adapted to any 
given purpose, and any effort at economy in the price of scraper-steel is 
likely to be more than offset in the time spent in grinding the scraper. 

A Double-end Scraper.—The scraper shown in Fig. 91 requires a 
handle of the same shape as a file-handle. The total length of handle 
and scraper when the scraper is new may be 9 to 11 inches. But scrapers 
are often made double, so as to cut on both ends. This design is illus¬ 
trated in Fig. 92. The thickness and width may be about the same 
as that of Fig. 91. As to the length, some mechanics prefer to have 
these scrapers made long enough to be gripped by both hands with- 
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out the right hand touching the unprotected end. The writer has not 
found tnis extra length necessary. If the scraper be made about 10" 
long, and the upper end be covered with a small leather, wooden, or 
lead socket, it will give no trouble. Waste is sometimes used for this 
purpose. The curved shape at the middle of this scraper is more orna¬ 
mental than useful. Unless the scraper be made quite long and grasped 
in the middle, the curves may be omitted. 

Fig. 92. Fig. 93. 

Hooked Form of Scraper.—^Irig. 93 shows the hooked scraper, which 
is preferred by some workmen for very fine and smooth scraping. The 
fact that this scraper has but one cutting edge, and therefore requires 
twice the oil-stoning and twice the number of visits to the emery- 
grinder, is sufficient to offset any other advantages imaginary or real 
it may possess. 

Grasping the Scraper.—The orthodox" method of grasping the 
scraper is shown in Fig. 94. It is used like the file, in that the pressure 

diould be applied during the forward stroke and relieved on the return 
Drawing the Temper in Grinding.—It sometimes occurs that a 

scraper will cut all right one day but fail the next, and the student will 
wonder what the trouble is. In most cases it will be found that the 
temper has been neutralized by allowing the point of thescra{)er to become 
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hmted in grinding. The same precautions are necessary as were advised 
with respect to the chisel. 

Causes of Chattering.—^When a cutting-tool makes a surface having 
minute irregularities of a wavy appearance it is said to chaitcr. If a 
scraper like Fig. 91 be ground so that the end A vary much from right 
angles with the center line, one edge will be sharper than the other, 
but the sharper edge will be likely to cause chattering. Chattering is 
likely to occur, also, when a tool has too broad a bearing on the work. 
The scraper should be held at an amte angle with the work surface. 
If held too high, it will chatter. When necessary to hold it thus in 
order to make it cut, it should be sharpened. 

Moving the scraper in one unchanging direction will also cause chatter¬ 
ing. The proper method after first testing with surface-plate is to go over 
the work in short strokes of about ^/s ^iich in one direction, and 
then apply the surface-plate again. Using the scraper the second time, 
it should be moved at right angles to the last strokes. The third appli¬ 
cation of the scraper may be in the same direction as the first, or mid¬ 
way between the angles of first and second. Continuing thus with sur¬ 
face-plate and scraper, the surface when completed will present a very 
pleasing appearance. An expert workman can by varying the direction 
of scraper-strokes produce various effects, somewhat resembling checker¬ 
board work. 

Precautions Against Wasting Time.—It is important to observe that 
when the surface-plate is first applied and touches only in a few spots 
the scraper should he used quite vigorously. As the surface approaches a 
true plane we use thinner coats of lead and apply the scraper more lightly, 
taking care to confine the scraping to the exact points of contact. Scraping 
is a very slow process at best, and if w^e scrape too lightly at first, when 
there is considerable metal to remove, it may take very much longer than 
necessary to do the work. The surface is considered sufficiently accurate 
for average requirements when it is marked all over in spots of Vs fo 

Vs inch apart. 
The work should be kept scrupulously free from particles of grit 

when using the surface-plate. An old cotton rag is better than waste 

for this purpose. 
Importance of Scraping Machine-tools,—Scraping machine-slides and 

other similar work increases the area of contact between the sliding 
surfaces and greatly enhances their w^earing qualities. Scraping is 
expensive, but it is essential to the life and accuracy of machine-tools, and 
its omission is an indication of cheapness and inferiority. 

Scrapers for Interior Curves.—The scrapers mentioned above ma> 
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Fig. 95. 

be used on convex as well as plane surfaces. For a concave surface they 
cannot be used advantageously. However, some mechanics manage to 
use these scrape: s to a limited extent in scraping at right angles to the 

.axis in a half-box bear¬ 
ding. A better scraper 
for the latter purpose is 
frequently made of a 

three-cornered file. Select such a file 6 or 8 inches long and grind the teeth 
off, making it quite pointed like Fig. 95. It should be used with a file- 
handle and grasped with both liands at the handle end. This scraper should 
cut on its side edges, the strokes being at right angles to its length. 

A scraper for the same purpose may be made of a half-round file. 
The teeth should be ground off and the scraper moved at right angles 
to its length, as in the previous case. These scrapers should also be 
used with strokes at right angles to the axis of the bearing. A half- 
round file ground on its end may be used to scrape lengthwise the axis of 
a bearing. It will be understood that the purpose of scraping a bearing 
is to bring it to a fit with its shaft. 

Special Form of Scraper.—Fig. 96 shows a special form of scraper 
sometimes used in scraping broad surfaces. The blade is several times 

Fig. 96. 

wider than in the common scraper, and to avoid chattering it is used 
with a draw-stroke; that is to say, it cuts while being drawn toward the 
operator. The cut shows a tool for scraping wood, but by using the 
proper quality of steel in the blade it may be, and is, used in the machine^ 
Aop for metal-work. 
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A home-made scraper of this kind may be improvised by inserting a 
section of file with teeth ground off, in a slot milled lengthwise a piece of 

round steel. A Vs" or V2dnch rod driven into a hole drilled in the 
round steel and sharpened on opposite ond to fit a file-handle com¬ 
pletes the scraper. The angle formed by the rod and blade should be at 
least 100°. These scrapers are not adapted to fine fitting, such as lathe- 
rests, etc. 

Using Emery-cloth in Connection with the Scraper.—^Emery-paper 
is used by some workmen for the finishing touches on a scraped sur¬ 
face. A stick of hard wood is whittled to about- V4" or ^/g" square 
at point, and the finest emery-cloth wrapped around this point. The 
stick is applied to the work just the same as the scraper of Fig. 91. 

Ornamental Finish with Emery.— Small work is sometimes orna¬ 
mented at the shops of the Michigan Agricultural College (the writer is 
not aware as to whether this process is used in other shops) as follows: 
A stick of wood is fitted to the chuck of the sensitive drill, and flour- 
emery and oil are applied to the work or to the lower end of the stick, 
which should be about diameter and cut off square. Now, placing 
the work upon the drill-platen, the revolving stick is brought to bear 
very lightly upon the surface. The stick is next lifted by the lever and 
the work moved about ^/le" and the second spot polished. This process 
is repeated until the surface is covered with the circular spots, the 
direction of these spots with respect to the sides of the work being regu¬ 
lated to suit the fancy. The surface to be ornamented should be given 
a ftat polish with emery-paper or crocus-cloth preceding the ornamental 
finish, and during the latter the drilling-machine should run at its 
highest speed. The contact of the revolving stick should, as stated, 
be very light; otherwise it will make appreciable indentations in the 
work. 

This ornamental finish may be made at the bench by using a breast- 
drill. The writer has also produced various ornamental effects by going 
over a polished surface with emery-paper wrapped around a stick, the 
latter being moved in a curling or wavy path. 

Using the Scraper at the Lathe.—In lathe work the scraper is sup¬ 
ported upon a rest very much the same as the chisel is supported in 
wood-turning. The scraper shown in Fig. 91 is adaped to lathe work 
as well as vise work. In order to approach the face-plate or a lathe- 
dog more conveniently it is sometimes ground to an angle, as at A in 
Fig. 97. This scraper can be used for smoothing plain cylinders, such 
as cast-iron pulleys, etc., and also radial-face wwk. It may be used 
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on similar surfaces in brass. Scrapers are used with greater advantage, 
however, on lathe work of irregular contour, ornamental work, filleting, 
etc. On work of this character the cutting end or point of the scraper is 
made in various shapes to suit the rec^uired curve. The most common 
are semicircular on the end, and the shop in which scrapers are much 
used may have these of radii varying from Vs to V4 inch. 

In Fig. 97 at B is shown a scraper as applied in smoothing out a 
fillet. If the plain face between the fillets has been previously brought 

to its final finish, some skill will 
re(]uired to avoid cutting into 

this plain face. Por the finishing 
N. ^ I touches in the fillet the scraper 

NT / should be brought up to the work, 
s® at B in Ing. 98, and while barely 
^ V missing the plain surface it should 

V Xv steadily advanced into the 
;I \ R >> fillet. During this operation the 

11 V forefinger of the right hand, being 
Va\ Nv under the scraper at the dot F, 
\ \ I Nw N. and in contact with the rest 72, 
\ \ ^ prevents the scraper from digging 

^ into the face while it is moved 
toward the fillet. At this time 

the thumb of the right hand is on top of the scraper at dot F, while 
the left hand supports the other end of the scraper. This may appeal 
to be a sort of left-handed operation, but where the conditions favor 
it the position of the two hands may be reversed. Of course it will 
be unnecessary to observe any cast-iron rules in these small matters, 
but the beginner generally needs some definite directions to start with, 
and later he may adopt such minor modifications as suit his convenience, 
the main consideration' being to get results. 

It will be noticed that the rest R is quite close to the work. This 
is important, and such rests may be forged to suit various shapes of 
work. Moving the rest too far from the work is likely to cause chatter¬ 
ing, Chattering may sometimes be prevented by placing a piece of 
leather or other such material between the scraper and the rest. At 
other times it is necessa^ to lessen the line of contact of scraper with 
the work. In fillets and curved work generally, the experienced work¬ 
man will vary the point of contact by gently moving the handle end 
of the scraper in an arc of a circle. 

Fig. 98. 
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A scraper shaped like C, Fig. 97, may be used for the fillets and 
also for the fiat surface between tne fillets. 

The scraper is not used nearly so much in modern practice, except 
by amateurs, as it was fifty years ago. Curved surface's are shaped 
very largely by special tools called forming-iools. These tools are made 
with cutting edges of the same shape as the curve. 

The Graver.—If we take a square file about 8" long and grind the 
teeth off and then grind the end to an angle of about 45®, we shall have 
a graver. Gravers and other hand-tools, fonnerly used to a considerable 
extent on wrought iron and steel work, arc gradiuilly being superseded 
by more modern appliances. 

The cutting edge of a scraper, whether used at the vise or lathe, 

should be moistened with water or oil when S(Taping wrought iron and 

steel. 
Generally the scraper when used in the lathe should be followed by 

emery-cloth, or a file and then emery-cloth. 
All such tools as scrapers, files, etc., used on rotating work should 

have handles. Otherwise if the tool get caught or struck by the work, 
its pointed tang may be forced into the flesh of the operator. 

Scrapers need to be oil-stoned often. A scraper like that shown in 
Fig. 91 should be stoned mainly on the end, the scraper being hvld per¬ 
pendicular to the stone and moved in a circular path. The scraper may 
also be stoned on the two faces. Oil should be used on the stone, but 
the latter should not be allowed to become gummy. 



CHAPTER VI, 

THK VISK AND SOME VISE ACCESSORIES 

In the five preceding chapters we have dealt very largely with tools 
and methods connected with vise work. It is proper to give son c 

attention to the vivse itself. There are 
a great many kinds of vises in use, 
and inventors have exercised consider¬ 
able ingenuity in the endeavor to com¬ 
bine in one vise the good features of 
all. The problem is in part a com¬ 
mercial one; the new vise should cost 
but little more than the simpler 
patterns. 

The Solid-box Vise.—Fig. 99 shows 
a vise which is familiar to all. It is 
one of the older styles, which was 
doubtless used by the ‘‘village black¬ 
smith'^ whom Longfellow has immor 
talized. This vise still holds its place 
among its more modern competitors, 
its merit being strength and rigidity ^ 
due to its having a support on the 
floor as well as on the bench. The 
objection against the vise, that its 
Jaws are not parallel in vertical planes 
when opened wide, has been overcome 
by providing a second screw below the 
main screw. This second screw is 
connected with the main screw by 

sprocket-chain and wheels, and its operation will be understood by 
every boy who has fallen off a bicycle. The vise shown in the 

Fig. 99. 



THE VISE AND SOME VISE ACCESSORIES 69 

illustration is known as the solid-box vise. It is not provided with the 
sprocket-chain arrangement. 

Parallel Vise.—^The manufacturer of the vise shown in Fig. 100 
has been pleased to call it the ‘‘Bulldog^' parallel vise. The latter 

Fig. 100. 

half of the designation, however, is the technical term for vises of this 
character. Parallel vises of the cheaper designs open by lever and 
screw on the same principle as that of Pig. 99. 

Parallel Swivel Vise.—^When the vise of P"ig. 100 is made to swivel 
on its base it is called a parallel swivel vise. Fig. 101 shows this style. 

Fig. 101. 

The advantage of being able to swing the work to any angle in a hori¬ 
zontal plane will appeal to every experienced mechanic. 

In Fig. 102 we have a vise which swivels on its base and which also 
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has one swivel jaw. This latter provision is very convenient in gripping 
tapering work. 

Fig. 102 

Combination Pipe-vise.—A shop in which a limited amount of steam¬ 
fitting is likely to be done must have at least one vise adapted to this 
work. The ‘^swivel combination pipe-vise^^ of Vig. 103 can be used 

Fig. 103. 

for pipe as well as for general work. To facilitate threading pipe with 
dies this vise should be placed at the end of the bench. 

Quick-acting Vise.—^There is a class of vises og the market known 
as quick-acting'* or '‘rapid" vises. Some of these are "fearfully and 
wonderfully made." The quick closing of the jaws is, of course, desir¬ 
able, but this feature should not be obtained at the expense of durability 
and solidity. In selecting such a vise one should choose a design which 
bai the least number of parts consistent with the necessities of the case 
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Universal Vise.—In Fig. 104 is shown the ^^Ernmert Universal Vise." 
The writer has not examined this design, but the manufacturers say: 

will turn in any position and hold work so that you can work natu¬ 
rally, without bending or twisting the body." 

Hand- and Pin-vises.—^The hand-vise is a very convenient adjunct 
to the stationary vise. Fig. 105 shows one of typical design. It is 
used in filing pins and small pieces which require more delicate manipu¬ 
lation than is possible with the large vise. 

The pin-vise is used almost exclusively for pins and other small 
cylindrical details. The style shown in Fig. 106 is constructed on the 

Fig. 106. 

same principle as a certain class of lathe-chucks. The internally threaded 
and tapered sleeve S screws on the end of A, which is threaded and tapered 
to fit S. A is drilled and sawed about one fourth its length as shown, 
and tightening or screwing up S causes the fous: jaws to close and grip 
a pin or other detail placed in the drilled hole. 
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In filing such work as small pins in the pin-vise, the latter is held 
in the left hand, and the end of the pin is supported on top of the sta¬ 
tionary vise, or between its jaws, which are opened about two thirds 
the diameter of the pin. The pin is rotated back and forth by a move¬ 
ment of the wrist, and a small file is applied during the backward motion. 

Vise-jaws with Detachable Faces.—^The best designs of stationary 
vises have detachable steel faces on the jaws. These faces are serrated 
or notched somewhat like a double-cut file, the object being to more 
securely hold work subjected to heavy chipping, etc. They are made 
detachable in order that the manufacturer may duplicate the faces 
instead of the whole vise in case of breakage. 

Vise-clamps.—In gripping rough castings, forgings, etc., the steel 
faces mentioned are brought into direct contact with the work. But 
to avoid marring finished work, vise-clamps are interposed between 
the work and the steel faces. Copper clamps are used more than any 
other kind for this purpose. Sheet copper about ^/le" thick will 
answer. Cut out two pieces, each equal in width to the vise-jaws and 
about 3" long. Heat them red-hot and cool in water. This will anneal 
or soften the copper. Clamp the two pieces tightly in the vise with 
the lower edges even with the lower edges of the vise-jaws. Separate 
them at the top and bend each over its vise-jaw, hammering the pieces 
down to closely fit the upper surface of the vise-jaws. 

In order to grip thin work, the upper edges of the clamps answering to 
the upper edges of the vise-jaws should be square and sharply defined. 
If not satisfactory in this respect, heat and pound down (after cooling) 
the copper pieces again, giving special attention to the upper edges. 

The usage to which the clamps are subjected tends to harden them. 
For this reason they should occasionally be reannealed. 

Lead Clamps.—Lead clamps are very desirable for gripping small 
pieces whicji, because of their limit¬ 
ed contact, are more likely to be 
slightly bruised or mashed. With 
lead clamps a screw may be held in 
the vise without spoiling the thread. 
Fig. 107 shows one of these clamps 
and a mold for making them. 

Both the lead and copper 

clamps are likely to become imbedded with grit and small particles of 
steel. On this account some mechanics use leather clamps for very 
highly polished and delicate work. To make these clamps, cut out 
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two pieces of leather of the right size, and cut them half-way through 
on the line where they are bent over the vise-jaws 

Another Method of Holding Screws.—threaded bolt or similar 
detail may be held in the vise without clamps by screwing the thread 
into a nut which has been sawed through on one side. The pressure 
of the vise-jaws will cause the nut to tightly grip the thread without 
injuring it. 

The Hack-saw.—^The novice sometimes expresses surprise that the 
mechanic can “saw metal as he saws wood.^^ Fearing, therefore, that 
this handy tool may be overlooked by the beginner in purchasing his 
“kit,” we shall mention it in this connection. The hack-saw frame 
shown in Fig. 108 will take blades from 6 to 12 inches in length, and 

Fig. 108. 

it will hold the blades in four different angles with respect to the frame. 
Formerly hack-saw blades were made to Vie filed like a carpenter^s saw, 
but these have been very generally superseded by the tempered blades. 
The latter are too hard to be filed and too cheap to make it pay to file 
them. The average length can be purchased for about 70 cents per 
dozen. After one has become accustomed to the use of a hack-saw he 
regards it as an almost indispensable tool in connection wdth vise work. 

Pliers.—This is another very useful tool; but there are so many 
different designs that it is difficult to settle upon an illustration. Fig. 109 

Fig. 109. 

shows a tool which suits the proverbial “jack-at-all-trades.” It com¬ 
bines in a small compass flat-nose pliers, gas-pliers, wire-cutter, and 
screw-driver. ^^By a quarter-turn of the handle, and sliding it from 
one hole to the other, it changes from the size of a gas-burner to V4" 
pipe, or from to 1 inch round or square.” 



CHAPTER VII 

DRILLING-MACHINES 

Ratchet-diills.—The term drill, which primarily means a tool for 
originating and enlarging holes, is often used to denote the machine 
by which the tool is driven. Thus we have sensitive drills, radial drills, 
gang drills, etc., all of which machines are described in this chapter. 

The simplest form of drilling-machine is the ra<cAc<-drill. This, in 
connection with its brace, is shown in Fig. 110. The device marked D 
is the ratchet-drill, the brace, which is called the “old man,” being 
lettered 0. C, D 1, and W represent respectivdy a clamp for holding 

74 
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the brace, the drill, and the work. This ratchet-drill is operated by 
hand by means of the lever L, and is fed to the work by frequent slight 
movements of the small rod R. R turns a small screw which has a 
conical point fitting into an indentat’on in 0, the thread end of the 
screw being fitted to a tapped hole in the head of D. 

D 1 is caused to rotate with L by a pawl and ratchet, through about 
180® for each stroke. During the return stroke of L, D 1 remains station¬ 
ary. The pawl and ratchet are more clearly shown in Fig. Ill at P. 

Fio. 111. 

In this figure the feed-screw is hid, being covered by the sleeve S by 
which the drill is fed by the grip of the hand. 

In some ratchet-drills the drill is rotated during both the forward 
and reverse strokes of the lever. With such a machine the drilling can, 
of course, be done much faster. Automatic feed mechanism is pro¬ 
vided in the higher-priced machines. 

The Breast-drill. — This machine is used for the same purpose as 
the ratchet-drill, viz., for drilling odd holes in work which cannot con¬ 
veniently be taken to the power-drill. Fig 112 shows a typical breast- 
drill. The drill is held in a chuck at E, the pressure being applied by 
the breast at B. The handle H rotates the drill while I is held in the 
left hand to steady the machine. This machine may be changed from 
fast to slow speed by turning the thumb-screw at A. It will not drill 
as large holes as the ratchet-drill, ^/2" being about the largest. One 
could not drill many V2" holes before experiencing soreness of the breast. 

The Fifield Drilling Attachment.—^Figs. 113 and 114 show a very 
handy drill which is operated in connection with a common carpenteris 
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brace, the drill being held to the work by a chain. This device has 
automatic feed and ball bearings, and for drilling holes up to diam¬ 
eter it is much in demand by machinists and other metal-workers. 

Portable Drill.—The portable drill, Fig. Ilf), is designed to be driven 
from the line-shaft or other power mechanism, and yet it may be moved 

Fig. 115. 

about independently of the latter. It is driven by a belt running on 
the tight and loose pulleys T and L, and is designed to be used mainly 
in the erecting-room of the machine-shop. 
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In using this machine the hanger H is fastened near the main shaft, 
and the drilling-machine secured to the work by bolts passing through 
the base B, The rope Rj which runs over the pulley P, is made in 
’sections to admit of the machine being operated at various distances 
,fx)m the hanger H. The machine has universal adjustments by means 

of the ball joint handle II1, and sockets S. Having adjusted the 
machine so that the drill D is in po¬ 
sition for the first hole, a number of 
other holes may be drilled without 
removing the base B, Tension on 
the rope is maintained by a weight 
at TT, and the drill is fed by hand- 
wheel II 2. 

This machine has automatic feed 
also. For this purpose a cone-pulley 
hid behind P is belted to the upper 
cone C. The latter operates a worm 
and worm-wheel, which in turn ac¬ 
tuate a feed-nut on screw F. 

Portable power-mac^hincs are 
made in various designs, some of 
which are smaller than the one 
above described. The Stowe flexi 
ble shaft, used in dental work, is also 
employed in connection with portable 
drills. 

The Sensitive Drill.—This ma¬ 
chine, a good example of which is 
shown in Fig. 116, is a stationary 
power-drill, designed for very small 
holes. It is fed by hand, and it is 
made very light and sensitive, so that 

any undue strain on a small drill may be felt through the lever L 3 by 
which the drill is fed. The object of this is to prevent breaking the 
drills. 

The Spindle 8 is counterbalanced by a weight suspended in the 
hollow column C. The head H carries a quill or sleeve Q in which 
the lower end of the drill-spindle is journaled, the upper end being 
journaJed in the frame. \\ The sleeve, and with it the spindle, is fed 
to the work by means of a rack-and-pinion movement. The pinion 
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I (small gear) is on the same shaft with the feed-lever, the rack being 
secured to the sleeve. The head is adjustable vertically. 

The Table T is designed to be tilted to an angle, and to swing around 
the column to bring the work in position for drilling holes in different 
positions. It is clamped by the lever L 2. The round table R is 
adjustable vertically, and may be lifted out of its socket and either 
Cl or C2 inserted. The first of t]*ase is designed to support the lower 
end of shafts, etc., wliile drilling centers for lathe work; the other is 
used as a rest for cylindrical work when the same is to be drilled at 
right angles to its axis. 

The machine is driven by the counter-shaft C 3. It requires three 
belts. The first runs between the shop line-shaft and the tight and 
loose pulleys T and L. The second connects the cone pulley F 1 with 
a similar cone, P2. The third belt runs over the pulleys P3, P4, 
P 5, and P 6, and thus operates the spindle S which carries the drill. 
When the machine is idle the main belt runs on the loose pulley L. 
To start the machine the belt is shifted to the tight pulley T by a suit¬ 
able lever. 

These machines are made with any number of spindles up to twenty. 
Sensitive Friction-drill.—The drill illustrated in Fig. 116 has three 

changes of speed by cone pulk»ys. Fig. 117 shows a machine designed 
for the same class of work, but it has no cone pulleys of the ordinary 
type, the spindle speed being changed by moving the friction pulley P 
nearer to or farther from the center of the driving-cone D, The fric¬ 
tion pulley is in contact with both of the cones D and D 1, and D, being 
driven by the belt B, transmits motion to D 1. P is supported by 
the yoke which slides and swings on shaft S, and is moved to or 
from the center of D by the knob K, The driving-cone D may be 
adjusted vertically to increase its friction on P. 

Back-geared Drill.—^The upright drill shown in Figs. 118 and 119 is 
designed for much heavier work than the sensitive drills. The frame 
is a great deal stronger and the driving mechanism is much more power¬ 
ful. The spindle S is driven^ by a belt connecting the cone pulleys 
P, P 1, and by the bevel-gears G. When the back gears G 2 and G 3 
(Fig. 119) are brought into mesh with G 1 and (7 4 the spindle speed 
is reduced to such an extent that the fastest speed ^4n gear^^ is slower 
than the slowest speed ''out of gear.'V Thus we have four speeds (due 
to the four steps on the cone pulley) ^'out of gear,'^ and four different 
speeds ^4n gear,” making eight speeds in all. These speeds should 
be in geometrical prcgreemn. ^ 
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operation of the back gear is as follows: The gear G 1 is secured 
to the pulley P, and gear and pulley together turn freely on the shaft 
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teeth on the gear (? 1 as shown. This clutch is connected to the shaft 
S 1 by a key which causes the clutch to turn with the shaft, but leaves 
it free to be moved endwise. Gears G 2 and G 3 are cast integral, being 
joined together by a sleeve in the center of which a groove is turned 
to receive a U-shaped shifter pivoted in the lever L. This lever has a 
similar connection with the clutch C, and it is fulcrumed on the frame 
below the gears. If the lever be moved toward the left, it will cause 
clutch C to engage with G 1 and at the same time move the gears G 2 
and G 3 to the left, disengaging them from G 1 and G 4, If the lever 
be moved toward the right, it will bring both the clutch and gears to 
the position shown in the figure, which is the in-gear position for 
the back gears. If now pulley P be caused to revolve, it will turn at 

2 G 4 
a ratio with shaft S 1 depending on the ratio of g ^ multiplied by g , 

G4 being tightly keyed to aS 1. Assuming that G 1 has 20 teeth, G2 
40 teeth, G 3 20 teeth, and C? 4 40 teeth, then the ratio of revolutions 

40 
of the cone pulley to the revolutions of shaft S 1 will equal multi¬ 

plied by ^ equals 4. When clutch C is in engagement with G 1, the 

back gears being out of gear, shaft S 1 will be turned directly by the 
cone pulley, and the ratio will be 1 to 1. This ratio is suitable for 
drilling small holes, and the ratio due to the engagement of the back 
gears is suitable for the larger work. The gain in power is in accord¬ 
ance with the well-established law that (other things being equal) 
power is proportional to speed. However, the source of this •power 
is •not in the machine, but in the boiler-furnace, 

Feed Gearing.—C)n the spindle S is a pulley P 2 having belt con¬ 
nection with the pulley P 3. On the lower end of the shaft S 2 (Fig. 
118), to which P 3 is keyed, are three spur-gears numbered 1, 2, and 
3. Either of these gears may be caused to revolve with the pulley 
P 3 by a sliding key, which key is moved by the knob K. Keyed to 
the feed-shaft S 3 are three other gears, numbered 4, 5, and 6, meshing 
with the firet three. When the sliding key is in the gear No. 1, it 
causes that gear to revolve with the shaft S 2, and motion is thereby 
transmitted to gear No. 4 on shaft S 3, the number of revolutions of 
No. 4 depending upon the ratio of the diameter of No. 1 to the diameter 
of No. 4. At the same time the other two gears on <8 3 revolve, carry¬ 
ing the two mating gears on shaft S 2 with them, but as the sliding 
key at this time has no connection with these two gears they merely 
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revolve idly on the shaft S 2. If the sliding key be moved so as to 
connect gear No. 2 to the shaft S 2, the feed-shaft will be caused to 
revolve at a speed depending on the ratio of the diameter of gear No. ? 
to gear No. 5 on shaft 5 3. The other two gears on shaft S 2 will revoh* 
idly, and so on with the third pair of gears. Thus we obtain three 
different speeds of the shaft N 8 and jveds of the spindle S, as will be 
shown later. 

On the lower end of the shaft N 3, Fig. 120, is a bevel pinion operating 
the worm-shaft and worm W by means of the bevel-gear Cr6. The 
worm W operates the worm-wheel W 1, and on the shaft same with W 1 
is a small gear meshing into the rack R, which is bolted to the quill Q. 
The quill Q does not turn in the head //, but is fed vertically at three 
different rates by the train of mechanism just outlined. The spindle S 
revolves in the quill Q and is forced by the collars C 1 and C 2 to 
follow the vertical movement of the quill. 

The bevel-gear (? 6 is not rigidly connected to the worm-shaft IF, 
but is caused to turn with the latter by tightening the knurled nut N, 
This nut screws on a small shaft passing through the center of the worm- 
shaft, and on the other end of the small shaft is a friction-clutch de¬ 
signed to engage with a friction ^clutch on the bevel-gear G6. 

Automatic Stop.—On the quill Q is a movable collar C 3 which may 
be tightened in any position on the quill. If, when the machine is in 
operation, the nut N be tightened, it will set in motion the bevel-gear G 6, 
and with it the intervening mechanism, including the quill Q. As the 
latter feeds downward it engages with the trip T, disengaging the latch 
L 1 from the lever L 2. This lever is so connected to the worm-bracket 
that when the lever is disengaged, it permits the worm W to drop out 
of mesh with the worm-wheel W 1. Thus the downward feed of the spindle 
S may be autoiiiaticaUy stopped at any required depth, the quill Q being 
graduated for adjustment of the collar C 3. 

Hand^feed—Quick Return.—^^fhe above description of Fig. 120 has 
reference to the automatic feed of the drill-spindle S, By slackening the 
nut N the spindle may be, fed by hand by the hand-wheel H, After 
drilling a hole the spindle may be quickly returned by tripping the lever 
L 2 and turning the lever L 3. 

Vertical Adjustment of Head.—^The head H 1 may be adjusted and 
clamped in any position on the vertical face F. 

Table Adjustment.—^Work may be clamped to the table T or to the 
base£, Fig. 118. The table is supported on the arm A and may be 
revolved around the column C 4 and adjusted vertically on the column. 
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The table may also be revolved on its own axis. These adjustments 
facilitate drilling holes in different positions and in different heights of 

Fig. 120. 

work. Thus having clamped a piece of work to the table T, holes may 
be drilled in any position within the circumference of the table without 
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unclamping the work. The base has no such adjustments, and con¬ 
sequently work held on the base must be readjusted for holes in different 
positions. 

RADIAL DRILLS 

General Description. — Fig. 121 shows a perspective view of a 
radial drill, so called from the long radial arm common to all machines 
of this class; and Figs. 122-7 show auxiliary views of the same machine. 
Similar reference-letters refer to similar parts throughout the several 

Fig. 121. 

views. Referring, to the perspective view, the base J?, table 2P, columi 
C, arm A, and head H comprise the principal members of the machine. 
The column C, carrying the arm A, swings around the stump 8 (Fig. 
123) through a complete circle when the machine is driven from below, 
and through about 340® when driven from above. In the latter case 
the movement of the arm is limited only by the driving-belt. The 
head H (Fig. 121) slides on the planed ways of the arm A, and with 
the arm may be raised and lowered on the column for different heights 
of work. This vertical movement of the arm is effected by a shaft 
within the column, in connection with gears Gil on top of the column. 
These gears operate a screw 8 1 passing through a threaded nut in 
the arm A, as shown in Fig. 124. This mechanism for raising the arm 
is operated hy a lever within easy reach of the workman. 
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Arrangement of the Driving-shafts.—The shafting between the 
driving-pulley and drill-spindle in a radial drill necessarily follows a 
rather circuitous route. Unless the shafting be amply large there will be 
a considerable angle of torsion between these two points. This shafting 
is mostly hid in Fig. 121, but it may be traced by the aid of Figs. 
122,123,124, and 125. Thus, starting at the pulley-shaft S 3 in Fig. 122, 
connection is made between this and shaft S 4 by the four pairs of gears 

Fig. 122. 

shown. These gears give four different speeds to the shaft 4. The 
latter drives the vertical shaft S 2 by means of the miter-gears G 9 and 
G 10, Fig. 123. Now referring to Fig. 124, shaft aS 5 is driven by S 2. 
Through a system of gearing shown in the gear-box B 2, the shaft S5 
transmits motion to the bevel-gear G 12. This in turn drives the shaft 
S 6 by means of the bevel-gear G 13, shaft S 7, and bevel-gears G14 
and G 15. Finally, the drill-spindle S 8 receives its motion through 
the gear G 16, which meshes with gear 17, these two gears being on the 

shaft S 6 and spindle S 8 respectively. 
Reversing Mechanism.—As this particular machine is designed to 

be used in tapping as well as in drilling holes, there are two bevel-gears 
on the shaft S 7, one of these, G18, being hid behind the spindle counter¬ 
weight TF 3 in Fig. 124, but shown in Fig. 125. Both of the gears 0 14 
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and G 18 mesh with G 15, but are inoperative unless engaged by a 
clutch between the two gears. This clutch is secured to shaft S 7 hy 
a key * which causes it to rotate with the shaft and at the same time 

Fig. 123 

leaves it free to travel lengthwise of the shaft by the movement of the 
head H along the arm A. The object of this arrangement is to give 
both a forward and reverse movement to the drill-spindle, the forward 

* The instructor is advised to make on the blackboard a sectional view of G 14» 
Bhowing the key. 
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movement being used for drilling and tapping holes, and the reverse 
movement for backing the tap out. 

This method of getting a forward motion by engaging the clutch 
with G 14 and a reverse motion by engaging it with G 18 should be 
particularly noted by the student. The clutch is shifted by the handle 
7/3, Figs. 124 and 125. 

Feed-gear.—The feed-shaft, #8 9, Fig. 125, is driven from the drill- 
spindle by spur-gears as shown. At the lower end of S 9, and in the 

Fig. 124 

gear-box. B 3, Fig, 126, is a system of gearing by which eight different 
speeds are communicated to the worm W, the handle for same being 
within easy reach. The worm-wheel W 1, wh'ch is driven by IF, has 
on the inner end a small gear G 19, Fig. 125, which gives motion to 
G 20. On the same shaft with G 20 is a pinion (small gear), giving 
vertical movement to the drill-spindle S 8 by meshing with the rack R, 
Fig. 126. 

The Hand-feed and Quick Return.—^We have in the above train of 
gears a very efficient and convenient system of mechanism for the 
automatic feed. When it is desired to feed the spindle by hand the 
worm-shaft W is disengaged from the gearing in feed-box B 3, Fig. 
126, and the spindle is fed by hand-wheel H 1. The drill is quickly 
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withdrawn from the drilled hole by pushing in lever L and turning it 
at the same time. The effect of pushing this lever in is to disengage 
the clutch which binds the w^orrn-wheel W 1 to its shaft. 

No automatic movement of the head II is needed. It is moved by 
the hand-wheel H 2, Fig. 120. 11 2 operates the worm and worm-wheel 
shown, and these give motion to a })inion meshing into the rack R 2. 

The Depth Gage.—^This machine is provided with a depth gage of 
unique design, shown in coimection with G 20, Fig. 126. The grad¬ 
uated d al may be set at zero independently of the spindle, and several 
different depths of holes may be drilled without disturbing the dogs, 
which are set by the dial as required. Thus, suppose the two dogs 
D and D 1 to be set for drilling holes 9" and 12" deep alternately; hav¬ 
ing drilled a 9" hole, it is necessary only to lift the latch L I an instant 
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to let the first dog clear it when drilling the 12" hole. It will be under¬ 
stood that when one of the dogs strikes the latch it causes the feeding 
to cease by the disengagement of the clutch C 2. The latter maybe 
disengaged by hand by the handle shown, and to avoid damaging the 

Pig 126 

TUftehnnism it is automatically disengaged when the drill-spindle has 

reached the extreme end of its travel. 
Detailed Description of the Gearing in the Gear-boxes.—The sixte«i 

speeds of S 8, given by the combination of the gears in gear-boxes B 1 
and B 2, are in geometrical progression ranging from 17 to 267 revolutions 
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per minute. So, also, are the eight feeds in the gear-box B 3, which vary 
between .007" and .064" per revolution of spindle. All of these speeds 
and feeds are controlled by handles within easy reach of the operator. 
It may be well to further explain these gearing systems. 

Referring to Fig. 122, the four gears G l,G2,G 3, and G 4 are tightly 
keyed to shaft S 3, while only one of the mating-gears can be locked 
at one time, the clutches C 3 and C 4 being used for this purpose. The 
velocity ratio of the shafts B 3 and S 4 depends on the ratio of the diam¬ 
eters of the pair of gears which control the speed at any given time. 
When one of the gears on shaft S 4 is locked the other three revolve 

idly, as was explained in connection with the sliding-key gears shown in 
Figs. 118 and 119. 

The gearing in gear-box B 2, which takes the place of ^^back gears,"' 
is somewhat more complicated. The highest speed is obtained by 
speeding up at this particular part of the machine. Inasmuch as the 
gears for elevating the arm must be thrown in mesh by tumbler action, 
it is necessary that these gears run at a comparatively slow speed, and 
this is the principal reason for speeding up the back gears. 

Fig. 127 shows a sectional view of the sliding-key gears in gear-box 
B 3. These are driven by four other gears tightly keyed to a shaft in 
the box. The key A is moved lengthwise in the hollow shaft by the 
engagement of gear G 21 with the rack B, the gear being rotated by the 
lever C, The key may be held in a position for locking either of the four 
gears, and, from what has already been said respecting such systems, 
it will be readily understood that the velocity ratio at any given time 
will depend upon the ratio of the pair of gears which control the speed 
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at that time. The four speeds given by these gears are changed by 
other gears in the box, so as to give eight speeds in all. 

The student should note the difference between the main driving- 
mechanism in this machine and that in which a stepped cone is used. It 
may be remarked in this connection that there is a growing tendency in 
machine-tool design to substitute gearing for (^one pulleys. 'J he manu¬ 
facturers of this machine claim that they were the first to use gearing 
in place of the main driving cones. 

An Important Principle in Design.—It is generally understood by 
designers that box and tuhular forms of framework are well ada])ted to 
resist the stiesses to which machine-tools are subjected. But, as a rule, 
these forms have not been adoi)ted in designing the arms of radial drills. 
However, the designer of the machine just described has so arranged 
the mechanism connected with the head as to admit of the arm being 
made of approximately tubular cross-section. In the fai tory where this 
machine was built Vs'' hoLen have been drilled with a feed of nearly .06" 
per revolution of drill before the drill failed, the regular feed for such 
drills being about .006". I'he manufacturers of the drilling-machine 
referred to attribute this extraordinary performance to the torsional 
stiffness of the arm. Mr. F. 0. Halsey, associate editor of the ^^American 
Machinist," in an editorial in that journal July 24, 1902, illustrates the 
theory held by Mr. Norris, the designer and patentee of the mac^hine, as 
follows: ^^Jjct the reader take a piece of common pasteboard mailing- 
tube, 8 to 10 inches long, in the two hands and twdst it. It will of course 
be found to be quite stiff and unyielding. Next slit the tube its entire 
length with a penknife, as shown in Fig. 128, and twist it again. Its 

Fig. 128. 

stiffness against torsion will be found to be gone. There is simply no 
comparison in the strength of the tube before and after slitting. In the 
former condition it has a good deal of strength, while in the latter it has 
none. When the tube is slit and then twisted the two edges of the cut 
slide on one another in the manner which we have tried to show in the 
illustration, and this sliding takes place with the most trifling effort." 

Mr. Halsey, in the editorial a part only of which has been quoted, 
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does not quite agree with Mr. Norris. He says in effect that while the 
ordinary radial drill-arm has a deep gap on one side, this gap is closed 
at each end, and this metal on the ends must in a measure resist the 
sliding tendency of the edges of the gap. He attributes the extraordi¬ 
nary results in part to improvements in the twist-drill. 

The Ys" holes in the test mentioned above were drilled in cast iron 
from the solid. While such results cannot be realized in average prac- 
ti(‘e, it may be reasonably inferred that the jvcch recommended by the 
manufacturers of twist-drills may, under favorable conditions, he consid¬ 

erably increased, d'his is no reflection upon the drill-makers, but rather 

Fig. 129 Fig. 130. 

it Is an indication that they have underestimated the value of their 
product. 

Motor-driven Radial Drills.—Fig. 129 shows a rear view of the drilling- 
machine that has been described, in connection with a 3-H.P. constant- 

speed motor; and Fig. 130 shows the machine as modified to adapt 
it to a 3-H.P. variable-speed motor. In the former case the machine has 
16 speeds, the same as when driven by one belt. When the variable- 
speed motor is used the drill speeds are (tontrolled partly by the motor 
and partly by the gearing in the gear-box B 2. In this case gear-box 
5 1 is not used. 

It may be of interest to the student to know that these machines, 
which require a 3-H.P. motor, are designed to drill holes from to 
8y2 inches diameter. 

/ Universe Radial Drills.—The plain radial drills above described are 
m designed that holes cannot be drilled at any angle with the horizontal 
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other than a right angle. Fig. 131 shows a universal radial drill, 
llie arm in this machine may be rotated on its axis and clamped in any 
position, and the head may be rotated in a ])lane parallel to the face of 
the arm. With these adjustments holes may be drilled at any angle. 

The extreme end of the arm of this machine may be supported against 
springing by a tie from the base. 

Drills are also made with only one of the angular movements. Such 
machines are called serni-universitl radial drills. 

Fig. 131. 

Tilting-table.—In Fig. 132 is shown a table designed to be used with 
the plain radial drill for angular drilling. The table may be tilted 
through 90® by means of the crank and worm-gearing. It also swings 

on its axis. 

MISIUOLLANEOUS DKILLING-MACHINES 

Suspension Drills, etc.—The drilling-machines already shown are 
approximately typical of their several classes. There is, however, a 
great variety of designs of these machines. We have post-drills, wall- 
drills, overhead traveling drills, suspension drills, etc. One design of 
the last-named drills is illustrated in Fig. 133. This machine has eight 
speeds and three automatic feeds. It also has the usual hand-feed. It 
will be seen that a 4-step cone and back gear gives the eight speeds, 
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the three feeds being effected by the two 3-step cones shown on the 
left. 

Such machines are specially adapted to large plate work and other 
work requiring wide horizontal area. 

Upright Drill with Revolving Table.—The machine illustrated in 
Fig. 134 is similar to the common upright drill, excepting tliat it has a 

Fig. 132. 

revolving table in addition to the revolving spindle. The mechanism 
for driving the table is separate from the spindle-driving mechanism, 
so that the spindle may be run for ordinary work without running the 
table. The object in this design is to better adapt the drill tb chuck 
work, such as pulley boring, etc. With a revolving table such work 
can be more quickly ‘Hrued up'' than with a stationary table, the 
work is usually cored, and a boring-bar, guided by a bushing’in the 
central hole of the table, is often used to enlarge the hole. Sometimes 
a chucking-reamer is used instead of the boring-bar. In either case the 
hole would generally be finished with a finishing-reamer. 

\J Htiitispindle Drills. — Multispindle and gang * (frills are manu¬ 
factured in many designs and for many different kinds of work. They 

♦These terms may be used intercbangeably. 
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are made to drill holes in straight lines, in rectangles, and in circles. 
They may be made also for holes in almost any curve. In some 
machines the distances apart of the drill-spindles are fixed; in others 
these distances may be changed.^ The spindles may be driven altogether 
by belts, in Which case one belt may envelop a number of pulleys (one 
on each spindle), or they may be driven piirtly by belts and partly 
by gearing. In the latter case there may be one central gear driving, 
by intermediate gears, the several spindles, or, if the spindles be in one 
straight line, th^y may be drix^en by a horizontal shaft and bevel-gears. 
Fig. 135, which shows a machine designed especially for drilling arch bars, 
has six spindles, and these are so bolted to the frame as to admit of limited 
adjustment.' The horizontal shaft S is driven by the cone pulley jP 
and spur-gears, as shown. On the right-hand end of this shaft is an 
angular shaft, S 1, driven by the two bevel-gears G and G 1. This 
shaft, by means of the worm- and spur-gearing shown at its lower end, 
automatically feeds the table and work to the revolving drills. 

In Fig. 136 we have a multiple-spindle drill operated by a belt nearly 
the same as in the sensitive drill of Fig. 116. The upper sections of the 
drill-spindles in this machine are fixed with respect to the driving-gear, 
but the lower sections are adjustable laterally within certain limits, 
the lower bearings being separately secured to the framework by bolts 
held in T slots. The connection between the lower section of each 
spindle and the upper section is made by means of the well-known 
universal joint. If the student is not familiar with tins kind of shaft 
connection, he may find it on almost any milling-machine. 

Turret-drills.—The machine shown in Fig. 137 is radically different 
from any previously described in this chapter. The main driving 
mechanism, consisting of tight and loose pulleys and 4-step cones, is of 
ordinary design; but the connection between the upper driving 
mechanism and the drill-spindles is novel. Fig. 138 shows an enlarged 
view of the upper part of the machine with the pulleys removed. This 
machine has twelve drill-spindles, only one of which revolves at one 
time. One of these spindles is shown at S in the figure. A description 
covering the operation of this spindle will apply equally well to each 

of the twelve. 
On the right-hand end of the shaft S 1 is a beveUgear G meshing 

with another bevel-gear, G 1, which is loosely keyed to the driving-shaft 
S 2. On the lower end of /S 2 is a clutch that engages with a similar 
clutch on the spindle S when the latter is in operation. Pivoted at 
P is a bell-crank lever, one end of which is so connected to the spindle 
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S 2 as to give vertical movement to the latter when the lever is moved. 
The other end of this lever is connected to a lock-bolt L that holds the 
turret-head in position when one of the drill-spindles is in operation. 
The other levers and rod connections, L 1, i? 1, and R 2, lead to a treadle 
movement within convenient reach of the workman. When the treadle 

is pressed downward it draws the 
lock-bolt out of the socket aS 3. At 
the same time the shaft aS 2 is 
lifted so as to be disengaged from 
the spindle >S, in which position it is 
shown in the engraving. 

As was stated, only one drill 
or other tool can be used at any 
given time, and when the turret 
is rotated to bring a second tool 
into operation, the lock-bolt L 

will automatically enter its socket 
and the shaft S 2 move downward 
to engage and drive the spindle 
S. The turret is revolved by hand 
to bring each of the spindles in 
adjustment with the work, as 
wanted. 

The student will note that while 
this machine differs from the 
multiple-spmdle drills in that only 
one spindle can be used at one time, 
this drill has a very decided advan¬ 
tage as compared with a one-spindle 

machine. Thus in some lines of work it is necessary to perform several 

operations on each hole. The hole may need to be drilled, reamed, 
counterbored, tapped, etc. In this machine the required tools having 
been adjusted once, each tool may be quickly brought into operation 
by revolving the turret. When a one-spindle machine is used, if 
each hole is completed with one adjustment of the work a great many 
adjustments of various tools will be required, consuming much more 
time than merely revolving the turret. 

Turret-drills designed especially for sewing-machine details will 
accomplish an almost incredible amount of work in a day. The author 
has on his desk the illustration of a machine made by the National 

Fig. 137. 
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Automatic Tool Company which Is* represented to drill 19,000 holes 
every ten hours. We have space only for a general statement of the 
possibilities in this class of machinery. The manufacturers make also 
a somewhat different machine which drills, reams, faces, and counter- 
bores all the holes in a sewing-machine arm, including the shaft-holes, 
without taking the work from the jig.^^ 

High-speed Attachment.—^The large drilling-machines run entirely 
too slow for holes less than ^/4" diameter. When one has a common 
upright drill or any large drilliiig-machine, but ho sensitive drill, the 

high-speed attachment shown in Mg. 139 is very handy. It will be 
seen that the shank of this device is an exact counterpart of a drill- 
shank, and it may be used in the spindle of the drilling-machine in the 
same manner that a drill is used. Within the casing of this device 
is a system of gears quite similar to the back gears on the upright drill. 
There is this difference, however, that in this device gears increase 
the speed of the drill, while the back gears decrease the speed of the 
drill-spindle. The drill is driven by the small chuck shown, and the 
casing is held stationary either by hand or by a stop-pin inserted in 
drilling-machine table. 
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DRILLING-MACHINE WORK AND METHODS OF CLAMPING THE WORK TO 

THE TABLE 

Character of the Work.—^The principal work of the drilling-machine 
is, of course, drilling and boring.* It is also used for machining the 

Fig. 139. 

bosses on framework,, etc., and sometimes for turning the periphery 
of bosses and hubs. When made for both forward and reverse motions, 
as many drills are, the drilling-machine may be used for tapping holes 
also. 

Starting the Hole.—^To drill a hole we first indent the metal with 
the center-punch, and then draw a circle with compasses concentric 
to the center. This indentation is designed to direct the point of 
the drill, but from various causes the drill does not always follow con¬ 
centrically with the circle. It is necessary, therefore, in starting a 

* The term boring, as used in the machine-shop, means enlarging a hole. 



D KILLING-MACHINES 105 

hole to lift the drill before it has drilled any considerable depth, and 
ascertain if the hole is following as intended. // the hole has started 

eccentricallyj a small groove must be cut on the long side of the eccentric, 

in order to cause the drill to incline in the direction of the groove. It 
is sometimes necessary to repeat this process two or three times before 
the drill is properly started. It should be observed, however, that 
the work of correcting the drill should be completed before the hole is the 

full diameter, A draw-chisel, or diamond-point chisel, or even a center- 
punch, will answer for correcting eccentricity in starting a hole. The 
groove should be cut clear to the center. 

Holding Work by Bolts and Straps.—As drilling-machine tables 
are always made with slots for bolts, one of the first methods of securing 
work that suggests itself Is by means of bolts and straps. Fig. 140 
shows a piece of work thus 
clamped. The straps S may be 
made of fiat bars of machine- 
steel from V2 to ^/4 inch thick 
and from P/4 to 2^/4 inches 
wide, according to the character 
of the work. Some workmen 
prefer to make the straps U- 
shaped. A piece of steel to 
®/g inch thick and about I inch wide makes a good strap. Fig. 141 
shows top views of both kinds of straps. 

Fig. 141. 

The bolts may be V2 to 2/4 inch diameter, the holes or opening 
in the straps being about Vie" larger. Most bolts for the above pur¬ 
pose are ^/g" diameter, and for all but exceptionally heavy work ®/g" 
diameter for the bolts and about the average of the above sizes for 
straps should be adopted as the standard. Fig. 142 shows a planer- 

holt which may be inserted anywhere along the T slot (without start¬ 
ing at the end of the slot) and then turned about 90® to give the bolt- 
head a hold. When the drill has the same kind of slots these bolts 
may be used on the drill-table also. If the slots are merely rectangular 

and pass through the table, a bolt made square or rectangular under 
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the head would be better. The machine shown in Fig. 118 has both 
kinds of slots. 

In Fig. 143 is shown a piece of work secured to a drill-table by a 
strap and a screw-clamp. The clamp is used merely 
to show another and very convenient method of hold¬ 
ing the work. For blocking under the ends of the 
straps simple blocks of wood with grain in direction 
of pressure, or stepped cast-iron blocks as in Fig. 
144, or small jack-screws, may be used. 

A Wrong Method.—^In Fig. 145 we show a strap 
with the block end much higher than the work. 
This is incorrect for two reasons: first, it puts more 
pressure on the block than on the work; second, it 
damages the head and thread of the bolt. 

Protecting Finished Work.—When the straps or 
clamps would come in contact with the finished work 
surfaces the work should be protected by a strip of 
sheet brass or copper. Pasteboard or lead would be 

better for highly polished work. 
Use of Angle-plates. — In clamping work having a base parallel 

to the required holes, a device called angle-plate or knee-plate may 
be used. A piece of work of this character is shown in Fig. 146. The 

Fig. 143. 

angle-plate is held by bolts and straps or by clamps to the table, and 
the work is secured to the angle-plate. 

Holding Work in the Drill-vise.—In P'ig. 147 we show a drill-vise 
which is used in connection with the drilling-machine. The vise is 
held on the table by straps or clamps, and the work held in the vise. 

Fig. 148 shows a vise in which the work, having been once clamped, 
may be drilled at different angles; this is called a universal vise. 
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Holding Round Work.—shaft or similar detail may be held in 
a vise, but in some cases V blocks are used for this purpose. Fig. 149 
shows an end view of a shaft rest¬ 
ing in a V block. Two or three 
blocks may be required, the shaft 
being held down by straps. In 
case three blocks are used, two 
may be placed directly under the 
straps, and the third block so 
placed as to support the shaft 
under the pressure of the drill. 

The dotted lines in Fig. 149 show a method of setting the shaft 
central by a try-square. Having established* the center by a center- 

Fia. 146. 

punch, the shaft is rotated in the V blocks until the center is equidistant 
from the two positions of the square-blade. A hermaphrodite caliper 

Fia. 147. 

set to the radius of the shaft is a convenient tool to use in adjusting 
the shaft. However, a common steel rule will answer. Various methods 
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of clamping work are shown in the chapter on milling-machi^ies and 
elsewhere in this work. 

Drilling Oil-holes in Pulley-hubs.—Oil-holes in pulleys, gears, etc., 
are often drilled at some inconvenient angle. The attempts to drill 
work of this character without substantial apparatus for clamping has 
probably caused more disasters than any other work done at the drill. 

Fig. 148. 

Many a time the author has seen a pulley break loose from its moorings 
and swing around at a high rate, \vhile oil-cans, monkey-wrenches, 
etc., were flying in every direction. But the boy—^‘Oh, where was he?’' 
Nothing better for holding such work could be devised than the tilting- 

chuck shown in Fig. 150.* The plate P in this has a V lug to receive 
the pulley-rim, and the lower edge of the plate is hinged to lugs secured 
to the edge of the drill-table. The brace B passes through a slot in 
the table, and is supported by a rod passing through One of a number 
of holes drilled through the brace. The angle may be changed by placing 
the rod in a different hole. 

Turning Hubs, etc.—In Fig, 151 is shown a cutter-head for turning 
hubs and bosses on large framework and in some other cases. The head 
is secured to the drill-spindle by the key M, Another key, K, passes 
through the arbor F, The latter serves to steady the device, but when 

♦Cut taken from article byComeil Ridderhof in **American Machinist," vol 
27. pa^e 12T* 
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the hub is solid the arbor cannot be used. The cutters DD are held 
by set-screws as shown. (This illustration was first used in connection 
with an article by T. B. Burnita in ‘‘American Machinist/' vol. 27, p. 90. 

The author has made and used a cutter-head similar to the above, 

Fig. 160. 

except that it was a plain cylindrical shell screwed on the drill-spindle, 
with cutters in the lower end held by set-screws. In addition to the 
set-screws, each cutter was radially adjustable by a screw having a 
collar at its outer end to engage with a recess made in the edge of the 
cutter. This was a very satisfactory device, and it is but little trouble 
to cut thread on the drill-spindle for this and other heads or chucks. 
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The tool shown in Fig. 152 may be used to face bosses, and by making 
the cutter with a downward projection it could be used to turn the 
periphery of shallow bosses and hubs. 

Adjusting Work in Drilling-machine.— Some workmen who are care¬ 
ful to chuck work very accurately in the lathe seem to understand no 

better way for drilling-machine work than to set the work by the eye 
and the point of the drill. This method is “good enough” for common 
bolt-holes and other work of this character, hut for reamed shaft-bear¬ 
ings, holes for studs for cut gears, etc., it is better to use the method 
described below. In marking out work to be drilled it is well to have, 
in addition to a circle of the diameter of the hole, another circle some¬ 
what larger than the hole. The larger circle would be used to test the 
work after the hole had been drilled. For the larger sizes of holes it 
is desirable also to have a third circle smaller than the drill to test 
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the work before drilling to full diameter. We might say, by way 
of parenthesis, that in drilling large holes, on account of the pressure 
required to make the large drill cut, it will be advantageous to precede 
the large drill by a smaller drill. Having marked off the work from 
a fine center, it may be very accurately adjust<?d under the drill-spindle 
by the use of a tram. (In the case of a cored hole the hole may be filled 
with a wooden block and the circle marked off from a lead or zinc tag 
fastened near the center of the block.) To make the tram, take a hard- 

Fig. 162. 

wood stick about 9" long and shape one end like a drill-shank to fit 
the diill-spindle. Closely fit a wooden pin in a Vs" hole in the other end, 
as in Fig. 153. The pointer in the end of the wooden pin may be made 
of a Vie" drill-rod or of common wire. The tram is now placed in the 
drill-spindle, and while revolving it slowly the work is adjusted until 
the tram-point follows the larger circle, the pin being adjusted radially 
to suit the diameter of the circle. For adjusting the face of the work 
square with the drill-spindle, or for testing the top surface of the drill- 
table^ a much larger tram may be made on the same principle. If 
the revolving tram touch the surface being tested at three or four points, 
it proves that the surface is at right angles to the drill-spindle. Work 
which requires the degree of accuracy indicated, whether cored or 
drilled from the solid, should generally have the hole trued up by one 
or more cuts with cutters in a boring-bar, the bar being guided at its 
lower end in a bushing fitted to the drill-table. The finishing cut may 
be made with a reamer. 



CHAPTER VIII 

DRILLS AND DRILLING 

Definition and Classification.—A drill (in the primary acceptation 
of the term) is a tool for originating and enlarging holes in metal. We 
use the term “ originate to distinguish the drill from the reamer and 
boring-bar, which can be used only in enlarging holes. 

Drills may be classified as follows: twist-drills, Farmer drills, flat drills, 
pin-drills, tit-drills, bottoming-drills and slotting-drills. 

The Twist-drill. — Fig. 154 shows the typical form of taper-shank 
twist-drill. This drill derives its name from the fact that it was originally 

twisted to its helical shape in the forge-shop. The present method is to 
cut the flutes or grooyes in a milling-machine. The helical form of the 
flutes affords free cutting lips; at the same time they tend to lift the chips 
from the hole. To avoid weakening the drill too much the flutes are 
made of gradually decreasing depth from the point of the drill to the 
shank. This would lessen the (;hip room were it not for the fact that the 
pitch of the spiral is increased sufficiently to compensate for the decrease 
in depth of the flutes. Some manufacturers, however, preserve the 
uniform cross-sectional area of the flutes by making them of gradually 
increasing width, while the spiral is kept constant as to pitch. 

Twist-drill Nomenclature.—Drills in general consist of two parts. 
The end by which the drill is driven is called the shank, and that part 
of the drill between the shank and the cutting end is the body of the 
drill, or the drill proper. The nomenclature of the twist-drill, however, 
is more complicated. Referring again to Fig. 154, W is the web, LL the 

112 
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lands, GG the lips, S the shank, and T the tang. Similar letters refer to 
similar parts in Figs. 155 and 156. 

Clearance of the Twist-drill.—^The twist-drill, as well as other drills, 
is made largest in diameter at the cutting end, and tapers slightly toward 
the shank. The amount of this taper varies in different drills according 
to their size or use from .00025" to .0015" per inch of length. It will 
thus be seen that a twist-drill is slightly smaller in diameter when worn 
short than when new. This taper is to give the drill longitudinal clear¬ 

ance and prevent its binding as it advances through the hole. 

Fig. 155. Fig. 156. 

The drill is also given clearance in another way; this is illustrated 
in Fig. 155 by the space C between the outer circle and the body of the 
drill. This clearance is called body clearance. It begins at B and increases 
toward the back edge of the drill, the distance AB being concentric. 
Lacking body clearance a drill would bind and heat, and it would take 
more power to drive it. 

And finally a drill must have lip clearance^ or heel clearance as it is 
scmietimes called. Referring to Figs. 155 and 156, lip clearance is made 
by grinding the heel H lower than the lip or cutting edge. This gives 
prominence to the cutting edges and enables them to bite or take hold 
of the metal. The Cleveland Twist Drill Company recommend an 
an^e of lip clearance of 12® for the average rate of feed, and 15® for 
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heavier feeds. The line Ey joining the two cutting edges should be, 
according to their practice, 135® with the cutting edges. When this 
angle is much less than 135® '' there is danger of the drill splitting up the 
web.’^ Some twist-drills are made with a fine mark running lengthwise of 
each of the flutes. When thus made the line E should join these marks. 

Grinding the Drill.—It is essential in correct grinding that the cutting 
edges be of equal length and form equal angles with the axis of the drill. 
The proper angle is 59®, the included angle being 118®. It requires con¬ 
siderable skill to grind a drill correctly, and indeed it is a matter of 
controversy as to what is the correct form of that part of the drill which 
comes in contact with the emery-wheel. Some mechanics think this 
surface should be that of a segment of a cylinder, as shown by dotted 
lines in Fig. 157. Others contend that the surface should correspond \v 

a segment of a cone, as indicated by the dotted lines of Fig. 158. The 
consensus of opinion favors the latter method, because it increases the 
clearance at the center, where most clearance is needed, and because less 
power is required to drive the drill when thus formed. 

In a shop where many twist-drills are used it will pay to use a machine 
for grinding them. There are several good designs of machines for this 
purpose (see chapter on Grinding-machines), but if necessary to grind 
the drills by hand, the following instructions taken from the catalog of 
the Morse Twist-drill and Machine Company will be of value: 

‘^Prof. Sweet suggests that the rear of the lip of a drill be removed, 
as shown by Fig. 159; this makes the cutting edge much like a flat drill. 
Drihs properly made have their cutting edges strai^t when gound to a 
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proper angle, which is 59®. Grinding to less angle leaves the lip hooking, 
and is likely to produce a crooked and irregular hole. The grinding 
lines of a drill are placed slightly above the center, to allow for the 

€b 

proper angle of point, which is an important factor. This angle is 
an index to the clearance. If the angle is too much, the drill cuts 
rank; if not enough, the drill may not cut. Fig. 160 shows a 

Fig. 159. Fig. 160. 

proper angle. In Fig. 161 the angle is too sharp. In Fig. 162 the 
angle runs backward, and shows the want of clearance. An effective 
method of determining the clearance is to set the point of the drill on 

Fig. 161. Fig. 162. 

a plane surface, holding a scale as shown in Fig. 163; by revolving 
the drill its clearance is shown, as well as the height of the cutting lips, 
which should be equal; also the cutting edges should be of exactly equal 
length—any inequ^ity of lengths doubles itself in work. To strengthen 
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the drill, the center is made thicker toward the shank. As the drill is 
shortened through use the center shows thicker, and will work hard 
in drilling. To overcome this the center should be thinned, care being 
taken to remove an equal amount of stock on each side, and so keep 
the point central/’ 

In connection with the above it may be suggested that a graduated 
try-square is often used instead of the scale, and it is more convenient 

than the latter. A sheet-metal gage could be cheaply made and used, 
instead of the protractor. This gage should have a bearing along the 
body of the drill of about 5", and should be applied in the same man¬ 
ner as the protractor. Its angle should be 121®. The method oi 
applying a protractor is shown in Fig. 164. 

Effect of Errors in Grinding a Drill.—A drill having a conical point, 
or some equivalent thereof, is guided by the point in ** drilling a hole 
from the solid.” If the point be ‘'out of center,” that is out of the 
axial line of the drill, the drill will make a hole larger than its own 
diameto. A somewhat similar effect will be produced if the two cut¬ 
ting edges are not of the same angle. It must not, however, be infen^ 
that these are satisfactory methods of making a drill cut larger. It 
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may be permissible in an emergency to slightly enlarge a hole by grind¬ 
ing the point eccentric, but the result is generally disappointing, as 
the hole is very likely to be irregular and rough. 

Straight-shank Twist-drills.—The drill shown in Fig. 154 has a 
taper shank designed to fit into a taj^er hole in the end of the drill- 
spindle. Fig. 165 differs from the latter only in the forn^ of the shank, 

Fig. 165. 

wliich is straiglit. The straight shank is designed to be driv^en by a 
chuck which screws on the drill-spindle. 

Twist-drills are also made with ^'taper-scjuarc shanks.'' These are 
designed to be used with a ratchet. 

Three-groove and Four-groove Drills.—Figs. 166 and 167 show 
respectively a three-groove and a four-groove twist-drill. These drills 

Fig. 166. 

Fig. 167. 

cannot be used to drill holes from the solid. In drilling very large 
holes many mechanics prefer to use two drills. The first, a two-groove 
drill, makes the hole about half the size. This is followed by a three- 
groove or four-groove drill. The latter are also used to enlarge cored 
holes. It is not coajsidered advisable to use the two-groove drill in 
cored holes. When used in the lathe to slightly enlarge a hole the 
two-groove drill tends to “draw in." 

Straightway or Farmer Drills.—The twist-drill is by far the most 
important drill used in the machine-shop; we are, therefore, giving 
it the most space, and shall refer to it again in connection with the 
subject of ‘‘deep drilling." The Farmer drill (Fig. 168) differs from 
the twist-drill in that the grooves are straight and parallel with the 

of the drill rather than helical. The twist-drill presents an inclined 
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cutting edge to the metal, and peels the metal very much the same 
as a plow turns over the soil; and, as was stated, the helical form 
tends to screw the chips out of the hole. The farmer drill lacks this 
principle, and while it will not cut so rapidly and freely as the twist- 
drill, it has some advantages in drilling holes for slots and in drilling 
sheet metal and brass. In drilling brass the twist-drill tends to advance 
faster than the rate of feed, and thus sometimes gouges into the metal. 

Fh3. 168. 

This tendency is particularly noticeable when the point of the drill is 
emerging through the bottom of the hole. No such difficulty occurs 
in the use of the T'amier drill. When drilling sheet metal the Farmer 
drill does not tend to lift the sheet as does the twist-drill, and in drilling 
holes, to save excessive chipping in making slots, the holes may be 
drilled somewhat closer, leaving less work for the chisel than would be 
necessary if the twist drill were used. Notwithstanding the advantages 
of the Farmer drill in certain kinds of work, it is not so efficient a tool 
as the twist-drill. The instructions for grinding the twist-drill apply 
equally well to the straightway drill. 

The Flat Drill.—Some one has said that the flat drill '^has the faculty 

of drilling^holes that are neither round nor straight, and whose diameter 
seems to bear no relation to the diameter of the drill.” This is a rather 
strong statement of the fact that the flat drill, as ordinarily made, can¬ 
not be relied on for accurate work. Fig. 169 shows the typical form 

Fig. 169. 

of flat drill. In its crudest shape it may be made altogether in the forge- 
shop at very small expense. It consists of a bar of steel flattened 
out and made V-shaped at the cutting end, which end is ground for clear¬ 
ance the same as a twist-drill. The bar is tapered on the shank end, 
generally to fit a square tapered socket. The flat drill was formerly" 
used for all general work, but it has now been almost entirely superseded 
by the twist-drill. If one needs a special size of drill in an emergency, a 
fiat drill could be very quickly made for the purpose. The flat drill 
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IB also used to some extent in connection with the small drilling device 
called ratchet-drill. By machining the flat drill, giving it nearly parallel 
sides and a round shank, it may be made to do fairly good work; but 
even in its best shape it will not compare favorably with the twist-drill. 

^ The Pin-drill, or Counterbore.—Most of the drills above described 
are designed to originate holes, that is, to drill holes from the solid. 
The pin-drill, illustrated in Fig. 170, is never used for this purpose. Its 

Kkj. 170. 

principal use is that of counterboring holes for round-head screws. For 
this reason it is often (‘ailed a counterbore. It may be used also for 
enlarging holes previously drilled, and for fa(*ing small bosses to make 
a true bearing for nuts and heads of bolts. It Ls sometimes made with 
bevel cutting edges, as in Fig. 171, for countersinking holes for bevel- 

Fic. 171. 

head screws. In using the pin-drill the pin end Gy Fig. 170, fits in, and 
is guided by, the hole. 

The form shown in Fig. 171 can be used for one size of hole only, 
and for one size of counterbore, but a pin-drill may be made with both 
pin and cutter adjustable for d'fferent sizes of holes. Fig. 172 shows such 

0 

a tool. The cutter C is held in a slot in the bar. The pin or guide P 

is detachable, and the different sizes are held by the screw 8. This tool 
is more appropriately called a counterbore. Fig. 173 shows another 
method of making a coxmterbore. 
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Form and Use of the Tit-drill. Bottoming-drills, — If we wish to 
drill a hole that does not pass through the metal, the bottom of the hole 

will be conical in shape if made by any of the drills previously described. 

Fig. 173 

If we wish the bottom of the hole approximately fat^ we use the tit-drill 

shown in Fig. 174. This drill is in principle the same as the flat drill, 
the difference being that in the tit-drill the beveled point is reduced to 
a minimum. If we wish to make the bottom of the hole perfectly fiat, 

we use a drill without the little beveled point, wliich drill is called a 
hottoming-drill, see Fig. 175. The tit-drill will originate a hole, but the 

Fig, 174. Fig. 175. 

bottoming-drill must be preceded by some other form of drill: or the hole 
must be at least started, so as to form a guide for the drill on its sides. 
The lips or cutting edges of the tit- and bottoming-drilLs are ground 
on the same general principles as the twist-drill. 

Slotting-drills.—^This drill is illustrated in Fig. 176. As indicated 
by its name, it is designed for slots or oblong holes. It will make a 

Fig. 176. 

dot independently of chisel or file, but to use the drill the machine in 
which it is used must be provided with means of feeding either the 
drill or the work lengthwise of the slot. It is well to drill a hole equal 
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to width of slot with twist-drill or tit-drill, to give the slotting-drill a 
start. It may then be fed lengthwise of the slot, and downward about 
Vi6 to ^/4 inch at each end, until the slot is the required length and 
depth. The slot will be semic^ircular at each end, which is all 
right in many cases; but if recpiired to be square, it may be made 
so with chisel and file. This method of making slots Is not employed 
to any great extent, and the drill is largely superseded by the end 
mill. (See under Milling-machines.) 

Oil-tube Drills. Deep Drilling.—In drilling lioles of ordinary depth, 
say 1 to 4 inches, if a lubricant is needed it may be applied by a com¬ 
mon oil-can. Rut for holes more than about 
4" an oil-tube drill will be advantageous. 
This may be made in the form of a common 
twist-drill having grooves milled into the 
clearance surface of the body into which 
small tubes are soldered. I’hese tubes ex¬ 
tend the whole length of the drill proper, 
and open into a kind of collar near the 
shank end of the drill. Connected with thus 
collar is a pipe (sometimes a flexible tube) 
leading to the source of oil-supply, which is 
frequently a pump. The collar is a running 
fit on the drill, and is held stationary while 
the latter turns. This description holds good 
when the drill is used in an upright drilling- 
machine. Such a machine is shown in Fig. 
177, in which C is the collar and E the pipe 
or hose leading to the oil-pump. The Morse 
Twist-drill and Machine Company drill oil- 
holes in drills less than 2V2" diameter, and 
use the oil-tubes in the larger sizes. Fig. 
178 shows a drill with oil-holes. These 
holes are drilled in blanks which are afterward twisted and 
milled. 

For deep drilling in the lathe the drill may be made like Fig. 179, 
or the oil-hole may pass through the shank at its end, as in Fig. 180, 
A drill made like Fig. 180 is shown in operation in Fig. 181. The oil- 
pump is worked automatically by mechanism attached to the lathe. 
The pump is connected with an oil-tank into which the waste oil returns 
through a strainer. 
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In extra-deep drilling sometimes a steel-tube extension is secured 
to the end of a short oil-hole drill. This combination is probably 
cheaper than a drill of the required length. 

Fig. 178. 

It is essential in deep drilling that the hole be made the required 
diameter, several inches deep, before the special drill is started. This 

Fig. 179 

preliminary work may be done with a regular twist-drill and boring- 
tool, the latter being used to ''true up” the hole. 

Fig. 180. 

The twist-drill is by no means the only form of drill used for deep 
holes. Indeed, some mechanics think it is not equal to a one-Kp drill 

Fig. 181. 

when the most accurate work is needed. The one-lip drill, however, 
is rather slow in operation. 
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For a more comprehensive discussion of the subject of deep drilling, 
and of tools for the purpose, the reader is referred to articles in 
“Machinery/^ published in December 1901 and January 1904. 

Lubricants Used in Drilling*—(^>ast iron, brass, _and Dabbitt metal 
may be drilled without any lubricant, in drilling steel, oil should 
be used; in drilling soft steel and wrought iron we use either oil or a 
mixture made of sal-soda and water. A drilling compound may be 
purchased for this purpose. It is economical to use the mixture when 
there is considerable drilling to be done, but for a few' holes a common 
oil-can is more convenient. If required to driii glass, we use kerosene 
oil or turpentine, the latter being preh^rable. 

Speed of Drills.—There is considcTable variation in practice respect¬ 
ing the speed of drills. I he following fonnulas are suggested as an 
approximation to average practice: 

100 125 225 
for machine steel R.P.M. = -jy] for cast iron=-j^~; for brass 

where D equals diameter of drill in inches and R.P.M. the number of 
revolutions per minute. The peripheral speeds corresponding to the above 
are (nearly) 26, 33, and 60 feet per minute. The formulas assume the 
same peripheral speed for large and small drills. This rule is in accord¬ 
ance with the practice of one of the leading drill-manufacturers, and it 
will answer for 90 per cent of the drills used. Put for the exceptionally 
largo drills it may be necessary to run somewhat slower. As indicating 
the allowable difference in speeds of large and small drills, the follow¬ 
ing is taken from the table of speeds given by one of the oldest drill- 
makers: R.P.M. for ^/4'=565; for 1/2" =267; for and 
for 1" = 115. These speeds are for cast iron, and it w'ill be seen that 
the speed of the V4" drill is nearly five times that of the 1" drill. 

It is the usual practice in turret-machine work—excepting cast iron— 
to keep the drill flooded with oil. Under such conditions the speed may 
be much higher. 

The above rules should be used with discrimination and good judg¬ 
ment. If any of the materials be exceptionally hard or the drill heat 
too much, a slower speed may be necessary. It may be remarked in 
this connection that a drill will heat with moderate spewed when the 
body clearance near the lips has, by improper usage, been destroyed. 

High-speed ” Drills.—The foregoing formulas refer to drills made 
cf the steel generally used for tools, viz., carbon steel. The steel called 
self-hardening steel is often used for lathe and planer tools. If dipped 
in water while hot this steel will be injured, but it takes a good temper 
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by merely letting it cool in air from a cherry-red heat. Self-hardening 
steel will stand a higher cutting speed than carbon steel. 

In 1897 a mechanic at the Bethlehem Steel Works (presumably by 
accident) heated a self-hardening tool to a temperature approaching 
that of fusion. When the tool had cooled he was surpriscnl to find 
that it would cut at a higher speed than previously. Iliis circumstance 
led to extensive experiments, which ciilminated three years later in 
the celebrated Taylor-White process^' of treating steel. Other steel¬ 
makers adopted a slightly different process, and there are now on the 
market a number of excellent brands of high-speed steel. High-six^ed 
steel is hardened by heating it to a dazzling-ichite heat and cooling it in 
either oil or an air-blast. 

The new steel is used for various kinds of tools, including drills. H igh- 
speed drills will do much more work ])er hour than carbon st(;el drills, 
and notwithstanding the high price they arc decidedly ec^onomical. 

Drill'feeds.—The Morse Twist-drill and Machine Company recommend 
feeds of .005", .007", and .010" for Y/', Y2''? and Y4" drills respectively. 
As in the speeds, so also in respect to the feeds good judgment on 
the part of the operator is necessary. In drilling soft materials, such 
as Babbitt metal, brass, and extra-soft cast iron the above feeds may be 
materially increased. In this connection the attention of the reader 
is called to what was said respecting feeds in the chapter on Drilling- 
machines. 

Drilling Hard Metal.—In drilling exceptionally hard steel or other 
hard metal, the surface will sometimes glaze under the pressure of the 
drill. Oil as ordinarily used aggravates this difficulty, and the cutting 
edges of the drill should be barely moistened with oil. As often as the 
surface glazes it should be roughed up by indenting it with a narrow- 
pointed chisel. This is of more value than oil. 

If a twist-drill “ chip oflf" at the cutting edges when drilling hard metal, 
the fronts of the cutting edges may be flattened slightly by grinding. 
This is sometimes done when drilling brass. The object in this case is 
not to prevent chipping off, but to overcome the tendency of the drill 
to “hog in." It will be explained under Lathe-tools that a tool with 
front or top rake is more likely to dig in when cutting brass than in 
cutting any other metal. Flattening the drill cutting edge in a plane 
parallel with its axis neutralizes the rake« 
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DRILL-SOCKETS, ])RILL-(TircKS. AND ACCESSORIES 

The spindles of most drilling-machines have a tapering hole in one 
end to receive tl\e tapering sliank of the drill. At the bottom of the 
tapering hole is a slot with whicli th<‘ tang for tongue) of the drill engages. 
This is the most common inetliod of driving drills. The proportions of 
the tapers for this purpose usually conform to the Morse standard, 
which is approximately Ys'' per foot. There are six sizes of shanks in 
the Morse system. The various dimensions for these are given in a 
table in connection with Fig. 189 at the end of this chapter. 

Drill-sockets.—As the drill-spindle can be made to fit only one size 
of shank, the smaller sizes of drills are driven by sockets. One end of 
the socket fits the spindle, and the other end fits the drill-shank. 
Fig. 182 shows the ordinary drill-socket, and Fig. 183 a key used for 

driving out the drill and also for driving the socket out of the spindle. 
The key enters the socket through the slot shown. 

Abuse of Drill-sockets. Positive Grip-sockets.”—The drill-shank 
should fit a socket like the one described so accurately that it would 
be driven partly by friction. But in the hands of carele^ss workmen 
the socket, and often the shank, are damaged so that the fit of the 
taper is disturbed. The barbarous practice of hammering the socket 
off when the key is misplaced causes most of this damage. 

When the socket has been pounded out of shape the drill-shank 
fails to go into the socket the full depth, and the tang works at a dis¬ 
advantage. The drill runs out of true, also. If now the drill hang 
in a blow-hole, or catch while its point is emerging through the bottom 

125 
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of the drilled hole, the framework of the machine may be sprung to 
such an extent as to cause the socket to lift and ^^ride^’ the tang of the 

Fig. 183 

drill. This destroys both the tang and the slot in the socket. In 
some cases the tang is twisted off. When one has a number of drills 

Fig. 184. 

with broken tangs it inay pay to purchase one or more sockets like 
that shown in Fig. 184. 
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A drill to be used in this socket must have a groove milled in its 
shank as in Fig. 185. The shank of the socket has a similar groove, 
in order that it may be driven in a similar manner. The collar C on the 
end of the socket is countcrbored eccentrically. When turned forward 
it forces the key K into the groove of the drill-shank. Turning it in 
the opposite direction releases the drill. 

A Cheap Device for Driving Broken-tang Drills.—A much cheaper 
though not so convenient a device may be made as follows: Get a cast- 
iron or steel collar about 3" long and bore it out to closely fit the large 

end of the drill-socket shown in Fig. 182. Drill and tap for two set¬ 
screws near each end of the collar. The set-screws at one end should 
be pointed to fit conical seats drilled about deep in the socket. 
The other two set-screws drive the drill oy gripping in the flutes near 
the shank. For drill-press work headless set-screws, which do not 
project beyond the periphery of the collar, should be used. If the collar 
be held stationary in lathe work, square-head set-screws may be used 
without endangering the workman. A driving device of this kind does 
not require that the drill-shank be grooved, as the set-screws drive 
by the grooves already made in the drill. 

If the socket to be used with this device has been damaged by 
hammer-blows, it should be carefully ‘‘trued up^’ before the collar is 
fitted. The drill-shanks also may need attention. 
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Drill-chucks.—Fig. 186 shows a drill-chuck designed for driving 
straight-shank drills by friction. The jaws J are caused to grip or 
release the drill by the right- and left-threaded screw S. This screw 
is operated by a key K which fits the square hole in its end. 

Fig. 186. 

The chuck is usually fitted to an arbor which has a taper shank 
fitting the drill-spindle. 

Fig. 187 shows a chuck in which the grip of the jaws is assisted by 
a special tang on the drill fitting the rectangular opening at T. This 
chuck, also, drives straight-shank drills only. The chuck method is well 
adapted to the smaller sizes of drills. 

Lathe Drill-sockets.—Drills are sometimes driven in the lathe by 
a chuck on the revolving spindle, but the ordinary method is to hold 
the drill stationary while the work revolves. In this case the shank 
end of the drill is supported by the tail-spindle center, the other end 
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being supported by the hole in the work. To keep the drill from 
turning a ‘Tathe-soeket'—also called a ''drill-holder^—is used. Fig. 
188 shows su(;h a tool. The taper shank of the drill fits the socket of 

L'ig. 187. 

Pig. 188. 

the holder, while the long arm rests on the lathe as shown, or on a tool 
in the lathe tool-post. In the latter case the tool-post is sometimes 
brought up against the arm in such a manner that the pressure required 
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to feed the drill moves the lathe-earriage in the same direction. The 
object of this is to prevent the drill from drawing in ahc^ad of the feed, 
as it is likely to do under some conditions. 

The steady rest R shown in the illustration is not essential in such 
work. It is, however, advantageous whore a large quantity of work 
of one kind is to be drilled. The ordinary method is to start the drill 
in a conical center cut in the work. This center is made by a V-pointed 
tool held in the tool-post. (See Fig. 376.) 

MOUSE TAPER SHANKS 

No. 
i 

A B 0 ' 

... .... . 

D E Taper 
in 12 in. 

1 2ft 2i .356 .475 .600 
2 3ft 2J .556 .700 

i 
602 

3 3i 3ft 1 .759 .938 .602 
4 4i 4i .997 1.231 M .623 
5 6 5i 1.446 1 .748 8 .630 
6 8ft 8 2.077 2.494 i .626 

The best drill-holders are those having one closed end with an extra 
large center reamed in this end. In using those having both ends open, 
the drill is supported by the center in its tang. As the tang is rather 
thin in some sizes, the center sometimes breaks through. 

The Lathe-dog as a Drill-holder. Split Sleeves.—lathe-dog can 
be used as a drill-holder, but a conscientious workman will not do this 
if it can possibly be avoided. The set-screw cuts into and raises lumps 
on the shank. This destroys its fit in the socket and makes the drill 
run ^‘out of true.'' It may also cause the trouble with the tang pre¬ 
viously mentioned. If a straight-shank drill be used, the set-screw 
bruises may affect its concentricity when used in the chuck. 

If a drill must be held with a lathe-dog, its shank should be protected. 
A cast-iron collar bored to fit the shank and sawed through on one side 
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would answer the purpose very well. The set-screw of the lathe-dog 
would cause the collar to tightly grip the drill-shank without injuring it. 

A thin steel sleeve cut through on one side is often used on the taper 
shank of a broken-tang drill which is to be driven by a drill-chuck; 
otherwise straight-shank drills only are driven in chucks. The sleeve 
being tapering in the hole and straight on the outside, makes the taper 
shank in effect the same as a straight shank. Another way of adapting 
the taper shank to the chu(»k is to turn it straight in the lathe. 

A Hazardous Practice. -Some workmen gt.‘t into the habit of taking 
the drill out and putting it back while the lathe is running. This is 
taking chances of the unsupported drill hanging and smashing both 
the drill and the workman’s fingers. 
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CONSTRUCTION AND USE OF REAMKT^S AND BITS 

Drills and Reamers Compared.—^Tho twist-drill, which is reliable 
enough for most bolt-holes, clearance-holes, etc., cannot be depended 
upon to make holes sufficiently smooth and accurate for such work as 
shaft-bearings, gears, and many other machine details. There are two 
reasons for this: first, it is difficult to so grind the drill as to make it 
cut exactly its own size; second, the drill being tapering its diameter 
is a variable quantity, as has already been explained under the subject 
of '^Drills and Drilling.^’ The construction of the reamer, however, 
is such as to obviate in a large measure these irregularities. The prin¬ 
cipal reason for the reamer doing better work than the drill is that it 
is not used to originate holes, and its action is, therefore, not dependent 
upon a somewhat uncertain guiding-point. Other reasons are that it 
nearly always has more than two cutting edges, and when properly used 
should have very Utile metal to remove. Those tools called roughing- 
reamers and some chucking-reamers, which do remove a much larger 
quantity of stock, should, in the judgment of the author, be called bits. 

Definition and Classification of Reamers.—It would be difficult to 
give a concise definition of reamer were we to include all of the non¬ 
descript tools that mechanics have crowded under that head. Properly 
speaking, a reamer may be defined as a tool for perfecting holes previ¬ 
ously drilled or bored. Fig. 190 Shows a standard Aand-reamer. This 

B DC BA 

Fig. 190. 

reamer should never be used to remove any considerable quantity of 
stock, but merely to eliminate minute imperfections left by other tools, 
and to bring the hole to some exact and definite diameter. In some 

132 
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cases the hole may be made to within .001" before the reamer is applied; 
but generally an allowance of .002" to .010", according to the diameter 
of the hole, may be left for the standard reamer to cut. If given too 
much metal to remove, the cutting edges of the reamer will wear too 
fast, and its reliability as a sizer will be too quickly destroyed. 

Reamers may be divided into the two general classes of side-cutting 
or fluted reamers, and end-cutting reamers or bits. Each of these 
clases are subdivided into solid and adjustable reamers. 

The Solid Fluted Reamer.—^This reamer is made with slight modifi¬ 
cations suiting the two different cases for both hand and machine use. 
The hand-reamer of Fig. 190 l)elong8 to the short" set. Reamers of the 
same general design are, also, made longer in regular sets, and will be 
made to order of special lengths. The cutting edges of fluted reamers 
are made tapering in diameter for about one fourth their length from A 

toB, being about .01" smaller at A than at B. From B to C the taper is 
reversed, the diameter decreasing toward C at about .0002" per inch of 
length. That part of the shank between D and E is usually made about 
.001 smaller than the largest diameter at B. When the cutting edges 
are worn to such an extent that this blank part when free from bruises 
will not pass through the reamed hole, the reamer is too small for standard 
holes. 

As will be seen, the hancFreamer has a square end, upon which a 
wrench is used to turn the reamer. This is the main distinguishing 
feature between this reamer and the machine-reamer of the fluted form. 
The latter is made with taper and parallel shanks the same as a drill. 
It may also have a shank of any special shape to fit a special holder. 
The machine reamer is generally, though not always, made straight or 
parallel from A to B. Fig. 191 shows a taper-shank reamer of the above 
class. 

B A 

Fig. 191. 

V Spirally Fluted Reamers.—Reamers having the flutes parallel with 
the axis have a slight tendency to "draw in." To overcome this, 
some mechanics prefer, for both hand and machine work, reamers having 
flutes in the form of a left-hand spiral. The angle of the spiral or helix 
may be from 4 to 8 degrees. The author of this book makes spiral 
reamers of 6® angle, but within reasonable limits the degree of angularity 
is of little importance. 
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Ro8e-*reamers. Rose and Fluted Reamers Compared*—^The rose- 
reamer, or rose-bit, derives its name from the slight resemblance of its 
cutting end to a rose. It is essentially an end-cutting tool, and is 
rarely used for other than machine-work. Fig. 192 shows a rose-reamer 

Fig. 192. 

of typical form. It has chip- and oil-grooves on the sides, and is made 
with any shank required in machine-work. This reamer is largest in 
diameter at its cutting end, and tapers back at about the same rate as 
the hand-fluted reamer, viz., .0002" per inch of length. 

The object of the taper (i.e., the taper toward the shank) on the 
fluted reamer is to counteract the tendency of all such reamers to ream 
the hole larger at the entrance end. In the rose-reamer the taper is 
given for the same reason we give taper to the twist-drill, viz., for 
clearance. 

As compared with the fluted reamer, the rose-reamer has the advan¬ 
tage that when new it will make holes more uniform in size and more 
nearly straight; but it has the disadvantage that when it becomes 
worn on the cutting lips it will bind on the sides and rough up’^ the 
holes. If the fluted reamer become slightly worn at the end, it will 
still cut on the sides; but because of its cutting on the sides it is more 
likely to be deflected by imperfections in the hole, or to cut larger than 
its nominal size. 

As previously stated, the standard fluted reamer should be used for 
finishing cuts only, but the rose-reamer is used for both finishing and 
roughing cuts. However, when the same reamer is used for both 
pimposes it soon becomes unreliable as a standard finishing-tool. 

Shell-reamers.—Figs. 193 and 194 show respectively a fluted shell- 

reamer and a rose shell-reamer, and Fig, 195 shows the arbor for these 
reamers. The arbor drives the shell by the engagement of its key with 
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the rectangular slot cut across the end of the shell. These reamers are 
made with either straight or spiral flutes. 

It will be understood that the object of making the reamers in the 
shell form is economy in the cost of material. One arbor of machine- 
steel will serve for several shells of tool-steel. It should be noted, how¬ 
ever, that the saving due to cheap material in the arbors is partly offset 

Fig. 195. 

by the expense incident to boring the shell and fitting the end of the 
arbor to it. 

The shells as ordinarily made are rather short for hand-reaming, 
being designed mainly for machine-work. The taper begins at the 
cutting end, and the diameter decreases toward the opposite end in 
about the same ratio as the reamers previously described. 

Resetting Fluted and Rose Reamers.—^When these reamers wear 
.0003 to .001 inch below standard size it is necessary to reset them, or 
regrind them to a smaller size. Resetting consists in enlarging the 
diameter of the reamer by hammer-blows in connection with a kind 
of set or calking-tool. The latter, which may be made by grinding a 
common chisel flat on the end, is held against the front of the cutting 
edges for this purpose. It is necessary to anneal the reamer for resetting, 
and each cutting edge must be treated until the diameter is about V64" 
larger than standard. Having completed this work the reamer is now 
retempered and brought to final size in the universal grinder. 

Lapping Reamer-centers.—Before grinding the reamer its centers 
should be carefully cleaned of any grit or other foreign matter that 
may have adhered to them in the forge. A pointed scraper made from 
a three-cornered file answers well for this. After scraping the centers 
it is usually necessary to lap them. For this process we chuck a short 
brass rod in the lathe, and turn' the end to the shape of the lathe-centers. 
Having smeared this conical end with fine emery and oil, the reamer 
is placed on the centers and the lathe started on the fastest speed. The 
reamer-center is lapped by alternately forcing it against and releasing 
it from the revolving brass. This is done by light pressure with the 
tail-spindle, and for each time that the reamer is pressed against the 
brass it should be revolved slightly. By thus revolving it we distribute 
the emery and counteract the tendency of the lap to scratch rings in the 
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center. It is sometimes necessary to re-turn the lap before finishing 
one reamer; but a skillful workman can do this in ten minutes or less. 

Instead of having to chuck the lap each time it is used, it would be 
better to make one to fit the hole in lathc-sjdmllc. 

Adjustable Reamers.—From a consideration of the difficulties of 
resetting or upsetting the solid reamers the advantages of the adjust¬ 
able reamer will be apparent. While some reamers of this class will 
admit of as much as V32" enlargement, the object of the adjustment 
is not so much to make different sizes of holes as to compensate for wear 
and thereby maintain standard sizes. Figs. 19() and 197 show sectional 

Blades 

Fia. 190. 

Fig. 197. 

views of two designs of adjustable reamers, and Fig. 198 is a perspective 
view of an expansion-reamer similar in principle to Fig. 197. In Fig. 196 
the shank part of the reamer is slotted to receive the detachable blades. 
The ends of the slots and one end of the clamp-nut are undercut, and 
the ends of the blades are correspondingly angling, so that when the 
clamp-nut is tightened it forces the blades inward against the tapering 
plug P. To enlarge the reamer the clamp-nut is slackened and the 
plug P screwed inward, forcing the blades out. The nut is then tight¬ 
ened to hold the blades firmly in place. 
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In Fig. 197 the blades, instead ot being detachable, are formed in¬ 

tegral with the body of the reamer by milling slots into the latter. These 
blades, or cutting edges, are also forced outward by the plug P, but 
contract by their own tension when the plug P is slackened. Obviously 
the cutting edges in this reamer will not be forced out parallel as in I'ig. 
196, but will be slightly convex. However, as the adjustment is very 
slight, and as the reamer is generally passed clear through the hole, 
the convexity of the cutting edges does not seriously affect the accuracy 
of the work. 

It will be noticed that this reamer has a fixed collar K on the end. 
The diameter of this collar is very nearly the diameter of the hole to be 
reamed, being .005" smaller, and it is designed to prevent careless work¬ 
men from allowing too much for the reamer to cut. These tools are 
used mostly in hand-rearning, being preceded by a machine-reamer 
which is within a few thousandths of an inch of the final size of the hole. 

Chucking-reamers.—The chucking-reamer is so called from the fact 
that most of the work for which it is used is held in a chuck. It is a 
machine-reamer, and includes in its class two kinds of reamers which 
have already been described, viz., fluted reamers and rose-reamers. 
Fig. 199 shows a three-groove chucking-roamcr. It is much like the 

Fig. 199. 

twist-drill, but cannot be used to drill a hole from the solid. Its special 
purpose is to enlarge cored holes. It is sometimes used in connection 
with the twist-drill to prepare a hole for the finishing-reamer. The 
three-groove chucking-reamer is essentially a roughing-reamer, and it is 
furnished with any of the shanks mentioned in connection with twist- 
drills. It is also made with or without oil-tubes. This reamer differs 
from the three-groove twist-drill mainly in the body-clearance, the 
character of which may be understood from the cut. 

Wood Bits.—The wood bit as used in the machine-shop is made of 
wood and metal. For a size say 4" or smaller we use a flat bar of 
steel a little wider at the cutting end than the diameter of the required 
hole and froni to ^2 inch thick, as shown in Fig. 200. On the 
cutting end we fasten by wood-screws two pieces of wood from 2 to 4 
inches long, which, with the steel, are turned in the lathe to the size 
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of the hole. The wood is then taken off and the clearance filed, as 
in a drill or other tool of this character. 

For bits larger than we use, instead of the flat bar of steel, a round 
bar, to the end of which is secured a cast-iron head slotted to receive 
the cutters and wooden blocks, as in Fig. 201. The cutters are held 
in the slots by set-screws or wedges, and the slots for the wooden blocks, 
being of dovetail shape, hold the blocks firmly without wedges. The 

G - Guide Blocks ol Hard Wood - 
B - Blade of Steel 
C - Clearance for Borings 

Fig. 200. 

cast-iron head is always made somewhat smaller than the hole to be 
bored, leaving the cutters and blocks projecting radially beyond the 
periphery of the cast-iron head. Having secured the cutters and blocks 
in the head, the whole is placed in a lathe and turned to the required 
diameter. The cutters are then taken out, the clearance filed, and cutters 
tempered and replaced, when the bit is ready for use. For small holes 
these bits have beeii largely superseded by forms of bits and reamers 
previously described, bu^ for very large holes they are still used to some 
extent. 

The object of the wooden blocks is to help steady the bar and to 



CONSTRUCTION AND USE OF REAMERS AND BITS 139 

partially polish the hole. When the wooden blocks become worn they 
are set out by packing under them with paper. It is essential, in order 
to get satisfactory results, to have the xoood fit tightly in the hole. Thf 
objection to this form of bit is that the holes made with it are not st 
uniform in diameter as in the case of the rose-reamer, but the cost of the 
bits is less. 

Holders for Wood Bits.—When made from a flat bar of steel the 
wood bit is prevented from turning by a kind of U-shaped holder hav¬ 
ing one long and one short limb. The long limb is held in the lathe tool- 
post. The larger sizes of bits, in which the cutters are secured in a cast- 
iron head keyed to a round bar, may be held by a lathe-dog; or if the 
shank ends be made square, they may be prevented from turning by 
a common wrench. The w’ood bit is supported in the lathe by the 
work and the tail-stock center, the same as a reamer. 

Tapering-reamers.—For tapering holes it is necessary to use some 
form of reamer that cuts on sides only. The rose-reamer, therefore, 
cannot be used in tapering holes. The tapering-reamer may be made 
in the fluted form or expansion form, and for rough work it could be 
made as a half-round reamer. Fig. 202 shows a fluted taper-reamer. 

Fig 202. 

When the work is done in the drill-press, the reamer revolves and 
the work is stationary. In this case, if a roughing taper-reamer is 
not available, the reamer must be preceded by several drills varying 
in size according to the taper of the reamer. The smallest drill will 
be smaller in diameter than the small end of the taper, the largest drill 
smaller than the large end of the taper, etc. The hole, as left by the 
drills, will be in steps, which steps are to be cut out by the reamer. 

When the work is done in the lathe the reamer is, with few excep¬ 
tions, stationary and the work revolves. The reamer is supported 
on the tail stock center and prevented from turning by a drill-holder 
or lathe-dog. We may use several drills as in the previous case, or 
use one drill and rough out the hole with the boring-tool. If the taper 

attachment be used in connection with the latter process, only one taper-^ 

reamer will he required. In many cases the taper attachment will give 
satisfactory results without using the reamer at all. 
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Roughing Taper-reamer. — A roughing taper-reamer will do the 
preparatory work much quicker than the drills. It may be used both 
in the drill-press and in the lathe. Fig. 203 shows such a reamer. It 

Fig. 203. 

differs from the taper-reamer in having its cutting edges notched. 
These notches are cut with a square-nose tool (of which the corners are 
slightly rounded) in the form of a left-hand square thread. The tool 
may be Yie to '^32 wide, and the teeth may be cut from y32 to 
•y32 inch deep, according to diameter. The lead of the thread is not 
important. 

Notching the cutting edges gives the reamer a very decided advan¬ 
tage. It relieves the broad bearing, giving the reamer a bettei ‘‘bite.^^ 

Considerations Governing the Ntunber of Cutting Edges in a 
Reamer.—^The cutting edges in a reamer may be any number from six 
to two dozen, according to size and design of reamer. The last opera¬ 
tion on the reamer previous to oil-stoning it is to ‘^back it off,’^ or give 
it body-clearance. This is done by a small revolving emery-wheel, 
and it is necessary that the cutting edges be far enough apart, so that 
when grinding one edge the wheel will miss the other edge. For this 
reason the cutting edges should not be much closer together than of 
an inch, except on very small sizes. Another reason for keeping cut¬ 
ting edges a reasonable distance apart is that when too close together 
they clog up with the borings and make a rough hole. 

Shapes of Cutting Edges.—Figs. 204, 205, and 206 show cross-sections 
indicating various shapes of reamer cutting edges. Fig. 205 is the 
form most commonly used. In this figure is indicated also the method 
of grinding the edges. The reamer with edges like Fig. 206 should 
cut freer than any of the others, but in some cases the teeth seem to 
spring outward and cut larger than the nominal diameter of the reamer. 
Hiis is due to the undercut of the teeth indicated by the dotted lines. 

Figs. 207 and 208 show end views of two of the forms of reamers 
for which the Brown & Sharpe Manufacturing Company furnish milling- 
cutters. Accompanying each of these cuts is a table giving the num¬ 
bers of teeth for the various sizes of the reamers and the number of 
the milling-cutter to be used in each case. 
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Fig. 205, Fig. 200. 

No. of 
(\itter. 

Diameter of Ileamer. 
Number of 
Teeth in 
Reamer. 

1 6 
2 r (> 

W' i" 0 

W' “ 4 0 
1 ¥/' “ U" s 

i,V' “ ir' 8 

ur If' 10 
0 m" “ 2" 10 

Tablk for Fig. 207. 

No, of 
Cutter. Diameter of Reamer. 

Number of 
Teeth in 
Reamer. 

1 rto A" 6 
2 r“ A" 6 
3 1" ” A" 6 
4 6 to 8 
5 

yf 8 
6 10 
7 lA" 2i" 12 
8 2i" 3" 14 

Fio. 208 Table for P'ig. 1^08. 
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Fig. 207 is the same shape as Fig. 205, the face lines being radial 
in both. The shape of the teeth in Fig. 208 is such that they cannot 
spring outward, but radial-face teeth give practically no trouble in 
this respect, unless they are cut too deep. 

Body-clearance of the Reamer. Causes of Chattering.—^The space A 

between the lands of the teeth and the dotted circle in h'ig. 209 is called 

Fio. 209. 

the body-clearance. It should be just sufficient for free cutting. It 
is very important to observe that excessive body-clearance causes chatter¬ 

ing, and a chattered hole is never a smooth hole. The body clearance 
is so little that it is not clearly shown in Figs. 204-8. 

The teeth of the reamer illustrated in Mg. 209 are made with '^eccentric 
relief or clearance.^' The faces are radial, but the lands are arcs of circles 
the centers of these circular arcs being eccentric to the axial line of 
the reamer. The Pratt & Whitney Company, who make these reamers, 
represent that this form of tooth ‘Ts stronger, reams a smoother 
hole,’^ and ^'does not chatter.'^ In order to clearly show the differ¬ 
ence between eccentric relief and flat relief a few teeth of the latter 
form are shown in Fig. 210, the scale being the same as in Fig. 209. It 
should be noted that the body-clearance in both of the figures is too 
great. It was purposely exaggerated for the sake of clearness. 

The body-clearance in fluted reamers (rose-reamers are not made 
with this clearance) should not be milled to the extreme edge, A sur- 
ace of .005 to .020 inch, according to the diameter of the reamer, 
should be left concentric with the center. For reamers to 
11/4 inches diameter an allowance of .010" will be about right. The 
clearance is usually brought to the extreme edge by oil-stoning. The 
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stone should have a true face, and should never, for this purpose, be 
used dry. Reamers are commonly made .0005" large to allow for wear 
and stoning. 

Spacing the Cutting Edges or Teeth.—It is generally understood by 
tool-makers that a reamer with an odd number of teeth will cut a truer 
hole and (shatter less than one with an even number. It has been found, 
however, that about as good results may be obtained l)y making the 
reamer with an even mmilnr nnequally spiwed. Mg. 204 is unequally 
spaced with this object in view. From 2 to 4 degrees will be enough 
difference. It may be well to note that three spaces of the 27-hole 
circle will give 1° angle in spiral heads as ordinarily geared. 

A fluted reamer having less than five or six teeth is not well adapted 
to reaming castings in which there are blow-holes. Six teeth or flutes 
should be the minimum, and an even number will facilitate measuring 
the diameter of the reamer. Spirally fluted reamers give best results 
in reaming imperfect castings. 

Miscellaneous Reamers. — Square, half-round, and one-lip reamers 
are seldom used in the machine-shop. An exception to the above 
statement may be made in favor of the center-re.amer, but this will 
receive attention in connection with the subject of lathe-centers. 

The square reamer is sometimes used in brasswork, and in excep¬ 
tional cases it is used in other work. It is possible in an emergency to 
make a cheap reamer by taking a square bar of steel of the required 
dimensions and merely tempering and then grinding it on a common 
emery-wheel. If the bar be slightly too large in cross-section, it may 
be r^uced by grinding two adjacent corners rounding. 
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Hardening Reamers.—In the processes of manufacturing, a bar of 
tool-steel becomes decarbonized on its outer surface by contact with the 
oxygen of the air while hot. This surface should therefore be turned 
off to a depth of not less than V64"* Unless the Imr be centered fairly 
true, the above requirement will necessitate an allowance of nearly ^/g" 
in diameter for machining. To lessen internal stress and the tendency 
to curve, it is considered best to turn a portion of this metal off, and 
then heat and anneal the piece before taking the last (^ut. 'J his is done 
whether the metal is soft enough or not in the rough. 

If heated for hardening in a common forge, the reamer should be 
enclosed in a piece of gas-pipe. For cooling, use water or brine (the 
latter being preferred) which has been wanned just enough to take off 
the chill, and plunge the reamer (if of symmetrical section) vertically 

in the water. Holding the reamer over the fire a moment or two when 
removed from the bath is supposed to lessen its tendency to fracture. 

The temper of the fluted reamer may be drawn to straw^-(M)lor. "J'he 
rose-reamer may be somewhat harder, or the temper not drawn at all. 
A hot tube, or other equivalent, may be used for drawing the temper, 
the reamer being moved back and forth in the tube and rotated at the 
same time. 

I3eforc grinding the reamer the centers shoi*ld be carefully cleaned 

according to instructions already given. 



CHAPTER XI 

liATHES 

Classification of Lathes. Primitive Form of the Lathe.—^Lathes may 
be classified as hand-lathes, engine-lathes, turret-lathes, and special 
lathes. The turret-lathe will be described in a separate chapter. In 
the great advancement of the mechanic arts during the Christian era 
the lathe in one form or another has been an indispensable adjunct. 

It is the oldest as well as the most important machine-tool known to 
the engineering profession. It would be interesting to trace the lathe 
from its first conception to its present state of perfection, but the space 
available will not permit a thorough consideration of this matter. We 
have, however, prepared a sketch (Fig. 211) of the most primitive form 
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of lathe, that the reader may be able to observe the contrast between it 
and the modern type. Referring to the sketch, A and A 1 arc two posts 
answering respectively to the head-stock and tail-stock of our present 
lathe, B and B1 the centers and G the rest or support for the cutting- 
tool. The treadle E is operated by foot-power as in a common sewing- 
machine. D is a rope extending from the treadle to the sapling above, 
and wrapped one revolution around F; F is the work to be turned. 
This lathe was first used for wood-turning, and the piece F was made 
approximately round before it was placed between the centers. The 
action of the foot on the treadle imparted an oscillating motion to the 
work, and the cutting-tool was pressed against the work during the 
downward movement of the treadle. During the upward stroke the 
tool was withdrawn, allowing the sapling to reverse the nK)tion of the 
work. Obviously the first improvement likely to be suggested in con¬ 
nection with this lathe would be the substitution of a wooden frame 

Fig. 212.. 

for the two posts, and this was done. Also, a beam of suitable shape 
and material took the place of the sapling. Lathes continued to be used 
in a more or less crude form for centuries, the cutting-tool being held 
by hand and supported on a rest substantially as in our present wood- 
lathe. 

The ^de-rest. Hand-lathes.—One of the most important of later 
improvements is the slide-rest shown in Fig. 212. In this device the 
cutting-tod, instead of being held by hand, is rigidly secured by a set- 
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screw, and accurately guided by planed ways. This rest is designed 

for a hand-lathe and is not self-acting. 

The hand-lathe is shown in Fig. 213, and it is substantially the same 

as a common wood-lathe. In the illustration B is the bed, H the head- 

stock, R the rest, P the cone pulley, and C the counter-shaft. On most 

hand-lathes the tool-rest used is similar to that used in w^ood-tuming, 

and the tool is held by hand in the same manner as in wood-turning. 

Fig. 213. 

But in some of the better classes of hand-lathes the slide-rest mentioned 

above is used. 
The Engine-lathe.—In the modem type of lathe, known as the engine- 

lathe, the tool is -traversed automatically parallel with and at right 

«|,ngles to the axis of the lathe-spindle. Such a lathe is also furnished 

with a system of change-gears by which-tbe ratio of tool traverse to 

spindle .revoluticm inay be changed leads of screws. 

Fig. 214 shows a good example of this lathe. 

Referring to the figure, B is the bed, supported on legs as shown. H 

is the head^tock, carrying the main spindle on which run the cone pulley 

P and its pinion G 9, and to which are keyed 0 3 and G 8. T is the tail- 
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8^k, i^e adjustable lengthwise of the lathe, and having a spindle also 
adjustable by means of the hand-wheel HI. Rh the slide-rest, movable 

on C at right a^les to the main spindle. Swiveling on ^is the compomd 
re»t B 1, carrying the tool post T1, in which is secured, by a set-aerew, 
the tool. Rlk operative at any angle in a horizontal 

P
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The apron A is bolted to the carriage C, Secured to the inner side 

of the apron is a system of gearing which, in connection with the gearing 

G 1 and pulleys F 1, gives automatic movement to the carriage. 

The Screw-cutting Mechanism.—When cutting tJireadiL(making the 

helical grooves of a screw) a very exacl^mpvem^ of the carriage is 
reejuired, and for this purpose op^ted 

is iised. This gearing is driven by means of the gear (7 8 on main 

spindle, which connfijtitg^with on the^^short shaft passing through 

upper pulley F 1. The screw 6' revolves in a threaded box secured to 

the apron This box is made in halves, which, by means of a handle 

on the outside of the apron, may l>e closed upon or released from the 

screw. The train o^gearingjGr 1 may, by meaiis of Uie lev:er*iybe'On^^ 

with or disengaged from the gear G 3 and also reversed. When engaged, 

and the screw S is revolving, the, closing of the threaded box upon the 

screw causes the. carriage C with apron A to traverse the lathe-bed at a 
ratio depending upon the lead of the required screw and the change- 

gears at G 1. When the l^ox is open the screw has no effect on the carriage. 

The Feed Mechanism.—In order to i)reserve the accuracy of screw S 

for screw-cutting^he feed-rod /\is used, for feeding. This rod is operated 

by a belt connecting the pulleys F 1. On this rod, on the inner side of 

the apron , is a which, is .turned by 

key. This key fits the worm with sufficient freedom to permit the worm 

to slide upon the rod. The worm operates a train of gears,..the. first of 

which is a worm-gear, and the last a pinion (small gear) working in a rack 

R 4. The latter is bolted to the lathe-bed, and when the pinion turns 

it causes the lathercarxiage to traverse the bed parallei with the main 

spindle, another system of mechanism, also operated by the feed- 

rod, the rest R is caused to traverse the carriage C at ri^t angles to 

the main spindle. These movements may be started or stopped by 

handles on the outside of the apron. They may also be effected by hand 

by means of the handles H 2 and H 3. 

Using the Screw as a Feed-rod.—In^some lathes the screw is used 

for both screw-cuttiinL~a^ dispensing with pulley FI and 

feed-rod Fig. 215 shows the apron and accompanyng mechanism 

foFsuch a lathe. The threaded boxes B 1 are opened and closed upon 

the screw S as before for screw-cutting; but for the ordinary feed the 

thread upon the screw is not used. For this purpose the $ct$w is 

a feed-rod. The worm W revolves with the screw, and, engaging with 
i,i1£rrr,^S;.7»ir--iiirT.-r-ii.,..-.-.. .. ..;-—.... 

♦ The long screw which moves the lathe for thread-cutting is commonly called 
the lead-screw. 
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through which shaft S 3 passes, g being journaled in the head~stock as 
shown. This gear meshes with the miter h, which in turn drives i. 
Between the gears g and and driven by a feather-key in shaft ^ 3, is 
clutch y. This clutch has two projecting lugs (one at each end), and the 

gears g and i have similar lugs, which are designed to engage the lugs on 
y. The clutch may be held in a neutral position, or may be engaged 
with either g or i by means of the levers k and I, which are connected 
to a lever on the lathe-apron by means of the rod m. The gears A, i 
are running whenever c is, and if the clutch be moved to engage with 
g, it (the clutch) will revolve with g; if it engage with f, it will revolve 
with i, which, from the nature of the connection, is in an opposite direc¬ 
tion to that of g. 

As the clutch j is secured by a feather-key to the shaft S 3, the latter 
must turn when the clutch turns and, with the for(‘going description, 
there should be no difficulty in understanding how to obtain two opposite 

motions of shaft 3. The clutch and miter-gear mechanism above 
referred to is more clearly shown in Fig. 221. 

An Improved Gearing System.—It remains to show the mechanism 

connecting shaft S 3 with the apron-gearing. Figs. 218, 219, 220, and 222 
show one of the modern gearing systems for this purpose. In using 

lathes of the old type it is necessary to take off and put on change-gears 

for each particular lead of thread to be cut. But in the lathe under con¬ 
sideration thirty-six different leads may be cut without detaching any 

ge£*s. The construction provides also for the use of change-gears. This 
last provision makes it possible to cut, in addition to the thirty-six 
threads, many other leads, the range being limited only by the number 

of extra change-gears supplied. 
It may be well to give a detailed description of this system. On the 

lead-screw S, Figs. 219, 220, and 222, we have a ^‘cone of gears'' which are 

marked 1 to 12 in Fig. 222. On shaft o of the last-mentioned figure is 
the gear 13, which with its intermediate, 14, may be moved along and 
rotated through a short arc on the shaft by the lever n (Fig. 218). By 

this means gears 13 and 14 may be brought into engagement with either 
of the gears marked 1 to 12, and when in position they may be locked 
by the spring lock p (Fig. 218) which engages with any of the holes shown 
under the cone of gears in Fig. 219. Fig. 222 shows gears 13 and 14 in* 

position to drive gear 7. If now these gears be set in motion (the ratio 

up to this point being assumed 1 to 1), the lead-screw S (Figs. 219 and 
220) will revolve at a ratio with the lathe-spindle, depending upon the 

ratio of the diameter of gear 13 to gear 7. And similarly, if the two 
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through which shaft S 3 passes, g being journaled in the head-stock as 

shown. This gear meshes with the miter h, which in turn drives i. 

Between the gears g and and driven by a feather-key in shaft 3, is 

clutch /. This clutch has two projecting lugs (one at each end), and the 

gears g and i have similar lugs, which ai*e designed t o engage the lugs on 

]\ The clutch may be held in a neutral position, or may be engaged 

with either g or i by means of the levers k and /, which are connected 

to a lever on the lathe-apron by means of the rod in. The gears g^ hy i 

are running whenever c is, and if the clutch be moved to engage with 

17, it (the clutch) will revolve with g] if it engage with i, it will revolve 

with i, which, from the nature of the connection, is in an opposite direc¬ 

tion to that of g. 

As the clutch j is secured by a feather-key to the shaft S 3, the latter 

must turn when the clutch turns and, with the fon^going description, 

there should be no difficulty in understanding how to obtain two opposite 

motions of shaft S 3. The clutch and miter-gear mechanism above 

referred to is more clearly shown in Fig. 221. 

An Improved Gearing System.—It remains to show the mechanism 

connecting shaft S 3 with the apron-gearing. Figs. 218, 219, 220, and 222 

show one of the modern gearing systems for this purpose. In using 

lathes of the old type it is necessary to take off and put on change-gears 

for each particular lead of thread to be cut. But in the lathe under con¬ 

sideration thirty-six different leads may be cut without detaching any 

gears. The construction: provides also for the use of change-gears. This 

last provision makes it possible to cut, in addition to the thirty-six 

threads, many other leads, the range being limited only by the number 

of extra change-gears supplied. 

It may be well to give a detailed description of this system. On the 

lead-screw 5, Figs. 219,220, and 222, we have a ''cone of gears'' which are 

marked 1 to 12 in Fig. 222. On shaft o of the last-mentioned figure is 

the gear 13, which with its intermediate, 14, may be moved along and 

rotated through a short arc on the shaft by the lever n (Fig. 218). By 

this means gears 13 and 14 may be brought into engagement with either 

of the gears marked 1 to 12, and when in position they may be locked 

by the spring lock p (Fig. 218) which engages with any of the holes shown 

under the cone of gears in Fig. 219. Fig. 222 shows gears 13 and 14 in* 

position to drive gear 7. If now these gears be set in motion (the ratio 

up to this point being assumed 1 to 1), the lead-screw S (Figs. 219 and 

220) will revolve at a ratio with the lathe-spindle, depending upon the 

ratio of the diameter of gear 13 to gear 7. And similarly, if the two 
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sliding gears be caused to engage with any other one of the gears 1 to 

12, the ratio will be changed, its value being shown on an index plate 

secured to the lathe. 

In the gear-box ^3 (Figs. 218 and 219) is a second nest of gears, 

which are controlled by the lever n 1. These give three changes, the 

three positions of the lever being indicated by the numbers 1, 2, and 3 

on the gear-box. The gears in gear-box B 3 drive those in B 2 and the 

combination of the two sets of gears provide for the thirty-six changes; 

that is to say, that for each position of (he lever n 1 twelve different 

threads are cut. 

Connection is made between the gears in box B 3 and the ^^stud gear^' 

d (Fig. 219) by two gears, e and /. These are keyed to a quill shaft 

which runs freely on a stud secured to the sector 4 (see Fig. 218). 

The gear /, which is on the outer end of the quill, is one of the change- 

gears referred to above, and the sector is slotted and locked at L1 in the 

usual manner to admit of the use of various sizes of change-gears. 

Quite a number of speed-changing devices have been introduced 

during the past 15 years, but they do not differ greatly from the one just 

described. Some of these devices are shown in connection with other 

machines in this work, and most of them have been illustrated in “ The 

American Machinist,in Machinery,'^ and other technical journals. 

The Feed-clutches.—In the mechanism just described the feed, as 

previously stated, is effected by the lead-screw which is, for this pur¬ 

pose, operate by as a feed-rod, just as though there was no thread 

on it. The means of disengaging the feed is shown in Fig. 216. Re¬ 

ferring to this figure, TF 1 is the worm-gear shown in Fig, 2^15, and F 2 

is the friction-clutch driven with the shaft S 1 by means of the feather- 

key. Near middle of shaft #Si 1 is tightly keyed the small gear G 7, 

which gear is hid behind TF1 in Fig. 215. By means of the small 

threaded shaft S 2, which passes through 81, and its knob Kj the clutch 

F2 may be caused to engage with the beveled bearing of IF 1. If 

now screw 8 revolve, the train of gearing will cause the carriage to 

traverse the lathe-bed. When the clutch F2 is released, the worm- 

gear turns loosely on shaft 8 1 and has no effect on the other gears. 

As has been stated, this system requires neither feed-belt nor feed- 

rod. 

Bevel-gear Reverse in Apron.—The apron mechanism in Fig. 223 

differs but little from the common form. It is similar, however, to that 

last described with respect to the lead screw, which is used for both 

screw-cutting and feeding. The lead-screw passes through the bevel- 
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gears G 13 and G 14, which are in one forging, and a feather-key in these 

gears engages with a spline cut nearly the wdiole length of the lead-screw. 

The bevel-gears thus revolve with and slide upon the lead-screw. L 2 

is shifted by a hand-knob on the oui^side of the apron, and, in connec¬ 

tion with yoke F, moves the gears (? 13 or G 14 into mesh with G 15, 

or to a neutral position. A pinion on the back of G 15 engages G 1*6; 

and G 17, being oi)eratcd by G 16, causes G 18 and (7 19 to turn.’ The 

Fig. 223. 

latter meshes with the fixi'd rack on the la(he-bcd, and thus the carriage 

is (caused to traverse the bed when the nut H 2 is not closed upon the 

revolving lead-screw. 

The carriage is moved by hand by a handle // 2 on the outer side 

of the apron, which handle operates a pinion meshing with gear G 18. 

G21 operates the cross-feed, and both (7 21 and G 16 may be dis¬ 

engaged by clutches and knobs similar respectively to F 2 and K in 

Fig. 216. 

Analysis of the Back Gear of a Lathe.—Fig. 224 shows the back 

gear and cone pulley in section, together with their connecting parts. 

S3Js the. min spindle to.^Yhich is tightly keyeff (78.1^6'co^^^^^ 

P, which kieyedLta tihe. small gear G 9, him freely on SS except.wbm 

cUmp^to G 8,^^ 2. When ffius clarftped the back gears O and 

O 10 must be disengaged from G 8 and G 9, when the spindle 5 3 is driven 
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directly; that is, it runs 1 to 1 with the pulley P. ~The-JalM 
now said to be ovi of geat. To put it in gear,. discoimect-iiL^ 
by removing the bolt B 2. By means of the eccentric shaft S 4 and 

Fig. 224. 

handle H 4, bring G and G 10 into mesh with G 8 and G 9. The spindle 
8 3 will now run at a slower speed than the pulley P, Let us clearly 
understand why it will run slower. Suppose (t9 has, say, 20 teeth 
and O 60 teeth. Now when (?9 makes one revolution G will make 
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20/go or Ya revolution, and G 10 will make the same. Suppose, again, 
G 10 has 20 teeth and G 8 60 teeth; now when G 10 makes Ys revolution 
G 8 will make ^In other words, the ratio of revolutions 

of 5 3 to X7^^~ = 20/g^>.20/g^=='i/^ Wit-h a fmir-step cone 
Cr Cr o 

we should have four speeds in gear and four out of gear, making eight 
speeds in all, and these speeds should be in geometrical progression. 

Spur-gear Reversing-mechanism. — In connection with Fig. 214, 
it was stated that the train of gears G 1 could be disengaged from the 
gear G 3 on the main spindle, or reversed.. The means of effecting these 
changes will now be explained. Referring to Fig. 225, the three gears 
marked 6 1 are the same train of gears that are designated G 1 in Figv 
214. The uppermost of thefee three gears is on the. short sl^ft which 
carries one of the feed-cones^ and which passes through the head-stock. 
Inside the head-stock and on this same shaft is a gear G 13 (Fig. 224), 
with which G 12 engages. Meshing with G12 is G 11, and G 12 and 
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Gil may be rotated through a short arc on the axis of the upper gear G1 
by the lever L, both of these gears being supported on a swinging bracket. 
When lever L is raised it brings G 12 into mesh with G 3 (Fig. 224), 
and the train of gears G 1 are driven in a forward direction. When 
lever L is depressed G 12 is disengaged from G 3, and G 11 is brought into 
mesh with the latter. We now have four gears in mesh, not including 
those on the outside of the headstock. This is a very common method 

Fig. 226. 

of getting two opposite motions by spur-gears. It should be noted that 
G11 runs idly when G12 is in mesh with G 3, but that G 12 is driven by 
Gil when the latter is in mesh with G 3. By placing the lever in an inter¬ 
mediate or. neutral position, both G11 and G 12 are disengaged from 
G3, and the train of gearing become inoperative. The middle gear 
G 1, which is known as the 'intermediate’^ gear, turns freely on a stud 
held in a slotted sector as shown. The sector itself is also held to the 
head-stock by one bolt passing through the slotted projection. The 
object of this arrangement is to provide the adjustment necessary in 
using different si|p of "change” gears. The student should observe 
the difference between this method of getting two opposite motions 
and that referred to in connection with Fig. 219. 
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Triple-gear Lathe.—It should be understood that the object of the 
back gearing in a lathe is to give a higher velocity ratio between the 
belt and the lathe-spindle. On the larger lathes this velocity ratio 
is still further increased by the addition of another shaft carrying two 
additional gears. Fig. 226 shows a rear side view of a lathe head-stock 
with triple gears. The triple-gear shaft is seen directly under the regu¬ 
lar back-gear shaft, and it is driven by a gear on the latter. This triple¬ 
gear shaft drives the main spindle of the lathe by means of a pinion 

Fig. 227. 

which engages with the annular gear shown on the back side of the 
lathe face-plate. 

Geared-head Lathes.—In the chapter oh Drilling-machines allusion 
was made to the tendency to substitute tooth-gearing for the main 
cone pulleys in machine-tools. Fig. 227 shows the new head-stock of 
the Lodge and Shipley lathe, embodying this principle. Instead of 
the cone pulley there is one wide-faced pulley. This pulley has no bear¬ 
ing on the main spindle, but is secured to a hollow sh^t which is jour¬ 
naled in the two bearings shown. At the left side of the pulley and 
keyed to the same hollow shaft are two gears G and G 1 of different 



164 MACHINE-SHOP TOOLS AND METHODS 

sizes. The main spindle of the lathe passes through the hollow shaft 
mentioned, but does not touch it, being journaled in the two outer 
bearings. Near the left end of the back-gear shaft arc tw^o sliding 
gears, either of which may be engaged with its mating gear on the hol¬ 
low shaft to which the pulley is secured. When not in use, these slid¬ 
ing gears are located between the two gears of the pulley-shaft. The 
two pairs of gears, in connection with the pinion on the right end of 
the back-gear shaft and its mating gear Cf 2 on the spindle, give two 
speeds to the spindle. The back-gear shaft is thrown out of mesh by 
the usual eccentric arrangement, and when thus disengaged the pulley- 
shaft may be locked by a clutch to the main spindle, the clutch being 
operated by the lever L, This direct connection gives another speed, 
making three speeds in all. There are three different speeds on the 
counter-shaft, and thus the lathe is provided with nine speeds. 

In Fig, 228 the main spindle with its gear G 2 is shown removed 
from the bearings, exposing the clutch-teeth on the pulley-shaft. 

Fig. 228. 

Being relieved of the belt-pressure, the durability and accuracy of the 
spindle-^bearings in this lathe are considerably increased. 

Fig. 229 shows a lathe designed with special reference to the re- 
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quirements of the ^^high-speecr^ steel. In tliis latlie the geared head is 
not employed, but a cone pulley with three vnde steps of large diameter 

is used. This lathe is referred to in the catalog as the ‘^Americarn 
High-speed Lathe. The lathe shown in Fig. 227 is well adapted t(» 
high-speed tools. 

Raise-and-fall Rest. — The ordinary slide-rest of the engine-lathe 
is so constructed that the cross-feed slide cannot be raised. The means 
for adjusting the tool vertically requires that the set-screw holding 
the tool be slackened. When the set-screw is slackened the point of 
the tool may be raised or lowered by slightly rotating a convex gib 
in a (joncave washer. Fig. 230 shows a rest which has the last-named 
method of adjusting the tool, which method is clearly indicated in the 
cut, and in addition thereto it has a means of adjusting the tool by 
raising the rest itself. When adjusted the rest may be bolted firmly 
in position in connec'tion with the bolt and slot shown. Just above 
this bolt is also seen a handle for raising the rest. 

The raise-and-fall rest is preferred by some mechanics for the smaller 
lathes, but it is not well adapted to the heavier lathes. 

The Plain Rest.—^The plain rest shown in Fig. 231 differs from the 
rest on the lathe in Fig. 214, in that it lacks the upper slide of the com¬ 
pound rest. Its cross-slide, therefore, cannot be fed in any other direc¬ 
tion than at right angles to the lathe axis. This is a disadvantage 
on many kinds of work, but the extra rigidity possible in this kind of 
rest compensates in part for the lack of the angular feed. 

The Compound Rest.—^The compound rest which has been referred 
to in connection with Fig. 214 is shown in detail mounted upon the 
lower slide-rest in Fig. 232. Properly speaking the combination of 
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R and R 1 constitute the compound rest, but the term is often used 

Fio. 230 

to refer to f? 1, which swivels on R. The graduations for setting the 
rest for angular feed, and one of the bolts for clamping it, are clearly 

Pio. 231. 

idiQwn ill the out. Many manufacturers so design the lathe-carriage 
that ^her the plain rest or the compound rest may be used. 
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The Elevating Tool-rest.—^There liave been invented a great many 
different tool-rests with the object of overcoming the difficulty referred 

Fig. 32^ '1 

to in connection with the ordinary slide-rest. Fig. 233 shows one of 
these designs. The rest is raised by the screw seen projecting just above 
the tool. 

Fig, 233. 

The Open-side Tool-rest.—In the ordinary tool-post the lathe-tool 
is held by one set-screw. It may be more rigidly held, however, by 
two set-screws, as shown in the tool-post in Fig. 234. The third set- 
screw shown is used for clamping the upper part of the block to the 
next lower part. By slacking this third set-screw the tool may be 
swung around to any angle and then clamped. 
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Three-tool Shafting-rest.—1'his device is shown in Fig. 235. As 
indicated by its name, this rest is designed more particularly for turn- 

Fju. 234. 

ing long shafting. For this purpose two of the tools may be used for 
roughing cuts and the third tool for smoothing cuts, the shaft being 

Fig. 235. 

finished at ono traverse of the lathe-carriage. While being turned, 
the shaft is kept ^ol with water supplied from the tank shown. The 
ring-shaped casting shown under the tank is a kind of follower-rest 
which travels with the carriage, and supports the shaft against the 
pressure of the tools. It is designed to receive bushings for diflFerent 
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sizes of shafts, which bushings are held by a set-screw on the top of 
the casting. As indicated in the cut, this attachment is held to the 

lathe-carriage by four bolts, and it may be removed and replaced bj 
the ordinary cross-slide. 
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The three-tool shafting-rest is one of the distinguishing features of 
a special shafting-lathe. Such a lathe is usually provided also with a 
screw-press for straightening shafts. In other respects the shafting- 
lathe is not sufficiently different from the common lathe to justify a 
full description here. 

The Taper Attachment.—The taper attachment shown in Fig. 236 
is a device used for causing the tool to move to or from the work while 
the lathe-carriage moves longitudinally, the object being to turn tapers. 
This attachment is more particularly described in the chapter on Lathe 
Work, as are also the steady-rest and follower-rest. 

Fig. 237, 

The puU^y«lathe,—The lathe shown in Fig. 237 is designed especially 
for turning puU^y^t This machine is provided with two tool-rests so 
that a roughing and a finishing cut, or two roughing cuts, may be taken 
simultaneously, A$ the two rests are on opposite sides of the lathe, 
one of the tools must be inverted. The arm shown at the left end of 
the lathe is a kind of tail-stock which may be swung around on its axis 
to admit of more convenient removal of the pulley. The latter while 
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being turned is held on an arbor one end of which is supported by the 
taibstock, the other end being fitted to the hollow spindle of the lathe. 
This makes the arbor more rigid than if held at both ends on centers. 
The pulley is rotated by two drivers seen bolted to the face-plate of the 
machine, which drivers engage with two of the arms of the pulley. To 
facilitate crowning the i)ulley, the rails supporting the two rests are 
mounted upon a substantial bed-plate whicdi may be swung upon a pivot 
and clamped at the required angle. 

The Pit-lathe (Fig. 238).—^"I his is a very heavy and powerfully geared 
lathe. It is designed for machining fly-wheels and other heavy work of 

Fig. 1:38. 

which the diameter is large and the length inconsiderable. Work of this 
character is always bolted to the large face-plate, which swings in the 
pit as shown. The head-stock and other framework of the lathe are 
supported upon a foundation of heavy masonry. Thid machine has 
two tool-rests. One of these has a movement parallel to the face-plate, 
the movement of the other being at right angles to the face-plate. Each 
of these rests has also another shorter movement. 



172 MACHINE-SHOP TOOI.S AND METHODS 

A Lathe for Turning Driving-wheels.—In railway machine-shops 
and in shops which build locomotives a special lathe is used for turning 
locomotive driving-wheels. 'Fhis lathe has two fac^e-plates, two spindles, 
and two tool-rests. It is in reality two lathes on one bed, the object 
being to turn the two wheels of the locomotive driving-shaft simultane¬ 
ously. These lathes are generally so designed that either of the face¬ 
plates may be operated independently. When so designed the lathes 
may be used for boring, the work being bolted to the face-plate. 

The Gap-lathe. Increasing the Swing of a Lathe.—The gai>lathe 
is a lathe having a kind of gap made in the bed near the head-stock; 
in other respects it is siniilar to the common engine-lathe. 1 he object 
of the gap is to admit of boring large pulleys, et(^, in a small lathe. This 
expedient is adopted to a greater extent in England than in America. 

A lathe has recently been designed in the Tnited States with auxiliary 
head and tail spindles, the object being in the main similar to that of 
the gap-lathe. These auxiliary s|)indles are raised abo\e the regular 
spindles. 

I'he common method of increasing the swing of a lathe is to use 
cast-iron blocks under the head-sto(^k and tail-stock and extend the 
tool-post. 

The Tool-room Lathe.—This is a small engine-lathe made with special 
accuracy, and with draw-in collets and some other attacdiments not 
usually found on the ordinary lathe. 

Cutting Speeds for the Engine-lathe.—1'here are so many considera¬ 
tions entering into the problem that it is difficult to give a specific rule 
for the speed at which a lathe should run for any given diameter of 
work. It should run faste^r for soft material than for hard, and 
generally faster for light cutting than for heavy cutting. One authority 
gives 20 feet per minute as an average cutting speed for cast iron and 
steel, but the tendency is toward much faster speeds. For roughing cuts 
on wrought iron and soft steel the speed may be from 20 to 45 feet per 
minute. Cast iron may usually be cut at somewhat higher speed. The 
speed for brass may be from 80 to 100 feet, and extra-soft brass may 
sometimes be cut at a speed of more than 100 feet per minute. When 
the tool becomes excessively hot and wears away too rapidly, it is an 
indication that the speed is too high. When it cuts freely and reiliains 
cool the speed may usually be increased. In cutting very hard material, 
such as chilled iron, for instance, it is sometimes necessary to run as slowly 
as 8 to 10 feet per minute. 

Hie cutting speed is always taken on the circumference, and in feet 
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per minute. Thus, to turn a 3" steel shaft at a cutting speed of 30 
12x30 

feet per minute would require ^ ==*^8-22 revolutions of the lathe- 
o Xo.l41o 

spindle per minute. The latlie seldom has the exact speed required, so 

that we take the nearest ST)eed. 

Self-hardening and High-speed Steels.—The preceding rules refer 
to tools made of carbon stoel, but the self-hardening and high-speed 
steels mentioned in cha])ter \'II1 will stand much higher cutting speeds. 
In a series of tests made in Manchester. England, the results of which 
were ])ublis>.ed in the American Machinist, vol. 26, pages 1620 and 1658, 
it was demonstrated tliai self-hardening steel (Mushett) would stand 
double the spaced of carbon sU-el with a given cut. and that high-speed 
steel would cut at more than double the spewed of Mushett steel. The 
tests also showed very (dearly the economf^ of heavy cuts at the sacrifice of 
surface v(3locity. 'Fhus with a cut deep and ^/iq" feed per revolution 
of work soft steel w^as turned at 149 feet per minute, cutting 1.72 lbs. of 
shavings per minute; while with a cut Vs'' and Vs" feed, the cutting 
speed being 54.5 feet per minute, the same steel was machined at the rate 
of 7.35 pounds of chips })cr minute. It should be noted that theo/r/cr ma¬ 
chines lack adequate [)Ower to get maximum results with high-speed steel. 

Feeds. The Rotary Measure.—There is as much difficulty in giving 
a rule for the rate of feeding as for the cutting speed. The feed may 
vary between V125" per revolution and 1" per revolution. About 
Vso" per revolution would be right in most cases for roughing cuts on 
steel shafts of moderate diameters, and about V32" fur cast iron. Ma¬ 
chinists generally use v(3ry fine feeds for finishing cuts on small steel 
shafts--say V125 to Vioo inch per revolution. Both the roughing and 
finishing cuts may be somewhat faster in heavier work. ()n large cast- 
iron work, where the fine finish is not reejuired, it is sometimes practi¬ 
cable to take the smoothing cut at the rate of V2 to 1 inch per revolu 
tion. When a large number of pieces of one kind are to be made, the 
most economical speed and feed for the work should be determined 
by the superintendent or an expert; otherwise the output may vary 
with different workmen from 25 to 100 per cent. Fig. 239 shows a 
rotary measure adapted to measuring the speed of lathe work. In 
measuring the speed of a shaft, for instance, the graduated wheel is 
brought into contact with the revolving shaft and, in connection with a 
stop-watch, the speed and feet per minute may be read directly from 
the dial of the instrument. 

Miscellaneous. Meaning of the Word “ Swing,etc.—The planed 
top of a lathe-bed upon which the lathe-carriage is guided is called the 
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ways or shears. Some manufacturers guide the lathe-carriage on flat 
shears, but the prevailing form is that of an inverted V, two of these 
V's being (generally) used to guide the carriage and two to guide the 

tail-stock. The V^s are usually cast integral with the lathe-bed, but 
Fig. 240 shows a departure from the common design. This illustra¬ 
tion shows the V's, which are made of drawn tool-steel, mortised into 
the lathe-bed. This method of making lathe-guides is worth investi¬ 
gating. 

The author has observed some confusion among mechanics as to 
the meaning of the word ‘^swing.'' The word ^^swing'' means the diam- 
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eter of work which, held concentric with the spindle axis, will clear the 
ways. It is important to observe that a lathe will always swing less 
over the carriage or rest than over the ways. It should also be under¬ 
stood that the terms used in designating the length of the lathe do not 
indicate the capacity of the lathe between centers. For instance, a 
16" X 6' lathe means that the lathe swings 16" over the ways and 

has a bed 6 feet long, but su(;h a lathe will swing only about 10" over 
the carriage, and take between centers a shaft only about 30" in length. 
This lathe might be used to turn a pulley 16" in diameter and 3 or 4 
inches face, because the lathe-carriage would not need to pass under 
the pulley. But a pulley of the same diameter and having a 12" face 
could not be turned in a 16" lathe. It might be added that it is not 
considered economical to turn even a narrow-faced pulley in a lathe 
the nominal swing of which is not greater than the diameter of the 
pulley. The reason is that lathes arc not ordinarily built stiff enough, 
or with sufficient power, to turn their full swing advantageously. How¬ 
ever, the tendency is toward more powerful lathes. 

Purchasing a Lathe.—One very important consideration in pur¬ 
chasing a new lathe is that the diameter of the spindle should be amply 

large for the work. In the Michigan Agricultural College there are several 
14"X6' lathes, of which the front spindle-bearings are 2^8" diameter^ 
the back bearings being proportionally large. These lathe-spindles are 
hoUow—as all lathe-spindles should be—the hole being diameter. 
This large hole through the spindle is a very great advantage in turning 
short pieces on the end of a long bar. Having a large hollow spindle, 
such work can, in many cases, be passed through the spindle and drivel 
in the lathe-chuck, the tail-stock being moved back out of the way 
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The left end of a bar being operated upon in this way may be supported 
by any convenient means. 

A lathe, to give the best results, should have a bed of ample propor¬ 

tions to resist flexure and torsion, and it should be supported on a founda¬ 
tion of masonry. Beds of box form, with openings at intervals to 
allow the chips to drop through, are very strong to resist the stresses 
mentioned. The metal around the openings in the webs should be 
reinforced by vertical ribs to coini)ensate for the metal cut out. Some 
years ago the class in ma(^hine design of which the author is instnactor 
designed a lathe having a bed of this form. The (carriage of this lathe 
is guided by one V of ample proportions on the front side, and by a 
flat way on the rear side of the bed. The tail-stock is guided by a flat 
way on the front side, and by a V guide on the rear side. This is be¬ 
lieved to be a good design, but it is not original with the author. With 
respect to the stiffness of the lathe-bed, it may be observed that the 
average bed may be sprung perceptibly by merely prying up at one 
comer by a lever under the legs. This may be easily ])roved in c-onnec- 
tion with a Bath indicator. To make the test, the indicator should 
be held in the tool-post with its finger in connection with the latlie 
face-plate. In purchasing a high-priced lathe a guarantee as to the 
limit of error in boring and facing should be required of the manu¬ 
facturers. It should be observed, however, that the most accurate lathe 

may he twisted out of shape by unskillful adjustment on the foumhition. 

Any lathe having a compound rest should also have an offset tail-stock 

somewhat similar to that shown in Fig. 214. The object of offsetting 
the tail-stock is to allow the compound rest a maximum arc of move¬ 
ment. 

The counter-shaft of a lathe should also receive some consideration. 
The pulleys and hangers should preferably be self-oiling, and the (cheaper 
forms of trappy clutch-pulleys should be avoided. Tight and loose 
pulleys with shifting belts give better satisfaction than a poor clutch- 
pulley; but a good, simple, durable clutch-pulley is more convenient 
and is better for the belts. 

Testing the Lathe-spindle.—^After a lathe has been used a few years 
it may be found that the spindle is slightly out of line, so that it will not 
bore a parallel hole. Fig. 241 illustrates a method of testing the spindle. 
a and b are two trams bolted to the face-plate of the lathe, a being 
made of ihetal, and B, for the sake of lightness, being made of wood. 
The center in the main spindle should be removed and tram a should 
be so made as to project about beyond the face-plate, h should 
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project not less than 24". To test the spindle move the tail-stock until 
its center comes within reach of the first tram, and, with tail-stock and 
tail-spindle tightly clamped, turn the face-plate and note whether the 
tram revolves concentrically with the center in the tail spindle. Jf not 
in line horizontally, adjust the tail-stock by the set-over screws until 
the tram clears equally at two points horizontally opposite around the 

center. Move the tail-stock back and (4amp as before, testing by long 
tram. If the spindle be in line horizontally, the tram will clear the center 
ecjually at each side. If not in line, it maybe possible to make the cor¬ 
rection by placing strips of paper between the V grooves of the head- 
stock and the of the lathe. The trams will usually indicate that the 
main spindle is also too low and the shims will raise it. If the spindle- 
boxes are square or some shape other than round, it maybe preferable to 
adjust the spindle vertically by slumming under the boxes. If the 
boxes be cylindrical, truing up the spindle and making new boxes will 
bring the spindle to its original alinement without the use of the 
shims. 

The cylindrical part of a lathe-center is sometimes eccentric to 
the conical point. In such a case the trams must be applied to the 
conical part of the center. The tail-stock spindle may be tested in 
its two extreme positions in connection with the long tram. 



CHAPTER XII 

TURRET-MACHINES AND TURRET-MACHINE WORK 

Distinguishing Features of the Turret-machine.—The slow processes 
of the engine-lathe, while still necessary in some kinds of work, have 
proved inadequate to meet the demands in many lines of manufacturing. 
In special work, including short cylindrical pieces of which a great 
many are to be made from one dramng, the turret-machine is far more 
economical. The essential principle of a turret-machine is a tool-holder, 
which may be revolved upon its axis to bring any one of a number of tools 
(usually six) into operation. Having only one tool-post, the engine- 
lathe necessitates much loss of time when various operations are to be 
perfordied On the samfe detail. lo the turret-lathe the tools for any given 
piece of work, having been once adjusted, may be successively and 
quickly btought into actioA \mtil a large number of pieces are finished. 

The turret-lathe was originally limited in its adaptation, but it has 
been modified and improved to such an extent that now the best class 
of these nlachines will cover nearly as wide a range of work as the engine- 
lathe. In machining wrought iron, steel, etc., on the turret-machine 
the Work is supplied with a stream of oil, a tank and pump being used 
for this purpose. The Cutting speed is, therefore, higher than would b^ 
used for the same work in the engine-lathe. 

Description of a Plain Screw-machine.—Fig. 242 shows a B. & S. 
acret^-machine in which the turret principle is employed. This machine 
is designed to make screws, studs, and various small pieces from a bar. 
The spindle is hollow and the bar is passed through the spindle and 
gripped by a chuck. 2’ is the turret, having seven holes for different 
kinds of tools, and R is the cross-slide in which either one or two tools may 
be used. The turret may be moved longitudinally by hand by the turn¬ 
stile lever L, and automatically by the feed-cones P and feed-rod and 
gearing on the rear side of the machine. In this particular machini 
there are eight changes of the automatic feed, varying from .005 to .03t 
inch to one revolution of spindle. The feed-cones have only four steps, 
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Fig. 243. 

Ai indicated, the principal factor in the econotnical operaticms of 
turret-machines lies in the turret, which holds in correct a^ustmmt a 
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number of tools which may be quickly brought into operation. Another 
important factor, however, is that the work, being held in a universal 
chuck, or a spring-chuck, and turned from a bar, recjuires no prelimi¬ 
nary cutting off and centering. 

The chucks used in many turret-machines are cpiite different from 
those commonly used in the engine-lathe. There are various modifica¬ 
tions of these chucks, but the general 'principle of chucking is clearly 
shown in Figs. 243 and 244. These figures show respectively the head- 
stock of a Pratt & Whitney bench-lathe and a chucking-c^ollel- belonging 
to the latter. The collet is split as shown to admit of its being closed 

Fig. 244. 

upon the stock. The conical shoulder of the collet fits the conical seat 
in the right end of the lathe-spindle shown in Fig. 243. The threaded 
end of the collet engages with the internal thread of the hollow shaft 
passing througli the lathe-spindle. Turning this shaft by means of the 
hand-wheel shown on the left draws the collet into its seat, causing it 
to grip the stock. 

Fig, 245 shows samples of work done on a screw-machine. 
Making Filist^r-head Screws in a Screw-machine.—If required to 

make a large number of, say, filister-head screws, a bar of machine- 
steel of suitable diameter would be passed through the spindle and 
gripped by the chuck. In passing the bar through the chuck the distance 
that it projects is regulated by an adjustable stop held in one of the tur¬ 
ret-holes. When adjusted to any given length of work, this stop regu¬ 
lates the projection of each succeeding piece to be made, the stop being 
moved out of the v/ay by the motion of the turret after each chucking. 
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The adjustment of the stock may be considered the first operation. 
The stop being properly set, the turnstile lever is operated to bring 

the turret-slide to the right, and in this movement certain mechanism is 

Fig. 245. 

brought into operation which rotates the turret of a revolution, 
bringing the second tool into alincment. 

Probably the next operation w^ould be to bevel the end of the bar 
by a tool held in one of the tool-posts. This is very rapidly done by 
a quick-acting handle or lever connected with the cross-slide. 

The third operation is to feed the turret, bearing a roughing-tool 
to the revolving bar. The travel of this tool is controlled by a stop 
previously adjusted for the purpose. 

Having taken a roughing cut, the turret-slide is quickly moved back 
and rotated as before to bring in line the next tool, which is a sizer. 
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The sizer is then fed up to the stock, cutting the body of the screv. 
to the right diameter for the thread. 

For the fifth operation the turret-slide is moved back and rotated, 
bringing a threading-die in line, the forward traverse of the turret-slide 
for this operation being also controlled by a stop. Sometimes two 
dies are used, one for roughing and the next for sizing the thread. 

The sixth operation is to chamfer the end of the screw. This is 
often effected by the tool in the front tool-post. 

It remains in the seventh operation to cut the screw off to length. 
This may be accomplished by an inverted tool in the rear tool-post. 
Sometimes this tool is so shaped as to round the end of the screw at 
the same time that it is being cut off. 

It must not be inferred that the above method is the only method 
of making filister-head screws on tne turret-machine. Different work¬ 
men perform the same work in different ways. In some kinds of work, 
especially work of irregularly curved outline, forming-tools are largely 
used. Samples of such work and the methods connected therewitt 
are shown elsewhere in this chapter. 

Fig. 246. 

Automatic Screw-machinet—Fig. 246 shows an automatic screw^ 
machine. In this machine the turret is placed on the side of the turret- 
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slide and its face revolves in a vertical plane. The operations of the 
chucks the feeding of the bar stock, the reversing of the spindle, the 
movements of the turret-slide, are all controlled by quick-acting cams. 

Fig. 247. 

rhe manutacturers of the machine furnish with each machine instruc 
tions for laying out the cams. Full instructions for camming this machim 
are also given in the September 1903 issue of “Machinery,'^ page 6. 

Monitor Lathe.—^The monitor lathe shown in Fig. 247 is adapted 
to small gears, collars, hand-wheels, brasswork, etc. In addition to 
the turret it has a vertical forming attachment which is seen mounted 
on the cross-slide. Tools of various shapes may be secured to the slide 
and fed to the work by the vertical lever shown. 

Gisholt Turret Chucking-lathe.-*-As indicated in the beginning of 
this chapter, turret-machines have been modified and improved to 
such an extent that the best modern types cover almost as wide a range 



184 MACHINE-SHOP TOOLS AND METHODS 

of work as the engine-lathe. Figs. 248 and 249 show a machine which, 
while designed primarily for multiple and broad cutting and heavy chuck- 

Fig. 248. 

ing-wqrk, will also handle a medium grade of work, including bar 
stock and thread-cutting. The first of these figures shows a machine 

Fig. 249. 

in operation upon a cone pulley, and the piece of work shown in con¬ 
nection with the second illustration resembles a compression coupling. 

To better adapt this machine to the heavy stresses to which it is 
subjected, the head-stock, bed, and other important members of the 
framework are made in one casting. 

The turret, which slides directly on the ways of the bed, is made 
massive and rigid. In common with other turrets it is provided with 
holes for the reception of reamers, bars, etc., and in addition thereto 
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it has six broad surfaces to which may be bolted a great variety of special 

tools and fixtures. This machine is provided with a carriage bearing 
a turret tool-post in which four tools may be used. Any one of these 
tools may be instantly brought into action. 

The machine is so designed that the tools of the main turret and 
those of the carriage may be in operation at the same time. Thus, 
in machining a pulley, for instance, the periphery of the pulley could 
be turned by tools in the carriage tool-post at the same time that the 
pulley was being bored by the tools in the main turret. When boring 
with a boring-bar in the turret, one end of the bar is supported by a hi4^sh- 

ing in the main spindle of the machine. ITiis arrangement gives extra 
rigidity to the boring-bar. 

The Hollow Hexagon Turret-lathe. — Fig. 250 shows a machine 
known as the hollow hexagon turret-lathe. As indicated by its title 

Fig. 250. 

the turret in this machine is hexagonal, the tools being clamped to 
the outer faces of the turret. The open top admits of the tools and 
fixtures being bolted from the inside of the turret, without taking up 
any room on the outside for the bolt-heads, etc. This machine is pro¬ 
vided with roller feed, independent stops, automatic chucks, etc. 

Fig. 251 shows the spindle projecting through the front bearing. 
The head for holding the chuck-collets is forged on the end of the spindle, 
giving a minimum of overhang to the gripping mechanism. The 
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arrangement is such that the collets may be conveniently removed 
from the outer end of the spindle without disturbing the chuck. This 
machine has a capacity of turning from bar stock work not greater 

Fig. 251. 

than 2" diameter by 24" long. It swings over the bed 16", thus 
admitting of the machining larger work of short length. 

The Flat Turret-lathe.—Fig. 252 shows the machine known as the 
flat turret-lathe. This machine is of the same capacity as that last 
described. The names of the leading parts are given in connection 
with the illustration. 

The turret which is shown in Fig. 253 bears but little resemblance 
to that of common form, and it is called a iiai turret to distinguish it 
from the latter. The turret is mounted on a low carriage, being held 
to the carriage by an annular gib. The carriage slides on V’s on top 
of the bed and is gibbed to the outer edges of same. The tool-holders 
have little or no overhang, and the whole design of the turret is such 
as to afford great rigidity. The automatic traverse of the carriage is 
operated by a worm-wheel and worm. The worm, which is held in 
mesh with the worm-wheel by a latch, is automatically disengaged 
by the feed-stops. The stops are shown projecting beyond the right 
end of the machine. There is one of these stops for each tool-holder 
of the turret, and they are independently adjustable. By automatic 
mechanism the turret is rotated to bring the next required tool into 
operation as soon as it clears the work in its backward traverse. The 
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pin which locks the turret in position is placed at a maximum distance 
from the center of the turret, the arrangement being such as to reduce 
the lost motion to practically zero. 

The Cross-slide.—Fig. 254 shows a cross-slide used in connection 
with the turret. In addition to the cutting-off tool commonly used in 
one side of the cross-slide, various forming-tools and other special tools 
may be held on the opposite side. The tools are brought in contact 
with the work by the long lever showm. 

The apparatus furnished wdth the fiat turret-machine admits of a 
wide range *of operations, but it is sometimes advantageous to make 
special fixtures for special work. Several of these machines are in 
operation in plant within a minute's walk of the office w^here this book 
was written, and the officials of the Omega Sej^arator Company kindly 
permitted the author to observe the operations of these and other turret- 
machines. He noticed a special cross-slide wliich w^as made at the plant 
and used in connection with separator bowls. This slide has twa^ tool- 
holders. The first tool-holder carries a formed cutter and a cutting-off 
tool which rough-turns the piece and cuts off a projecting end. When 
this roughing is completed the cross-slide is fed in the opposite direction, 
bringing the flnishing-tool in contact with the work. 
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first of these figures shows the chuck (closed; and the second shows it 
open. Fig. 257 shows the roller-feed mechanism. When the chuck 
is open the feed mechanism advances the stock through the spindle 

Fig. 257. 

and chuck until it comes in contact with a stop attached to the front of 
the carriage. It is set in motion by the same lever that controls the 
chuck. The rollers are held in contact with the stock by stiff springs 
which admit of slippage when the bar meets the stop. 

The Die-carriage.—In addition to the provision for holding threading- 
dies on the turret; the machine is furnished with a die-carriage in which 
thread-dies of any kind may be held. This carriage is mounted on a 
sliding bar, as shown at D in Fig. 258, and may be swung into working 
position by means of the lever at its top. 

Improvements in the Flat Turret-lathe.—^This machine has been 
recently redesigned, a side view of the new machine being shown in 
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Fig. 259. The latest construction admits of such a close approximation 
to the processes of the engine-lathe that in many kinds of work the 
tools of the engine-lathe may be used. This makes it possible in many 

Fiq. 260. 

cases to machine single pieces as cheaply as, or more cheaply than, in an 
en^e-lathe. The alterations in the machine are such as to adapt the 
machine also to common chuck work. The head-stock, which was fixed 
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rigidly to the bed, has been given a crosswise movement, and in connec¬ 
tion with this movement a series of stops similar in principle to those 

Fig. 261. 

used in the turri^t are used. The stops are seen projecting from the 
left side of the machine in Fig. 260. The crosswise movement of the 

Fig. 262. ‘ 

head-stock is effected by the turnstile lever shown in Fig. 269. This 
movement is wholly on one side of the center line, the head-stock being 
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returned to a fixed stop when reamers and other tools of this character 
are used. Both head-stock and turret-slide are provided with power 

Fig. 266. 

feed. Friction mechanism is used to operate the power feed, the rate 
of feed being adjusted by a graduated hand-wheel shown under the 
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head-stock turnstile lever. The combination of the longitudinal move¬ 
ment of the turret and the crosswise movement of the head-stock, in 
connection with the stops for both, admits of machining with the same 
tool two surfaces which meet in a corner. 

The Geared Head.—Instead of the cone-pulley drive for. the main 
spindle a system of gears giving the various spindle s})eeds is employed, 
the changes being made by levers. This gearing is oj)erated by a single¬ 
face pulley, as shown in Fig. 259. The machine may be driven with 
equal facility either by a counter-shaft or an electric motor. 

Examples of Work Done on the Improved Machine.—Mgs. 261, 262, 
263, 264, 265, and 266 show various oj)erations indicating the adaptability 
of the new fnacliine to chuck work, the long cross-bar shown in the last 
three figures being particularly noticeable. Fig. 2t)4 shows three cuts 
being taken simultaneously with the cross-bar, and hig. 265 shows the 
cross-bar facing both edges of a j)ulley in one operation. 

Turrets as Used on Engine-lathes.—The turret-machine has proved 
so advantageous that many engine-lathes are now furnished with turrets. 

Fig. 267. 

Pig. 267 shows a turret engine-lathe. The turret of this machine has 
crosswise and longitudinal feeds, these being effected automatically by 
the regular carriage-feed mechanism. 
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Fig. 268 shows a turret adapted for use on the ways of an engine- 
lathe. 

The turret shown in Fig. 269 is designed to be held on top of the tool- 
rest of a lathe the same as a tool-post is held. The turrets illustrated in 

Figs. 267, 268, and 269 may be detached, when the lathe may be used 
as an ordinary engine-lathe. 
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TOOLS USED IN THE TUKKET-MACHTNE 

Box Tools.—One characteristic of the turret-machine is its use of 
hoz tools. Fig. 270 shows a simple design of box tool which was 

Fig. 269. 

suggested by C. H. Ramsey in American Machinist/' vol. 27, page 61. 
The tool B fits in a slot in the end of the tool-holder and is clamped as 
shown. The back rest F, which supports the pressure of the cut, also 
fits in a slot, and both cutter and back rest are adjustable. This holder 
is made from round stock, and the small end fits in one of the turret- 
holes. With slightly more expense the back rest could be placed at 
an angle as shown in Fig. 271* and this arrangement furnishes a better 
support to the cutting-tool. In using box tools on rough stock the 
cutting-tool is usually placed slightly in advance of the back rest. The 
cutter B in Fig. 270 is so placed. This arrangement provides for cutting 
a true bearing for the rest. On smooth stock, such as round cold-rolled 
bars, the rest is usually placed in advance of the tool, 

A box tool having two cutters is shown in Fig. 272. These cutters 
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may be adjusted for two different diameters, the forward tool making 
the larger diameter and the rear tool the smaller diameter. 

In the roughing box tool shown in Fig. 273 the cutting-tool is held 
in a tool-post similar to the tool-post of an engine-lathe, and it is so 
adjusted in relation to the work as to take a shccvriTiQ cut. The back 
rest is made in two parts to admit of more accurate adjustment. 
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Fig. 277. Fig. 278. 
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Drills may be held in a plain holder one end of which fits the drill 
and the other end a hole in the turret, or they may be held in a drill- 
chuck like that of Fig. 276. 

Thi<ead>catting in the Turret-lathe.—^Thread is usually cut in the 
turretHuachine with a die. Figs. 277 and 278 show respectively a die 
and a releasing die-holder. 
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The Spring-die shown in Fig. 279 may be adjusted by the split 
collar. This die Ls also held in the holder of P^'ig. 278. 

The Geometric Screw-cutting Die-head illustrated in Fig. 280 is 
self-opening and adjustable. The small end or shank which enters a 
hole of the turret is hollow and admits 
ot cutting any length of screw within the 
capacity of the machine upon which it is 
used. Stopping the travel of the turret- 
slide automatically opens the die. It is 
closed again by the handle shown, or by 
automatic connection. 

Forming-tools.—In Fig. 281 is shown 
a forrning-tool T secured to the cross¬ 
slide of a Ciarvin Universal screw-machine. 
One end of the piece to be turned is s\ip- 
ported in a center-rest held in one of the 
turret-holes. An adjustable center-rest is shown in Fig. 282. 

r -- -— 

V 

L-l t— 
Fia. 283. 

A great variety of forming-tools are used in coiinection with turret- 
machines, and Fig. 283 shows samples of forming-tool work. 
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pivoted tool-block the frame of which is secured to the turret. By 
means of an adjusting-screw, work from 0 to 2 inches diameter mav be 
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turned after the tool has been clamped. To prevent the work from 
being marked, when the turret-slide is moved back, the tool may, by 
means of the spherical end lever shown, be withdrawn. 

A Taper Turner and Former used on the machine last referred to 
is shown in Fig. 285. The cutting-tool and back rest are controlled 
by the former or template, which is planed tapering in thickness and 
width, thus forming two wedges, one of which controls the cutting-tool 
and the other the back rest. This turner turns tapers and other forms, 
a different template being used for each different form. 



CHAPTER XIII 

LATHE- AND PLANER-TOOLS 

A Standard Set of Lathe-tools.—The term machine-tool refers to the 
machine proper, as, for instance, the lathe or the planer. The terms 
lathe-tool and planer-tool have referenc^e to the steel tools used to cut 

Fig, 286. 

the metal. These tools, which do not include thase ot the turret-lathe, 
are, with rare exceptions, held in the tool-post or tool-block of the com¬ 
mon lathe or planer. In Figs. 286 ana 287 we show a standard set of 
lathe-tools, the names of which are as follows: No. 1, left-hand side tool; 
No. 2, right-hand side tool; No. 3, bent right-hand side tool; No. 4, 
roughing-tool; No. 5, finishing-tool; No. 6, diamond-point tool; No. 7, 
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twelve lathe-tools which are regarded as a regular set by other authori¬ 
ties. These are named as follows: No. 1, left-hand side tool; No. 2, 
right-hand side tool; No. 3, right-hand bent; No. 4, right-hand dia¬ 
mond-point; No. 5, left-hand diamond-point; No. 6, round-nose; No. 7, 
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cutting-off; No. 8, threading; No. 9, bent threading; No. 10, rough¬ 
ing; No. 11, boring; No. 12, inside-threading. Of the latter Nos. 1, 
2, 3, 7, 11, and 12 are intended to be of the same shape respectively 
as Nos. 1, 2, 3, 8, 11, and 12 in the first set. The threading-tools in 
both sets are the U. S. standard. 

Uses of Various Lathe-tools.—Respecting the use of the tools in 
Rg, 288, No. 1 is suitable for facing or turning the left side of a collar, 
as shown in the plan at (1) in Fig. 289, while No. 2 is used for facing 
the right side of same, or the right end of a shaft. These tools may 
also be used for facing at other angles than those shown. Tool No. 3 
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is designed for facing on the right side close to the lathe face-plate. It 
is bent in order to permit the tool-rest to clear the lathe-dog, as at (3). 
The diamond-point tools (4) and (5)* are used to take roughing cuts, the 
top face of No. 4 being inclined toward the right, making it cut ad¬ 
vantageously, or with rake, on the left. The cutting directions of 
these tools are shown at (4) and (5) in Fig. 289. The diamond-point 
tool may be used, also, for smoothing or finishing cuts (see under 
‘'Feeds,’' page 173) by adjusting it so that one side will have nearly 
fiat contact with the work, as at (5a). No. 5, Fig. 286, is used in the 
same way for finishing The tool marked (6) may be used for rounding 
out a fillet, and for similar purposes: see (6) in Fig. 289. No 7, as its 
name indicates, is used for cutting off a shaft, this operation being 
shown at (7). For ordinary work it should be ~ to g- inch wide. It 
may also be used for smoothing cuts and for squaring a corner 
under a collar. For these purposes it is usually made about wide. 
No. 8 is designed for thread-cutting, but when the thread is near 
the face-plate end of the work No. 9 should be used. These two 
tools are held in the tool-post like Nos. 7 and 3 respectively. No. 4, 
Fig. 286, is used by some mechanics in preference to Nos. 4 and 5, 
Fig. 289, and instead of No. 10. It is less difficult to forge than the 
first two, and it is well adapted to moderate roughing cuts, both in 
crosswise and longitudinal turnings. The side tools described are used 
mainly for the light smoothing cuts. For internal work we use No. 11 
for boring and No. 12 for threading, as shown at (11) and (12) in the 
illustrations of Fig. 289. For squaring up a shoulder the boring-tool 
is shaped like (11a). The angle A of this tool thould be less than 90® 
to insure reaching the extreme corner^ and also to lessen the tendency 
to chatter. By grindiiig this tool with the proper clearance, it may 
be used, also, for internal square threads. Some mechanics prefer the 
tool shown at (13) to the diamond-point tool for heavy work. For 
smooth cuts and fast feeds on heavy work (14) shows a good design. 

Planer-tools.—Of the tools shown in Figs. 288 and 289, Nos. 1, 2, 3, 
4, 5, 6, 7, 10, 13, and 14 are also used on the planer in the same manner 
that they are used in the lathe. For roughing down vertical faces the 
stocking-iool, No. 15, Fig. 289, is a good form. Various special tools are 
made for both planer and lathe; these have special shapes to suit the 
requirements of each case. 

Tools for Brasswork.—The tools in Fig. 288 are adapted to all the 
metals in common use except brass. Nos. 7 to 12 inclusive may be used 

* The points of these tools should be ground slightly rounding. 
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for brass if the top cutting face be kept flat and horizontal. In addition 
to these, the tool illustrated, Fig. 290, may lx? used on brass for longi¬ 
tudinal and crosswise roughing and finishing cuts. For squaring under 

Fig. 290. Fig. 291. 

a shoulder the cutting edges of this tool should be ground to a point, 
and somewhat less than 90°. 

Fig. 291 shows the top view of a brass tool which is used by some 
mechanics for longitudinal and cross feeds. This tool should be flat 
on top and have clearance on the front end and on the concave side. 

Tool-holder Plan.—The foregoing system, in which the tools are forged 
from bar stock, is being superseded to a considerable extent by the tool- 

holder plan. In this system a number of tool/Steel cutters are used inter¬ 
changeably in one holder, the latter being made of cheaper metal. These 

Fig. 292. Fig. 293. 

cutters are made of sizes and shapes which are kept in stock in all grades 
of tool-steel by the dealers. The cutters require no forging, being ground 
on the emery-wheel to any ordinary shape. Self-hardening steel is 
generally used for the cn.tters, and this requires no tempering. 

Fig. 292 shows a tool holder and cutter. The cutters are held by a 
set-screw at an angle which is considered about right for average require¬ 
ments. Generally it is not necessary to grind the top faces of these 
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cutters, but tliey may be ground to give negative or zero rake for brass- 
work, or be changed for any other special case. The uses of these tools 

Fig. 294. Fig. 295. Fig. 296. 

in various ways, both for lathe and planer work, are shown in Figs. 293, 
294, 295, and 296. 

Boring>tool Attachment for Lathes—Boring Deep Holes.—A very 
substantial boring device is shown in Fig. 297. In this device A 

is a kind of clamping fixture, which takes the place of the ordinaiy 

(*utl<'r-f)ur uttuehineiit for latlies 

Fig. 298. 

in Fig. 298. The fixture A will hold different sizes of bars, which 
are clamped by the set-screws JS and movable jaw J. The overhang of 
the bars may be gaged to suit the length of hole. 

When boring extra long holes with a common boring-tool, the springing 
of the tool makes the hole tapering. To compensate for this error the 
experienced mechanic feeds the lathe-carriage both forward and back¬ 
ward, and takes very light cuts to bring the hole to the finished size. 
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A reamer would, of course, save time, but such a tool is not always 
available for special sizes. The dcvuje'shpwn^iit Fig. 297 is much 
superior to the ordinary boring-tool. ’By making the cutter with two 
cutting edges (one on each end), and takirj^ ^^doublc cut, the bar is 
braced against deflection and parallel boring is made easy. The author 
has sometimes used double cutters insteacl o?*ftvrekmer. For this purpose 
the cutter should be turned in i\& bar between centers. • To prevent 
chattering and make a smooth hole, the cutler shplild be filed with mini¬ 
mum heel clearance, and after being tempered it should be carefully 
oilstoned. If the cutter be held with a taper-^in. fitti^j^ a notch near 
the center of the cutter, it may be very quickly adjusted in the bar. 
Cold-rolled steel or tool steel, used without being^nachinoi, will answer 
for the bars. 

Planer-tool with Angular Adjustment.—Any of these tools, except¬ 
ing the boring-tool, may be used on the planer; but the tool shown in 

Fig. 299. Fig. 300. 

Fig. 299 is specially adapted to planer work. Fig. 300 indicates how 
this tool may be adjusted to different angles in the latter work. 

Gang Planer-tool.—This tool, which is illustrated in Fig. 301, is 
designed especially for planing broad "flat surfaces. The tool-head, 
carrying several cutters, is adjustable on the shank. By properly 
adjusting the head a coarser feed as compared with a single cutter 
may be used. This is accomplished by dividing the cut as shown in 
Fig. 302. With a given feed, say Ys", the head should be so ad¬ 
justed as to divide the cut equally between the number of cutters used. 
The cutters should be ground to uniform shape, and should be so set 
as to bring the lower ends in the same horizontal plane, a flat plate or 
surface being used for this purpose. 

Figs. 303 and 304 show a side tool and a cutting-off tool respec¬ 
tively. These may be used for both planer and lathe work. When the 
holders are offset they are better adapted to lathe work. 
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Thread-tool and Holder.—In Fig. 305 is shown a good design of 
tool for thread-cutting. The cutter, which is held by the two set-screws 
as shown, is shaped to the angle of the U. S. standard thread (60®) and 

is to be ground on the top face only. The cutter should be so ground and 
set that a line coincident with its top face would pass through the axis 
of the central clamping-screw and be parallel with the bottom of the 
holder. The same line should pass through the axis of the work. 

The Rivett-Dock Thread-tool.—In cutting threads with one single- 
pointed tool, or even with one roughing and one finishing tool, considerable 
time is expended in grinding the tools 
to a gage, adjusting them in the 
lathe, and in gaging the work. 
The thread-tool shown in Fig. 306 
is designed to overcome, in a great 
measure, these difficulties. For each 
pitch of thread a disk cutter, having a number of teeth of the cor¬ 
rect angle, is furnished. These disks are interchangeable and may be 
secured to a holder which, when in use, is mounted on the tool-block of 
the lathe as shown. Each tooth traverses the thread once, the first 
cut being made by tooth No. 1, the second by No. 2, and so on, until 
all the teeth in the disk have been brought into contact with the thread. 
The last tooth, which is the only one that conforms to the final shape 
of the thread (the others being broader at the point), cuts the thread to 
the required shape and diameter. 

Each tooth is brought into position in ttim, by the lever shown. 

Fig. 305. 
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By means of this lever and its ingenious connections, the disk Ls rotated, 
advanced to the work, and locked for each cut. 

For extra-accurate threading, such as is neenssary in making Ui'pn, 

and for fine finish, it may be necessary to divide the last cut into two 
or more finer cuts. 'Fhe tool is provided with micrometer adjustment for 
this purpose. It is furnished, also, with side-rake adjustment for right 
and left threads. 

Multiple-edge Tools.—1 he tool above described might ])e called a 
turret thread-tool, the principle of action being that of the turret- 
machine. In the chaser-edge cutter, Fig. 307, the holder of v»^hich 

Fig. SUV. Fig. 30». 

js shown in Fig. 308, all of the teeth are in contact with the thread at 
the same time. This reduces the wear on each tooth and accomplishes 
some of the purposes of the tool shown in Fig. 306. 

The possibilities of multiple-edge tools are not fully appreciated. 
These tools may be used for lathe, planer, shaper work, etc. If, for 
instance, three grooves were required to be cut in a shaft, a cutter and 
tool-holder could easily be made (and, indeed, is sometimes made) to 
cut all the grooves in one operation. A tool could as easily be made 
to cut several grooves simultaneously in the planer or shaper. 

Fig. 309 shows a piston-ring being turned on the inside and outside 
in one operation. Two boring-bars, each carrying an adjustable cutter, 
are used in this case. A forked tool-holder with cutters held by set¬ 
screws is sometimes used for work of this character. Fig. 310 shows 
such a holder, but the adjustable cutters are held by a plate and one 
screw. Fig. 301 might be classed with multiple-edge tools. 

Advantage of Backward Offset in Planer-tools.—Fig. 311 * shows a 

♦Cut first used to illustrate an article by “Theodore*^ in ^'American Machine 
ist ” vol. 27, page 290. 
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tool-holder and cutter designed for planing lathe V’s. When the cutting 
edge of the tool has a broad bearing on the work this backward offset 

» Fig. 309. 

has an important aavaniage. 'Fhe strongest tool-holder must spring 
to a slight degree, but when it is made as above it springs from the 

work, and this in a large measure prevents chattering. This tool shows 
how cutters for shaping large curves and other forms, may be made 
jvery cheaply. The cutter requires but a small piece of high-grade steel 
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and it is held by one bolt and a dowel-pin as shown. Any number of 
eutters may be used separately in the same holder. 

MaeHniH 

Kkj. 3U. 

Spring-tools for Lathe-work.—^The principle of the above tool is 
sometimes employed in a lathe-tool. For lathe work, however, the tool 
is shaped as shown in Fig. 312, 
which represents a spring thread- 
tool. 

Rake and Clearance of Lathe- 
tools.—One of the most impor¬ 
tant considerations in connection 
with lathe- and planer-tools is the 
proper inclination of the cutting 
face to thg work. For most pur¬ 
poses the tools should be so shaped 
as to peel the metal off, somewhat 
as a plow turns the soiL Wh^n a 
tool is so shaped as to produce this 
effect it is said to have ‘"rake." Fig. 312. 

A more precise explanation of the 
use of the term rake is given in connection with the illustrations in Figs. 
313, 314, and 315. Referring to these figures. Fig. 313 is a side view of a 
cylinder or shaft as held between lathe-centers, and in connection with 
same is seen a vertical section through CD, Fig. 314, of a side tool. 
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Fig. 315 is a cross-section of a cylinder with a longitudinal vertical 
section of a lathe-tool. Assuming in all cases that the point of the 
tool is set on a level with the axis of the lathe-spindle, in ¥ig, 313 the 

Fig. 313. Fig. 314. Fig. 315. 

angle A, formed by the horizontal line H and face F of the tool, will, 
in this work, be called right rake, while the angle .4 1, between the ver¬ 
tical line V and side will be called right clearance * The similar 
angle and clearance on the opposite side (not shown) will be called 
left rake and left clearance. In Fig. 315 the angle A 2, formed by the 
horizontal line // passing through center of the shaft, and hy the top 
face F 1 of the tool, will be called front rake; the angle A 3, between 
the vertical line V 1 and the front side of the tool S 1, will be called 
heelrclearance, and the angle between front side >> 1 and the top face 
F1 will be called the cutting angle. The above explanations refer 
to the lathe-tools. The rake and clearance on planer-tools are meas¬ 
ured from vertical and horizontal planes in practically the same way, 
and may be called by the same names. 

Changing Height of Tool Changes Angle of Rake.—As stated, it is 
assumed in the above that the points of the lathe-tools are to be set 

on the level of the lathe-spindle axis. We will now investigate the 
effect of deviating from this position. In Fig. 316, let 0 represent 

^ Left and right clearance means left and right side clearance. The term 
rake, fiometimes applied to the angle of clearance, is not so used in this work. 
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a cross-section through a cylinder as before, T the lathe-tool set above 
the center, and 7" 1, on the opposite side, a similar lathe-tool set below 
the center. H is a horizontal line. It is easily seen that the ‘'effective’’ 
front rake is much greater in T than in T\. Again, in Fig. 317 let T2 
be tipped * in the tool-post to bring the point to the center, and the 
effective front rake is again changed. 

Side Clearance Varies with Change in Diameter and Feed.—Joshua 
Rose, in "Modem Machine-shop Practice,” has called attention to a fact 
respecting side clearance which is 
often overlooked. In Fig. 318 let 
T 3 represent a section of a tool the 
same as in Fig. 313, excepting that 
it is being traversed in the direction 
of the arrow, at the rate of Vioo of 
an inch for each revolution of the 
shaft. In Fig. 319 let T 4 have the 
same nominal side clearance, and 
let it traverse in the same direction at V/' per revolution. The effective 

side clearance for the two cases differs considerably, as shown in the 
illustrations. It differs also with every change in diameter of work. 

Clearance and Rake for Average Requirements.—From the above 
considerations, and from the fact that different densities of metals 
require different angles of rake, it is evident that in determining the 
best shape of tool to cover a cbnsiderable range of work we must 
compromise between conflicting requirements. The various roughing 

tools * which are designed to remove the bulk of the metal are the 
most important. When the nose or cutting end of a roughing tool is 
presented to the work at an angle of about 60°, as indicated at No, 4, 
Fig. 289, little or no right rake is required. If the tool thus adjusted 
has about 24° front rake and 10° clearance, it will give fairly good 
results. Such a tool will also cut in the opposite direction, if oppo¬ 
sitely inclined in relation to the work. But when the nose of the tool 
is set normal to the surface of the work, it should have both front and 
right rake (assuming it to be traversing toward the left). Very good 
results have been obtained with tools having equal front and right 
rake, but exhaustive experiments have demonstrated that the right 

* Articles of special value on roughing tools are given in the “ American 
Machinist” of Mar. 5, 03, Mar. 8, ’06; and Jan 10, Feb. 14, Feb 21, Nov. 7. 
Nov 14, and Nov. 21, 1907. 

Fio. 318. Fig. 319. 
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rake should be the greater. To get the best results the tools should, 
of course, be shaped differently for different materials. For ihetals 
ranging from cast iron and the harder grades of steel to wrought iron 
and extra soft steel, the front rake might be the same for all the tools, 
viz., 8°. But the right rake should vary in the different tools from 
about 12° for the hard to about 24° for the softer materials. The 
right clearance and heel clearance should be about 8° and 10° respec¬ 
tively, for all the tools. If, however, it were required that one tool 
should answer for this range of work, the tool shown in Fig. A would, 
perhaps, be a good compromise. The right rake of this tool varies 
from the average of the angles given for hard and soft metals in favor 
of the hard. The dotted line shows how the heel of the tool might be 
cut off to lessen the work of grinding. 

The angles of rake and clearance given for the tool shown in Fig. A 
will answer for finishing tools and other traversing tools used for light 

Fig. a. 

euts. However, there will be no marked difference in the quantity of 
work produced by such tools if they are made with considerably less 
rake. Instructions for shaping various thread-tools are given on pages 
286 to 292. These instructions show that V-thread tools may be made 
with rake or without it. The cutting-off tool, No. 7, Fig. 288, should 
have front rake, though often made without any rake. The right and 
left clearances of this tool may each be about 3°, and the heel clearr nee 
may be 10°. To work without undue friction, the blade must be 
.alightly narrower where it joins the body than at the point. 

The regular side tools, Nos. 1, 2, and 3, Fig. 288, are commonly 
made with as much clearance and right or left rake as are roughing 
tools, but they require no front rake. The diamond-point tools of the 
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figure last referred to, when used on heavy work with fast feeds, 

should have the points rounded somewhat like the point of the tool 
shown in Fig. A. They should also be similar to Fig. A with respect 
to rake and clearance, when used for the same range of work. A 
long slender shaft, unless supported by a follower-rest, is likely to 
chatter and spring if the tool contact be excessive. For such work fine 
feeds and tools with points but slightly rounded are generally neces¬ 
sary. If a tool having rake is used for cutting brass, the carriage 
and cross-slide gib-screws must be snugly adjusted, otherwise the tool 
will gouge into and mar the work. To prevent this trouble tools for 

brass are rarely given any rake, but they usually have ample clearance, 
as indicated in Fig. 290. 

Rake and Clearance for Exceptional Cases and for Planer Tools.— 
The keen edge proposed for ordinary tools would be very quickly 
destroyed in cutting chilled iron. The cutting angle of tools used for 
this work should be but little less than 90®. 

All that has been said concerning the rake of lathe-tools will apply 
equally well to planer-tools. But these tools should not be fed to 
the work while cutting, and for this reason they require less clearance 

than lathe-tools. From 3® to 6® will be about right for both heel 
and side clearance. 

Lubricants Used in Turning, Drilling, etc.— All operations on cast 
iron, such as turning, drilling, reaming, etc., are usually performed dry, 
but some mechanics tap cast iron with oil, and others advocate the use 
of water in turning cast iron. All the above operations on wrought iron 
and steel may be performed in connection with oil or some cheaper mix¬ 
ture, except that lard-oil should be used in reaming. To avoid the 
dirty condition of the lathe which results from the use of oil or soda- 
water we frequently turn wrought iron and steel dry. All operations 
on brass may be performed dry, except that some machinists prefer to 
use oil in tapping brass. Copper should be machined dry, except that 
in reaming lard-oil should be used. In tm:ning, drilling, etc., in Babbitt 
metal no lubricant is required. In drilling glass use turpentine or 
kerosene oil. 

A cheap compound may be purchased for use in lubricating and 
cooling cutting-tools. The air blast is sometimes used for the latter 
purpose. 
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lathi:-ci^:ntkhs, work-centers, etc. 

Ideal Condition for Lathe-centers.—The proper care of lathe-centers 
and work-centers is of such importance that it seems well to emphasize 
it by devoting a chapter to the subject. In grinding work between 
centers on the universal grinder, both centers are stationary, while the 
work revolves. The centers cannot, under these conditions, affect 
the concentricity of the work. This is the principle upon which lathes 
doubtless would be constructed if there were not serious practical dif¬ 
ficulties in the way. Nevertheless, as lathes arc now constructed, the 
center in the main spindle revolves, and any eccentricity that there 
may be in this center is transferred to the work. The prevention of 
this eccentricity requires extreme care, as will be explained below. 

Taper of Lathe-centers; Angle of Point, etc.—In the wood-turning 
lathe there is one spur-center and one center with cup point, the former 
being of such a shape as to cut into and drive the work. In the metal¬ 
turning , lathe both centers have conical points, as in Fig. 320, and the 

Fig. 320. 

work is driven by the lathe-dog. Inhere is no standard for the taper of 
the lathe-centers, but they are seldom made more than Yg" nor less 
than V2'' taper per foot. The Morse taper, given elsewhere in this book, 
is approxiiiiately Ys'' per foot, and this taper is sometimes used on lathe- 
centers. 

There is a tendency toward the adoption of standards for all regular 
machine details, and doubtless manufacturers will at some future day 
adopt a standard for lathe-centers. In anticipation of this time Oscar 
Beale has proposed a system in which the dimensions of a taper are in¬ 
dicated by its number. In Mr. Beale's system the number designating 

224 
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a certain size of taper expresses the number of tenths of an inch at the 
small end of the taper, the number of eighths at the large end, and the 
number of halves of an inch of its length. Thus number 10 taper would 
be 1" at small end, 1V4" at the large end, and 5" in length. 

Respecting the coniml point of the center there is less variation 
in practice; nearly all machinists use 60° as the standard angle of centers 
for small work, though some prefer a greater angle for lieavy work. It 
has been demonstrated, however, that 60° makes a center sufficiently 
strong for the heaviest work, and this should be adopted as the standard. 
The standard 60° gage for testing the point of a lathe-center (^an be bought 
from machinery supply stores. 

It is very Important to keep the Centers True, and previous to the 
introduction of center-grinding machines the best mechanics would leave 
the live center (the center which revolves) soft, and turn it and re-turn 
it as often as necessary. The difficulty in this method is that in heavy 
work the center may, without the knowledge of the workman, be strained 
slightly out of true, and this would cause eccentricity in the work to be 
turned. A better plan is to Jmrden both centers^ Siiid keep them in gppij 
condition by grinding them as often as necessary. The machines designed 
for this purpose are usually fastened in the tool-post like an ordinary lathe- 
tool, and the emery-wheel is generally driven either by a belt or by 
frictional contact of a small pulley with the cone pulley or face-plate of 
the lathe. One of the most convenient machines for this purpose is 
so designed that it may be adjusted for correct angle by merely supporting 
it between the lathe-centers and tightening the tool-post in the usual 
manner. This machine is shown in Fig. 321 in position on the centers as 
indicated. The adjustment in the tool-post should be such that this 
alinement of the grinder will not be disturbed when the tail-spindle of 
the lathe is withdrawn. When the grinder is thus adjusted, the lathe 
tail-stock is moved out of the way, the emery-wheel advanced to the 
left by the knob Ey and the wheel brought into contact with the center 
by the combined movement of cross-slide and carriage. The rubber 
pulley D is next pressed against the revolving cone pulley, which should 
run backwards at its highest speed, when the grinding may be commenced. 
For each traverse of the emery-wheel over the surface of the center 
(which traverse is effected by the knob E) the cross-slide of the lathe 
is fed inward a small fraction, this process being repeated until the grind¬ 

ing is done. 
The small emery-wheel should be ‘‘touched up” with a diamond as 

often as it becomes glazed. 
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A center-grinder has recently been introduced, which is so constructed 
that it may be driven by merely making connection with an electric 

drop-cord. 

To lessen the work of grinding the centers, they are frequently turned 
with a shoulder as in Fig. 322. 

When the point of the center breaks it must be annealed and re-tumed, 
as the grinder is not intended for removing any considerable amount 



LATHE^ENTERS. WORK^ENTERS, ETC. 227 

of metal. Before inserting the center in the spindle, any grit that may 
have adhered to the body of the center should be carefully removed. 

Fio. 322. 

Further Precautions as to Centers.—It is impossible to exaggerate 
the importance of keeping the centers true. If a shaft be turned half 
its length with the live center eccentric, and them reversed and thi‘. 
other end turned, the two ends of the shaft will be eccentric with each 
other. The smallest speck of grit between the body of the center and 
the hole in the spindle, or betw^een the point of the center and the center 
in the work, loill cause an appreciable eccentricity in the work. To avoid 
this eccentricity, first, the centers should be carefully wiped; second, 
the spindle-sockct should be carefully cleaned. This is best effected 
by wrapping cZean, dry w^aste around a stick and swabbing the socket 
while the spindle is in motion. Third, the center should have a witness¬ 

line, matching a similar line on the end of the spindle, and these lines 
should correspond when the center is in place. Fourth, the point of 
the lathe center and the center in the work should fit and be free from 

dirt. As a further precaution the centers w^hen removed from the 
lathe spindle should be placed in wooden brackets fastened to the lathe, 
or otherwise kept from contact mth other tools; also clean waste should be 
placed in the spindle-socket when the center is removed. If mixed 
promiscuously with other tools, the centers will be marred or scratched, 
which will cause eccentricity in the work. 

A slight error in the tail-center cannot cause eccentricity in the 
work, but it may affect the parallelism of the work; and a speck of grit 
or a scratch might cause looseness of the center, which would cause chat¬ 
tering. Both of these difficulties are to be avoided by keeping this 
center, also, free from dirt and scratches. As another safeguard against 
tapering work, especially in old lathes, it is well to have witness-marks 
for the tail-center also. 

Square Centers.—^In metal-turning lathes (except when a chuck 
is used) the lathe-dog is commonly used to drive the work. This is 
almost an invariable rule; but there is one exception: Oh very small 
brasswork, especially when it is desirable to turn the full length of the 
work without reversing it in the lathe, a square center may be used. 
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This center is shown in Fig. 323. The center in the work must obviously 
be made with a punch having a point of a shape corresponding to the 

Fig. 323. 

shape of the lathe-center. On diameters greater than, say, about 
the resistance of the cut will generally be greater than the driving power 
of the square work-center; for this reason the square center cannot be 
used on large diameters.. 

The Female Center has its outer end shaped the reverse of the conical- 
point center, as illustrated in Fig. 324. This form of center may be 

Fig. 324. 

used on small work, in which case the end of the work next to the head 
spindle of the lathe requires no work-center. If the center in the 
tail-spindle be made of the same form, that end of the work could also 
be used without a work-center. The difficulty in this case, however, 
would be that the extreme ends of the work could not be machined. 
The female center is seldom used, but when it is used it has the 
advantage of truing the work automatically. 

Pipe-centers. — It is sometimes necessary to thread or otherwise 
machine common pipe. When the ordinary lathe-centers are large enough, 
such work may be machined on these centers; but for the larger sizes 
of pipe it is necessary to have special centers. These pipe-centers are 
best made in two parts, as illustrated in Fig. 325. The arbor part of 
the metal fits the lathe-spindle in the usual manner. The conical end 
of the center in the tail-spindle is detachable, and revolves upon the 
arbor. These centers may be made to take pipes as large as 6" diame¬ 
ter, or larger. 

Proportions of Centers. Tools for and Methods of Centering Work. 
In centering a shaft or other similar detail, it is first necessary to locate 
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the position for the center. This may be done by means of the center- 

square or compass-caliper for the larger shafts, and a bell-punch for the 

Fi«. 325 

smaller sizes, as explained in a subsequent paragraph. In using the 
latter the center is located and indented at the same time. In using 
the center-square or compass-caliper we merely mark a position for the 
center, and then indent this position with the center-punch and hammer. 
Having located and indented the center, we next drill and ream it. 
The depth of the drilled center should be such that the extreme point 
of the lathe-center shall clear the bottom of the hole Vie" or more. 
The diameter of the drill may be Vie" for V4- to V2-inch shafts, V32" 
above V2” lV4-ii^ch, and Vs" for sizes larger than l\/4-inch. The 
countersink should be 60® angle, and the largest diameter of the 
countersink in the work should equal the diameter of the shaft X Vie 
for sizes above V2" diameter. For shafts V2" and less it will 
be sufficient to just ream away the sharp corners of the drilled center 
Shafts and other work turned on centers should* generally be faced on 

the ends before the longitudinal turning is started, and the drilling 
and reaming should be enough deeper than the above proportions to 

allow for the facing. 
The Center-square, referred to in the preceding paragraph, is so 

constructed that if pressed against a shaft, as in Fig. 326, one edge of 
its blade will pass through the center of the shaft end. The center may 
be thus located by marking two intersectiong lines with the scriber. 

The Use of the Bell Center-punch is illustrated in Fig. 327. The 
punch should be held as nearly true with the axis of the shaft as may 
be readily determined with the eye. If there are lumps or irregularities 
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on the edge where the mstniment touches, these should be lemoved 
with a file, or the center would not be accurately located. There would 

be an error, also, in the location of the center in case the end of the 
shaft were much out of square with its axis. 

The Use of the Hermaphrodite Caliper for centering a shaft is shown 
in Fig. 328. For centering set the calipers to the radius of the shaft, and 
with the caliper leg against the periphery of the shaft describe an arc 
with the other leg. Describe two otlier arcs in a similar way. The 
center will thus be indicated. 

Center-drills and Center-reamers. Centering-machines.—An ordi¬ 
nary twist-drill may be used for drilling centers, and they may be reamed 

Fig. 329. Fig. 330. 

with a reamer like that shown in Fig. 329. Some prefer a drill and 
reamer combined, as shown in Fig. 330. The above tools may be used 
for centering work in a sensitive drill similar to Fig. 116, or they may 
be used in a lathe, preferably a speed-lathe. In either case the drill 
generally revolves. 
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When the centering is done in the lathe the work is supported at 
one end on the tail-center, and, if small, the work is held by the hand on 
the opposite end. More accurate drilling will result if the work be 
given a half-revolution back and forth several times during the drilling. 

Heavy work should be securely supported at both ends; and when 
any cylindrical work, heavy or light, is to be centered with special accu¬ 
racy, it may be driven by a chv^k and guided on the right-hand end by 

Fig. 331. 

a steady rest, as will be explained in another chapter. In such cases 
the work revolves. 

Fig. 331 shows a machine designed especially for centering. Ii' 
centering work in this machine it is unnecessary to indent the center, 
The work is gripped in the universal chuck and held central with the 
revolving drill. The latter is supported in a socket with so little pro- 
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jection that there is but little chance for deflection. These drills and 
sockets are shown in Fig. 332. The machine is driven by the counter- 

Fio. 332. 

Shaft Shown, and the driU is fed by the liandle at the right end of the 
head-Btock. 



CHAPTER XV 

METHODS OF DRIVING WORK IN THE LATHE. DOGS AND CHUCKS 

Driving Work by a Common Lathe-dog.—When work of the character 
of a s^ft is to be turned on centers it is in most cases driven by a lathe- 
dog. Tojlrive a shaTE^ placed on the end of the 

shaft and its set-screw tightened. It is then placed on the lathe-centers 
in such a manner that the tail of the dog engages with a slot in the lathe 
face-plate, as shown in Fig. 333, or with a stud projecting from the face¬ 

plate. In both of these methods there is a slight tendency to cramp 
and deflect the work, but with ordinary care either of the methods will 

answer passably well. 
The tail of the dog should fit freely between the sides of the slot, 

and it miist have clearance in the bottom of the slot.. The latter is of 
special importance in turning work with the tail-stock set over, which 

is one method of turning tapering work. In using the lathe-dog for 
this work the tail of the dog moves back and forth in the slot, and it 
is, therefore, necessary to turn the lathe around slowly and see that 

the dog clears the slot throughout one revolution, Otherwise the work 

may be forced off the lathe centers. 
Using a Double-end Dog.—Tfi overaome the cramping tendency 

the-douhlflr§ind dog shown jn Fig. 334 is sometimes used. Uhl^ special 

care is exercised to see that tJuaJ^^hag cqnU^ 
-- ....233 
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will be neutralized, and it will, in effect, become a single-end dog. To 
insure accurate contact it is well to have scrcw-adjustment in one of 
the drivers for such a dog, as illustrated in Fig. 335. 

Fig. 334. Fig. 335. Fig. 336. 

Protecting Finished Work.—When the lathe-dog is to be used on 
finished work the latter should be protected by placing a bit of sheet 

brass between the set-screw and the work. As a further protection, 
in particular cases, a sleeve made of slieet brass and fitting nearly around 
the work may be used. 

Dog for Taper Work.—Fig. 336 shows a clamp dog which grips the 
work by two screws, neither of which touches the work. This dog 
is made with and without the swivel joint, but when made as shown 
it will grip tapering work squarely and hold well. With or without 
the swivel it will drive “straight” work. It will mar the work much 
less than the dog first described, but it should, nevertheless, be used 
in connection with the brass sleeve for polished work. 

Dogs for Threaded Work.—^Wdien threaded work j8.. tQ be turned 
on_centers a special dog made like Fig. 337 * is desirable. This dog 
is split on one side, and by means of the screw S it may be tightened to 
grip the bushing B, which is also split. The bushing is threaded inter¬ 
nally to fit one size of screw, a different bushing being required for 
each size of screw. Tightening the screw S closes the bushing and 
grips the screw "which is to be driven. 

♦Cut taken from an article by “Cherry Red’* in “American Machinist/’ voh 
27, page 153. 
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Another method consists in using the ordinary dog in connection with 
a nvi which fits the thread. This nut is mwed through on one side. 

Tightening the set screw of the dog on the nut causes the latter to grip 
the thread of the screw. 

If two nuts be used, one being tightly jammed against the other, 
and the dog tightened on the outer nut, neither of the nuts will need 
to be split. 

Some workmen try to protect the thread by merely using a brass 

sleeve under the set-screw of the common dog, the same as when turning 

plain work. This is unsatisfactory, except, perhaps, with square threads, 
but even here it is not good practice. Inasmuch as a common nut sawed 
through on one side costs but a trifle, it is generally inexcusable to use 
the common dog and brass sleeve on either a V thread or U. S. standard 
thread. 

The Bolt-dog.—Square sections, hexagonal sections, etc., may be 
driven by an ordinary lathe-dog, but when there is much of this work 
a special dog bolted to the face-plate as shown in Fig. 338 is preferable. 
This dog will drive either square or hexagonal stock, or, indeed, any 
section which has two parallel flat sides. It saves time in machining 
bolts when these are to be made by the slow engine-lathe process. 
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Driving Work on Centers without a Dog.—In the chapter on lathe 
centers the method of driving work by a square center has already 
been mentioned. A more accurate method is that illustrated in Fig. 339. 

Fio. :iH8. 

Fig. 339. 

This figure shows a conical center with a groove milled in one side to receive 
a driver which is held by a set-screw. The work has a notch milled in 
its end to engage with the driver. 

CHUCKS 

Definition and Classification.—chuck is a kind of vise designed 
to screw on the lathe-spindle and grip work, causing it to revolve with 
the spindle. Chucks are made in the independent type, in which the 
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gripping jaws are moved separately; in the universal type, in which all 
the jaws are moved simultaneously; and in the combination design, in 
which the jaws may be moved separately or together. 
^rUEndependent Chucks.—^These chucks are made for general work 

with either three or four jaws, which are usually reversible. For special 
work they are sometimes made with two jaws, and for very large work 
with more than four jaws. Fig. 340 shows a perspective view of a four- 

Fig. 340. 

jaw independent chuck. Each jaw has three shoulders or bites, 
besides the outer bite. The jaws are moved by a key or socket wrench, 
which fits the square ends of the screws seen just under the jaws, being 
guided in accurately fitting radial ways. When the jaws are placed 
as shown in the illustration, three different large diameters may be 

gripped on the outside and one on the inside. The jaws will, of course, 
close up for smaller diameters. When reversed the jaws have one 
outside bite and three internal bites. 

Fig. 341 shows a sectional view with one jaw and one screw removed. 
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To remove or reverse a jaw, it is necessary only to revolve the screw 
until the jaw is moved radially beyond the screw-thread; it may then 
be withdrawn. On sliding it into the ways again, with or without 
reversing, and turning the screw in the right direction the threads of 
the screw will again engage those on the under side of the jaw. 

Machining the Back Plate for a Chuck.—A chuck does not screw 
directly on the lathe-spindle; but a plate which screws on the spindle, 
is made to fit the recess on the back of the chuck. In I'ig. 342 is shown 

Fig. 343. 

such a plate screwed on a lathe-spindle, the chuck being bolted to it 
in the usual manner. This figure shows also a similar plate Z), 
gripped in the chuck, ready to be bored and threaded. This work is 
usually done by the purchaser, rather than the manufacturer of the 
chuck. The plate should be bored about .01" larger than the root 
diameter of the thread on lathe-spindle. It should also be counter- 
bored as at c to fit .a blank place about ^ext to the thrust- 
collar on the lathe-spindle. The collar referred to is lettered C 1 in 
the illustration. With an inside thread tool of the 'proper shnpe, and 
a wire rod filed * to a length equal to the outside diameter of the lathe- 
spindle thread, and tapered at the point as shown in Fig. 343, the 
thread may be cut and measured. The rod can be measured by com¬ 
mon calipers, whicl^ should be set to the diameter of the thread, measured 

* If filed too short the rod may be stretched by peening it near the middle 
with a hammer while held over a block of metal. 
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on an angle as shown in Fig. 344. The rod need not be made to fit 
the sides of the thread, but should touch on ends only. When the 
thread has been cut deep enough to admit of the rod or gage being 
screwed through, or nearly through, the chuck and plate together should 
be removed from the spindle and tried on the spindle for which the 
plate is being made. Before trying it, however, the chips should be 
cleaned out of the thread (preferably by a small hand-bellows), and 
the spindle thread should be wiped with chan waste which has been 
moistened with a few drops of oil. For w^ant of oil the winter has 
known a chuck-plate to seize the spindle so firmly as to necessitate 
splitting the plate in two parts before it could be removed. No lubri¬ 
cant is needed in cutting thread with a single point tool in cast iron. 
In the case of the chuck casting, oil will cause the fine chips to stick in 
the thread, and will thus do harm rather than good. 

If the casting will not screw on the spindle it may be threaded a 
little larger and tried again. Had the plate been removed from the 
chuck it would have been difficult to grip it concentrically again. Before 
removing the plate the hub H and face F may be machined. When 
this is done the plate should be removed and screwed on the spindle 
of its lathe, with large face out. This face may now be machined, and 
the edge or periphery E may be turned so as to fit (not too tightly but 
without shake) the recess in the back of the chuck. The plate should next 
be placed in the recess and marked off wdth a scriber, and then drilled 
for a free fit of the bolts accompanying the chuck. If the bolt-holes in 
the chuck are not drilled entirely through, smear the face of the plate 
with red lead mixed wdth oil to the consistency of paste, and on pound¬ 
ing the plate into the recess, the holes will be marked. 

The Universal Chuck.—A typical universal chuck is shown in Fig. 
345. The jaws are operated by a socket-wrench the same as the chuck 
previously described, but when one screw is turned the other screws 
are forced to turn with it by mechanism which will now be described. 
In Fig. 346 is shown a beVel-gear or, as the makers call it, a ‘‘circular 
rack.'' Engaging with this gear are three pinions (or as many as there 
are jaws) made integral with the screws which move the jaws, as shown 
in Fig. 347. The circular rack turns freely in the casing of the chuck, 
which is divided in two parts, as can be seen in Fig. 345, and held 
together by bolts. It is obvious that with jaw-screws of the same 
pitch, all the jaws must move the ^same distance. It is equally cleai 
from the construction, that the jaws must move simultaneously. 

This chuck is made also with modifications which admit of dis- 
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engaging and reengaging the circular rack and pinions, thus converting 
it into a cotnbinalion chuck. Fig. 348 shows the combination chuck with 

Fig. 346. Fig. 346. 

back plate removed. changed from universal to independent and 
vice versa, by moving the steel shoos (which are attached to the 
thumb-nuts) backward or forward around the inclined plane on the 
loose ring. 

Fig. 347. Fig. 348. 

Combixiation Chuck Operated by a Scroll.—The form of gearing 
known as the scroll is much used in connection with chucks, and 
it is employed very successfully in the chuck shown in Fig. 349. 
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The scroll is shown in section at DD and in full in Fig. 350. It fits 
closely in the chuck as shown, being held in place by the threaded 
collar E, The sliding-box C has teeth which engage the scroll teeth, 
so that when the scroll is turned the sliding-boxes move radially. The 
screws B are carried by the sliding-boxes, as are also the jaws A, whose 

Fig, 349. Fig. 350. 

threads engage with the threads of the screws. We thus have a uni¬ 
versal chuck. But the screws may be operated separately, and inde¬ 
pendently with respect to the scroll, and this feature makes an inde¬ 
pendent chuck. The combination of these two features, as previously 
stated, constitutes the combination chuck. 

Neither the universal chuck, nor the combination when used as a 
universal chuck, is reliable, when old, for work requiring a high degree 
of accuracy. These chucks, nevertheless, are very satisfactory for a 
large portion of the work for which they are designed. 

Chucks with Slipjaws.—For some lines of work a special form of 
chuck is made with the jaws in two parts. In these chucks the “bites'^ 
or slipjaws may be easily removed, and replaced by other slipjaws 
adapted to grip special shapes. Fig. 351 shows a two-jaw independent 
chuck of this character. The slipjaws are dovetailed into the main 
jaws, and are held by pins. 

This chuck is made also with one screw having right and left threadsi 
in which case it is a universal chuck. 
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Valve-chucks.—^The chuck illustrated in Fig. 352 is designed espe¬ 
cially for valves, faucets, fittings, etc., and a valve is shown between the 
jaws. One of its faces having been machined, the valve may be turned 
on its axis 90®, or any angle, without being removed from the chuck. 
The angle is indicated by an index plate. 

Fig. 351. 

Face-plate Jaws,—Large work is sometimes held by chuck-jaws 
secured to the ordinary face-plate. These jaws are bolted to the large 

Fig. 352. 

face-plate of a lathe, but when not needed they may be detached without 
removing the plate. 
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/ 
** Home-made ” Chucks.—Chuck-making is a specialty, and the chucks 

described in the preceding pages are sold by factories having special 
equipment cheaper than they can be made in the ordinary machine- 
shop. Nevertheless a great variety of simple chucking devices which 
require no special tools are made 
in the shops in which they are 
used. Fig. 353, which was de¬ 
scribed by H, A. Houghton in 

American Machinist,” vol. 27, 
page 83, shows a chuck used for 
packing rings and other similar 
work. '1 he main part A, which 
screws on the lathe-spindle, has a 
number of cylindrical steps to 
take different diameters. When 
turning the outside diameter of a 
ring the latter is held by a clamp 
and stud, as shown at 7i. 

Fig. 354 * shows an expansion- 
chuck. 'J'he part a screws on 
the lathe-spindle as in the ])revious 
case, and the clamp c forces the split bushing against the taper seat. 

Being split the bushing expands, gripping any cylindrical ring or collai 
which may approximately fit its periphery. 

♦ Cut taken from article by Oral B. French in American Machinist,*' vol. 27, 
page 358. 
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In some cases, instead of being screwed on the spindle, the small 
chuck is made to fit an arbor which is held by friction in the spindle- 
socket. Such chucks, because of the limited friction of the socket, can 

be used on small work only. 
Wood Chucks.—Once when a certain instructor was talking to his 

class about chucks a fanner student had the hardihood to propose the 
wood chuck as a subject for discussion. This led the instructor to expa¬ 
tiate on the advantages of the wood chuck as a mechanical device, and 
to show how a simple block of wood could be bolted to the face-plate, and 
bored or turned to receive a frail piece of work which might be sprung 
out of shape if held in the common chuck. The work should be driver 
on or in the chuck with a wooden mallet or with a block of wood and 
hammer. 

In gripping light frail pieces in the ordinary chuck it is generally 
necessary to slacken the jaws after the roughing cuts have been taken 
in order to allow the work to assume its natural shape before the final 
cuts are made. After loosening the screws they should be tightened 
again just enough to take up the lost motion. Otherwise the work 
may be pulled out of the chuck by the cut. 

Testing the Concentricity of Chuck Work.—Rough castings, etc., may 
be tested by chalk held in the fingers, or by a tool in the tool-post. The 

point where the chalk or tool touches indicates which chuck jaws are tr 
be moved. Work which has been machined can be more accurately 
adjusted in connection with an Indicator. Fig. 3«55 shows a gear held in 



METHODS OF DRIVING WORK IN THE LATHE 245 

a chuck and being tested with a Bath indicator. This instrument is 
so constructed that a movement of .001" on the testing finger is 
multiplied to show either ^12" or movement of the dial finger. 

Other chucks and chucking methods are discussed elsewhere in thif 

work. 



CHAPTER XVI 

LATHE-ARBORS, OR MANDRELS, AND ARBOR-PRESSES 

Definition and Classification of Arbors.—An arbor, or mandrel, is a 
bar of metal designed to drive work in the lathe by friction of the work 

Fig. 356. 

on the arbor. Arbors may be classified as follows: First, plain arbor 
(Fig. 356); second, the self-tightening arbor (Fig. 357); third, expansion- 

Fig. 357. 

arbors (Figs. 358 and 359); fourth, arbor for tapering work (Fig. 360): 
fifth, nut-arbors (Figs. 361, 362, and 363). 

The Plain Arbor is a bar of steel or iron turned slightly tapering with 
a flat place at each end. Arbors are usually driven in the lathe by a 

Fig. 358. 

lathe-dog, and the flat place on each end is the bearing for the set-screw 
of the lathe-dog. The^’’ made tapering to compensate for slight 

‘ 246 
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variation of sizes of holes in the work. The amount of taper is generally 
about .01" per foot. The best plain arbors are made of tool steel, 
hardened and ground. 

In hardening the arbor it is somewhat distorted, and to compensate 
for this it must be turned about .02" larger than the finished size. 
The remainder of the material is ground off in the universal grinder, 
and being tapering, the middle of the arbor is the nominal size. Before 
grinding the arbor the centers should be carefully lapped. 

The Self-tightening Arbor is made in two parts, the main part being 
similar to the plain arbor, with the exception that it is parallel in diameter 
and has a groove cut in one side. Inserted in this groove is a small 

Fig. 359. 

roller, marked T in the figure. The groove is so shaped, and the roller 
is of such a diameter, that should the work start to turn on the arbor, 
the roller would be forced into the space between the work and the 
arbor, thus forming a kind of wedge to tighten the work on the arbor. 

This arbor is open to the objection that the means for tightening the 
work tends to make the work eccentric. The amount of eccentricity, 
however, will, if the work fit the arbor fairly snug, be so small as to 
of little importance, except in high-grade work. If the self-tightening 
arbor be used in turning a gear or other detail which is to be held on 
its shaft by set-screw or key, the line of contact of the tightening roller 
in the bore of the detail should he marked and the setscrew or key should 
be healed on this line. The work will thus, when placed upon its shaft, 
run more nearly true than if turned on the plain arbor. This suggests 
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the most accurate way of turning a detail held by key or set-screw, 
viz., turning it on its own shaft with the set-screw or key tightened. 

The Expansion-arbor, illustrated in Fig. 358, is made in two parts, 
A and JB. Part A is like the plain arbor, except that the taper is very 
much greater. The part B has a taper corresponding to the taper of A, 
and has three longitudinal slots, two of which are cut nearly through, 
and the third cut entirely through, the bushing H. To use this arbor, 
part A is driven out of B and B placed in the work. A is then driven 
into J5, causing B to expand and grip the work. B is always made par¬ 
allel on the outside. 

In Fig. 359 is shown an expansion-arbor which has recently been 
placed upon the market. The outer part of this arbor is a sjnral spring 
and this spring is bored tapering to fit the inner part, which is similar 
to that of the preceding paragraph. The outer part or bushing is made 
of spring steel and the inner part or plug of tool steel, both being hardened 
and ground. 

The Arbor for Tapering Work, shown in Fig. 360, is made in three 
parts. The main part of the arbor A is cone shaped at one end, and 

Fig. 360. Fig. 361. 

the other end carries a freely fitting cone which may be adjusted toward 
the first cone by means of the thread and nut. The work to be turned 
is placed upon the arbor with the large end of the hole toward the fixed 
cone; the movable cone is then forced into the small end of the hole, 
thus gripping the work concentric with the axis of the arbor. In using 
such an arbor as this on frail work care should be taken to avoid strain¬ 
ing the work by forcing the movable cone too tightly into the hole. 
Work having a taper of say Y4" per foot, or less, may be driven by a single 
tapering arbor made of one piece, without nut and movable cone. The 
arbor shown in Fig. 360 could be used for work with a parallel hole, 
but it is not well adapted to such work. 

Ifut-arbors.—Fig. 361 illustrates the simplest form of mU-arbor, It is 
essentially a |dain arbor with thread cut on one end. The nut to be 
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faced is screwed on the threaded end of the arbor, the whole placed 
between the lathe-centers and one end of the nnt faced off with a common 
side-tool. The arbor is then taken out of the lathe, the nut reversed, 
and the other side faced. This form of arbor answers fairly well when 
the nut fits the arbor tightly, but when it fits freely, as it often does, 
the base of the nut, which in the rough is not at right angles with its 
axis, will be forced to coincide with the shoulder on the arbor and thus 
the nut will be forced “out of true.’' This form of arbor, while cheap 
in construction, is unsatisfactory in operation. 

A better form is shown in Fig. 362. This arbor carries a loosely 
fitting washer one end of which is flat and the other end concave. The 
concave end fits a correspondingly convex shoulder on the arbor. When 

Fig. 302. 

Lathe Spindle 

Arbor 

Washes 

Fig. 363. 

the nut is screwed against this washer, the washer revolves around the 
curved shoulder of the arbor, and thus accommodates any irregularity 
that there may be in the base of the nut. The axis of the threaded hole 
is by this means allowed to conform to the axis of the arbor. This 
is necessary for correct results. 

There is one difficulty common to both Figs. 361 and 362, viz., the 
arbor must be taken from the lathe in order to reverse the nut. This 
difficulty is obviated in Fig, 363, which shows an arbor so designed 
that it may be screwed on the lathe-spindle. In this case it is only neces¬ 
sary to stop the lathe and unscrew the nut and reverse it without taking 
the arbor from the lathe. This form of arbor has the additional advan¬ 
tage that it does not require any lathe-dog to drive it. 

Fig. 364. 

Some mechanics make nut-arbors with slots cut in the threaded end, 
as shown in Fig. 364. In using this arbor the tail spindle of the lathe 
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is screwed up somewhat tighter than usual, thus expanding the arbor 
and tightly gripping the nut. The nut should not be screwed against 
the shoulder until it has been gripped by the expanding arbor, and 
then it should barely touch the shoulder. This arbor could be made 
without the shoulder. 

Arbors in Large Work.—It is found that on very large work (say 24" 
and larger) with a comparatively small hole, the friction between the 
work and the arbor (not nut arbor) is insufficient to drive the work 
If such work admits of being clamped directly to the face-plate of the 
lathe, the arbor may be dispensed with and the work driven by means 
of bolts securing the work to the face-plate. In the case of a pulley, as 
illustrated in Fig. 365, the arbor may be used to support the pulley 

and the pulley may be driven by means of two studs secured to the 
face-plate and engaging with the arms of the pulley. Should the 
pulley fit near the middle of the arbor rather than on the end, we could 
use two latne-dogs to drive it. One of these lathe-dogs would be driven 
by the face-plate of the lathe or a stud projecting from the latter; 
the tail of the second dog would engage with one of the arms of the 
pulley. This method is not quite so satisfactory as the first described. 

Methods of Forcing Ar]i)ors into the Work.—^The simplest method 
of forcing an arbor into the'work is by means of a block of hardwood 
and a hammer. A better method is to dispense with the block of wood 
and use one of the forms of soft hammers previously described. A 
still better method is to use some form of arbor-press. Two different 
designs of these machines are shown below. 

In using a common hammer to force the arbor into the work we should 
never strike the arbor diredly with the hammer. Striking the arbor with a 
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common steel hammer injures the center in the arbor and thus causes 
the arbor to revolve eccentrically. For this reason greater care is taken 
in making the centers in lathe arbors than in ordinary work. In making 
the lathe-arbor it is first centered in the usual manner, and then the 

Fia. 366. 

countersink of the center is beveled on its outer edge with a counter¬ 
sinking drill of greater angle. This leaves the vital part of the center 
slightly below the end of the arbor, and thus it is protected to some 
extent from the abuse of careless workmen. 
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The diameter of the countersink in a lathe-arbor should be about 
twenty-five per cent larger than given for ordinary work in the chapter 
on Lathe-centers, etc. As stated, the centers should be lapped. The 
instructions given in Chapter X for lapping reamer-centers apply equally 
well to arbor-centers. 

Special Arbors for Large Work.—^The arbors previously described 
are used for work of ordinary size, but when it is necessary to use an 
arbor for extra-large work we have to make a special arbor. This may 
be done by shrinking on, or otherwise securing cast-iron rings or collars 
to a small shaft. The shaft may be of any convenient size to give 
sufficient rigidity, the extra diameter being provided for by the cast- 
iron collars. 

When a great many pieces are to he machined, it may be desirable 
to make the arbor of cast iron, with the enlarged part cast on rather 
than shrunk on. When thus constructed it is well to have steel plugs 
inserted in the ends of the arbor to receive the work centers. On ac¬ 
count of the great weight and friction, oil-holes should be drilled from 
the outer diameter of the shaft through shaft and plug. This arrange¬ 
ment will facilitate oiling the centers. 

Arbor-presses. — In I'ig. 366 is shown an arbor-press designed to 
be operated by hand. In using this machine the work is placed on 
the plate P, and the arbor is forced into the work by the ram R which 
is operated by the lever L. The connection between the lever and the 
ram is made by means of a train of spur-gears, the last of which en¬ 
gages the rack teeth on the ram. The lever has a ratchet connection 
with its shaft, which with the hand-wheel H admits of quick return 
of the ram. Both ram and lever are counterweighted. These ma¬ 
chines are made in smaller sizes also, some of which are designed to be 
secured to the bed of the lathe. 

The arbor-press illustrated in Fig. 367 was designed in connection 
with a class in machine design at the Michigan Agricultural College. 
The operation of the machine by means of the hand-wheel P, worm- 
wheel W, and rack and pinion will be understood from the cut. 



CHAl^ER XVII 

SOME EXAMPLES OF ENGINE-LATHE WORK 

Character of the First Two Examples.—This chapter contains de¬ 
tailed instructions for a few examples in lathe work, the exercises chosen 
being such as involve principles admitting of general application. The 
first two examples are a plain cylinder or shaft, and a collar, both of 
which are to be finished all over and polished. The collar is to be 
finished to dimensions in connection with standard gages; but, suppos¬ 
ing the work to form the basis for actual exercises in a college shop, it 
might be well to use common calipers in fitting the shaft to the collar. 
The exercises would then give practice in both methods of accurate 
measurement. The shaft is supposed to be machine steel, and it is to 
be finished to 1V2" diameter by 6" long. The collar is cast iron, the fin¬ 
ished dimensions being 3" diameter by IV4" long, and it is to be a tight 
fit on the shaft. Both details have the usual stock allowances for 

finish. 
Machining the Collar.—(1) Grip the collar in the independent chuck 

so that its outer face shall project beyond the chuck jaws as in Fig. 368. 
This gives clearance for the facing-tools. The boring-tools must clear 
the spindle and chuck-plate on the rear end of the collar. 

(2) Rough-face the collar with a roughing-tool, as shown at J in 
same figure, or with the diamond-point tool D in Fig. 369. Slightly 
chamfer the comer at C, to protect the finishing-tool from the foundry 
scale. 

(3) Bore the collar with a boring-tool as shown, to within about .008" 
of final diameter. Do not waste time by boring to any exact dimen¬ 
sion, as the reamer is designed for this purpose. Some use two sizes 
of reamers, to avoid boring even to the approximate dimensions indi¬ 
cated. 

(4) Ream to size with a fluted or rose reamer, using no lubricant. 
(5) Test with plug-gage or caliper-gage. If the gage cannot be 

pushed through with the forefinger, run the lathe at a high speed and 
smooth the bore with emery-paper wrapped around a stick, as shown 

264 
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in Fig. 369, or held in the fingers. In using the emery-paper it will 
require care to avoid enlarging the hole at each end. If the hole is 
found to be smaller at the back end apply the emery most at that end. 
If the gage will not pass through the bore after a few minutes' applica¬ 
tion of the emery-cloth, the reamer should be enlarged. Or, if available, 
an expanding reamer would be advantageous for use in following the 
previous reamer w^hen the latter is worn below size. 

If no reamers are to be used, regrind and oil-stone the boring-tool 
and finish to final size, taking care to feed the carriage hack and fo^th 

to compensate for the spring of the tool; or, finish with a second boring- 
tool kept for finishing cuts, which tool may have a somewhat broader 
cutting-edge. Test with gage as before. 

(6) Finish the outer face of the collar with a bent side-tool as at C, 
Fig. 370, or with a diamond-point as at D, or with a diamond-point 
tool as at M. The advancing corner of the tool should be slightly rounded 
with the oil-stone. By giving either of these tools small contact with 
the work, and running the lathe from 50 to 100 per cent faster than 
for the roughing cuts, a surface may be made which will require only 
the final polishing with emery-cloth. But some workmen never learn 
how to grind and oil-stone, and set the tool so as to get this nice scrap¬ 
ing effect without chattering.* These men prefer to run the lathe but 

*The chattering may sometimes be overcome by careful adjustment (o) of 
the spindle end-thrust, (b) of the spindle bearings, (c) of the cross slide-gibs, (d) of 
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little faster for the finishing cut than for roughing cuts, and to use a 
file or scraper for smoothing. To get the best results in finishing cuts, 
corner £, Fig. 370, should clear about .001" while the point of the tool is 
cutting. 

(7) Having smoothed the face of the collar, it may next be polished 
with oil and, say. Nos. V2 and 00 emery-cloth, the 00 being used last. 
Run at highest speed and, with emery-cloth wrapped around a flat 
stick or around a file, move it slowly back and forth over the face 
of the work; or, hold the cloth between the end of stick and work, 
the stick being fulcrumed over a tool in tool-post. 

Some would prefer to do this polishing after all the turning is com¬ 
pleted, which is all right if the face of the collar overhangs the end of 
the arbor or a shoulder on same. Otherwise it is difficult to polish the 
whole face equally without wearing the arbor with emery. 

(8) Place the collar on an expansion arbor * so that its rough end 
shall overhang the right end of the arbor bushing about ^4". Rough- 
turn the periphery, using a right-hand diamond-point tool, as at A in Fig. 
371, or a roughing-tool, and leaving about .01" for the finishing cut. 

(9) Rough-face the right end of the collar with same tools used in 
operation No. 2, leaving not niore than .01" for the finishing or smooth¬ 

ing cut. 

the carriage-gibs. In other cases the tool contact must be reduced or its clear¬ 
ance and rake lessened. Merely changing the direction of the feed may some¬ 
times stop the chattering. When turning work on centers, a bit of leather or waste 
between the tail of the dog and the driver may cause the trouble to cease. The 
causes of chattering are referred to in other connections in this work. 

♦ If the solid or plain arbor be used the work will generally fit near the mid¬ 
dle, necessitating special care to avoid injuring the arbor with the tools and emery, 
and leaving the edge of the bore in such shape as to require the use of file and 
emery-paper by hand after removing the collax. The plain arbor is, neverthelesa, 
often tused for such woik. 
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(10) Smooth-face this end according to instructions for operation 
No. 6, except that a straight side-tool may be used if preferred. If 
the end is to be filed or scraped, allow as for filing, etc., in next numbered 
paragraph; but if emery-cloth only is to be used, an allowance of not 
more than .001" should be made. 

(11) Smooth-turn the periphery with a square-nose tool, or with 
a left diamond-point tool set as at 0 in Fig. 371, and having its point 
slightly rounded. The part 0 of this tool should just clear the work 
while the tool is fed in the direction of the arrow. The periphery of 
the collar is very likely to need filing, and for the file and emery-cloth 
an allowance of from .001" to .005" should be left after the finishing 
cut.* The bejginner is here cautioned against leaving too much work 
for the file, as filing tends to destroy the truth of cylindrical surfaces. 

(12) File periphery, and face also if necessary, leaving about .0005" 
for polishing. Polish periphery and right end according to previous 
instructions, testing diameter and length by standard gages. Work of 
this character is not to have round corners unless so shown on drawing 
or specified, but it is a sign of j:>oor workmanship when the corners are 
left so sharp as to cut the haiuL Dull the corners with emery-cloth 
and remove the collar from the arbor. 

Machining the Shaft. — (1) Saw from a iVie" or iVs" bar of 
machine steel, a piece fiVie" to 6Vs" long, and center according to 
instructions in Chapter XIV. 

(2) The next operation is to face the ends. If there is as much 
as Vie" to cut off, face off all but about .01" with the roughing-tool, 
which will leave the end as shown in Fig. 372. Cut off the projection P 
with a side-tool, moving the latter parallel with the axis of the shaft 
and at the same time feeding in. Next run the lathe faster and take 
one or two light smoothing cuts. For this purpose, as well as for cut¬ 
ting away the projection left by the roughing-tool, the side-tool should 
have its point about 45° angle, as in Fig. 373, and it should be set 
so as to touch at A and barely dear at B, In this work the tool should 
be fed at right angles to the shaft-axis. Next, change the lathe-dog 
and finish the other end in the same manner. Measurement with the 
steel rule is in most cases sufficiently accurate for shaft lengths. 

* Most mechanics make these small allowances by merely setting the calipers 
^'a trifle*^ larger; but the tendency is toward more systematic methods. Microm¬ 
eter or Vernier calipers may be used, either for direct measurement or for setting 
the common calipers. In some such cases limit-gages would be advantageous. 
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A half-center (special center flattened near the point) gives ample 
clearance for a side-tool having a stronger point than that shown in 

Fig. 373. 
(3) As a general rule a shaft or other detail which is to be machined 

should be roughed out all over to approximately the final dimensions 
before any part (ends excepted) is finished. In the case of a shaft this 
gives both centers time to wear to a hearing^ and they are not likely to 
change afterward; but if the shaft be finished half-way and then reversed 
eccentricity will probably result. Another reason for roughing out the 
work is that there are initial stresses in the outer fibers of the metal. 
When these stresses are removed by cutting away the metal the detail 
usually changes its shape. In heavy stocky details the change is some¬ 
times inappreciable, and is therefore often neglected; but in pieces of 
which the diameter or thickness is small as compared with the length, 
changes are expected. 

With the above in view turn the shaft about half its length to within 
.02" to .03" of final diameter, using the same tools as used for the 
roughing cut on the collar. Change the lathe-dog and turn the opposite 
end in a similar manner. 

(4) The finishing cuts may now be taken. With the point of the 
diamond-point tool slightly rounded and the tool set as at 0 in Fig. 371, 
turn the shaft to within .01" of final size. With another tool of same 
shape reserved for finishing cuts on steel, or with the same tool nicely 
oil-stoned, take the final cut, leaving about .0015" for file and emery- 
cloth. Reverse and finish opposite end. The last cuts should be taken 
with finer feed * and higher speed than the preceding cuts. 

Common calipers are to be used according to instructions in Chapter I 
for fitting the shaft. Most workmen would fit one end for a short distance 
and use this as a guide for filing and polishing the remainder of the shaft. 

(5) File and polish the whole length of the shaft, using the arbor-press 
or a soft hammer in testing its fit in the collar. The shaft must not be 
forced in too tightly, arid it should be oiled to prevent '^seizing." 

Examples of Taper-turning, etc.—The uses of the ordinary facing-, 
turning-, and boring-tools which have been considered somewhat in detail 
in connection with the two examples of work just given, will be referred 

* For instruction on cutting speeds and rates of feeding the reader is referred 
to Chapter XI. As to the number of cuts required, it is difficult to give a rule. 
With the ordinary stock allowance, one or two roughing cuts will generally be suffi¬ 
cient in bonng a cored hole. It may require as many or more finishing cuts. With 
same stock allowance, the workman should aim to make one roughing and one or 
two finishing cuts answer for peripheral turning and for facing. 
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to more briefly in the remainder of this chapter. I'he next example is 
the bevel-gear blank shown in Fig. 374. and the operations are as follows: 

(1) Measure blank to ascertain if there is sufficient stock and how 
it is distributed. Chuck as shown 
in Fig. 375 and finish* at F. 

(2) Work in which a small hole 
is wanted is often left solid by 
the moulder. In a ca.se like the 
one in hand tlie first thing toward 
making the hole Is to cut a center 
for the drill. For this purpose we 
do not use a center-punch, but a 
centering-tool like that shown in 
Fig. 376. The cutting-end of this 
tool is exactly like a flat drill, 
but the shank is that of a com¬ 
mon lathe tool, and it is hold in 
the tool-post in the same manner. 
This tool is adjusted in the tool- 
post as nearly in line with the 
center as may be done by the eye, 
and then moved against the revolving work by the hand-feed handle of 
the lathe-carriage. If it makes a circle larger in diameter than its ex¬ 
treme point, it must be readjusted to strike the center of this circle, 
and then pressed against the work until it cuts a conical hole the largest 
diameter of which may be about Vs" to Vs", provided the required 
bore is larger, as it is in tliis gear. If the tool cuts eccentrically, the 
carriage and cross-slide gibs should be looked after and tightened if 
loose, and the tool should be fed outward so as to cut on one side until 
the eccentricity is corrected. 

(3) The hole should next be drilled. A twist-drill Vie" to Vs" 
smaller than the final bore, and held in the holder shown in Fig. 188, 
or in the tail-spindle socket, or in a holder made to clamp on the end 
of the tail-spindle, may be used. Only small drills should be held in the 
tail-spindle socket, as the slipping of the larger drills would injure the 
socket and disturb the fit of the lathe-center. When the common 
holder is used, it requires care to keep the drill from drawing in and 

* The word finish, used in a general sense, includes both rough and smooth 
cuts. 
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leaving the tail-center, especially when the point of the drill is emerging 
through the bottom of the hole. For safeguards against this trouble 
see Chapter IX. 

(4) Enlarge the hole with boring-tool to within a few thousandths 
of an inch of the final diameter and then finish with a fluted or rose 

Fig, 375. Fig. 370. 

reamer; or, bore somewhat smaller and use a rose reamer, followed 
by a fluted reamer. Test, and if too small follow instructions given 
for a similar case near the beginning of this chapter. 

(5) Place on arbor and turn largest diameter to size. This will 
leave a cylindrical surface upon which to mark a line for the edge 
Establish this line with respect to the face F. The exact position of this 
face is generally not very important. 

(6) Turn face I to the required angle, starting at the above edge line 
and using the compound rest i? 1, a cut of which is shown in Fig. 232. 
Use a gage if the lathe has no compound rest. In using the compound 
rest, the workman is apt to make a mistake if the angle on the drawing 
is not given the same way that the compound rest is graduated. Thus 
the compound rest is at zero when set to cut parallel with the cross¬ 
feed. The angles on beveled work should be given from the same 
starting-point, but if given from the axis, as in Fig. 374, the compound 

* The poation of this edge should be given on the drawing. See article by 
the author in American Machinist/' vol. 27, page 967. 
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rest must be set to the complement of the angle given. The complement 
of the angle is the angle itself subtracted from 90®. If, for instance, 
the angle with axis be 47®, as it is in this case, the rest should be set 
to 90®-47® = 43®. 

(7) Turn surface G, starting from the edge line, and then turn D to 
give face H the proper length. 

(8) Finish hub end and back face, and then finish hub diameter. 
The horizontal distance between end of hub and edge line E must usually 
be quite accurate. 

If required to turn the bevel-gear in a lathe having plain rest only, 
a gage could be used as shown in Fig. 377; and after rough-turning the 

CUTTING BEVLL BY 

STEPS 

face, it could be finished with a side-tool, or in steps with square- 
nose tool as in Fig. 378. Either of these tools could be set by the gage. 
In using the square-nose tool the width of each step should be about 
three fourths the width of the tool-edge. In this way the depth of each 
step will be indicated by the preceding cut. The steps should be started 
at the large diameter. The face may be smoothed with a file. 

The lathe-center, which is 60® included angle, is often turned by the 
above method. When turning the center by compound-rest method, 
the rest should be turned to the left 60®. Thus the angle with axis is 
half of 60®=30® and 90®-30®=60®. 

Tinning and Knurling a Center-punch.—^To make a center-punch 
like Fig. 379 in an engine-lathe, the following, order of operations may 

be observed: 
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(1) Saw off a piece of Vs" round tool steel S^/g" long. 
(2) Center, face ends and turn body to Vie" diameter. It need 

not be particularly smooth. 

Fig. 379. 

(3) Fig. 380 shows a knurling-tool. With this tool in tool-post and 
pressed tightly against stoct both knurls being in contact with latter, 

Fig. 380. 

feed the lathe-carriage lengthwise by power. Let the knurler traverse 
the work as many times as may be necessary to make it appear like 
Fig. 381. The kmurled surface may extend about Vs" longer than the 
drawing, the extra length being cut away in succeeding operations. 

(4) Using a lathe having a compound rest, chuck stock, allowing 
about 2®/8" to project, and using a brass sleeve to protect knurling. A 
draw-in chuck like that shown in Figs^ 243 and 244 would be best for 
this work. 

(5) With side-tool face off end until drilled center disappears. 
(6) Turn D, adjusting compound rest to cut angle given on drawing, 
(7) Readjust rest and turn point E, which is of the same angle as 

the lathe-center previously referred to. 
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(8) Finish with file and polish with emery-cloth and oil. 
(9) Mark off points F and G and chuck, allowing end H to project 

about 1^/4!' and using brass sleeve as before. Face off end to mark G. 

Fig. 381. 

(10) With compound rest properly adjusted, turn H to angle of 
drawing. 

(11) Crown the end approximately with roughing-tool, finishing 
with scraper or special (curved tool. File and polish as in previous 
case. 

(12) Temper both ends about the same as for cold-chisels. 

Fig. 382. 

Fig. 382 shows a knurling-tool specially adapted to frail work. This 
tool was illustrated by the cut here used in “American Machinist/' 

vol. 26, page 1257. 
Ttiming Tapers by Taper Attachment and by Tail-stock Adjustment 

—^The short, abrupt tapers, to which the compound-rest method* is 
adapted, are generally designated in degrees, but when acute angles 
are referred to in the machine-shop, they are ordinarily designated 
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by the amount of taper in diameter per foot. These tapers may be 
made either by setting the tail-stock over or by using the taper attach¬ 
ment. The latter is the better way, but many lathes lack the attach¬ 
ment. The tail-stock method will be described first. Thus, suppose 
we require a piece like Fig. 383. It will be seen that the taper part 

Le-6''-^ ^-qI.- 

• --- 

1 

Fig. 383. 

has a taper of 1" per foot. This would seem to necessitate setting 
the tail-stock over just a half inch. 'I'his is a close approximation, 
but on account of the peculiar contact between the work-centers and 
the lathe-centers, and because the distance between centers is changed 
slightly when the tail-stock is set over, it is not exact. Assummg, 
however, that the tail-stock had been adjusted correctly for the above 
case, still it would not be right for a shaft 2 feet long having a similar 
taper end. Ihis is clearly shown in the diagram of Fig. 384, which 

represents the tail-stock as moved back to take in a. shaft 2 feet long. 
It will be seen that it has left the axis of the shaft and would need to 
be set over to the dotted position of the center, or about twice as far 
as for a shaft 1 foot long. From the above considerations it will appear 
that for a given taper per foot the distance that the tail-stock must be 
set over varies with the length of the shaft. 

The Taper Attachment is shown bolted to the rear of a lathe-bed 
in Fig. 236. In using this attachment its guide-bar G is swiveled 
on a central pin an amoimt proportional to the taper, regardless of the 
length of the shaft. The graduations at the end of the plate Upon 
which the guide swivels indicate the taper. The taper attachment is 
so constructed that when adjusted to any required taper and connected 
to the cross-slide it causes the latter to feed in or out, at the taper to 
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which the attachment is set, without interfering with the carriage-travel 
and crosswise adjustment of tool. This method of making tapers is 
simpler than the tail-stock method, but there are some practical diffi¬ 
culties in its operations, due to necessary freedom of movement in the 
machine-slides, etc. To get the best results the cut should be started 
about ^/2" beyond the end of the work. The carriage will thus travel 
a short distance before the tool begins to cut, and in so doing the lost 
motion due to the freedom of movement above mentioned will be taken 
up. If we neglect this precaution the tool is very likely to cut irregu¬ 
larly a short distance. If the diameter of the work is much smaller 
than the lathe-center, the clearance may be given by starting the feed 
with the tool clearing the center and feeding it in as it approaches the 
work. 

Errors in Taper-attachment Graduations.—In this connection it 
may be proper to call attention to an error in the graduation of taper 
attachments. Tapers are measured at right angles to their axes. 
The graduations of the taper attachments, however, are made on the 
arc of a circle concentric with the pin upon which the guide swivels. 
These graduations should be such as would be projected from equal 
divisions of a line drawn tangent to the graduated arc and perpendicular 
to the axis of the lathe. This would make the subdivisions on the 
graduated arc closer together for the greater tapers than for the smaller 
tapers. But in most taper attachments the graduated arc is laid out 
in equal divisions. This introduces an error which is scarcely notice¬ 
able in small tapers, but which is quite appreciable on the greatest 
tapers for which these attachments are designed. However, it is usu¬ 
ally more important to have the inner part of the work fit the outer 
part thap to have the exact taper per foot. 

For a more comprehensive treatment of taper-attachment gradua¬ 
tions the reader is referred to Machinery/^ page 238, January, 1904. 

Taper attachments are usually designed to turn tapers not greater 
than 4" per foot. The maximum length of the taper is about 24" to 
one adjustment of the attachment, 

Fittmg a Taper-shaft to a Collar.—Before giving instructions for this 
work the attention of the student should be called to some further pre¬ 
cautions necessary in taper-turning. In any work turned on the lathe- 
centers, the work-centers are more likely to wear concentrically if the 
ends are faced square with the axis. On account of the abnormal con¬ 
tact of the centers this is of special importance in turning taper work 
with the taibstock set over. When making tapers with the taper attach- 
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ment the tail-stock is kept in its normal position, and the centers are not 
more likely to wear out of true than when turning straight work. In 
either of these methods of taper-turning it is necessary that the two 
lathe-centers be of the same height, otherwise the sides of the taper 
will not be straight lines. The point of the tool should be set to the 
same height as the point of the center. 

As stated in Chapter XV, the workman should turn the lathe through 
one revolution and be sure that the tail of the dog clears the sides and 
bottom of the slot in the face-plate. The tail of the dog should be oiled, 
as should also the points of both centers. 

In fitting a taper-shaft to its enveloping element, which for con¬ 
venience we shall call a collar, the collar is usually finished first. There¬ 
fore chuck and bore the collar, using either the compound rest or the 
taper attachment for roughing it out. If the lathe has no taper attach¬ 
ment, the compound rest may be used when the depth of the hole is not 
greater than 3 to 4 inches. The angle corresponding to any given taper 
per foot may be computed, or the rest may be adjusted by a gage, or it 
may be set by the cut-and-try method. For further instructions on 
making taper-holes see Chapter X. 

To taper the shaft by setting the tail-stock over, the latter may be 
adjusted approximately in accordance with the principles already out¬ 
lined. To make the slight correction necessary, proceed as follows: 
with the square-nose tool turn a place at each end of the taper about 
Yie" wide and about larger than the final diameter. Feed the 
square-nose tool outward about an inch, and then feed it toward 
the work again until a 6" scale will just enter between the point of 
the tool and the last turned place. Move the carriage to bring the 
tool in line with the first turned place and test in a similar manner. If 
not correctly alined, readjust the tail-stock and proceed in the same 
manner until the 6" scale will fit equally well between the point of the 
tool and the work at the two grooves. The shaft may be next t|irned to 
the diameter of these grooves and tried in the collar. If it shakes per¬ 
ceptibly, readjust the tail-stock and take another cut. The next time 
it is tried it should very nearly fit, and before placing the collar on 
the shaft this time, the shaft should be given three marks with chalk 
(Prussian blue would be better) the full length of the taper, and about 
equally divided around the periphery. By moving the collar around on 
the shaft its contact will be indicated by the rubbing off of the chalk. 
The shaft should be rotated in the lathe and filed where the chalk is 
rubbed off until the bearing is satisfactory. 
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It should be unnecessary to give any further instructions respecting 
the use of the taper attachment. The method of testing the fit of the 
work may be exactly the same as when turning tapers by setting over 
the tail-stock. It may be well to explain that the provision for adjust¬ 
ment of the tail-stock will not admit of turning a taper of as great a 
degree of angularity as may be turned with the taper attachment. 

The Steady Rest, Cathead, etc.—^The steatly rest is shown at 2 
in Fig. 214. This device is used for supporting a slender shaft near the 
middle to prevent the shaft from springing away from the cutting-tool. 
It is also used to support a shaft at the end when it is necessary to per¬ 
form some operation on the end of the shaft that cannot be done with the 
tail-stock in position. In the latter case the tail-stock is moved to the 
right, and while the work is supported on one end by the steady rest, the 
other end is held cither by the chuck, or by a strap which holds the work 
in contact with the lathe-center. Fig. 385, which is taken from ‘^Machin- 

Fig. 385. 

ery,^' shows a lathe-spindle supported as last described. In this case 
the spindle is driven by the lathe-dog in the usual manner, and it is 
held to the center by bolts and a strap called a hold-back,'^ the pressure 
of which is sustained by the dog. 

Whether the steady rest be placed at the end of the work or near the 
middle, there must be a true bearing on the shaft where it revolves in 
the rest. If the shaft is not too slender, the bearing near the middle 
may be turned on the centers in the usual manner by taking very light 
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cuts. It is generally better, however, to use a cathead. The latter is 
a kind of cylindrical shell having a truly turned bearing designed to run 
in the steady rest. It is held on the shaft by three or four set-screws at 
each end of the shell. Fig. 386 shows a cathead held on a shaft as indi- 

Fig. zm. 

cated. The cathead is adjusted by the set-screws until it runs 'Hrue,^^ 
on the same principle that work is adjusted in a chuck. The illustration 
shows the Bath indicator as used for this purpose. In the absence of 
such an instrument, the cathead may be adjusted in conneciion witli 
a common lathe tool held in the tool-post. The lathe could be turned 
backwards to avoid having the cathead cut by the tool. Or, better still, 
a piece of hardwood could be shaped to take the place of the tool. 

Some prefer to set the cathead by giving it a light coat of red lead 
and marking the revolving head by a pencil held in the hand. Special 
care is required in adjusting the steady rest, either with or without the 
cathead, as it is Very easy, by screwing one of the lugs up too far, to 
deflect the work. It is usually best to adjust the lugs while the work 
is revolving. 

Turning a Cathead*—^ITie cathead should be made quite strong, 
otherwise it will be sprung out of shape while it is being adjusted on 
the shaft. It should also be turned very carefully. For this purpose 
it may be placed on a stout arbor and adjusted by set-screws. After 
taking a roughing cut, the pressure of the set-screws should be relieved 
before the finishing cut is taken. The cathead need not be finished 
on the inside. 

The Follower-rest.—In some cases the work is so frail that it is 
necessary to support the pressure of the cut by a device bolted to the 
carriage. This device, which is shown in Fig. 387, is placed nearly 
opposite the tool and travels with it. In using the follower-rest the 
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shaft is first turned a few inches at the end to give a true bearing far 
the rest. The rest is next placed in position and its lugs adjusted in 
contact with the shaft, when the cut may be continued. Sometimes 
the shaft is turned to the finished size at the end and two ti>f)ls are used 

Fig. 387. Fig. 388. 

in advance of the follower-rest, the forward being a roughing-tool and 
the rear one a finishing-tool. With this arrangement one traverse of 
the tools finishes the shaft. 

The follower-rest is often made in a form which requires a hushing 

for each size of shaft. Fig. 388 shows the Reed follower-rest, which 
is so designed that either bushings or adjustable lugs may be used. 
The illustration shows a bushing secured to the rest. 

Mf^^chiriing a Small Cast-iron Crank.—For machining a cast-iron 
crank of the dimensions given in Figs. 389 and 390, the crank might be 
cast with flanges as in Fig. 391, and the machine operations could 

be as follows: 
(1) Center at A and B and face ends U) length. 
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(2) Turn the four disks to 2V4". 
(3) Draw a line on flanges with key-seat rule as in Fig. 392. 

(4) Draw radial lines joining latter line with centers A and B. 

(5) With hermaphrodite set to V2", draw arcs intersecting the radial 
lines as at C, Fig. 392. 

(6) Drill and ream centers C and D, taking care to keep the centers 
from '^running.” 

(7) Next rough out crank at E, Fy J, K, to within ^732" of size. 
(8) Turn to final dimensions and polish at G, //, I, 

(9) Turn the two, end disks to diameter of E. 

(10) Finish and polish at E, F, J, K. 

Precaution.—^WhUe turning E and F the crank should be supported 
at L by a small rod or by a screw witb nut on end. The rod or screw 
must not be forced but pressed in lightly with the fingers to avoid spring¬ 
ing the casting. When running the lathe fast for work of this character 
a weight (of any kind) should be bolted to the face-plate of the lathe 
to coimterbalance the work. 
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Machining a Paper-weight.—Fig. 393 shows a paper-weight the 
base of which is brass and the stem steel. Figs. 394 and 395 show 

the two parts in detail. To make this paper-weight; we would com¬ 
mence with a rough casting of Fig. 394 and proceed as follows: 

(1) Chuck casting and rough off face A with the tool shown in 
Fig. 290, finishing and polishing at A, 

(2) Bore out the cored hole to within a few thousandths of an inch 
with a common boring-tool, which must not have rake, and finish with 
reamer. With lathe rotating, remove the sharp outer corner of the 
hole with a scraper or otherwise. 

(3) Place on arbor and machine B, C, D to dimensions, using tools 
Figs. 290 and 291. A semicircular scraper may be used for the fillet 
as shown in Figs. 97 and 98, and the exterior curved surface may be 
smoothed by a square-end scraper. 

(4) Polish, first using file, then fine emery-cloth, and finally rouge- 
cloth or clean dry waste and fine emery. See also methods of polish¬ 
ing in Chapter XXIX. 

For Fig. 395 proceed as follows: 
(5) Saw off a piece of ^^/le" round machine steel 3V4" long. 
(6) Center, face ends, and rough to ^®/32" diameter. 
(7) Machine tail-stock end (including H), making 0 smaller than 0. 

G must be made .0005" larger than the hole in Fig. 394 for a force fit. 



272 MACHINE-SHOP TOOLS AND METHODS 

(8) Reverse and machine other end to 
(9) Turn K, M, N, using preferably a forming-tool * for the spherical 

part. Finish and polish with file and emc^ry-cloth and knurl as shown 
(10) File and polish hexagon (V2" across flats). 
(11) Cut off O and P, and finish and polish oxtrenio end of N, The 

piece may be held in a chuc^k (preferably a draw-in chu(;k) when finish¬ 
ing the extreme end of and a concave side-tool or a scraper may be 
used to precede the emery-cloth. 

(12) Press stem into base, protecting ends with lhil)bitt metal or 
otherwise. An arbor-press or strong drill-])r(\ss may used to press 
in the stem. 

Special Method of Machining a Cone Pulley.—As indicated in tlu^ 
chapter on turret-lathes, when work is machined in the engine-lathe 

Fig. 396. 

without special tools and fixtures the processes are comparatively slow. 
In contrast with these slow processes the attention of the reader is 
called to the method of machining a cone pulley, illustrated in Figs. 396 
and 397. In the first figure several tools are shown in operation on 
the steps of a cone,pulley, these tools being held in a special tool-holder. 

* A good article on making forming-tools was published in the shop edition 
of '^Machinery/’ June, 1904, page 339. 
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The sizes for the various steps arc detenuined by adjusting the tools 
to the stepped gage held on the tail-spindle. In Fig. 307 the internal 

Fig. 397. 

diameters of the cone pulley are bored simultaneously by the multiple 
cutter-head shown. 

The construction of the split chuck used for gripping the pulley is 
worthy of note. Special chucks secured in this manner to the face-plate 
are usually centered by having a tongue or ledge on the chuck fit a 
corresponding recess turned in the face-plate. In some cases dowel- 
pins passing through the face-plate and chuck-ears are used instead. 
Any machining that is required in the inside of the chuck is always 
reserved until after the chuck has been fitted to the face-plate. In 
many cases it is preferable to make such chucks to screw directly on 
the lathe-spindle. 

In machining a cone pulley the casting must pass through a number 
of different processes before it is completed. The two illustrations 
given are from an article by C. F. Pease in the “American Machinist/’ 
vol. 27, pages 613 and 614, showing the method followed by the 
Lodge & Shipley Company. The reader is referred to this article for 
further information on the subject. 

Turning Curved Shapes,—Figs. 398 and 399 show two views of a 
ball-turning rest which is used interchangeably with an ordinary tool- 
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rest. In using this rest the lower slide is locked to the carriage and 
the cross-feed mechanism set in motion. As the cross-feed screw passes 

Fig. 398. 

through the nut seen secured to the rack in the inverted view, the 
rotation of the screw causes longitudinal motion of the rack, and this in 
turn causes rotation of the rest by the gearing shown. 

Fig. 399. 

Figs. 400 and 401 show respectively a side view and an end view 
of a ballrtuming aUachmerU which may be bolted on top of a tool-rest 
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in place of the tool-post. This device consists of the main casting 
shown, in which is journaled a shaft having at its left end a slotted 

Fig. 401. 

stood from the illustration. The disk-shaped casting, secured tc the 
right end of the shaft by a key and the nut, may be either a spur-gear, 
driven by the gearing in the lathe-apron, or it may be a worm-gear 
operated by worm and handle. The illustration does not show the 
means for operating the device. 

Ball-turning attachmients may be used for turning work betweer 
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centers, such as the ball handles used on lathes. They may also be 
used for turning a ball on the end of a bar held in the chuck. 

Other Methods of Turning Balls.—In the absence of any special 
attachment, balls are sometimes roughed out approximately right with 

a lathe-tool, and finished to a tem¬ 
plate by a common scraper. Fig. 402 
shows a special scraper consisting of 
a bar of tool steel having a hole 
drilled in the end, and having its 

Fig. 402. corner beveled to form a cutting- 
edge. In using the scraper the ball 

is first roughed out with a lathe-tool. The scraper is then pressed 
against the revolving ball, when it finds its own center and gives the 

ball the spherical shape, regardless (within limits) of the diameter of 
hole in the tool. Balls may also be shaped by a lathe-tool, the end 
of which is made to the same form as the ball. 
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Turning Curved Shapes with Guiding Forms.—great variety of 
curved shapes may be turned in connection with forms. Fig. 403 * shows, 
secured to the face-plate, a piece of work which is to be turned to a 
radius of 20". A form D of the required shape is secured to a common 
angle plate, the latter being bolted to the lathe-bed. With a guiding 
roller E, journaled in a bracket on the rest, and a spring or weight 
tending to hold the roller in contact with the fonn, the cross-feed of 
the lathe is set in motion, when the tool wdll be forced to follow the 
required path. If a weight be used, it may be suspended by a rope 
attached to the lathe-carriage and running over a roller secured to 
the lathe-bed. When doing this work the feed-screw of the upper rest 
must be removed, and the carriage should be clamped to the lathe-bed. 

Sometimes the work is of such a character as to require that the 
guiding form be held on the back skie of the lathe-bed. In this case 
the guiding roller and rope are attached to the cross-slide, and the weight 
is suspended over a roller at the back side of the lathe. In shaping 
such work the cross-feed screw, or the nut for the same, must be removed 
and the carriage be fed longitudinally. Irregularly curved handles 
may be formed in this way. It should be understood that the shapn 
turned with a pointed tool is not always an exact duplicate of the form.f 

In accordance with the principle outlined, cams may be made in 
the engine-lathe. In doing such work, the cam blank and form are 
usually secured on an arbor, the latter being driven between lathe-centers 
in the usual manner. A revolving milling-cutter of the same diameter 
as the roller gives better results than a pointed tool. This arrangement, 
however, is more elaborate, as it requires a counter-shaft or other means 
for rotating the milling-cutter. The milling-cutter could be secured to 
a spindle running in a bracket held on the tool-rest. 

Further instructions respecting lathe work are given in connection 
with the next chapter, and in the chapters on boring bars, etc. 

* Cut first used in connection with an article by J. Wheeler in American 

Machinist/' vol. 27, page 557. 

t The explanation of this is given in connection with Fig. 527. 



CHAFfER XVIII 

THREAD^UTTING IN THE ENGINMATHE 

Meaning of the Terms “ Pitch,” ^^Lead,” etc.—In transmitting powei 
by belting there is generally a slight irregularity due to the slip of the 

belt. This is of no consequence in the ordinary feeding of the l^he- 
carriage, and the belt and pulleys are sufficiently accurate; but as stated 
in the chapter on Lathes, the.mechanism used in moving the carriage 

for thread-cutting must be positive and accurate. In the chapter referred 
to, brief allusion'was made to the method of cutting threads. In this 
chapter the subject will be further considered. 

Imagine a rod held betv/een the lathe-centers and caused to revolve 
with the spindle. If now a pointed tool held in the tool-post of the 

lathe be fed against the revolving rod, and the lathe-carriage be caused 
by the gearing to traverse the lathe-bed, the tool will cut a helical 
groove. This operation is called thread-cutting. The coarseness of a 

, thread, or the distance that the carriage advances for each revolution of 
! the rod, may be changed by changing the ratio of the gears which move 
the carriage. There is some confusion respecting the terms used to 
denote the coarseness of a thread, and it will be necessary to define 
these terms before proceeding further. The term lead, as used in the 

machine-shop, means the distance th^t a Screw, turnip m a nut will 

advance in one revolution, or (as applied to a lead-screw ^0 fhe dis¬ 
tance that the lathe-carriage is moved by one revolution of the lead- 
screw. The term pitch is used variously to indicate, first, the lead; 

second, the number of threads per inch, and third, the distance between 
the centers of two adjacent threads. The latter definition will be the 
one used in this work. If we wind a bit of sewing-thread helically 

around a rod so that the thread advances ^4" in going once around, 
we shall have a good illustration of a screw of ^4" lead. 
The pitch is also ^4". Thus the pitch and lead are equal in a single¬ 

thread screw. Now if we wind another thread around the rod so that 
its helix shall describe a* line centrally between the helical lines of the 

278 
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first thread, the two threads together will illustrate a douhle-’thread screw. 
But the pitch of the screw is changed to while the lead remains 
^/4" as before. In Fig. 404 we start 
at the right with a single-thread —p—•T"** *) 
screw of ^==^2"; and then cut an-" h ^ 
other thread, when P==V4^^* 
may have any number of threads, 
but we seldom cut other than single, 
double, triple, and quadruple screws. 

The expressions ^Hhreads j)er 
inch” and 'Hurns per inch” are also 
used in connection with screw-cutting. 
As some lathe lead-screws have double 
threads the first term is misleading, 
and as a substitute for the latter we 
shall coin the more convenient word “inch-turns,” meaning the number 
of turns a screw makes in a nut while advancing 1", or while moving 
the nut 1". 

Computing the Change-gears.—^The diagram in Fig. 405 will be 
used with the formulas for screw-cutting. In this figure e is the gear 
on spindle, or gear on stud, as it is sometimes called, d the intermediate, 
and / the gear on lead-screw. The number of the teeth in the inter¬ 
mediate does not affect the ratio, and this gear is not considered. In 
the formulas let c equal the number of teeth in stud-gear, / the teeth 
in lead-screw gear, L the inch-turns of lead-screw, and R the inch-turns 
of the required screw. Assuming that the gears which transmit motion 
to the stud have equal numbers of teeth, as is the case in most lathes, 
these gears will not affect the ratio. For convenience we shall speak 
of such a lathe as being geared one to one. Assume also that we have 
the following list of change-gears: 20 teeth, 40 teeth, 46, 48, 80, 100. 
Now let it be required to cut a screw of V4" lead, or 4 inch-turns, and 
let the lead-screw also be lead. The proportions of the gears will 
be indicated by the following expression: 

Number inch-turns on lead-screw number teeth in stud-gear 
Number inch-turns on required screw ""number teeth in lead-screw gear* 

Then by formula (1) = 
c 4 4 

‘-r=T- T then is the ratio of teeth in 
/ 4 4 

stud-gear to teeth in lead-screw gear. Now if we have no gears with 
lew than 20 teeth we multiply both numerator and denominator by 5 
and we have 20 teeth in each of these gears for 4 inch-turns, or 1^. 
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The greater the number of teeth in the lead-screw gear, or the smalls 
the number of teeth in the stud-gear, the greater will be the number 
of revolutions of the required screw to 1" travel of the thread-tool. 
Therefore, if we wish to cut a thread of ^/s" lead or 8 inch-turns, other 
conditions remaining the same, all we need to do is to place a 40-tooth 

gear on the lead-screw. Thus by formula (1) In other 
K o 40 

words gears of equal numbers of teeth cut screws of same lead as the 
lead-screw, while doubling the number of teeth in lead-screw geai 
doubles the inch-turns of required screw, etc. 

In some lathes the gears are not one to one, and in such a case we 
must ascertain the ratio of these gears and use this ratio in the formula. 
We may find the ratio of the gears by marking the stud-gear and lathe 
face-plate in relation to fixed points, and then turning the lathe-spindle 
and noting revolutions of stud-gear to one of face-plate. Assuming h 
to have -0 teeth and a 20 teeth, and lead-screw same as before, let it be 
required to cut screws of 4 inch-turns or V4" Then by formula (2) 

/ 

4X — 
^20^8 
4 4“ 

Multiplying both terms by 5 as before, we have 

8 ^5 40_ stud-gear teeth 
4^5 20 screw-gear teeth ’ 

Again, assume a lead-screw of 6 inch-turns and let it be required 
to cut a screw of 11^/2 inch-turns, then 

a 20 12 4 48 teeth in stud-gear 
R 11V2 " 11V2 "ifi teeth in lead-screw gear’ 

Compound Gearing.—^The system of gearing shown in Fig. 405 is 
called simple or single gearing, because there is only one gear on the 
intermediate shaft, and as has been intunated, this does not affect the 
velocity ratio of the stud- and screw-gears. Some lathes have several 
intermediate gears in the same vertical plane, the stud-gear being placed 
on the outer end of the main spindle. This arrangement gives the 
same results as the one intermediate. But when there are two iater- 
mbdiates of diffeient diameters on the same shaft, then we have com- 
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•pound gearing^ and the intermediate gears must be taken into account 
in the calculation. 

Some lathes are so designed that a wide range of inch-turns cannot 
be obtained by single gearing. In such a lathe both single and com- 

R = Incli'tiirns on rf‘<iiiire.d wirew; L= Sunie on lead screw. 

Fig. 405. Fig. 406. 

pound gearing are used. I'ig. 406 shows a diagram applicable to com¬ 
pound gearing, and formula (3) has been prepared for use with this 
diagram. Formula (3): 

a c c 

-TT-d^T U ' d f 
or 

a r c 
d* 

Let it be required to cut a screw of say 40 inch-turns in a lathe 
having a lead-screw of V4" or 4 inch-turns, and having gears a 
and 5 1 to 1. If we compute by formula (1) we shall have, 

4 20 
R f **40 2(K)’ 

These are the proportions of the gears that could be used by single 
gearing, but we have no gear of 200 teeth. If we select 40 and 80 for c 
and d respectively, the proportions of the mating gears at e and / may 

20 40 
be found as indicated in formula (3) by dividing ^ by Thus 

--—ana go 2 ^ 10'2 10^1 **10* 
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In looking through our list of gears we find 20 and 100, which may be 
2 

used for the proportion Substituting these values in the formula 

we have, 

4x1 
40 80 100 2 5 10’ 

4 5 20 
with lead-screw =4 inch-turns, we have by formula (1) ' 

O 127 

Metric and Fractional Threads.—It sometimes happens that we 
have to cut a metric screw on an ordinary American lathe. For this 
purpose we need one gear having 127 teeth; this is called a “translating” 
gear. It is found as follows: 1000 millimetres = 1 metre =39.37^^ in 
length. 1000-H 39.37 =25.40005= millimetres in 1". Therefore to cut a 
screw of 1 millimetre lead (=25.4 inch-turns) in a lathe geared 1 to 1 and 

c 

7* 

We cannot use any smaller gear than 127 because no smaller number 
is divisible by 25.4 without a remainder. The gear on stud will, of 
course, depend on the inch-turns of lead-screw, but whatever number 
of teeth it may have we should multiply that number by 2 for a screw 
having 2 millimetres lead, by 4 for 4 millimetres lead, etc. This can 
be proved by the formula as follows. Assuming a lead-screw of 4 
inch-turns, let it be required to compute change-gears for 1, 2, and 4 
millimetres. ^ ^ 

4 
'25.4’ - gears for 1 millimetre lead. 

L 4 40 
R 25.4-f-2^10 127 

L 4 _20 80 
R 25.4-^4^20 127 

The simple formulas and methods here outlined involve the principles 
common to all gearing computation in which velocity ratios are con¬ 
cerned. The methods used in computing change-gears for metric threads 
will apply equally well to fractional threads. By substituting diameters 
for numbers of teeth in the formulas, they may also be applied to belt 
and pulley transmission. The student should study these principles 
in connection with the machines in the shop until he thoroughly under¬ 
stands them. 
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Cutting a Fractional Thread with Change-gears of Approximately 
Correct Proportions.—It is possible to cut a fractional thread on a 
parallel shaft with gears which vary slightly from correct proportions. 
This may be effected by setting the tail-stock over to give the necessary 
variation from the formula results, and then adjusting the taper attach¬ 
ment to make the tool follow the parallel side of the shaft. The amount 
to set the tail-stock over can be computed very closely. Special care, 
however, is required to so arrange the contact between the lathe-dog 
and face-plate as to prevent a variable motion being imparted to the 
work. This method is sometimes employed in threading taps to com¬ 
pensate for the change in lead caused in the tempering process. For 
a full discussion of this method see American Machinist” of April 3, 
1902 page 479, and the January, 1904, number of “Machinery/' page 
273, regular edition. 

Methods of Setting Thread-tools.—^The United States standard and 
V-thread tools should be so set, in relation to the work, that a line bisect¬ 

ing the angle formed by the two cutting-edges of the tool shall be at 
right angles to the axis of the work. Figs. 407, 408, and 409 show the 
methods of setting these tools. Fig. 407 is the simplest case. In this 
figure we have a cylinder of uniform diameter upon which it is required 
to cut V threads. The cylinder is, of course, adjusted with its axis 
parallel to the lathe-shears, and the gage C has the 60° V groove so 
formed in relation to its parallel sides as to conform to the conditions 
above expressed respecting the point of the lathe-tool. It is obvious 
then that, if the tool be adjusted to correspond with the groove in C, 
the latter being held against the side of the cylinder as shown, the tool 
wUl be properly adjusted in relation to the work. Fig. 408, which 
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shows the same principle applied to internal work, will be sufficiently 

clear without further explanation. 

Fig. 409 shows the method of setting the tool for a tapering screw. 
In this case it will not do to use the gage against the side of the blank, 

because the sides are not parallel with the axis. But if the side of the 
gage be pressed against the true end of the blank, and the tool be adjusted 
so that one of its edges coincides with the side of the gage as shown, 
the thread will be normal to the axis of the screw, as required. This 
method will apply whether the taper of the thread be made by the 
taper attachment or by setting the tail-stock over. The former is the 
more accurate method. 
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The lead of all threads, indvding taper threads, should be measured 
parallel with the axis of the screw. 

The gage C will not answer for other threads than V and the United 
States standard, but simple gages may be made on the same principle 
for other threads. 

Some Precautions and Principles in Connection with Thread-cutting. 
—Fig. 410 shows a short shaft upon which three different leads of U, 8, 

Fig. 410. 

standard threads are required. The threads, which are represented by 
the conventional method, are 13, 11, and 10 inch-turns respectively for 
the Vs"? diameters. We shall not give in detail the 
order of operations for this work, except to state that the blank is turned 
completely to the dimensions of the drawing before the thread-cutting is 
begun. The numbered paragraphs state principles applicable to Fig. 
410 and to thread-cutting in general. It is more difficult to do smooth 
thread-cutting than smooth turning on a plain cylinder. To insure good 
work careful attention must be given to the following instructions. 

(1) It is preferable to have one tool for roughing and one for finishing 
the thread. The finishing-tool sEoiilTT^ ground and oil-stoned with 
s^eetaUcafer 

'l[2yTo get the most accurate shape of thread, the top of the tools 
should_be-~gi:ound.. Sat and- set oven, hQnzohTallyJ"Wittr^ 
fathe-ceiiter, as shown in Fig. 411. 
However, in ordinary work, to make 
the tool peel the metal more 
smoothly, it may be permissible 
to give the roughing-tool a slight 
degree of top rake. 

(3) The tool must be so ground 
as to have approximately equal 
clearance on each side in the thread. When thus ground the sides 
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of the tool at the cutting end will incline in the direction of the thread; 
that is to say they will lean toward the left in right-hand thread, and 
toward the right in left-hand thread. See Fig. 418. This side clearance 
of the tool must extend to the extreme top edge. Beginners are very 
likely to leave about ^/(S4 or ^/32 inch at the top edge without side clear¬ 
ance and then wonder why the tool does not cut. 

(4) The tool must not project farther than necessary from the tool- 
post, and the tail-spindle must not .be screwed out from the tail-stock 
more than sufficient to give ample clearance of lathe-carriage. This 
latter point should be provided for before starting to cut the thread; 
otherwise, in reversing the lathe the carriage may be forced against 
the tail-stock and strain the mechanism in the lathe-apron. 

(5) To avoid marring the finished surface, leave the blank about 
larger at A than drawing until the thread-cutting is done. To 

finish this end, use a special screw-dog as in Fig. 337, or screw a ^/2" nut, 
split on one side, on B and drive the blank by a lathe-dog on the nut. 

(6) If the lathe has a compound rest, the upper slide should be 
turned about 30° in the direction of the tail-stock. If then the tool be 
taken out for grinding, it may be adjusted to the thread by movement 
of the upper rest. If a lathe having no compound rest be used,* the 
tool may be adjusted laterally by disengaging the reversing gears, pulling 
the spindle around by hand until the thread is in line with the tool and 
then reengaging the gears. Some mechanics, in cutting 60° thread, 
prefer to set the upper or compound rest at 30° and feed the tools toward 
the thread by this rest, using first a roughing thread-tool and then two 
finishing-tools, one for each side of the thread. These tools are given 
rake and, when cutting on one side only, they cut without gouging. See 
Fig. 412.* 

The gibs of the rests must be snugly adjusted when cutting thread. 
(7) In taking the final smoothing cuts on the thread, if the tool 

does not respond to light pressure, it is an indication that it is either 
dull, or has insufficient clearance, or is defective in some other way. 
Under such conditions the tool will either gouge into and take a heavy 
cut, making a rough thread, or it will not cut at all. When all other 
conditions are right the failure may be caused by a low temper in the 
tool. To avoid spoiling the thread the difficulty should be remedied 
before proceeding further. 

Use of the Thread Stop-gage.—Several cuts will be required to com¬ 
plete each of the above threads, the greatest number of cuts being 

* Fig. 412 was copied from a cut illustrating an article by Mechanic* 
ia American Machinist,** July 31, 1890, page 10. 
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required on the coarsest lead. The depth of the cut is determined by 

the judgment of the workman, but the roughing cuts are, of course, 

much deeper than the finishing cuts. Most lathes are provided with a 

thread stop-gage like that shown in Fig. 231. In cutting short threads 

like those in Fig. 410, when the tool reaches the end of the thread it 

is quickly withdrawn by the cross-feed handle and the motion of the 

lathe is reversed. During the backward traverse of the lathe-carriage, 

the screw S of the stop-gage is adjusted for the next cut. 

Cutting Square Threads. — Fig. 413 shows a square-thread screw 

and nut to which the following instructions apply. 

(1) Chuck the nut and face outer end with roughing-tool, finishing 

with side-tool. 

(2) Turn as at A (Fig. 414) with centering-tool (see Fig. 376) for entry 

of drill. Drill with twist-drill, finishing to Ys'' with boring-tool 

and reamer. Counter-bore as at (Fig. 415) as a guide for gaging depth 

of thread. . 

(3) Rough out thread with tool like Fig. 416, finishing with tool full 

width like Fig. 417. It must fit a nut-arbor, which may also answer for 

a gage. A tap is sometimes used to size the nut-thread. 

(4) To turn the outside, screw nut on arbor and proceed to finish 

in the same manner as with collar referred to in the first example of 

lathe work. Chapter XVII. 
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(5) For the screw, cut off 1 round machine steel 7 Vie" long. 
Center and face ends to length. Turn blank to 1 Vs" diametfer for thread, 
leaving it larger at C. 

(6) Before cutting the thread, read again the instructions given in 
connection with Fig. 410. 

(7) Rough out thread with outside thread-tool having point like 
Fig. 416, and finish with tool having point full width like Fig. 417, testing 
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fit by a gage or by the nut. The sides of the thread-tool at the end 

must lean toward the left and have clearance to the extreme edge as at 

Ej Fig. 418. 

(8) Polish with oil and emery on soft-pine stick. Screw thread 

end into threaded driver and turn and polish end C. 

(9) In connection with this exercise the student should learn to 

“catch the thread” without reversing the lathe. To do this stop the 

lathe just before the tool reaches the end of the thread and turn it the 

remainder of the way by hand, bringing it to rest in a definite position, 

which should be noted by making a witness-mark on the face-plate in 

line with some fixed point or mark about the lathe. Now disengage 

the lead-screw nut and move the carriage back for the next cut a distance 

which must be divisble without a remainder by the lead of both the screw 

being cut and the lead-screw. This position of the carriage should be 

noted by chalking the lathe-bed or by measuring the distance between 

the thread-tool and the end of the tail-stock spindle. Having carefully 

followed the above instructions the lead-screw nut may now be reengaged 

and the lathe started, when the tool will follow the thread as accurately 

as though the lathe had been reversed. 

By marking the face-plate, lead-screw gear, and carriage positions, 

and starting and stopping with these in same positions for each traverse, 

any thread will “catch.'' 

When the number of inch-turns of the thread being cut is a multiple 

of the inch-turns of the threads on the lead-screw, the carriage may be 

engaged in any position without changing the alinement of thread-tool 

with thread. 

It is not always permissible to cut a groove for the exit of the thread- 

tool, as is done in Fig. 413. Another way is to drill a shallow hole, equal 

in diameter to the width of the thread, where the thread is to stop. 

The thread-tool must be adjusted so as to have the thread follow centrally 

with the hole. 
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Cutting a Left-hand Worm-thread.—A worm>thread screw is used 
to operate a worm-gear. Such gearing is commonly used in some designs 
of elevators. It is also used in some lathes (see apron mechanism in 
chapter on Lathes). The order of operations for cutting the worm 
shown in Fig. 419 may be as follows: 

(1) Cut off machine-steel stock iVie" diameter by 5Vis" long. 
Center and finish the ends. 

(2) Rough out blank all over, leaving it about ^/le" larger than 

M Lead L.U. 

One M.S. 
!Finish all over 

Fig. 419. Fig. 421. 

Fig. 422. 

drawing at A and B, Fig. 420. Turn to finished diameter at C. Turn 
shoulders D and E by which to gage depth of thread. 

(3) This thread being left-hand, the thread must be started at the 
left, and the sides of each thread-tool at its end must incline toward the 
right, as explained on page 286. Rough out thread with a narrow- 
pointed round-nose tool having rake, taking care to leave •sufficient 
stock for the finishing-tool. Finish with tool like that represented in 
Fig. 421, testing thread by gage as in Fig. 422. Gage F may also be 
used for setting the tool in correct relation with the work. 

(4) Turn ends A and B to size of drawing and polish thread and 
en^s as in the previous work. 
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Theoretical Difficulties in Thread-cutting.—^There are certain theoret¬ 
ical refinements connected with thread-cutting which are generally 
neglected in ordinary practice. The shape or angle of a thread should 
be measured in a plane parallel with the axis of the screw. But if a 
V-thread tool, for instance, be ground to fit the 60° gage and adjusted 
to bring its top face normal to the sides of the thread helix (as it should 
be adjusted to make both edges of the tool cut equally free) the thread 
will not be 60° when measured as indicated above. This may be easily 
demonstrated as follows: Place the V point of the thread-gage between 
the sides of the thread with its top face in a plane passing through the 
axis of the screw. Now incline the gage, bringing its face to an angle 
of 45° with the first position. It will be seen that the edges of the gage 
no longer fit the thread. 

There are also certain difficulties in connection with square and 
other shapes of threads, but these difficulties are of little importance 
in threads of fine lead. In cutting threads of coarse leads, each side of 
the thread may be cut independently and tested by a gage somewhat 
similar to that shown in Fig. 422, the latter being applied in a plane 
passing through the axis of the screw as in the V thread. 'I'his method 
has the advantage that the tool may be ground with side rake. 

Geometrical Method of Detennining the Side Clearance of Square- 
thread Tools.—In cutting threads of coarse leads, special attention 

must be given to the side clearance. The following method, referring 
to Fig. 423, is taken from a pamphlet published by the Gisholt Machine 
Company descriptive of their universal tool-grinder: 

the line EO lay off OH equal to the circumference of the 
screw at the bottom of the thread, and EO equal to the circumference 
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at the top of the thread. At E and H erect perpendiculars EF and 
HL equal to the pitch of the screw. Draw OF and OL, then will the 
angle EOF be equal to the angle of the thread at the outside of the 
screw, and EOL will equal the angle at the bottom of the thread. Lay 
off CAL and CBO equal to 5®. Draw CA and CB, Draw AB at right 
angles to the center line CD. Then AB will be the top of the tool and 
AC and BC the sides. By this construction there will be equal angles 
of clearance on each side,” 

The top face of the tool should be normal to the side of the thread 
at its mean diameter, as at AB, Fig. 424, and the front edge should be 

slightly concave. These considerations are generally neglected on 
threads 4 pitch and finer. 

Spacing Multiple Threads.—In cutting multiple threads, the thread 
may be spaced by using the face-plate of the lathe as an index. For 
this purpose the slots in the face-plate should be machined in the milling- 
machine in connection with the dividing head. Thus, let it be required 
to cut a double thread. Now assuming that we have two slots in the 
face-plate diametrically opposite, all that we need to do after cutting 
the first thread is to take the work out without unscrewing the dog and 
place it back again with the tail of the dog in the opposite slot. 
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If the lathe be geared one to one, and the gear on the stud have an 
even number of teeth, the double thread may be spaced by marking a 
tooth on the stud-gear to coincide with a mark on the intermediate 
gear, and then disengaging the intermediate gear and turning the lathe 
one half revolution, to bring the tooth diametrically opposite in mesh at 
the mark on the intermediate gear. 



CHAPTER XIX 

SCREW-THREADS, TAPS, AND DIES—BOLT- AND NUT-THREADING 
MACHINES 

U. S. Standard and V Thread.—^The subject of screw-threads is treated 
in most books on machine design; it is also briefly discussed in this 
work in connection with the subject of screw-cutting. It will be neces- 
sary^ however, to refer to certain practical considerations in this con¬ 
nection. The simplest form of thread is known as the V thread. This 
is generally so made that the sides of the V form an angle of 60°. The 
objection to this thread is that the sharp edges are easily bruised, and 
also too quickly wear smaller than the nominal size. 

Improvements Affecting Durability of Thread.—To overcome both 
of these objections the thread known as the U. S. standard has been 

D ~ p X .866 D-H Di= P X .6495 

V THREAD U.S. ST'D THREAD V 
Fig. 425. Fig. 426. Fra. 427. 

introduced. This thread also has its sides at an angle of 60°, but unlike 
the V thread it is filled in at the bottom of the V and cut off at the top, 
forming flat tops and bottoms. The length of these flats equals Vs the 
distance from center of one thread to the center of the next. To over¬ 
come the difficulties connected with the V thread. Sir Joseph Whitworth, 
of England, originated the '^Whitworth thread.'* This thread is rounded 
at top and bottom and its sides are 55° included angle. 

294 
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Difference in Effective Diameters of IT. S. Standard and V Thread.— 
Figs. 425 and 426 show full-size views of V-thread and U. S. standard 
screws, both being of the same outside diameter. The center lines 
passing through the sectioned balls show that there is considerable dif¬ 
ference in the effective diameters of the two screws. This difference 
may also be seen in Fig. 427, in which the full lines show the U. S. standard 
and the dotted lines, the V thread. 

Square and Acme Thread.—Cither threads in common use are the 
square thread and the acme thread. The square tliread, as is implied 
by its name, has its sides at right angles with the axis, and is flat on top 
and bottom. The width of the thread at top and bottom is usually made 
equal to its depth. As a rule this thread is used in places where a long 
screw and short nut are required. In such a case, if it is desirable to have 

_ 

the nut last approximately as long as the screw, the spaces between the 
threads on the screw should be wider than the flat top of the thread. 
This leaves the thread in the nut thicker than in the screw. 

For some purposes, as for instance the lead-screws on lathes, a 
sort of compromise between the square thread and the U. S. standard 
is desirable. For these purposes a thread having flat tops and bottoms 
and angling sides has been used, but until recently there has been no 
standard for this thread. A few years ago Messrs. Handy & Powell 
proposed a standard for this thready the proportions of which are given 
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in connection with Fig. 428. These formulas are also published in the 
catalogs of the Brown & Sharpe Manufacturing Company. This 
thread has its sides at an angle of 29° (included angle), and is known as 
the Powell or ^^acme” thread. 

Pipe-threads.—Pipe-threads are similar to the 60° V threads, except¬ 
ing that the tops and bottoms are slightly rounded, making the depth 
only of the pitch instead of equal to the pitch. 

Considerations Governing the System of Threads to be Adopted in 
Starting a New Plant.—In starting a machine-shop it is necessary in 
the outset to determine the system of threads to be used. The proper 
thing to do is to adopt the U. S. standard for general purposes^ the acme 
thread for work of the character of lathe lead-screws, etc., and the square 
thread (seldom used) as occasion may require. But this is not the 
universal practice. Some still use the old V thread, and, even when 
supplying U. S. standard, some screw-makers—unless otherwise ordered 
—will send 2*^ews with twelve threads per inchy when the U. S. standard 
is thirteen for this size. 

Variation from the U. S. Standard.—Far screws below V4" very little 
attention is paid to the U. S. standard. 'J'he diameter of these screws 
generally conforms to a screw-gage having decimal dimensions, and 
there is considerable variation respecting the pitch. In some special lines 
of machinery, bicycles for instance, there is a very material departure 
from U. S. standard. Some bicycle-makers use twenty threads per inch 
on the y2" pedal-shaft whfere it screws into the crank, and when the 
threads wear out in the crank, the repairer retaps it with a Ys" tap having 
twenty-four threads per inch, using a bushing between. It is doubtful 
whether the U. S. standard is adapted to work of this character. 

Nominal and Actual Diameter of Pipe. Extra Strong, Double 
Extra Strong, etc. — The method of designating wrought-iron pipe 
is somewhat confusing to the novice. When we speak of a given size 
pipe we refer to the diameter of the hole. Thus 1" pipe means pipe 
with 1" internal diameter; but the actual diameter varies considerably 
in some sizes from the nominal. 1" pipe is 1.048" internal diameter 
and 2^/2* pipe is 2.468", the outside diameters being 1.315 and 2.875 
inches respectively. Thus far there is no special difficulty, but we 
have, in addition to the above, extra-strong and double-extra-strong 
pipe. In both the extra metal is added to the inside, while the pipe 
retains the same designation as though no change had been made in the 
thickness. Accordingly 1" extra-strong pipe is .951" actual inside 
diaineter« and 1" double^xtra-strong is .58" inside diameter. The 
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outside diameter remains 1.315" as in the thin pipe. Interchange- 
ability in the fittings necessitates the unifi^rmity in the outside diameters. 

Taps.—A tap is a kind of steel screw tempered and having grooves, 
forming cutting-edges, cut lengthwise the screw. There are various 
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kinds of taps in use. Among the taps in most common use are hand- 
taps and machine-taps, pulley-taps and pipe-taps. There are also 
various special taps. A standard set of machinists^ hand-taps is shown 
in Fig. 429; these are called taper, plug, and bottoming taps in the 
order in which they are shown in the cut. The taper tap is made taper¬ 
ing on the thread end to facilitate starting it in the work. The hole to 
be tapped is drilled the same diameter as the tap at the bottom of the 
thread, or a little larger. The tap is screwed into the hole (forming 
thread as it goes) by means of a tap-lever or wrench applied at the shank 
end. If the piece to be tapped is only an inch or so thick and the hole 
passes quite through, the taper tap may be screwed entirely through the 
hole and the thread thus finished. If the,hole does not pass through 
the work, the plug tap may be used to finish the thread near the bottom. 
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It will be noticed that the plug tap has a short bevel on the end, and 
that the last two or three threads are imperfect. If threads are wanted 
at the extreme bottom of the hole the bottoming tap is used to finish 
the thread. All the threads oJ this tap are ^‘full.'^ 

Nuts are usually tapped by ipachinery, a tap som'ewhat resembling 
the taper hand-tap being used for this work. Such a tap is shown in 
Fig. 430; it is called a machine-tap. 

When set-screws are used in the hub of a pulley to secure it to the 
shaft, the pulley-tap is generally used. ^I his tap is shown in Fig. 431. 
In most cases the hole is drilled through both the rim and hub, the hole 
in the rim being drilled slightly larger than the largest diameter of the 
tap. The shank part of the pulley-tap is always made quite long, so 
that the square end may project through the pulley-rim. Manufacturers 
will make pulley-taps in lengths to suit the customer. 

The Pipe-tap is a short tap having a taper on the thread part of Y4" 
(in diameter) per foot of length. " It is used in connection with steam- and 
gas-fittings, etc. (see Fig. 432). The pipe-tap is sometimes made with 
the drill on the end, so that the hole may be drilled and tapped in one 
operation. This design is illustrated in Fig. 433, in which D is the drill 
and S the shank. The shank is made tapering to fit in the spindle of 
a ratchet-drill, by which the tap is operated. 

The tap used for tapping dies is called a hob, 
^ There is a kind of bolt used to hold together the inner and outer 

plates on boiler fire-boxes. The holes for these bolts are tapped with a 
tool called a stay-bolt tap. As ordinarily made, this is a tap and reamer 
combined. It is clearly shown in Fig. 434. The special taps for other 
purposes do not differ greatly from those described. 

Thread-dies.—^The moulds or forms used in connection with presses 
for making hollow ware, etc., arc called dies. "Jb distinguish the device 
used for forming threads on screws from the latter, it should be called a 
thread-die. Nevertheless a thread-die Is commonly called a die, and 
we shall use the same term in this chapter. In cutting thread with 
a die, the die is screwed on the rod, cutting the thread as it goes. 
Fig. 435 shows a solid die, so called because it is not adjustable. ' ITie 
solid die can be used for one size of screw only, and when used to make 
full threads in one passage over the screw, it soon wears larger than 
standard. When used to take a fine finishing cut only, being preceded 
by a roughing-die, it is more reliable. 

Fig. 436 shows a sectional view and a bottom view of a square die 
similar to that represented by Fig. 435. The openings A are made to 
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Fig. 434. 

Making a Solid Die.—^The general principles employed in making 
a square solid die are very much the same as for other dies, and it may 
be well to describe a method of making this die. In factories where 

Fio. 435. Fig. 436. 

taps and dies are made as a specialty the best facilities must, of course, 
be employed; but the method that we shall describe is a kind of ^‘home¬ 
made ” plan, applying to the making of a single die. The short diameter 
of the square die may be 2^4 times the diameter of the bolt to be cut, 
and its thickness may be about 1^4 times the diameter of the bolt. When 
a number of different sizes of dies are to fit one stock, the dimensions 
of some of them would be greater than above indicated. 

Having forged and machined the die blank to the proper dimensions, 
the next thing in order is to drill it. The center of the blank may be 
established by drawing intersecting lines diagonally across its face, and 
after prick-punching the center, two circles, one the diameter of the 
drill and the other somewhat larger, should be drawn on the blank. 
The surface of the blank may be covered with blue vitriol to take clearly 
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defined lines. The drilling is usually done in the lathe, the blank being 
held in the chuck or strapped to the face-plate. The blank may be 
adjusted by the circles in connection with a scriber held in the tool- 
post. The tang of an old file ground to a point is sometimes used for 
this purpose. Again, some prefer to use an indicator. The hole for 
the thread in the solid die should be made equal to the bottom of the 
thread of the bolt to be cut. It may be drilled and bored according to 
instructions given elsewhere f(^r such ojierations. 

Having made the hole of the required size, the thread must next be 
cut. The threading may be done by an inside thread-tool, using good 
lard-oil as a lubricant. The finishing cuts should be very lights and the 
thread-tool for this purpose should be in the best possible condition. If 
a good tap of the right size be available, it would be well to take the 
finishing cut with this tap; but as the pitch of taps is sometimes slightly 
altered in the hardening process, the thread must not be cut too near 
the final size with the thread-tool, lest the tool-marks be seen after the 
hole has been tapped. 

Before taking the die out of the chuck, the hole should be chamfered 
back a distance equal to about one third the thickness of the die, as 
shown at C in Fig. 436. The largest diameter of the chamfer should 
be slightly greater than the diameter of the bolt. It will be understood 
that the object of chamfering the die is to facilitate starting the thread 
on the bolt. 

After cutting the thread the next operation is to drill the clearance 
holes lettered A, These should not be less than half the diameter of 
the bolt. The centers for these holes may be located on the diagonal 
lines previously made, at the intersection of a circle 1^/4 times the diam¬ 
eter of the bolt. This circle will, of course, be drawn from the center 
of the threaded hole. 

To prevent the drill from running" toward the threaded hole, it is 
customary among some mechanics to plug the hole with a screw tightly 
fitting the thread and filed flush with the surface of the die. Others 
prefer to dispense with the plug and drill smalMioles first, enlarging 
same with counterbore. These clearance holes may be drilled in the 

drill-press. 
When this work is done, the die is ready to be filed. For general 

work, including brass, the front of the cutting-edge may be filed radial, 
though some prefer to give the cutting-edges rake, for wrought iron. 
For a die having four cutting-edges, the width or thickness of the lands 
may be about ®/ia to ^4 the diameter of the bolt. The chamfered part 
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of the die must also be filed to give the heel clearance. Great care is 
required in this work to keep the file from cutting the extreme points 
of the teeth at the advancing edge. The filing should be begun at the 
heel and barely brought up to the edge without touching it. Some file 
or “back off” the heel beyond the chamfered part—that is through the 
full length or thickness of the die. 

The size of the die should be stamped on its face before the die is 
hardened. 

Adjustable Dies.—^Adjustable dies are made in a great variety of 
forms, and the die-stocks differ as much as the dies. Fig. 437 shows 
one design, in which S is the die-stock and DD the die in two parts; 
the adjustment is by means of the screw A. Grooves are cut on the 
edges of the die, as shown in Fig. 438, to fit over the guides G, The 
latter are pivoted in the stock and are swung outward to remove the 
die. Dies of this construction are usually drilled and tapped larger than 
the diameter of the bolt they are to cut. Sometimes the drill used ia 
equal to the outside diameter of the bolt, the tap or hob being the diam¬ 
eter of the bolt plus twice the depth of the thread. This gives the 
thread a full bearing on the bolt when first started and prevents a 
‘“drunken” or irregular thread. In using these dies several cuts are 
sometimes taken to make a full thread, and by tapping the die out 
large as above indicated, the bearing in the thread and the relative 
degree of friction are decreased at the time when the hardest work is 
being done, viz., when the thread is appKmching full depth. The adjust¬ 
ment of the die is sufficient to allow the two parts of the die to be separated 
enough to be quickly withdrawn from the bolt without reversing the 
die wheu the end of the thread Ls reached. 

Pratt & Whitney Adjustable Die.—In the die illustrated in Fig. 439, 
four detachable “chasers” are used, the limit of adjustment being 
^/32"- The chasers are held in a head somewhat similar to that shown 
in Fig. 440. The latter, however, is designed more particularly for 
brasswork. The head represented by Fig. 439 may be held in a stock 
like that shown in Fig. 441. It may also be held in a turret-head. 

The Solid Pipe-die differs so little in general construction from 
the solid bolt-die as to need no description. Pipe-dies are made also 
in adjustable form. 

Retapping Old Dies.—^Mr. Geo. J. Meyer in “American Machinist,” 
vol. 26, page 1293, suggests that the retapping of old dies may be 
facilitated by filling the clearance holes with babbitt. To prevent 
the babbitt from running into the thread, he plugs the hole. After the 
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die has been retapped the babbitt is, of course, driven out, a punch 
being used for this purpose. Mr. Meyer reconunends aiing up the flutes 

Fig. 437. Fig. 439. 

of taps also when the^e are to be recut. The flutes are tinned to make 
the babbitt adhere. 

Making the Taper Tap of the Set of Hand-taps.—The steel used for 
making taps should be of high grade—such as is recommended by steel 
manufacturers for this purpose. In order to insure the removal of the 
decarbonized surface of the metal, stock should be selected of a diameter 
not less than V32'' larger than the diameter of the tap. In this con¬ 
nection read in Chapter X the paragraph on Hardening Reamers. For 
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softening the steel some mechanics prefer the “water anneal ” This 
process consists in heating the steel to a low red, holding it m a dark 

Kig 441). 

place until the color leaves the steel, and then plunging it into soapy watei. 
Oil is used by some mechanics for the bath The water anneal” is 
preferred to the softer annealing, because when too soft the thread seems 

o 
Fig. 441. 

inclined to tear, and it is difficult to make the tool cut smoothly. Other 
mechanics, however, adhere to the slower method of annealing. 
Mr. E. R. Markham, whose articles on tool-making in machinery have 
been consulted by the author in connection with this work, heats the 
tap-blank to a low red, places it between two pieces of board and buries 
it in a box of ashes. Mr. Markham says respecting this method: ‘‘The 
steel cooled below a red very quickly, but the boards, which were charred 
from contact with the red-hot steel, kept the piece of steel hot for a long 
time.'' He says further, referring to the tap-blank, ‘^It should not 
remain red-hot any longer than is necessary to insure its not being 
chilled, yet it should cool very slowly from a point just below red heat. 
Much of the steel that is annealed is subjected to heats that are too high. 
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This opens the grain and weakens the steel, and it crumbles off and 
tears when cut with a threading-tool/' 

Having annealed the tap-blank, which we shall assume to be of a diam¬ 
eter suitable for a V4" tap, and of a length six times the tap diameter 
plus about Vie"; the blank should now be centered and its ends faced 
to 4V2" long. Next rough out the blank all over and turn the shank end 
as shown in Fig. 442. Now mill the ends square for the tap-wrench and 
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Fig. 442 

stamp the size of the tap on the round part of the shank. With a dog on 
square end of the tap, using brass to avoid marring the end, the part 
that is to be threaded may next be turned to size.* This is sometimes 
turned at D .001 to .003 inch larger than the nominal diameter, to 
compensate for the wear on top of the teeth. 

Threading the Tap,—^"I'he next operation is to cut the thread. It 
may be cut parallel f at the root and of the same diameter as B in the 
sketch, this being the diameter of a ^4" U. S. standard screw at the 
root of the thread. It should be unnecessary to give in this connection 
detailed instruction for grinding, setting the thread-tool, etc. What 
has been said in the chapter on thread-cutting will apply equally well 
here. Tap-making, however, is a higher grade of work than ordinary 
thread-cutting, and special care will be required for this work. Good 
lard-oil should be used, and the finishing cuts should be very light. The 
tap should be gaged by some instrument the measuring-points of which 
bear on the angular sides of the threa,d. Either the screw-thread 
micrometer. Fig. 20, or the thread-gage shown in Fig. 30 will answer. 

Small taps are sometimes cut with dies. Several dies are used for 
each size, the finishing-die taking a very light cut. On the same principle 
dies are also threaded with several taps or hobs. In either case if the 

♦ Instead of turning the tapering part of the tap (part between E and C) 
before the thread is cut, many tool-makers cut the thread first. 

t The practice of some manufacturers is to make the three hand-taps parallel 
and of the same diameter at the root of the thread. Others taper the root of the 
thread from E to C, making it smaller at E than the root diameter of the screw. 
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lathe gearing be dispensed with altogether, the lead of tap or die is likely 
to be slightly too long. Nevertheless the results are satisfactory for 
most purposes. 

Grooving the Tap.—For this purpose a cutter like that represented 
by Fig. 443, making four grooves as shown in Fig. 444, may be used. 

The lands may be of the same 
width as in the die, viz., Yie to 
V4 the tap diameter, the cutter 
being fed a depth whi»’h will leave 
this width. Cutters for the above 
purpose are carried in machinery 
supply stores. 

Taps are generally grooved in 
the miller, but if such a machine 
is not available a simple fixture 

may be improvised and used on the lathe-rest in connection with a 
revolving cutter, the latter being driven by an arbor. The fixture may 
be constructed as follows: make a casting with two standards or lugs,* 
and a center in each lug. One of these lugs could be made adjustable 
longitudinally in a slot, and the center in this lug could be threaded 
for lengthwise adjustment. The other center should be so arranged as 
to admit of being rotated, and should carry a small face-plate having a 
slot for the tail of the dog. Four or more notches equally spaced around 
the periphery of the plate and a spring pawl to engage these notches 
complete this pair of centers. 

Backing Off the Tap.—^The tapered part of the tap-lands must be 
backed off or filed for the same reason that the chamfered part of the 
die was filed, and with the same precaution respecting the cutting-edges. 
The amount of this clearance must be determined by observation and 
good judgment. To remove any roughness left by the cutter, the face 
of the cutting-edge and back face of the land should be smoothed with 
emery-wheel or file. 

Relieving the Tap.—^Taps, especially taper taps, cut much more 
easily when relieved or given clearance between the teeth. A three- 
cornered or half-round file may be used for this work. Here again 
care must be exercised to protect the cutting-edges. Some workmen 
object to this clearance on the ground that it causes chips to wedge 
between the teeth when the tap is reversed. 

* If the fixture be bolted on top of the rest, one end of the casting may need 
a downward offset for clearance of dog. 
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Relieving Taps by Etching-fluid.—^Taps of abrupt taper do not cut 
freely, because the threads are greater in diameter at the heel of the land 
than at the cutting-edge. The threads may be relieved by etchmg-iiuid 
in the same manner that steel tools are marked. 

Tempering Taps and Dies.-—The paragraph on hardemng reamers 
referred to above will apply to taps and dies. Additional care, how¬ 
ever, may be necessary to protect the points of the 
tap-teeth. The cutting parts of both tap and die may 
be drawn to a straw color, but the die will be stronger 
if the outside edges are somewhat softer. To insure 
free circulation of water between the cutting-erlges. 
move the die back and forth in the bath. 

After hardening the tap, it may be polished on a 
buffing-wheel or with emery-cloth. The inexperienced 
workman is cautioned against rounding the points of 
the teeth and spoiling the tap in this operation. It is 
scarcely necessary to polish the die. 

The plug and bottoming taps need differ from the 
taper tap only in the turning, the threading being the 
same. However, to avoid tapping a hole slightly larger 
at the entrance end, plug and bottoming taps are 

Fio. 445. Fig 446. 

Bometimes made to taper smaller towards the shank. When this expe¬ 
dient is used, the amount of the taper should be so little as to be scarcely 
appreciid>le. A fraction of a thousandth of an inch smaller will be quite 

sufficient. 
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Tapping Boles. The Tap-lever.—In tapping holes beginners will 
depend on the hole to guide the tap, but this is generally disappointing, 
as the tap will not always follow square. The proper way is to apply 
a square to the tap as soon as it takes hold; if the tap incline to the left 
apply pressure on the right side. It is generally necessary to test the tap 
several times before it is properly started. Fig. 445 shows a method 
of starting a tap and applying the square. Great care is required in 
icsing small taps, as they are apt to snap off, especially when applying 
greater pressure on one side to square the tap. 

In tapping steel, wrought iron, etc., it is usually necessary for every 
one half to tliree fourths revolution, to rotate the tap backward a fraction 
of a revolution in order to dislodge the chips. This is sometimes advan¬ 
tageous also in tapping cast iron. Tool steel can best be tapped with 
a mixture of lard-oil and graphite. 

The tap-lever may be of some adjustable fonn, as that shown in Fig. 
44G, for instance; or a simple lever with a square hole in the center may 
be used. Adjustable levers for taps and reamers are made in many designs. 
The one shown is so simple that no explanation will be necessary. 

Threading Large Work.—It is sometimes necessary to thread some 
special casting in which the hole is too large for any tap on hand, while 

Fig. 447. 

the casting is too large to be threaded in any available lathe. Fig. 447 
illt^rates a case of this kind. The work is bolted to a planer-bed and 
a special boring bar B, supported in a guide bracket G, is used—^first to 
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finish the hole, and next to cut the thread as shown. The hushing B 1 
may be made with fine thread for feeding the bar when boring out the 
hole, and one with the required thread must be made for threading the 
hole. Bushing B 2 requires no thread. Having adjusted the guide 
bracket and cutters in the bar to the work, the bar is turned by a urrench 
on the square end P, If much of this work is required the bar could 
be operated by power. When the bar is turned the thread on B forces 
the bar to advance a distance equal to the lead of its thread for each 
revolution. Several cuts are required to complete the thread. 

Tables of tap-drill sizes are given on pages 531 to 533. 

BOLT-CUTTING AND NUT-TAPPING MAC^IINES 

Bolt-cutter.—^^Fhe machine shown in Pig. 448 is one of the smallest 
and simplest bolt-cutters supplied by the makers. The bolt is held 

Eig. 448. 

In the vise V, being clamped by the lever L, The carriage carrying 
the vise is fed to the die D by the lever LI. By the contact of the 
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bracket B with the adjustable stop S the die is automatically opened to 
release the bolt when the thread is cut the required length. I he car¬ 
riage is then quickly withdrawn while the die-head continues to run 
in the forward direction. The multiple-spindle machines are more 
elaborate and turn out a great quantity of work. 

Die-head.—One of the most important features of these machines 
is the die-head. The front view of this head is illustrated in Fig. 449; 
<he sectional view being shown in Fig. 450. Fig. 451 shows a perspective 

Fia. 454 

view. The names of the various parts are given in connection with the 
first two illustrations. As will be seen, the die-chasers are guided in 
radial slots at the front end of the head. The movement of the chasers 
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in and out is controlled by the die-ring. The latter is in turn operated 
by the clutch-ring, to which it is connected by a rocking lever and 
toggle. Most or all of the sliding surfaces are tool steel or have tool-steel 
linings. 

One of the chasers is shown in detail in Figs. 452 and 453, the latter 
figure showing also a reamer to indicate how the dies are chamfered. 

Six-spindle Nut-tapper (Fig. 454).—In this machine, the taps are 
connected to the lower end of the spindles, the nnts l)cing held under 
the taps in adjustable holders. Each spindle is lifted by either a lever 
or a treadle as indicated. *'Tlie spindles are counterbalanced to pre¬ 
vent breaking the taps,” and each spindle may be stopped inde¬ 
pendently of the others. The taps can be removed while the machine 
is in operation. The lubricant is automatically pumped to the tap. 



CHAPTER XX 

THE BORING-BAR AND ITS USE 

Definition and Classification of Boring-bars.—A boring-bar is a bar 
of metal bearing one or more cutters for enlarging and correcting holes. 
Boring-bars may be classified as follows: first, the plain bar with cutter 
directly secured to same (Fig. 455); second, the bar having a fixed 

Fig. 455. 

cutter-head with cutters secured to the head (Fig. 456); third, the sliding- 
head bar, the head of which is adapted to be fed along by a screw and 

star-shaped wheel, as in Fig. 457. This feeding device is called the star 
feed. 

Securing the Cutters in the Bars.—There are various methods for 
securing the cutters in the bars. The cutter represented by Fig. 455 is of 

314 



THE BORING-BAR AND ITS USE 315 

rectangular cross-section, and is held in a rectangular slot in the bar by 
means of a set-screw; the rectangular slot shown in Fig. 458 is made 

longer than the width of the cutter in order to receive a key which 
secures the cutter to the bar; the cutter illustrated in Fig. 459 is held 
by a threaded collar which screws on the bar. 

Fig, 458. 

Boring a Steam-engine Cylinder.—As indicated in the definition, a 
boring-bar is never used to originate a hole, but always to enlarge a hole. 
As will be presently shown, the boring-bar is used in various ways, A 
clear conception of the boring-bar may be had by the consideration of one 
of its most common uses, viz., that of boring steam-engine cylinders. In 
boring a single cylinder in the lathe, the cylinder is generally secured to 
the lathe-carriage by common machine-shop bolts and straps, the cylinder 
being raised to the correct height by blocks, wedgeS; etc. If a large 
number of cylinders are to be bored a special fixture is made to support 
the cylinders on the lathe-carriage. To adjust the cylinder in alinement 
with the lathe-spindle a testing-rod is commonly used in connection 
with the boring-bar, though some mechanics prefer to aline the cylinder 
by calipering from the cylinder-flange to the bar. Fig. 460 shows a 
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cylinder bolted to a lathe-carriage and illustrates the method of using 
the testing-rod. The latter, which is shown at may be made ol 

Fig. 459. 

^4" round or square steel and held in the slot of the bar by a wooG^en 
wedge. 

To test the alinement of the cylinder, the boring-bar is slowly revolved 
on the lathe-centers by hand (or the lathe, driving the bar by a dog or 

METHOD OF AOJUOTINQ A CYLINDER 

Fig. 460. 

rod, is slowly revolved) and the position of the cylinder in relation tn 
the revolving rod noted. If the point of the testing-rod does not clear 
the cylinder by the same amount at three of four points around the 
cylinder-flange, the bolts are slackened and the cylinder is moved in the 
d^ection indicated by the revolving rod, this process being continued 
for each end of the cylinder until it is found to be in alinement with 
fche bar. If now the tail-stock of the lathe be axially true with the 
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lathe-spindle, the cylinder will also be in alinement with the lathe-spindle 
as required. 

When the adjusting and clamping is completed the cylinder may be 
bored by feeding the carriage bearing the cylinder toward the revolving 
cutters; or, if a sliding-head bar be used, the carriage is held staticmary 
and the head while revolving is fed through the cylinder. It will require 
at least two cuts. The first cut rough-bores the cylinder; the second 
cut, which requires cutters having broader edges, smooths the bore 
and brings it to the final diameter. 

A method of ‘Hruing-up” cylinders by the end flanges has been 
referred to; if a cylinder has not these flanges, the method of adjust¬ 
ment must be determined to suit the design of the cylinder. Further 
instructions respecting fixtures for holding and adjusting cylinders are 
given in connection with Figs. 480 and 481. When one of these special 
fixtures is used very little adjusting is necessary. 

Single and Double Cutters Compared.—^The number of cutters in 
a boring-bar varies with the size of the bar. There may be one or a 
df)Zen, or even two dozen for very large bores. When a single cutter 
is used it may be made with one or two cutting-edges. If made 
with one cutting-edge it cuts on only one side of the bar. In this 
case the cutter is unsupported on the opposite side of the bar, except 
in so far as it is supported by the bar itself. In very small holes the 
bar is quite frail and does not adequately support the pressure of the 
cut; the single cutter is, therefore, not well adapted to long holes of 
small diameter. In using the cutter which has cutting-edges on both 
ends, the cut on one side of the bar is supported by a corresponding cut 
on the opposite side, and thus the bar is under a torsional stress only. 
If a cutter with one cutting-edge be used, the bar will be subjected to 
both torsion and flexure. 

A single cutter has the advantage that it may be adjusted for dif¬ 
ferent sizes of holes, 'while the double cutter, as originally made, may 
be used for one size only. However, the double cutter may be made 
in two parts, as illustrated in Fig. 461. With this construction we 
have the advantages of both the single and double cutter, excepting 
that the double Gutter is not self-adjusting, as it is represented in Fig. 
458. The above refers to the plain bar. 

Fixed-head Bar.—^The second boring-bar mentioned in the classifica¬ 
tion is in principle similar to the first; that is to say, the cutters are held 
in a fixed position respecting the bar. The head is used on the bar 
merely to provide for boring large holes without enlarging the bar 
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throughout its length. The head may be secured to the bar by means 
of a common key as shown in Fig. 456, in which H is the head, B the bar, 
K the key, and C the cutters, or the head may be held by set-screws. 

Fig. 461. 

This figure shows also one method of holding the cutters, but some 
prefer to hold them by set-screws. 

The design shown in Fig. 462, in which round cutters are used, sug¬ 
gests itself in this connection. The illustration is a sectional view of 
a cutter-head held on the bar by two set-screws. Two methods of 
holding and adjusting the cutters by set-screws are shown. The cutter 
at C 1 is adjusted by a small rod in connection with the screw S, which 
engages directly with the end of the cutter. The cutter C 2 is forced 
out by contact of the conical point of the screw S 1 with the beveled 
end of the cutter. It will, of course, be understood that the two methods 
of adjusting the cutters are not to be used in the same head. 

A cutter-head might be made of such a design that all the cutters 
could be forced out simultaneously. Thus the beveled edges of the 
cutters could be seated on the beveled edge of a ring, the ring being 
forced against the cutters by a nut screwed on the bar. 

The holes or slots for the cutters should in nearly all cases be made 
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to fit bar stock, or so nearly to bar-stock size that a few touches of 
the file will reduce the rough stock to the size of the holes. 

When round cutters arc used a flat seat should be filed on the side 
of each cutter to receive the set-screw which binds it. Cutters should 

TWO METHODS OF ADJUSTING CUTTERS 

Fig. 462. 

be of square or rectangular cross-section, however, when they are ad¬ 
justed by a wedge. 

The enlarged collar, which we have called the cutter-head, is some¬ 
times made integral with the bar; but this arrangement is disadvan¬ 
tageous when we wish to use one bar for different sizes of heads. 

The Sliding-head Bar.—^The third bar mentioned in the classifica¬ 
tion is a radical departure from the other two designs. It is shown in 
Fig. 457. We have called this the sliding-head bar because, instead 
of being fixed to the bar, the head slides lengthwise the bar by automatic 
mechanism. This mechanism consists of the long screw lengthwise the 
bar which engages with a threaded hole in the head. On the tail-stock 
end of the bar is a small lug which serves as the bearing for the screw 
and also sustains the end thrust of the screw. At the same end of the 
bar and on the extreme end of the screw is a small star-shaped device 
(marked Star) the points of which, when the bar revolves, engage 
with a fixed projection on the tail-stock. The effect of this arrangement 
is to cause an intermittently revolving movement of the screw, which 
in turn causes a lengthwise movement of the head. The head is pre¬ 
vented from revolving on the bar by means of a feather-key the full 
length of the bar, which key engages with a corresponding keyway in the 
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head. The head, of course, has the motion due to the revolutions of 
the bar, excepting some special cases in which the work instead of the 
bar revolves. 

It is not essential to the successful operation of the bar that the star 

device be placed on the tail-stock end of the machine, nor is the shape or 
position of the trip that revolves the star device of any special impor¬ 
tance. A small rod clamped to the shears of the lathe will serve the 
purpose of the trip as well as the more convenient device shown in the 
sketch. A better design of sliding-head bar has a continuous rather 
than intennittent feed. This makes a more expensive device, but it 
does better work. In the illustration we show the bar arranged for 
boring a tapering hole, but the description applies equally well when 
boring a parallel hole. 

The sliding-head bar, while more expensive in construction than 
either of the other bars, has one important advantage. If recjuired to 
bore a long hole, or indeed any hole, with the fixed-head bar, the bar 
must be at least twice the length of the bore; if the sliding-head bar be 
used, the bar need be only the length of the bore plus a small addition 
for clearance. This is a very important consideration; for if the work 
be as long as our longest lathe wdll admit, the bar with fixed head can 
not be used. 

Considerations Governing the Number of Cutters.—The single and 
double cutters described above are used mainly in small bores; when the 
hole is large enough to use a fixed-head bar or a sliding-head bar, we 
then generally use two or more cutters. We use a number of cutters, 
not because two, or even one, would be impracticable, but because a 
larger number of cutters is more economical for a large hole. If we have 
to bore cylinders 3' in diameter, the work done by each cutter will be 
about proportional to the number of cutters; and if one cutter be used, it 
may wear so much as to require nearly twice as long to do the work as 
compared with, say, a dozen cutters. On the other hand, the first cost 
of the cutter-head will be greater for the larger number of cutters. We 
would rarely attempt, however, to bore so large a cylinder with one or 
two cutters, and if we had a number of such cylinders to bore, the final 
saving would be more than sufficient to pay for the extra expense in 
cutter-head and cutters. 

Methods of Driving Boring-bar in Lathe and in Boring-machine.— 
We have already briefly referred to the method of driving boring-bars in 
the lathe. It may be added that any kind of clamp, rod, stud, or lathe- 
dog secured to the end of the bar and engaging with the face-plate of 
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the lathe, or a stud projecting from same, will answer the purpose. It is 
well, however, especially in case of large bores and heavy cutting, to 
have the bar driven from opposite sides. This may be readily effected 
by having a rod pass through the bar equally on opposite sides of the bar, 
in contact with two studs or other projections on the face-plate. We 
shall thus get a balanced drive, which does not tend to force tlie bar from 
its center. 

In the drilling-machine and horizontal borer, the boring-bar is ordi¬ 
narily driven by 6. key, by a tang on the end of the bar, or by a threaded 
coupling. In the first case the bar may have a tapering end which fits 
a corresponding taper in the end of the spindki of mac^hine, and which 
is held by a key passing through the s|)indlc and the tai)ering end of the 
bar. In the second case also, the end of the bar is tapering and fits the 
tapering hole in spindle, but instead of being held by a key the bar is 
held by its flattened end or tang fitting a corresponding recess in the bottom 
of the tapering hole in spindle. 1 his bar is illustrated in Fig. 455. 

4'he third method is illustrated in Fig. 461. In this method we use 
a threaded coupling or sleeve, one end of whiidi screws onto the end of the 
spindle and the other end onto the threaded end of the boring-bar. T his 
plate shows also a means of securing work and the arrangement for 
guiding the end of the boring-bar. The method illustrated in ITg. 455 
is not well adapted to large bars, the other two methods being better 
for this purpose. 

In boring a large hole with a radial drilling-machine the lathe method 
of driving a boring-bar is sometimes employed. For this purpose we use 
the sliding-head bar, which must be supported on centers, the same as in 
the lathe. One of these centers is held in the tapering hole of the drill- 
spindle; the other may be held directly in the base-plate of the machine, 
or in a supplementary plate made for the purpose. Any bar other than 
the sliding-head bar cannot be used in this way in the drilling-machine. 

Feeding Methods Used in Connection with Boring-bars.—In describ¬ 
ing the boring-bar in general it has been necessary to mention some of 
the ways of effecting the feed, and the star feed has been described in 
detail. We shall now describe other methods. The means ordinarily 
used in the lathe is the common feed gearing which moves the carriage. 
In this case the work is generally, though not invariably, fastened to the 
carriage and travels with the carriage, and the bar with fixed cutters is 
used. The carriage-feed is used also in a case like that illustrated in 
Fig. 463. In this sketch the work is shown clamped to the face-plate 
of the lathe, and a modified form of sliding head is used, but neither the 
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head nor the bar revolves. A key may be used to keep the head from 
turning, and the bar may be held by a rod passing through its right end. 

The star feed is not used* in connection with this head, the feed of 
the head being effected by means which will now be described. The 

sleeve S screws into the head //, and with the head slides freely on the 
bar. Two slip collars lettered K arc secured on the sleeve S; the yoke C 
fits between these collars and has a U-shaped opening through which the 
sleeve passes. As the carriage moves, the yoke, being held in the tool- 
post in the ordinary manner, engages with one of the slip collars and thus 
the head H is fed lengthwise of the bar. This sketch, which represents 
a horizontal section through the work and lathe face-plate, shows an 
arrangement for boring a tapering hole, but the same mechanism could 
be used in boring a parallel hole. For this purpose it would be necessary 
to move the tail-stock, which is shown set off, to its normal position. 

When boring in the radial drill and horizontal boring machine^ the bar 
is generally fed to the work. The feeding mechanism used for this 
purpose is nearly similar to that used in the lathe, and it is more 
particularly d^cribed in connection with descriptions of the machines 
mentioned. 

Feeding Laterally with Star Feed*—^As used in boring, the star feed 
has been sufficiently described; it is only necessary to refer to its use in 



THE BORING-BAR AND ITS USE 323 

lateral feeding. This is clearly illustrated in Fig. 464, which shows a bar 
and cutter-head arranged for facing the flanges of an engine cylinder. 
Instead of the head having direct connection with the bar, it slides in a 
dove-tail groove planed in the face of an arm projecting from the bar. 
Passing through the head is the screw with star fastened on its extreme 

end. As the bar revolves the star engages with some fixed projection, 
which gives an intermittently revolving motion to the screw, and thus 
feeds the head bearing the cutter radially to or from the bar. 

The part here referred to as the head is sometimes called the tool- 
block; when thus designated, the arm and tool-block together constitute 
the head. This arm is generally bored out to fit the bar, and is held fast 
to the latter by a key or by set-screws. Some prefer to make the arm with 
a square rather than with a round hole, and have it parted through the 
center of the hole as shown in Fig. 465. This not only admits of the arm 
being easily detached from the bar, but also makes it adjustable, within 
certain limits, to different sizes of bars. The arm which has a round hole 
should also be made to part through the center of the hole. 

The sketch in Fig. 464 shows an engine-cylinder which is assumed 
to be clamped to the carriage of the lathe, and to have been bored out 
by either a fixed-head bar or a sliding-head bar. T he cutter-head which 
has just been described is used for machining the flanges of the cylinder. 
Having machined the faces of the cylinder-flanges, the cutter shown in the 
tool-block is removed and a cutter similar to that shown on the opposite 
end of the cylinder is used for turning the edges of the flanges. When 
turning these edges the trip that operates the star feed is dispensed with, 
and the feed is effected by the movement of the lathe-carriage, as previ- 
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ously described. The cutter-head must, of course, be moved to the other 
end of the bar for machining the opposite end of the cylinder. 

Boring Tapering Holes with Boring-bar.—^When boring a tapering 
hole with the boring-bar it is necessary to have the bar arranged at an 
angle to the axis of the bore. Fig. 457 illustrates one of the methods 
used. 4diis view shows a vertical section through face-plate of lathe 
and work, the latter being secured to the lathc-camage. The bar 
is supported at the tail-stock end in the ordinary rtianner, but at the 
head-stock end it is supported by an auxiliary center held in the face¬ 
plate. The distance between this auxiliary center and the center of 
the lathe-spindle is determined by the taper of the hole to be bored. 
In boring a tapering hole with work clamped to carriage as shown in 
this plate, the sliding-head bar is the right bar to use. Means of feed¬ 
ing the cutters of this bar have already been described. It is sufficient 
to observe that in this particular case, the cutter or cutters must be 
on one side of the bar only. Any cutters tliat might be placed opposite 
to the one shown would have no contact with the work, and would, 
therefore, be inoperative. 

A tapering hole may be made with a boring-bar by an^lwxj the bar 
at the tail-stock end of the lathe; but in this case both lathe-centers 
are used in their normal position, the angularity of the bar being effected 
by securing an arm to the bar and making a work-center in this arm. 
In this method, as well as in the first method described for boring taper¬ 
ing holes with the bar, the work is supposed to be clamped to the lathe- 
carriage, the latter being held in a stationary position, and the feed 
effected by movement of the sliding head. As in the previous cases, 
the taper of the hole is determined by the distance between the normal 
center in the bar and the new work-center in the arm. 

Under the head of Feeding Methods, an arrangement for boring tamper¬ 
ing holes with the boring-bar and with work clamped to the face-plate 
has already been described. This arrangement is illustrated in Fig. 463. 
It will be unnecessary to further describe this method, but the student 
should observe that in this case the taper is effected by setting off the 

tail-stock. 

In Fig. 466 * is shown a cutter-head with which a tapering hole may 
be bored without offsetting the tail-stock. Iii this case the head itself 
is tapering, and a dovetailed tool-block, sliding in a similarly shaped 
groove, carries the tool. The latter is fed by the star-feed mechanism* 
The bar, which is shown broken off at both ends, is carried on the lathe- 

*Out taken from an article in ^'American Machinist/’ vol. 27, page 520. 
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centers in line with the lathe-spindle, and is driven by a lathe-dog or 
otherwise. The head does not slide on the bar, being tightly secured to 
the latter. 

Reboring Engine-cylinders Without Removing Same from Engine.— 
In repairing an old engine, it is soinetirnes cheaper to rebore the cylinder 

in its place than to take it to the shop. Manufacturers of machine 
tools furnish an elaborate apparatus for this purpose; but a satisfactory 
device may be improvised as follows: Remove the piston, one or both 
cylinder-heads, and sometimes the guides from the engine, and adjust 
a sliding-head bar in the cylinder, concentric with the counterhore. One 
end of this bar may be held in the stuffing-box—a bushing being used 
if necessary—^the other end being supported by a guide bolted across^ 
the end of the cylinder by means of the studs. 

The reason we adjust the bar by the counterbore is that this part of 
the cylinder, being beyond the travel of the piston, and larger in diameter 
than the normal bore of the cylinder, cannot wear out of true. When 
thus bored, the original alinemenl of the cylinder will be preserved, 
which is essential to the smooth working of the engine. 

The bar may be operated by hand in connection with crank and 
gearing, or, if convenient to any revolving shaft, it may be operated 
by power. It would be necessary to support the end thrust of the cut 
by means of a shoulder or slip-collar on the bar. In the more elaborate 
apparatus mentioned above, the means for supporting the bar and the 
arrangement for holding the cutters admit of adjustment to various 
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sizes of cylinders. The gearing is also more complicated, a continuous 
feed being used instead of the intemiittent. In some designs there is 
provision for more than one rate of feed, but this can also be effected 
in the star-feed device by using one or more trips. 

Precautions Necessary in Smooth-boring. Causes of Chattering.—To 
insure smooth-boring the boring-bar should be as short and as rigid as 
practicable, and the cutters should be held rigidly in the bar. If the 
feed be effected by the movement of the carriage, there should be no 
unnecessary looseness in the adjustment in the carriage-gibs. If the 
sliding-head bar be used the head should fit the bar, and the feather or 
key which prevents the head from turning on the bar should be as close 
a fit as practicable. 

The instructions which have been given respecting rates of feed in 
Chapter XI will apply to boring-bar work. 

For taking a finishing cut the cutter should generally have a broad 
bearing in the bore and be fed faster than when taking the roughing cut. 
But when the broad bearing of the cutter causes chattering, as it sometimes 
does when a slender bar is used, it may be necessary to reduce the bearing. 

One of the principal causes of chattering is too much heel clearance in 
the cutter. This should be thoroughly understood. Failing to appre¬ 
ciate this, and giving the cutter too much heel clearance, will result 
not only in rough work but in noisy operation. The heel clearance 
should never be more than sufficient for smooth-cutting. Deducing 
the heel clearance will soinethnes enable us to increase the breadth of 
cutter contact and rate of feed. 

Shapes of Cutters.—Fig. 467 is a diagram showing cutters placed 
at various angles with respect to radial lines through the axis of the 
boring-bar. This figure also shows respectively at (1) and (2) the face 
views of roughing and finishing cutters, and at (3) a form of cutter some¬ 
times used when the slots in the cutter-head are parallel with the axis 
rather than at right angles. No. 1 is about right for finishing cuts also in 
such metals as wrought iron and steel. It will be seen that the distance 
between the heel of each cutter and the circle is very small, and that 
the curve of the heel is eccentric. Sometimes cutters are made with 
no clearance at this point, or only so much as may be given with an oil¬ 
stone. Such cutters cut on the advancing end or comer, at which ipoints 
they must have clearance. The comer of the cutters should be well 
rounded, as shown at A. To get the best results, especially with cutters 
which have little or no peripheral clearance, the cutter after being fitted 
to the head or to the bar should be turned in the lathe. 
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The cutter at C, if well fitted and supported in a heavy bar, will 
cut wrought iron or steel very well. Under similar circumstances it 
will also cut cast iron, although it is not usually considered necessary 
to have so much rake for this metal. But, if the bar be of small diameter 
in proportion to its length, or the cutters project far beyond their sup¬ 

port, cutters placed as at C would be likely to cause jar and chatter. 
Under the unfavorable conditions referred to, and indeed under average 
conditions, the cutter is likely to do smoother work when made with little 
rake, as at (7 1, or with no rake. In boring brass, and in some cases of 
boring cast iron when it seems difficult to overcome the chatter in any 
other way, the tool may be given negative rake, as in C 2. 

The causes of chattering are various, and only the leading causes 
have been mentioned. Sometimes the difficulty may be overcome 
by placing a piece of leather or waste between the tail of the dog and the 
face-plate or stud by which it is driven. 

The wear of the boring-bar centers may, by causing looseness of 
the boring-bar between the lathe centers^ cause chattering. Boring- 
bar centers should therefore have ample bearing. Large cast-iron bor¬ 
ing-bars should be made with steel plugs for the centers and oil-holes 
should be provided for oiling the center without loosening the tail-spindle. 

Boring-bar cutters should be tempered about the same as other 
lathe-tools. 



CHAITER XXI 

HORIZONTAL BORING- AND DRILLING-MACHINES AND WORK. 
CRANK-BORING MACHINE 

Descriptian of Typical Machines.—'I'he horizontal boring-machine 
shown in Fig. 468 is designed mainly to enlarge and finish holes, as, for 
example, the boring of bracket-boxes, pillow-blocks, etc. It will also 
drill holes from the solid. I'he bed R, head-stock //, table-support T 1, 
and yoke Y comprise the main framework of the machine. The spindle 
iS is driven by pulley P and back-gearing G as in a lathe. It is fed 
lengthwise by cone pulleys P 2 and other mechanism not shown in the 
cut. The hand-wheel H 1 gives the hand-ft^d. 'J'he table T is adjusted 
crosswise and lengthwise by the shaft S 2 and crank H 2. The vertical 
movement is effected by means of gearing and shafts S 3 and S 4, which 
operate the screws S 1 and S 5. The powder for this purpose is applied 
by a hand-crank. The longitudinal movement of the table is 26". The 
traverse of the spindle in a machine of this (medium) size is sufficient to 
bore a hole 20" long. 

The work is bolted to the table 7", and is adjusted in line with S 

by the movement of the table as described. The boring-bar is then 
placed in position in the yoke and secured to the spindle by a key, one 
end of the bar being shaped to fit the hole in end of spindle S. (In 
some work the spindle S is used as a boring-bar.) The cutters in the 
bar are next adjusted and the bar fed through the work by the feed 
mechanism above described. 

This is a very convenient machine for boring cylinders, hangers, 
small framework, etc. By using a suitable attachment for guiding the 
end of the bar much of the work done on this machine could be done 
on a radial drill, though not so conveniently and quickly. 

Fig. 469 shows the ‘‘Binsse” machine of this class. It will be seen 
that the cone pulley is not placed on the main spindle in this machine. 
The speed changes are made by a lever L shown behind the large 
driving-gear. A motion to the left gives the quick-speed series, a 
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contrary movement engages the slow or back-gear speeds, and the inters 
mediate position of the lever stops the rotation of the bar. 

Fig. 469. 

The Feeds.—^I'hese machines are made in both gear- and friction-feeds. 
The illustration shows the machine having friction-feed. Motion is trans- 

Fig. 470. 

mitted to the friction-disks F, FI, and F2 hy the gears G. On the 
worm-shaft S 1 is a worm engaging with a worm-wheel. The shaft 
of the latter gives a traversing motion to /S by mechanism not shown. 
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This mechafiism may consist of either two bevel-gears operating a screw 
passing through a threaded nut in N, or a rack and pinion, the rack be¬ 
ing bolted to the under side of N. The feed may be changed by raising 
or lowering the disks F .1. 

The Work.—Fig. 470 shows a casting in one of these machines 
secured to an angle-plate and ready to be roughed out wdth a three-lip 

drill. When the drilling is completed the hole may be reamed to final 
size. More accurate work, however, may be done by truing'^ up 
the hole with a boring-bar before using the l eamer. 

Fig. 471 sliows a casting in which three small holes are to be bored 
at each end. 4'or this purpose a small bar is inserted in the socket of 

Fig. 471. 

the main spindle and a reducing bushing is used in the yoke. Hav¬ 
ing bored the upper holes, the bar is removed and the table adjusted to 
bring the work into alinement for the next two holes. The screws 
controlling the table movements in these machines are furnished with 
index-dials reading to thousandths of an inch. These dials are of 
value in work of the above character or in any other work where 
accurate spacing of the holes is required. For work requiring a higher 
degree of accuracy, such as fine jig-work, etc., a precision cross-feed screw 

is furnished. 
The Facing Attachment shown in Fig. 472 is parted in the middle 



Fig. 473. 

attachment is carried on the end of the spindle. Ordinarily the bar 
may pass through the work, and when necessary the attachment may 
be reversed and the opposite end of the work faced. 
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Miscellaneous Work with the Facing Attachment.—^The author of 
this work has used a facing-head in a horizontal boring-machine for a 

474. 

great variety of interior and exterior turning. With a tool similar to 
the boring-tool used in the tool-post of a lathe, shallow holes may be 
bored to size or merely “ trued up"' preparatory to the use of the reamer, 
and with a thread-tool interior threads may be cut. Also with suit¬ 
able tools various shapes of turning 
may be performed on hubs, includ¬ 
ing thread-cutting. 

Fig. 474 shows a boring-head 
for large holes. This is secured to 
the bar by a key or bolted to a 
face-plate on the bar. The cutters 
are adjusted by the screws and 
held by the straps as shown. 

Rotary Tables.—^These tables 
provide a means by which holes 
radiating from a common center 
may be drilled or bored. They are fitted to the cross-feed table or 
carriage as shown in Fig. 475. The one in the figure is graduated for 
180® of movement. 

Milling in the Horizontal Borer.—^When supplied with either hand 
or power cross-feed the horizontal boring-machine may be used as a 
miller. Fig. 476 shows a large drum mounted on indexing centers. It is 

Fig. 475. 
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required to mill four deep slots in the drum. Having milled the first 
slot as shown, the drum is turned through 90° by the indexing mechan- 

Fig. 47(5. 

ism and the next slot milled, etc. This illustration shows only one 
method, but it is obvious that face-mills, end-mills, and other milling- 
cutters may be secured to the end of the spindle or on the bar and 
used on any work to which the cutters are adapted. 

Base-boring and Drilling Machines.—In Figs. 477 to 480 inclusive 
is described a class of machines which, in order to distinguish them 
from the foregoing, we shall call base-boring machines. These 
machines are especially adapted to heavy jrameworky and this work 
is usually secured to the low base-plate of the boring-machine. There 
is considerable variation in the design of these machines, and in some 
of them tapping and milling may be done as well as drilling and boring. 
Fig. 477 is a perspective view of one of these machines and Fig. 478 
shows the machine engaged in boring two large frame castings. These 
castings are bolted together in connection with their cross-girts, and 
in boring the two together more accurate alinement may be obtained 
than if they were bored separately. 

In Fig. 479 is shown the same machine milling T slots in the table 
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of some machine. J^'or this work two milling-cutters are required. First 
a rectangular slot of the full depth is cut with an end-mill. The under 
cutting is next done with a mill of the required shape. 

Fig. 482. 

Machining a Flanged Cylinder.—The usual method of securing a 
plain cylinder to a machine-tool table is clearly shown in Fig. 480. In 
this case the flanges of the cylinder are to be faced, drilled, and tapped 
at one chucking. Two stout timbers upon which the cylinder is to 
rest are shaped to fit the cylinder. Two shorter pieces are similarly 
shaped and used as straps to hold the cylinder down. In some cases 
the timbers, having been cut out to the approximate shape, are bored 
out to fit the cylinder while strapped to the boring-machine base- 
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plate, or table. This method facilitates the accurate alinernent of the 
cylinder in the boring-machine. The use of a wooden fixture is very 

desirable in clamping jrail cylinders, the elasticity of the wood com¬ 

pensating for any irregularity there may be in the periphery of the 

cylinder. When a large number of cylinders are to be machined, a 

special cast-iron fixture is generally used; but in the case of frail work 

the fixture must be adjusted with delicacy and skill to avoid distorting 
the cylinder. The latter precaution is of especial importance in boring a 

cylinder. 

The machines described in connection with the three preceding 

illustrations are designed for a large variety of work. Both heads are 

adjustable vertically on the standards, and both standards are adjusta¬ 

ble lengthwise on the base. The left standard is also adjustable to 

and from the right-hand standard. These machines have the usual 

automatic and hand feeds. 

Special Boring- and Facing-machine.—In Fig. 4S1 we show a machine 

designed especially for boring and facing gun-hoops. It is evident, 

however, that other cylindrical work can be bored as well. In addi¬ 

tion to various sizes of interchangeable cutter-heads the machine has 

two facing-heads. These facing-heads are carried on revolving-sleeves 

in the head-stock and tail-stock. The driving mechanism consists of 

the cone pulley and gearing on the left. The machine has the usual 

hand and automatic feed, the latter consisting of the cone pulle^^s and 

gearing shown at the right. 

The special fixtures used for holding cylinders are constructed on 

practically the same principle as a steady rest usctl in the lathe. In 

this machine two steady rests are used instead of a special fixture. 
Portable Boring-, Drilling-, and Milling-machines.—These machines, 

one of which is shown in Fig. 482, are designed to be used in connection 

with a large base-plate and bolted in different positions on the plate 

instead of moving the work. This is advantageous in very heavy work. 

Being electrically driven, these machines are independent of the main 

shaft. The column swivels on a graduated base and the whole machine 
may be fed along a short distance on its sub-base without slackening 

the bolts which secure it to the floor-plate. 

Boring-machines somewhat similar to the above are made with a 

head which swivels in a vertical plane in addition to the swiveling base. 

These are Universal boring-, drilling-, and milling-machines. 
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CltANK-BOKING MACHINE 

A good example of the crank-boring machine Ls shown in Fig. 483. 

As will be seen the spindle is vcrticaL On the lower end of the spindle 

is a cutter-head carrying three c.utters. I hc cnttc'rs bore the shaft-holes 

and crank-pin holes in large crank-arms by making a circular groove 

which releases the central core, ihis is very miH^h quicker than 

making chips of all the material removed. When facing is to be done 

the head on the spindle is replaced by the one on the floor. 

Holes as small as 2" in diameter arc sometimes made with cutters 

arranged somewhat similar to the method <lescribed above. There Ls, 

however, this difference^: a iuie about diameter is first drilled and 

the small cutter-head is jicj Ic’ with a central ]*jn or pilot which is guided 

by the small hole in tla; same manner that a pin-drill is guided. With 

this device thf^ core removed is in the form of a hollow cylinder or ring. 

The tool Ls not adapted to drilling deep holes, but large holes may be 

drilled deeper ])ecauso the cutters may be stronger. 
Large cylinders for vertical (niginos are usually bored in a vertical 

boring-mill designed especially for such wmrk. If bored in a horizontal 

machine the deflection of the cylinder-walls might cause the cylinder to 

be “out of roundwhen sot on its permanent foundation. In 1882 the 

cylinder for the steamer Idlgrim was bored at the Morgan Iron Works in 

New ^’ork, where the writer was then employed. This cylinder was 110" 
diameter by 14' stroke. It was bored in a vertical machine with a 
sliding-head bar. 



CHAPTIOR XXII 

VERTICAL BORING- AND TITRNTNG-Mir.LS, TOOL?i AND WORK 

Advantage of the Machine in Turning Heav} Work.—In the hori¬ 

zontal boring- and drilling-machine and in the ui)right drill the tool 

(with rare exceptions) revolves and the work is stationary. In the 

vertical boring- and turning-null the work revolves while the tool is 

stationary—at least the tool does not revolve, dlie last-named machine 

is in reality a lathe, and could with propriety be called a vertical-spindle 

lathe. It is designed to do about the same class of work as is done on 

some short chucking-lathes, and is better adapted to such work, as we 

shall presently show. Fig. 484 shows a 37" l^ullard boring- and turning- 

mill. The table T serves the same purpose as the face-plate of a lathe, 

the work teing secured to the table by straps and bolts, as shown in Fig. 

484, or by a chuck, as shown in Fig. 485. In the first figure the machine 

is shown facing a boring-mill saddle and turning the edge, both tools 

being used, while in the second illustration the operation is that of 

turning the inner and outer diameters of a cylindrical shell, l^hc machines 

shown in these two illustrations are designed for comparatively small 

work, but when we consider that the larger mac^hines of this class will 

handle work of many tons weight, the advantage of the horizontal table 

or face-plate will be apparent. Thus, in securing an engine fly-wheel 

weighing, say, ten tons, to the vertical face-plate of a lathe, it is necessary 

to support this weight independently of the face-plate during the time 

of adjusting the work. If the same fly-wheel were turned in a vertical 

boring- and turning-mill its weight would be supported by the horizontal 

table, and for this reason it could be more quickly adjusted concentric 

with the spindle of the machine. Another advantage of the latter 

machine is that the weight of the revolving mass does not tend to wear 

the spindle out of correct alinement, as it does in the ordinary lathe. 

Fig. 486 shows a sectional view of the table and spindle of the machine 

illustrated in Fig. 484. The weight is supported on the angular bearing 

Bm and the spindle is held to its bearing by the adjusting-nut N. 
342 
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In Fig. 487 is shown a rear view of the same maehine as arranged 

to be driven by a constant-speed motor. Power is transmitted from the 

Fig. 484. 

motor to the cone-pulley shaft by a Renold silent chain. We may say 

by way of parenthesis that this chain furnishes a very efficient and 
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Fig. 485. 

bevel-gear G meshing with , the bevel-gear (?1. The latter drives the 

table through the reducing gears shown, the last gear in this train being 
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the bevel-gear G 2, which meshes with a large gear on the under side 

of the table. 

Fia 486. 

Fig. 488 shows a complete front view of the 37" machine. The 

two side-castings II, called the housing, are bolted to the bed B and 
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the whole is supported on a foundation of masonry. Movable vertically 

on the housing is the cross-rail R carrying the two heads H 1. Both of 

Fig. 487. 

these move on and each carries a tool-holder T. The vertical slides 

have vertical movement and angular movement in a vertical plane. 
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They are fed automatically by the feed-gearing G 3, screw N, and rod R 1. 

They may also be operated by hand-cranks shown. The table T, to 

Fig. 488. 

which the work is bolted, is operated by cone pulleys P and gearing 

described in connection with Fig. 487. 
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Each of the two tool-heads may be moved to a central position over 

the table, the vertical slides being bored to receive boring-bars ih this 

Fig. 489. 

position. The table is also bored to receive bushings to fit different sizes 

of bars. By this arrangement a boring-bar may be supported at each 
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end, and this makes it a great deal stiffer for taking heavy cuts. Large 

reamers, drills, etc., may also be held in the vertical slide. To receive 

Fig. 490. 

small drills and reamers, the tool-post is bored to the Morse taper, and 

these smaller tools may be used without removing the tool-post from the 



360 MACHINE-SHOP TOOLS AND METHODS 

slide. In drilling and reaming each of the heads may be moved up 
against a fixed stop. This stop brings the drill or reamer into exact 

alinement with the center of the table. 

Fig. 491. 

This machine appears to have some one of the modern *'cone-of- 
gears" feeding systems. The feed has ten changes ranging from ^33 
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to V4 horizontally, and from V50 to ^/2 inch in angular and 
vertical directions. 

Fig. 492. 

The Tools.—In Fig. 489 we show some of the tools used in a vertical 
boring- and turning-mill. The names of these tools are as follows: No. 1, 
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tool-holder; No. 2, boring-bar; No. 3, hog-nose turning-tool; No. 4, 

wide finishing-tool; No. 5, round-nose tool; No. 6, side finishing-tool; 

No. 7 boring-tool; No. 8, cutters for boring-bar. 

Fig. 493. 

In Fig. 490 is shown a method of bracing a high casting^ and in 

Fig. 491 we show how the angle-plate may be used in holding work having 
a face at right angles to the surface to be machined. 

In roughing-out a casting with a broad tool it is often advantageous 

to notch the cutting-edge of the tool as was explained in connection 
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with Fig. 203. In Fig. 492 we show the principle as used on work in a 

vertical boring- aiul turning-mill, a notched tool being shown at the 

right and a jdain tool at the left. 

The boring-mills described in this chapter arc of small size. The 

Fi<i. 494. 

same manufacturers, however, make them also in large sizes. Some 

macdiines are made smaller and with only one tool-head. 

Special Boring-mills for Car-wheels.—A boring-mill designed espe¬ 

cially for car-wheels is shown in Fig. 493. This machine carries a 

universal chuck in connection with the table. The jaws of this chuck 

fit under the flange of the wheel in such a manner that by one movement 

of the chuck-wrench the car-wheels are chucked tnie. Attached to the 

machine is a hoisting device for lifting the car-wheels on and off. The 

boring-bar is counterbalanced, as boring-bars are in all vertical boring- 

mills. This machine is for boring and facing the hubs only. 



354 MACHINE-SHOP TOOLS AND METHODS 

Turret-heads on Vertical Boring- and Turning-mills.—The turret 

principle, which has been described in connection with other machines 

Fig. 495. 

in this book, is used also on vertical boring- and turning-mills. In 

Fig. 494 is shown a five-tool turret as applied to machines of this class. 
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In machining a pulley, for instance, all the tools for this work, including 

the reamer for the bore, could be held in the turret-head. In Fig. 495 

we show several tools used in connection with the turret-head, the names 

of which are as follows: No. 1, four-lip drill; No. 2, boring-bar; No. 3, 

sectional view of adjustable reamer with floating shank; * No. 4, perspec¬ 

tive view of same reamer, and No. 5, limit-gage. 

Vertical boring- and turning-mills can be furnished with gearing 

for cutting thread. The turret-machine shown in Fig. 404 is provided 

with thread-cutting mechanism, and the driving- and feeding-gears, 

which are of novel design, are fully describetl in vol. 27, pages 116-118, 

of the "‘American Machinist.’^ 

* The shank end of tlie float in g-.‘^‘hank reamer is ro constructed as to admit of 

a small degree of looseness or freedom, the object g to compensate for a pos* 

sible error in the aliuement of the machme. 



CHAPTER XXIII 

PLANERS AND SHAPERS AND PLANER AND SHAPER WORK 

The Metal Planer.—In Fig. 496, which shows a typical metal planer, 

B is the bed, T the‘work-table, R the cross-rail, C the cross-head carry¬ 

ing tool-slide S and tool-block 7' 1, H 1 the housing, and P, PI, P2, 

P 3 tight and loose pulleys on driving-shaft. The housing castings H\ 
are bolted on either side of the bed B, Cross-rail R is movable vertically 

on the housing by a crank on shaft //, which shaft operates, through 

the gears G 2, two screws passing through threaded lugs on R. Cross¬ 

head C has automatic movement on R by feed-disk Z), feed-gearing P, 

and rack F1. The slide S may be clamped on C at any angle in the ver¬ 

tical plane, and when so clamped may be fed automatically by the 

feed mechanism noted. 

'X Feed-disk.—Fig. 497 shows a sectional view of a feed-disk similar 

in principle to the one on this machine. A side elevation of the disk 

and its accompanying mechanism is shown in Fig. 498. The shaft 

S 3 in Fig. 497 is driven by gearing^ and its motion is reversed when 

the planer-bed reverses. Integral with S 3 is flange F 2. The disk D 
is in two parts, D and D 1, and these are held together on F 2 by the 

screws S 4. Between F 2 and the disc arc the two leather washers 

shown. Now when S 3 revolves, D is caused to revolve with it by fric¬ 
tion between the leather and the disks. Being driven by friction, which 

may be increased or diminished by the screws S 4, the disk D may be 

stopped independently of S 3. While S 3 makes a number of revolu¬ 

tions, depending upon the length of table-stroke, D always makes less 

than one revolution. The motion of D is limited by aS 5 operating 

between two fixed, projections on the side of the housing. Referring 

back to Fig. 496, while D always moves the same, the feed may be 

varied by moving B 1 nearer to or farther from the center of the disk. 

For this purpose knob K, in connection with the screw S, shown in Fig. 

498, is used. ^ 
Feed<-gearmg in Cross-head.—The immediate connection of the feed 

mechanism with C and S is made by the screw S 1 and ffeed-rod F 3. . • 
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and T 1. It will be seen that S 1 passes through a threaded lug fastened 
on C. F 3 drives the miter gear G3 by means of a f«other key, which 
permits G 3 to slide on F 3* Meshing with. G 3 is the miter gear G 4, 
operating the screw S 2 by means of gears G 5 and G 6. \/hen S 2 is 
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in operation it causes the slide S to move up or down, depending on 
whether the pawl P 4 (Fig. 498) is in forward or reverse connection with 
its ratchet-wheel F 4. Cross-head C (Fig. 499) may be fed independ- 

Fiq. 499. 

ently of S and vice versa, and by placing the pawl in a neutral position, 
as shown in Fig. 498, both feeds may be disengaged. 

Table Movement, etc,—The table T (Fig. 496) traverses the bed 
backward and forward, being guided in the V-shaped ways F. The 
work is secured to the table, and for each stroke of the table the cross- 
head Cy carrying the cutting-tool, is fed a distance of from about 
to Ve inch, depending upon the nature of the work,The movement of 
the table toward the tool is effected by an open belt which runs on the 
pulleys P and P1 (Fig. 500). The first of these pulleys runs loosely 
and the other is tight on shaft S 4. On the same shaft are two other 
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pulleys, tight and loose, with a crossed belt. When the table reaches 
the end of its stroke the belts are automatically shifted^ so that the belts 

which were on the tight and loose pulleys P 1 and P 2 are now on P 
and PS, In other words, when the open belt is driving the table for¬ 

ward the cross-belt is running idly on P 2. and when the cross-belt is 
running the table backward the open belt is running idly on P, 
Keyed to /S4 is pinion OS, This gear, with its connecting-gears 09 
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and (710, gives motion to the large gear (711, which meshes with a 
rack on the under side of the table. A side view of this larger gear, 
with a section of the table, is slmwn in Fig. 501. 

Referring again to Fig. 496, the belts are caused to shift by the 
dogs or tappets J) 1 engaging with lever L. L is connected to the 
belts by a system of levers not clearly shown. As the tool does not cut 
on the reverse stroke the table traverses s(‘voral times faster on the 
reverse, stroke than on the forward. 

‘‘ Second-belt Planer-drive.”—Fig. 502 shows a planer the driving- 
gear of which is a departure from ordinary construction. It will be 

Fig, 502. 

noticed that in place of the two gears usually seen on the rear side of 
the planer, this machine has a short open belt. The connection of thif 
belt with the other elements of the driving-gear is clearly shown in 
Fig. 503. From the. three driving-pulleys K, upon which the usual 
narrow shifting belts are employed, it is easy to follow the driving 
mechanism up to the pinion J which engages directly with the bed- 
rack. The tension of the belt E is maintained by the weight B as shown. 
The principal claim of the manufacturers is softness of action, due to 
the substitution of a belt in place of high-speed gears. This softness 
of action they say “assists greatly in turning off smooth,£nely finished 
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work/^ and at the same time admits of higher cutting and return speeds. 

Since the introduction of high-speed steel there has been a growing 

demand for higher planer speeds, but the difficulty is due in a con¬ 

siderable measure to the reciprocating movement of the heavy table. 

Designers are beginning to see the necessity of providing some means 

for cushioning this mass of metal, and some efforts have been recently 

made with this in view. 

Open-side Planer.—h'ig. 504 show>s a rear view of the Detrick & Har¬ 

vey open-side planer. As will be seen this machine has but one housing 

casting. The object of this design is to provide for wider work than 

would pass between two castings. The overhang necessitates a very 

heavy cross-rail and housing casting, and one rear view of the machine 

is presented in order to better show the proportions of these parts. In 

these machines the pulley-shaft is parallel to the planer-table, spiral 

gears being used to operate the latter. The tables are reversed *^at a 

ratio of from three to four, to one, depending upon the size of the 

planer.’’ In this respect the open-side planer is about the same as 

other planers. 

For work extending much beyond the end of the cross-rail a supple¬ 

mental rolling table is furnished with the open-side planer. This sup¬ 

plemental table is shown in connection with Fig. 505, which is a front 

view of the planer. 

Extension-heads.—In the absence of a planer of the above descrip¬ 

tion, wide work may be planed by the use of the extension-arm shown 



PLANEES AND SHAPERS 

in Fig. 506. This extension is fastened to the tool-slide by the same 

bolts which ordinarily hold the tool-block, the latter being secured 

Fig. 504. 

on the outer end of the arm. This device is, of course, not so satis¬ 

factory as the open-side planer. 

Extra Heads on Large Planers.—Some of the larger size planers 

have two cross-heads or tool-heads and take two cuts at once; and 

the largest planers have, in addition to the above, one head on each 

of the housing castings, making four heads. The planer shown in Fig. 

505 has three tool-heads. 
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Difference Between the Shaper and Planer. Different Designs of 
Shapers.—^The shaper is a kind of small planer. One essential differ¬ 

ence between the two machines is that in the typical planer the work 

moves to the tool, while in the shaper the tool moves to the work. 

Shapers are made in two leading designs respecting the ram movement, 

namely, crank-shapers and geared shapers. In the crank-shaper the ram 

is driven directly or indirectly by a crank movement. In the geared shaper 

the ram is driven by a gear meshing in a rack on the under side of the ram. 

General Description of a Crank-shaper.—Mg. 507 is a perspective 

view of a ‘'(^ntunnati'' back-geared crank-shaper, and Mgs. 508, 509, 

Fio. 505. 

and 510 are sectional views. Similar letters refer to similar parts in all 

the views. Referring to Fig. 507, A is the box frame or column; B the 

ram sliding in guides on top 6f A, and carrying the cutting-tool; C the 

graduated swiveling-plate, which may be locked in any angle in a ver¬ 

tical plane; 7) the tool-slide; E the apron or tool-block on D; F the 
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cross-rail; G the table and II a vise detachably secured to the table. 
The work may be held by bolts in T slots on either of the three faces 

of the table, or it may be held in the vise. The table may be removed 
from the saddle I and certain kinds of work may be bolted to the latter. 

Feed-gearing.—^The saddle is fed along the rail F by means of the 
slotted crank J and ratchet and pawl device shown. 1'he latter operates 
a screw passing through a threaded nut on the saddle. The cross¬ 
rail is moved vertically on the planed face of the column by a crank 
on the lower square-end shaft. 

Driving-gear.—^The ram B is driven primarily by the cone pulley A" 1. 
The sectional view, Fig, 509, shows that this pulley is secured to the 
shaft y. On this same shaft is keyed a pinion-clutch w, which by means 
of the lever (Fig. 508) may be engaged with the clutch-teeth on gear w 

(which turns freely on y), or brought into mesh with the gear v. In 
the former case the train of gears w, x, and k would be set in motion 
and the machine would be running in single gear. In the latter case 
the gears w, v, x, and k would be caused to revolve and the machine (or 
ram) would run slower, being in back^ear. 



PLANERS AND SHAPERS 367 

The ram B receives its motion from its connection at g with the 
oscillating beam or “link'’ i, and the operation of this link is as follows: 
Secured to the gear k is an adjustable crank-pin, Z, shown in Figs. 508 and 
510. This pin is journaled in a rectangular block m. When k rotates 

it carries m with it, and as m is a sliding fit in the slot in the link, the 
latter is caused by m to oscillate through an angle depending upon the 
radial distance of the crank-pin from the axis of the gear k. 

Quick Return.—During the time that the crank-pin is moving in the 
upper part of its circular path the ram is moving forward. In the lower 
portion of its path the crank-pin approaches closer to the pivot X 2 of 
the link, and the motion of the ram is reversed at a higher velocity. 

Stroke Adjustment.—The length of ram-stroke is adjusted by moving 
the crank-pin Z (Fig. 510) toward or from the center of the gear k, the 
movement of Z being effected by the screw n, gears o, p, and a crank- 
handle at q'. The square end of shaft q to which the crank-handle is 
applied is seen just above the cone pulley in Fig. 507. The length¬ 
wise position of the ram is changed by moving the lever c (Fig. 508) and 
turning the hand-wheel /. The connection of the latter with gears c and 
screw d is clearly shown. The ram may be adjusted while the machine 

is in motion. 
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Geared Shapers.—^The general construction of the geared shaper with 
respect to the framework, table, cross-rail, and feed mechanism is much 
the same as that of the crank-shaper. The quick return, however, is 
generally effected by making a difference in tlie diameters of the driving- 
pulleys. As previously stated, the ram is driven b}' a rack and gear move¬ 
ment. The driving mechanism of a geared shaper does not differ suffi¬ 
ciently from that of a planer to justify a detailed description here. 

The Traverse Shaper.—In the ordinary shaper the ram has only one 
movement—the reciprocating movement—the work being fed by tlie 
intermittent movement of the table on the cross-rail at right angles to 
the ram movement. The traverse shaper illustrated in Fig. 511 is so 
called from the fact that the ram, in atldition to its reciprocating move¬ 
ment, is given an intermittent traverse or feeding motion at right angles 
to its reciprocating motion. 

These machines are made cither with two rams or one, but they 
nearly always have two tables. As indicated above, the tables do not 
need any feed motion, but they may be independently adjusted in ver¬ 
tical and horizontal directions on the main frame. The driving mech¬ 
anism of this machine consists of the pulley P, the gears operating 
the crank-gear G, and the rod C connecting G with the ram. The 
means of changing the length of stroke by moving the crank-pin 
toward or from the center in the slot in G will be readily understood 
from the engraving. The hidden end of the connecting-rod C is jour¬ 
naled on a stud or wrist-pin, which is adjustable in a slot lengthwise of 
the ram, and it is by this means that the position of the ram is changed. 
The intermittent feed of the ram by means of gears, screw, etc., is but 
little different from that of the table feed of the common shaper. These 
machines are especially adapted for very long work. 

Ram Movement on Geared Shapers and Crank-shapers Compared.— 
In the geared shaper the motion of the ram is uniform as to velocity, 
but not well controlled as to length of stroke; that is to say, when 
adjusted for a given length it may travel a fraction more or a frac¬ 
tion less. This is due to a slight irregularity in the action of the 
belts. In the crank-shaper the motion is not uniform, but the length of 
stroke is accurately controlled by the positive connections. In such 
exceptional cases as necessitate planing to a line, the crank-shaper has 
the advantage. 

Variable-speed Shaper-gear. — The tendency to substitute tooth 
gearing for cone pulleys has been referred to elsewhere in this work. In 
Figs. 512 and 513 illustrate the variable-speed gearing adapted to a 
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shaper. Referring to Fig. 512, on the shaft is a nest of gears which 
serve the same purpose as a cone pulley. These in connection with the 
back-gearing give a wide range of speeds to the ram. The shaft a, to 

which the long pinion b is keyed, is driven directly by the belt, or mdirectly 
by the back-gears. Th^e are not shown in the engraving. The irmCT 

of the shaft a is journaled in the bracket as shown. Journaled ui 
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the same bracket is a short shaft to which is keyed a frame e and a large 
spur-gear. For each gear in the cone-of-gears at c an idler gear is 

Fia. 512. 

mounted on the frame e. By a pinion meshing into the large gear 
referred to and the handle seen on the outside, the frame e may be 
rotated to bring any one of the six idler gears in mesh with its mating 
gear on the shaft d, and with the long pinion h. Thus a number of 

Fia. 513. 

speeds of the ram are obtained, each depending on the ratio of the 
long gear 6 to the one in mesh on the shaft d. 

Swiveling the Tool-slide and the Tool-apron.—^The principles of swivel¬ 
ing the compound rest for turning bevel-gears, as explained in Chapter 
XVII, apply equally well to the tool-^lide of the planer or shaper. As in 
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the previous case, tne workman is very apt to take the complement of 
the angle for the required angle, both in setting the tool-slide and in 
testing the work with the protractor. If the angle on the drawing is 
given from the vertical, the tool-slide may be swiveled directly to that 
angle; but if an angle less than 90® be given from the horizontal, that 
angle subtracted from 90° will give the angle at which the tool-slide is 
to be clamped. 

As indicated, the object of swiveling the tool-slide is to plane the 
work at some angle other than a right angle with the table. The object 
of swiveling the tool-apron is entirely different. The tool-apron is 
swiveled in downward cuts to relieve the friction of the tool against the 
work on the return-stroke. For this purpose the lower end of the tool- 
apron ’should be inclined toward the work. 

A Tool-lifter.—In making an under cut parallel with the surface of 
the planer-table, it is necessary in the absence of a special device to 

either strap the tool down so that it cannot lift at all or to lift it by hand 
at the end of each cut. The first method is injurious to the tool; the 
second plan, if forgotten for just one stroke, will result in disaster to the 
tool, or the work, or both. Fig. 514 * shows a very simple device which 

♦ The cut was made after an illustration accompanying an article signed 
“Workman/’ published in ''American Machinist,” Nov. 3,1888, page 6. 
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may be used for both upper and under cutting. In this illustration T 

is a front view of a tool shaped for under cutting a T slot, and L is a 
front view of the lifter. The latter consists of a thin plate of metal 
having two lugs bent as at L 1 to receive pointed set-screws which engage 
with prick punch-marks in the sides of the t(K)l. I'he operation of the 
device needs but little explanation. During the cutting-stroke, the 
lifter, being pivoted at the rear of the tool, strikes the work and lifts 
above it without disturbing the tool. On the return-stroke the lifter 
strikes the work and swings upward on the pin to which the tool-apron 
is pivoted, carrying the tool with it. In using such a device the gibs 
of the vertical tool-slide must be snugly adjusted, otherwise the 
drop of the tool and the tool-apron just before the beginning of the 
cutting-stroke may cause the tool-slide to drop slightly. 

Adjusting the Cross-rail.—In raising the cross-rail, the last movement 
just before clamping the rail should be upward. If the rail be raised 
and then lowered a slight amount, its parallelism with the table may be 
disturbed. 

Planer and Shaper Work.—As to the work done on the planer and 
shaper, it will be understood that both are desigru'd mainly for plane 
surfaces as distinguished from round work done on lathes. The short 
stocky work can be more conveniently done on the shaper, while the 
planer is used for larger w^ork. 

Fig. 515 shows a vise much used on planers and shapers. The 
method of clamping the work between the jaws will be readily under- 

Fig. 515. 

stood. The vise swivels on its graduated base, thus providing for plan¬ 
ing work at various angles with the jaws. 

There is some difficulty in accurately clamping the work in a vise 
like that of Fig. 515. There is of necessity some freedom in the sliding 
jaw, and the pressure required to hold the work tends to slightly lift 
the latter. Many different vises have been designed with the object of 
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overcoming this difficulty. Lig. 516 shows one of these designs. The 
illustration represents a piece of work held by pins which are in contact 
with the work at one end and with the vise jaws at the other. When 

Fig. 516. 

the jaw is screwed up it tends to force the work down rather than 
up. 'Phis arrangement admits of planing very thin work without 
blocking it up. 

By light firm taps of the hammer, in wffiich the hammer is not per-' 
mitted to rebound, the experienced workman can overcome the diffi¬ 
culty referred to in the use of the common vise. By pulling strips of 
tissue-paper placed under the ends of the work, he is enabled to ascertain 
when the work is properly bedded. If the vise-jaws are not square it 
may be necessary to use paper or tin between the jaws and the work 

to square the latter,. ' 
Holding Work by Pins and Stops.—^The principle employed in con¬ 

nection with Fig. 516 is also used in clamping work without a vise. 
In Fig. 517 is shown a piece of work held to the planer-table in this 
manner. The stops S closely fit round holes drilled in the planer-table, 
and by tightening the set-screws in connection with the pins P the 
work is forced down against the table. These pins are usually made of 
3/g- to V2-inch round tool steel, having hardened conical points at 
each end. The set-screws are countersunk, the angle being greater 
than the points of the pins. If the work be inclined to tip on one side, 
lowering the point of contact between the work and the pins on that 

side will tend to bring it down. 
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These pins should not be relied upon to take the thrust of the cut. 

For this purpose long and short planer stops like S 1 with or without 
the set-screws are commonly used. These stops are sometimes made 
with the set-screw holes parallel with the planer-table, two or three 

holes being provided in the longest stops. When thus made they can 
be used as adjustable stops to take the thrust of the cut, or by turning 
them so as to bring the set-screw out of the way they may be used with¬ 
out the adjustment. At A is shown a device which may be used (in 
connection with pins) in the T slots instead of the round stops. These 
may be made about ^/g" thick and about 3" long in the direction of 
the planer length. It is well to have both kinds. 

At B is shown a small angle-plate having a tongue to fit in the slots 
of the table. In some cases work may be clamped with one edge against 
the angle-plate without any pins, the pins on the other edge of the work 
holding it down. In this case the points of contact between the pins 
and the work should be raised so that the points of pressure shall fall 
approximately in a line extending centrally along the base of the work. 

The V blocks, straps, bolts and angle-plates, shown in connection 
with drill-press work, boring-machine work, etc., may be used in clamp¬ 
ing work on the planer. Special V blocks are shown m Figs. 581 and 
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592, and a very convenient strap is described in connection with Fig. 585. 
V blocks and special fixtures for the planer should usually have a tongue 
fitting the central table slot, and the upper part of such fixtures should 
be planed while the fixture is clamped in the slot. 

In planing light work on the planer, and, indeed, most work that 
requires accuracy, it is necessary to rough-out the work all over before 
taking the finishing cuts. The pressure of the straps or pins should be 
barely sufficient to hold the work when the final cut is made, otherwise 
the work may be warped. The work should be firmly held for the 
roughing cuts and just before the final cuts are taken the pressure of 
the straps should be relieved. 

Blocking-up Under the Work.—In planing a rough casting or forging, 
even when the base of the latter is nominally fiat, it is usually necessary 
to block up under the work with tin, paper, etc. Good judgment is 
necessary in doing this to avoid warping or springing the work. Take, 
for instance, a piece of rectangular plate, say 12" wide by 24" long. 
In blocking up this work two corners diagonally opposite should be taken 
care of first. When these are properly leveled up with the "surface 
gage" (see Fig. 35), the other two corners may be blocked up in a simi¬ 
lar manner. If, however, the casting is of such a design as to be appre¬ 
ciably sprung by its own weight, it may be necessary, in order to balance 
the weight, to put the first blocking some distance from the ends. After 
this is done, the work may be blocked at intermediate points from about 
4 to 16 inches apart, depending upon the length and shape of the 

piece. 
Some otherwise good workmen use very poor judgment in "bed¬ 

ding" work on the planer. They seem to think that anything that 
will fill up the cracks will answer. This is a mistake. If the work 
be blocked or bedded with strips of tin which are bent out of shape, 

these will ^^give'^ under the pressure of the straps, causing the work to 

spring out of shape. To avoid the same difficulty any fine lumps of 
sand or scale left on the casting by the foundryman should be "rasped " 
off with an old file. Small narrow strips of tin and sheet iron hammered 
true and having the ragged edges filed off should be used. In addi¬ 
tion to these, the workman should collect smajl blocks of cast iron, 
parallel blocks and jacks. Common bolts with one or two nuts on 
the end may be used for jack-screws in the absence of a better device. 
Adjustable parallel blocks like those shown in Fig. 518 are very useful 
in blocking up finished work on the planer. The cut was made after 
a design by Fred I. Getty, which was illustrated in "American Ma- 



376 MACHINE-SHOP TOOLS AND METHODS 

chinist/^ May 8, 1886, page 6. However, the author used a slightly 
different design previous to the above date. 

Planer Tools and Work.—^The principles governing the shape of 
planer-tools being in the main the same as those which apply to lathe 

Fig. 518. 

tools, the two classes of tools have been treated in one chapter. 
Figs. 300, 301, 302, and 311 in that chapter indicate methods of doing 
certain kinds of planer work. One principle which applies to the use of 
tools having a broad bearing should be emphasized, namely, that such 
tools if held on the tool-apron (hatter less and work better otherwise, 
when so made that the spring of the tool and freedom of the tool-apron 
pin cause the tool to move from the work rather than toward it. This 
principle requires that the tool have a backward offset, as shown in 
Fig. 311. 

The capacity f;f the planer for doing work rapidly is not under¬ 
stood by the majority of mechanics. With a planer sufficiently rigid 
and tools properly constructed, surprisingly wide cuts may be taken. 
Fig. 519, which illustrates an article in the American Machinist,'^ vol. 
27, page 41, shows a broad-edge tool planing the fiat surface between the 
V*fl on a lathe-^bed This tool is held in a special holder which is gibbed 
to the guides of the tool-slide in the same manner that the tool-slide 
itself is gibbed. To make room on the guides the tool-slide is raised 
•«' Its highest position, the holder being connected to the regular tool- 



PLANERS AND SHAPERS 

t 

377 

apron by a link as shown. Thus connected, the tool-holder may be 
fed down with the tool-slide screw. 

lop and front views of the holder are shown respectively in Figs. 
520 and 521. The broad tool is held by three bolts, and a slight adjust- 

Fig. 519 

ment is provided by two set-screws. Being independent of the tool- 
apron pin and set well back of the latter, the tool does not need to be 
bent backward. As will be seen, it is placed at an angle of about 30® 
with the cross-rail, thus giving it a shearing cut. This arrangement, 
together with the extra rigidity secured by placing the tool nearer to 
the cross-rail, overcomes the tendency toward chattering and con¬ 
tributes to general smoothness of action. 

The above tool was used on cast iron, but steel is sometimes planed 
very smoothly by giving the tool a shearing cut. However, the edge 
of the tool is only about 1" wide and is rounded so as to touch only 
in the middle, a fine feed being used. 

Planing Curved Work. — Although the planer and shaper are 
designed mainly for plane surfaces, round work, irregular forms, and 
even gears may be cut on both machines. Referring to Fig. 522, 
T represents the planer-table and C and C 1 planer-centers. TheSe 
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are something like the head- and tail-stock of a lathe. The hanger J5, 
which obviously cannot well be turned in the lathe, is driven on the 
mandrel M and placed between centers. For each stroke of the planer, 
B is, by means of the handle H, caused to move around its axis a small 

Auvtriean Maehinul 

Fig 521. 

fraction of a revolution. H gives motion to the spindle in C by means 
of the worm-gearing shown. When the hanger is rotated the pin P 

must be withdrawn. This process of feeding the hanger to the tool 
is continued for each successive stroke of the planer-table until the 
work is finished. 

This method can be used in the shaper also. 
** The Concave Attachment.”—^The object of the attachment shown 
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in Fig. 523 is indicated by its title. The movement of the ram causes 
the lower lever to swing in an arc. This actuates the pawl and ratchet 

mechanism, which by nieaus of the spur- and worm-gearing shown 
gives the circular movement to the tool. This device cannot be used 
on the planer. 

Fig. 523 

The Convex Attachment.—Referring to Fig. 524, it will be seen that 
the table of the shaper is removed and a device having an arbor with 
two cones is bolted in its place. This is a circular attachment for 
round and convex surfaces. The work is held on the two cones just 
the same as in the case of the arbor for tapering work shown in Fig. 359. 
This attachment has automatic feed, which is operated substantially 
in the same manner as the table. The principal difference is that 
the worm and worm-wheel are used in place of the screw and nut. 

Planing Irregular Forms.—The attachments mentioned above are 
designed more particularly for round work or regular curves. The 
fomicr principle, as was stated in the chapter on lathe work, may be 
used in machining either regular or irregular curves. In Figs. 625 * and 

* Figs. 25 and 526 were copied from cuts used in connection with an article 

by W.” in '^American Machinist,” April 21, 1892, page 6. 
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526 is shown the end of a round rod which is widened and flattened at 
the two elements being joined by a curved surface. The work in this 
case is to be machined on both sides of the flat end, and to facilitate the 
operation the work is held between planer-centers. As in the case of 

Fig. 524. 

lathe work, the screw by which the tool is fed to the work is removed, 
the movements of the tool being controlled by the former shown. I'o 
force the tool to follow the curved form, the bracket C is bolted to the 
tool-box, and in the projecting arm of this bracket is a bolt D, on the 
lower end of which is a roller, or some equivalent, in contact with the 
former. To adjust the tool for a deeper cut the set-screw holding the 
bolt D is loosened and the nut tightened. The tool-slide is weighted 
down at A. The weight at B is designed to balance the pressure and 
prevent the cramping of the tool-slide in its guide 

The former principle may be applied also when the curved surface 
lies crosswise the planer. In this case the former may be fixed to the 
cross-rail or to the housing. 

It should be understood that the curve produced by the method 
above outlined will not be a duplicate of that of the former. The difference 
arises from the difference in shape between the jioint of the tool and the 
roller. This is well understood by mechanics who have had expeiience 



accompanying illustration is of such abrupt curvature as would be 
difficult of duplication on the planer, but Mr. Miller takes an extreme 
case in order to show the principle more clearly. He says: “Having 

Fia. 527. 

shown that a template of the exact form of the work will not reproduce 
itself, the question is how we shall determine the form of template to 
produce a given form. To do this we have only to lay out the form of 
the work, and having decided the size of the roller we are to use, draw 
another line parallel to the first and at a distance from it equal to the 
radius of the roller. Suppose, for instance, we wish to reproduce a 
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form corresponding to that of the template a, Fig. 527. We draw a 
line ab, Fig. 528, of the desired form, and taking many points on this 

line as centers, we strike arcs as shown, the radius of these arcs being 
equal to the radius of the roller we are going to use. A line a'b' drawn 
tangent to all these arcs is the desired form of template. 

A number of different methods of planing irregular forms are shown 
in ** American Machinist,’’ vol. 27, pages 512 and 544. 

Cutting Gears in Planer and Shaper.—Fig. 529 shows a method of 
cutting teeth in gears. For this purpose the index-plate R has several 

circles of holes answering to various numbers of gear-teeth. If we wish 
to cut 20 teeth, the pin P is adjusted to the circle of 20 holes. Having 
tightened the cross-head to prevent lateral movement, the tool is next 
fed downward until the first space is cut. We now stop the planer, 
pull the index-pin out and turn the index-plate (and gear) ^/2o revolu¬ 
tion for the next space, continuing the process until the gear is finished. 

Cutting Rack-teeth.—Fig. 530 illustrates an article by the author in 
American Machinist,” March 31, 1904. Referring to the figure, R is & 

crosa-section of the toothed ram belonging to the arbor-press shown in 
Fig. 367. The ram was held crosswise on the planer-table by the straps 
S, parallel block B (also strapped to table), and pin P. The pin was 
driven into the ram to resist the tendency of the latter to roll. Having 
firmly secured the ram, the teeth were next roughed out with a common 
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square-nose tool, the straps being alternately changed when approached 
by the tool in its movement across the table. To finish the teeth a B. & S. 
four-pitch rack-cutter was bolted to a bar of steel, the latter being held in 
the tool-post as shown. The side of this bar was planed by securing a 
tool to the table and feeding the bar to the reciprocating tool. 

The most important part of this apparatus is the disk D, by which the 
rack-teeth were spaced. This was made for the job, but has since been 
used in cutting other racks. The periphery of the disk is divided by 
250 lines. As the planer-screw is 1/4" lead, each division on the disk 
represents .001", and .0005" can be measured by estimation. In spacing 
the teeth, the tool had to be moved .7854" (practically .7855"). The 
stopping-point on the disk for each spacing was indicated by making a light 
line, in a "touch” of red lead, corresponding to the zero-line on the 
cross-rail. Thus .7855^' was measured from a new starting-point for 
each tooth. 

With a more expensive fixture the cutter could of course be made to 
revolve, and thus mill the work. 

One is justified in using the planer or shaper in cutting gears only 
when a milling-machine or gear-cutter is not available. 
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Grinding Attachments for Planer and Shaper.—Fig. 531 shows an 
attachment for the planer which should prove of great value in many 
shops where a regular surface-grinder is not available. The bracket 
carrying the emery-wheel arbor is shown at B, It is held on the tool- 
block or tool-slide by four bolts, and the emery-wheel arbor is driven 
from an auxilliary countershaft as shown. "J'he latter is driven from 

the main countershaft of the machine. To provide for the crosswise feed 
of the emery-wheel, a long pulley or drum is generally used on the auxil¬ 
iary countershaft of such attachments when work of considerable width 
is to be ground. The small flanged pulley shown keeps the lower part 
of the belt in position. 

The attachment shown in Fig. 531* was designed to be used either 
in the planer or lathe. Fig. 532 shows the same emery-wheel and bracket 
secured to the compound rest of an engine-lathe. The work is that of 
grinding a narrow-face wheel. In such work the drum on the counter¬ 
shaft is unnecessary. 

* Figs. 531 and 532 are from cuts accompanying an article by C. H. Alexandei 

in ^'American Machinist/’ vol. 26, page 1121. 
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In Fip;. 533 is shown a surface-grinding attachment * for the shaper, 
and it is also held on the tool-apron. On account of the reciprocating 
motion of the ram, it is necessary to use a tightener as shown at D, 

This tightener automatically maintains the tension on the belt. Unless 
the attachment is used on the traverse shaper, a narrow-fafced pulley may 

be used on the auxiliary countershaft instead of the long drum referred 
to in connection with Fig. 531. 

Care of Planer-table. — The planer-table is curved or 'peened by 
driving down the stops too hard, by letting heavy work fall on it, by 
hammer-blows, etc. Not only is the table curved by such usage, but 
lumps are raised on it which prevent planed work from resting solidly. 
It is difficult to get the beginner to see that the smallest bruise or scratch 

or speck of grit may cause the last-mentioned difficulty. Before clamp¬ 
ing such work it is often advantageous to sweep an old smooth file over 
the table surface in such a manner as to scrape off fine lumps and show 

♦ Fig. 533 is taken from a cut which accompanied an article entitled **The 

Shaper as a Surface Grinder,^* by S. Bliss, in ‘‘American Machinist,” vol. 27, page 

695. 
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Fio. 533. 

3 



PLANERS AND SHAPERS 387 

up the large ones. After using the brush, fine grit may be best wiped 
off with the hand. 

Testing the Bed.—^The planer-table should be planed when neces¬ 
sary. The bed also may occasionally need attention. A method of 

Pig. 534. 

testing the V’s by using three rollers equal distances apart in each V, 
one straight-edge or parallel block crosswise on each pair of rollers, and 
a long straight-edge applied diagonally, is illustrated and described by 
*‘Jarno'' in the ^‘American Machinist,^' August 11, 1888. See Fig. 
534 for the illustration. 



CHAPTER XXIV 

SLOTTING-MACHINES AND THE WORK TO WHICH THEY ARE 
ADAPTED 

General Description of the Slotting-machine.—The slotting-niachine 
is similar in principle to the shaper. Its ram, however, moves at right 
angles to the table, while in the shaper the ram moves parallel with the 
table. Referring to Fig. 535, B is the bed cast integral with the upper 
column C; T the table; R the ram; Pthe driving-pulley; (/the driving- 
gear; C 1 the slotted crank connecting with R by the connecting-rod R 1; 
F and F 1 the table-feed gears; C 3 a cam on G for operating the feed¬ 
gearing; and W the counterbalance for R, 

Table and Ram Movement.—The table has two movements at right 
angles in a horizontal plane, and also turns about its axis. These are 
all automatic and intennittent movements effected by the feed mechanism 
C 3, F, and F 1. The table may also be moved in all the directions by 
hand by means of cranks on the several table-shafts. The ram movement 
may be increased or diminished for different thicknesses of work by 
the slotted crank. The cutting-tool is secured to the lower end of the 
ram. The operation of the rain by means of the driving-pulley P, gear 
(?, etc., will be understood without further explanation. 

Character of Work Done on the Slotting-machine.—In machining a 
piece of work which is required to have its sides at right angles, the 
work is bolted to the table, and by means of the two right-angular 
movements of the table the four sides of the work are finished with 
but one adjustment of the work on the table. If the bolts which hold 
the work on the ends, for instance, are in the way when machining 
the ends, other bolts are placed on the two finished sides before removing 
the bolts on the ends. More adjustments would be required if the same 
piece of work were machined in the shaper or planer, and an offset-tool 
would be needed for the interior of a rectangular shape. 

Much of the short stocky work done on the shaper could be done 
on the Blotter, but the Blotter is specially adapted to cutting varibus 
shaped slots, to finishing the interior and exterior of curved surfaces 
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etc. Amon^i; the details which can be machined advantageously on 
the slotter may be mentioned the fork-end connections for the reversing 
gear of a steam-engine, the engine connecting-rod straps, the half boxes 
for locomotive driving-axles, and many kinds of die work. The slotting- 
machine was formerly used to a great extent in cutting key-seats in pul- 

Fig. 536. 

leys, gears, etc. For this purpose it has been superseded in a measure 
by special key-seating machines. 

Portable Slotting-machines.—In Fig. 536 we show a portable slot¬ 
ting-machine. This slotter is used on a large base-plate for very heavy 
work in which it is more convenient to move the slotter than the work. 
The vertical movement of the tool-head is effected by pulleys, tooth-gear- 
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ing and a screw, but the machines are also made with a rack and pinion 
movement. This machine has a limited traverse on its sub-base, and 

Fig. 536. 

the tool-block has a movement in the same direction on the cross-rail. 
It has the usual automatic and hand feeds. 

The construction of the machine is such that it is not well adapted 
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to machining slots and interior surfaces. Indeed, the machine cotud 
with propriety be called a vertical planer. 

Slotting-machine Tools.—^The tool used in machining narrow slots, 
etc., cuts on its end and is forged on the end of a bar of steel in a similar 

Fig. 537. 

manner to a common planer-tool. The cutting angle and clearance of 
these and all other slotting-tools should be about the same as those of 
planer-tools, excepting that the direction of these angles should be 
determined with respect to a vertical plane rather than a horizontal. 

Fig. 538. 

Fig, 537 shows the front and side view^s of a slotter-tool such as has been 
mentioned. The tool must, of course, be forged down small enough 
to enter the slot, and in very narrow slots the tool is sometimes made 
to cut on both the front and rear side, one cut serving to brace the other. 
In Fig. 538 is shown a square-end finishing-tool which is sometimes 
used as last described. Having taken the finishing cut on both sides 
of the slot the ends of the slot are finished separately with the same 
tools. When the slots are so narrow as to require the tools to be used 
in this manner the work could usually be done more advantageously 
in the milling-machine. Some mechanics make slotter-tools for fillets 
of circular cross-section at the cutting-end. The shapes of the cutting- 
edges for the roughing-tools are determmed on the same general prin¬ 
ciples which apply to lathe- and planer-tools. 

In Figs. 539 and 540 is shown a rotary tool-holder which we shall 
presently describe. The lower part of this tool, w’hich is shown broken 
from the upper part, represents the slotter-tool commonly used for 
exterior slotting, and also for interior when the opening is large enough 
to admit such a tool. The tool T is held by two set-screws in a block 
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The slotting-tool shown in Fig. 541 is somewhat similar to the lower 
end of the tool just described. The cutting 
part of the tool, however, is held in the block 
at an angle, giving it the proper rake for free 
cutting. 

A Rotating Tool-holder. — Some slotting- 
machines are made without provision for 
rotating the table. In such a machine the tool- 
holder shown in Figs. 539 and 540 could be 
used for curved surfaces of small radii. Refer¬ 
ring to the illustrations, the boxes A and B 
are held to the slotter-head or ram bv four 
studs as shown. The upx)er part of the bar 
is turned to fit the boxes and also to fit the 
worm-wheel C. The bar is rotated by the 
hand-wheel Z), whi(;h operates the worm E 
meshing with C. 

This tool, however, was primarily designed 
for finishing fillets and other curved surfaces 
on large framework, which cannot be rotated 
on an ordinary slotting-machine. It is fully 
described by T. B. Burnite in ^'American 
Machinist/' vol. 27, page 125. Fig. 541 
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KEY-SEATING MACHINES AND KEYS 

Key-seats and Key-fitting.—Before describing the key-seating 
machine it will be necessary for the benefit of the younger student to 
explain what a key is. In Figs. 542 and 543, which show a pulley 

keyed to a shaft, K is the key. The rectangular grooves cut into 
the pulley and shaft are called key-seats or keyways. 

In this connection it may be well to consider the method of fitting 
keys. Some machinists think a key should fit best at top and bottom 
{T and B); others prefer to have it fit best on the sides, as at S, In 
important cases the key should fit well on both sides, and at top and 
bottom. Sometimes set-screws are placed in the hub of the pulley 
so as to press on the top of the key; this obviates the necessity of close- 
fitting at this point. A key should not be filed so as to have a tight 
bearing at top and bottom on one end and miss on the other end. Such 
fitting is likely to force the pulley slightly out of square with the shaft. 
Keys which are to fit at the top and bottom are usually tapered on the 
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top from Vs to inch per foot. They are never tapered on the 
sides, and when held by set-screws are not tapered on top. 

In shops where very little key-seating is required the work is some¬ 
times done with the chisel and file, but where a great deal of key-seating 

Fig. 544. 

b required it pays to purchase a key-seating machine. Key-seats in 
the shaft may be cut on the milling-machine, planer, or shaper. 

There has recently been introduced a system of keys of the shape 
of a sector of a circle, the top of the key being of exactly the same shape 
as those shown in the illustration. The key-seats in the shaft for such 
keys cannot be planed, but must be sunk in by a revolving cutter. 
The key-seats in the pulley may be made by the ordinary process. 

Key-seating Machines.—Fig. 544 shows a key-seating machine of 
modem type. In accordance with the most advanced ideas in machine- 
tool design the column J5 is of hollow or box form. Working in guides 
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on top of this column is the table T to which the work is fastened. The 
tight pulley P (there is also a loose pulley not shown) is on the same 
shaft with a pinion (not shown) which operates the gear G, Keyed 
to the same shaft as 6r is a crank C 1 which, by means of the connecting- 
rod C 2, operates the cross-head (L The cutter-bar or ram R is secured 
to the cross-head by a kind of ratchet-cam which is operated by the 
lever L. T 1 is the cutting-tool held by a set-screw S. To support 
the bar against the pressure of the cutting, brace B 1 is provided. This 
is so constructed that it may be adjusted vertically and horizontally 
by the levers L 1 and L 2, and may be swung around on the post P 1 
when work is to be removed. 

In cutting a key-seat, the cutter is fed to the work by the hand- 
wheel W] by the same hand-wheel the cut is relieved on the return 
stroke. The knob A", which has micrometer adjustment, regulates the 
depth of the cut; and by means of this micrometer adjustment, any 
number of key-seats may be cut to the same depth. Key-seats are often 
made tapering, and for this purpose the table is tilted by the thumlv 

screw V. 
The machine above described is one of the smallest and simplest 

made, but it shows the principle better than the more elaborate designs. 
Key-seating Attachments.—^’arious small key-seating devices have 

been designed for use in connection with the arbor-press, with the planer, 
and with drilling-machines. In Fig. 545 is 
shown a key-seating attachment for the 
latter machine. 1 he shank at the upper 
end is driven by the ordinary drill-chuck, 
or when made to the Morse taper it is 
driven in the socket of the drill-spindle. On 
the end of the same shaft of which this shank 
is a part are a number of pins which serve 
as gear-teeth, and which revolve the cutter 
shown at the bottom of the device by en¬ 
gagement with its teeth. The tool is guided 

by one of the bushings shown, these being made to fit different sizes 
of holes, and it is fed in the same manner as a drill. For taper keys 
the hole in the bushing is made at an angle with the outside. While 
the inner shaft and cutter revolve, the outer shell is prevented from 
turning by the horizontal lever at the top. 

For large fly-wheels, large gears, etc., portable key-seating machinee^ 
driven by power are sometimes used. 
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MILLING-MACHINES AND MTTXTNG-MACHINE WORK 

General Description.—The milling-machine probably derives its 
name from the fact that the operation of the milling-cutter is somewhat 
suggestive of the old millstone processes. Fig. 546 shows a Brown & 
Sharpe Universal milling-machine. The frame A is of the box form 
common to machines of this class. Within the hollow frame are shelves 
for the smaller accessories belonging to the machine, there being a door 
on the side opposite to that shown in the engraving. The head-stock B 
is cast integral with the frame. Journaled in the head-stock is the spindle, 
the end of which is shown at C, The spindle of this machine is not driven 
by a cone pulley, but by a system of gearing which we shall presently 
describe. 

The bracket-shaped casting D is called the knee. It is movable ver¬ 
tically and guided by planed surfaces on A. This movement is effected 
by the hand-wheel E, which, by means of bevel-gearing, operates the 
telescopic screw F. The construction of the latter is such that no hole 
is required in the floor to receive the screw when the knee is in its lowest 
position. Supported on top of the knee are three meml)ers, of which (7 
is called the clarnp-bed, 7/ the saddle, and 7 the table. G can be moved 
on Z), parallel with the spindle C, by the hand-wheel J, This hand-wheel 
operates a screw working in a nut secured to G. The table 7 slides in 
the saddle 77, for most purposes at rigth angles to the spindle; but 
inasmuch as 77 may be swiveled on its graduated base, 7 may be fed 
at various angles with the spindle. The dividing head K (otherwise 
called the spiral head) and the foot-stock L are bolted to the lathe. 

The long shaft M, together with its pendent arm iV, is called the 
overhanging arm. The smaller cutters are carried on an arbor which has 
a tapered shank to engage with the tapered hole in the spindle, and the 
object of the overhanging arm is to support the outer end of the arbor 
When extra-heavy cutting is being done, the arm itself is tied to the clamp- 
bed by the slotted links 0, which are called harness, or braces. The work 
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is secured either directly or indirectly to the table, and is fed to the 
revolving cutter by hand or by power. 

Fig. 646. 

The Driving-gear.—^Fig. 547 is a sectional view showing the driving- 
gear, and Fig. 548 is an end view showing the gears in dotted lines. The 
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first gear in the system is a long pinion b. This runs at a constant speed, 
being driven by the pulley a. Meshing with b is an intermediate c 
(Fig. 548) which by levers h and i may be brought into mesh with d, e, /, 

g (I^ig. 547), giving four different speeds to the shaft bearing these 
S®3J*s. By means of the lever k cither j or I may be brought into 

mesh with one of the four gears, thus multiplying the number of speeds 
by two and giving eight speeds. The levers k, h, and i are the upper, 
middle, and lower levers shown at the left of the flanged pulley in Fig. 
546. 

Back-gearing.—The design of the back-gearing is similar in principle 
to that ordinarily used, but the details are quite different. The gears 

Fig 549. 

j and I of Fig. 547 are keyed to the quill m, upon the left end of which 
is a pinion answering to the pinion commonly secured in the end of a 
cone pulley. Integral with m at the nght hand is a flange to which 
the usual large gear of the main spindle is locked when the machine 
is in single gear. The locking-pins are seen at d and e (Fig. 549). When 
by means of the lever /, the back gears are brought into mesh, a cam at 
a on the back-gear shaft moves, through the lever 6, a collar c, thus 
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withdrawing the locking-pins. When the back-gears are disengaged, 
small springs pressing against the locking-pins d and e are compressed, 
causing these pins to enter the sockets in the flange during the first 
revolution of the spindle. Thus the locking-pins are automatically 
engaged or disengaged by the back-gear lever. 

By the back-gears the number of speeds is again multiplied by two, 
giving the machine sixteen spindle speeds. 

Feed-gearing.—Referring again to Fig. 54(5, just below and to the 

Fig. 550. 

left of the driving-pulley is seen the feed-box and gears, a sectional view 
of which is shown in Fig. 550. The sprocket a is driven from the pulley- 
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shaft through a pitch chain/' On the same shaft and driven by a is 
the long pinion 6. This pinion, through a shifting intermediate gear 
(not shown), drives the cone of gears d, e, /, gr, i, two of which alternately 
engage with the shifting gears k and m and drive the universal-joint shaft. 
Thus ten different feeds are given, the mechanism being similar to the 
main driving-gear with the back-gears omitted. 

Motion is communicated from the feed-gearing to the work-table by 
means of mechanism consisting principally of the telescopic shaft shown 

Fig. 551. 

inclined toward the feed-box in Fig. 546, suitable gearing, and a screw. 
The latter is shown in connection with the saddle in Fig. 551. 
^ Plain Milling-machine.—In one of its principal forms the plain 
miller is in general similar to the machine just described. The main 
difference is that the plain miller has no clamp-bed, the table being guided 
in ways in the saddle, which is clamped directly to the knee. The 
table of the plain miller, therefore, cannot be fed at any other angle 
than a right-angle with the main spindlev^ Fig. 552 shows a plain miller 
designed in 1897, in connection with a class in machine design, of which 
the author was instructor. * A knowledge of the friction mechanism em¬ 
ployed in this machine may be of some value to the student. The friction- 
disk shown at D, the driving-face of which is covered with leather, was 
used to a greater extent in machine-tool construction when this machine 
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was designed than it is at present. This disk is driven by the gears (?. 
The small cast-iron pulley which is shown near the middle of D, and 
which is driven by the latter, gives motion to a train of gears some of 
which are seen inside the knee. The last of these gears, a miter, by 
meshing with two miter-gears on the table-feed screw, gives the table 
a forward or reverse traverse, depending upon which gear is in engage¬ 
ment with the shifting clutch. This reversing mechanism is similar in 
principle to that shown at g, A, i, y, in Fig. 221. In some milling- 
machines the table is driven by pinion and rack. 

Ihe small friction-pulley runs in a sleeve which has rack-teeth cut 
on one side. A pinion meshing with this rack is rotated by the hand- 

Fig. 552. 

wheel Hy and thus the pulley is moved from the center, or zero position 
of the disk, to the periphery, or position of maximum feed. This move¬ 
ment may be effected while the machine is in motion. The excessive 
thrust on the bearings, which is one objection to the friction-feed, is 
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largely overcome in this machine by the use of ball bearings, and the 
mechanism works quite satisfactorily. 

In addition to the socket for taper-shank arbors the spindle in this 
machine is threaded to receive large facing cutter-heads like that shown 
in the lower part of the cut. In this respect the spindle of the machine 
in Fig. 546 is similarly designed. 

** Planer-type ” , Milling-machine. — As indicated by its title, the 
machine shown in Fig. 553 is constructed on the same general plan as 

Fig. 553 

a planer. The table affords ample area for clamping large heavy work, 
and the arbor, which is adjustable vertically on the uprights, is firmly 
supported at both ends. 

In Fig. 554 is illustrated an open-side milling-machine, which serves 
the same purpose in miller work as the open-side planer serves in planer 
work. Starting with the cone pulley seen projecting just above the 
table, it is easy to follow the driving mechanism through the train of 
gears to the vertical spindle. ITie feed of the spindle along the cross¬ 
rail is effected by two pairs of cone pulleys, the first being shown to the 
right of the spindle’and the second pair near the overhanging end of 
the cross-rail. At the front end of the machine are seen two cone pulleys 
which, through the worm-gearing shown on the outside, and other 
mechanism on the inside of the frame, give the lengthwise feed of the 
table. 

Planer-type milling-machines are sometimes made with as many 
as four spindles, two of these being horizontal spindles supported on 
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the uprights or housing castings, and the other two vertical spindles 
which are journaled in a (Toss-head sliding on a cross-rail as in Fig, 554. 

Fig. 554. 

Vertical Miller,—The essential difference betwetm the vertical milling- 
machine and the horizontal miller is, of course, the vertical spindle of 
the former. The miller shown in Fig. 555 is driven from a counter¬ 
shaft having a cone pulley, etc. The cone pulley of the machine, how¬ 
ever, is not placed on the main spindle, but on a short shaft at P, On 
this same shaft is another pulley P 1, from which the power is con- 
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veyed by a belt running over the idler-pulleys P 2 to the spindle-pulley 
at P3. 

The construction of the knee and the table, and the mechanism for 
operating these parts, do not necessarily differ in the vertical milh/^ 

Fig. 565. 

from the same parts in the horizontal miller. The rotary table shown 
in Fig. 555 is not an essential part of this machine. It is detachably 
connected to the main table, and with suitable feed connections could 
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Gang-milling.—The mill or milling-cutter shown in connection with 
Fig. 578 is made up of several cutters, and for this reason it is called 
a gang-mill. The cutters, which are 5" and 3" diameter, make 31 revo¬ 
lutions per minute, taking a cut Vs" ky 9V4" wide, with a feed 

Fia 579. 

of .075" per turn. The 5" cutters machine the pieces a short distance 
down the sides 

The same pieces are inverted in Fig. 579, and the sides are being 
cut down and upper edges milled in one operation. The large mills 
are I3V2" diameter and make I2V2 turns per minute, the feed being 
.100" per turn. 

The double support for the outer end of the arbor in the last two 
operations is worthy of notice. 

Slot^miUing, etc.—The operation in Fig. 580 is that of milling a 
slot in the oscillating link of the shaper illustrated in Figs. 508 to 510. 
The cutter is 2V4" diameter and takes a cut ^/le" deep by 2V4" wide 
of top and bottom of the slot The same cutter is used for the end slot 
and for the flat surfaces at top and bottom of the link. 

Fig. 581 shows both sides of the link being milled at the same time 



Fig. 581. 

Milling a Gas-engine Frame.—In milling the casting shown in Fig. 582 
the table is fed .102" per turn of cutter during the time that the large 
cutter is entering the work. When all the cutters are in full contact 
the feed is dropped to .080". This method results in a saving of about 
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15 per cent. The wide range of feeds and modern quick feed-changing 

mechanism makes this and greater results possible. With the old 

cone-pulley feeds and narrow range, in some work there was no feed 

even approximately right. The number of spindle speeds was also 
inadequate. The consequence was a serious loss. 

Milling Steel Castings.—In the foregoing examples the metal operated 

upon has been cast iron. Fig. 583 shows a gang-mill machining a num¬ 

ber of steel castings, the latter being held in a special fixture. The 

largest cutters are S'/a" in diameter and the smallest 2". The mill makes 

56 revolutions per minute, giving the smallest cutters a cutting speed 

of 30' per minute. The depth of cut is about 3/32", the total width 
of milled surface being 5" and the feed .0.50" per turn. 

Fia 584. 

Milling a Dovetail Slot (Fig. 584). — The work in this case is a 

270-pound steel casting in which it is required to cut from the solid dove¬ 

tail slots F/g" deep by about P/g" wide at the outer edge. The end 

mill seen on the table is first used. With this tool a rectangular slot 
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iVs" deep by iVs" wide is cut at a surface speed of 36', the feed being 
.012" per turn. The cutter shown in the spindle finishes the slot. In 
these operations the work is fed vertically, and in addition to the cut 
the feed mechanism lifts the work and the heavy machine parts. 

The student should note that in this and the preceding example 
a lower cutting speed is used. This is due to the tougher nature of 
the material. 

In milling steel, wrought iron, etc., oil or some cheaper lubricant 
is generally used and the piping seen just above the cutter is for this 
purpose. 

Milling Keyways. Methods of Holding the Shafts.—^When a key¬ 
way is to be milled the full length of a shaft, the clamps or straps which 
hold the shaft must be so arranged as not to interfere with the cutters. 

Fig. 585 shows a fixture in which two shafts are simultaneously milled, 
the clamps being properly arranged. 

The side-straps are blocked up with adjicstable studs screwed into 
the clamps and held by a check-nut. This very convenient expedient 
can be used in strapping work in any machine. 

When two opposite keyways are required in the same shaft the 
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latter may be quickly adjusted for the second key way by using a guide 
like that shown under the right-hand shaft. 

If short keyways near the middle of the shafts are wanted, the shafts 
may be held by two straps with a central bolt in each strap, the latter 
being placed so as to clear the cutters. No blocking is needed in this 
case. 

In many cases shafts may be lield in the table slots by straj)s with¬ 
out any special fixtures. 

Emergency Milling.—It is occasionally necessary to mill work for 
which no regular cutter is avaUable. In such a case a fty^cutter made 
on the principle of that showm in Fig. 580 may be used. 'I he cutter 

wi rsj 

Fig. 58G. 

may be made of rectangular or round steel and held in a miller arbor 
by set-screws as shown or by a key. I'he shapes of cutters seen between 
the perspective and end views are suggestive of what may be done in 
this way. These cutters are not economical, but they may be very 
quic^kly made, and their use is justified in an emergency. 

Boring in the Miller.—Fig. 587 shows how a simple cutter and boring 
bar may be used in the miller. 'J he boring-cutter is shown at a. In 
a collar at c are two cutters for 
facing the work. It is obvious that 
drilling and reaming may also be 
done in the miller. 

Holding Work Without Special 
Fixtures.—In most of the examples 
given above the work is held in special 
fixtures. The use of bolts and straps 
for clamping work on the miller table Fig. 587. 
being substantially the same as in 
the drilling-machine, boring-machine, and planer, it seems scarcely 
necessary to give the methods in this connection. However, Fig. 
588 shows three castings held by bolts and straps, the shape of the 
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pieces being such as to facilitate this method. It will be noticed than 

the outside edges of the castings are in contact with strips of metal 

Fig. 588. 

fitting one of the table slots. This simple method of ‘‘lining up” work 

is also used in the planer. 

In the above work the 8" face-mill is taking a cut about Vs" deep 

by 6" wide on cast iron, the cutting speed being 40' per minute and 

the feed .138" per turn. The pressure of the cut tends to hold the work 

against the strips, but when there is heavy pressure lengthwise on the 

table, end-stops may be necessary. The miller lacks the holes for stop- 

pins provided in the planer-table, but in most cases simple straps firmly 

bolted to the table will answer. Pasteboard under the straps will pro¬ 

tect the table and at the same time cause the straps to hold more 

securely. However, when the point of contact between the strap and 

work needs to be high, the strap may be held on wooden blocks, the 

latter being placed with the grain perpendicular to the table. 

Vertical Miller Operations.—^The methods of holding work by bolts 

and straps is further illustrated in Figs. 589, 590, and 591. These 

illustrations show also various operations in the Becker-Brainard 

Vertical Miller. 
Fig. 592 shows a good example of dovetail milling, the work being 

held on an arbor supported in V blocks. The blocks hold the arbor 
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parallel with the table and the milled surfaces are therefore true with 
the bore. 

Fig. 591. Fig. 592. 

Fig. 593 is suggestive of the possibilities of the rotary attachment. 

Hand-wheels having a semicircular rim, worm-wheels, and much other 

lathe work may be machined in this manner. 
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Holding Work in the Vise. Hilling Parallel Pieces of Different 
Widths with Same Pair of Cutters.—Much of the small work machined 

rtM. 

Fiq. 594. 

in the miller may be held in the vise. Fig. 594 shows a piece thus held. 
In this illustration we wish to call special attention to the method of 
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adjusting the cutters. The position of the latter on the arbor is deter¬ 

mined by the number and lengths of the detachable collars. These 

are made (preferably of tool steel hardened and ground) in different 

lengths, and in different diameters to suit the arbors. Collars and 

cutters are held by the nut on the end of the arbor, the latter having a. 

taper shank to fit the miller-spindle. When parallel pieces of different 

widths are to be milled the same pair of cutters may be used by merely 

changing the length of the collar between the cutters. The illustration 

will make this clear. Thin washers are useful in adjusting the cutters. 

The Universal vise shown in Fig. 595 can be so adjusted as to hold 

work at any angle, 'i he angles are indicated by the graduations. 

Fig. 593. 

Miller vises are generally made with a tongue fitting the table-slots. 

They are held to the table by short bolts. 

Wide-angk Spiral^ Attachment.—As a rule an attachment for given 

work is not so economical in its operation as a machine specially adapted 

to that work. Nevertheless, a considerable variety of attachments are 

used in connection with the horizontal miller, and some of them are quite 

satisfactory. A good idea of the general construction of most of these 

devices may be obtained by a study of the wide-angle spiral attachment, 

a sectional view of which is shown in Fig. 596. In this illustration A is 

the box frame, B an arbor fitting the miller-spindle, C a miter-gear keyed 

to the arbor and journaled in A, D another miter-gear meshing with C 

and operating E, and F the cutter-spindle driven by worm or spiral gears 

as shown. 
The perspective view. Fig. 597, is probably that of a smaller size, 

but it is a good representation of the outside appearance of this attach- 
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ment. The method of securing the attachment to the miller and swivel¬ 

ing the cutter-spindle to any angle in a horizontal plane is clearly indi¬ 

cated in this view. The figure illustrates the operation of cutting a 

spiral gear. 

The Vertical Milling Attachment shown in Fig. 598 is simpler than 

the spiral attachment. Its spindle and head may be swiveled in a ver- 

Fio. 596. 

tical plane through a complete circle The engraving represents a 4^/2" 

cutter taking a light cut on cast-iron pieces which have been previously 

roughed out. The siirface speed of the cutter at its largest diameter is 

60' per minute, the feed .252" per turn, and the width of the cut 4®/i6". 

Rack Attachment.—Fig. 5M shows a rack-milling attachment. The 
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spindle is horizontal, but it is placed below the main spindle and at right 

angles to the latter. This arrangement admits of cutting racks several 

times longer than would be possible with the main machine. The cut 

represents a special fixture holding a long rack which is being milled. 

biQ. 597. 

Slotting Attachment.—For tool-making and die-sinking the attach¬ 

ment shown in Fig. 600 is a valuable addition to a miller outfit. The 

interior mechanism of this attachment is quite different from that of 

Fig. 596, and the lesson that it furnishes in machine design may justify 

the addition of Figs. 601 and 602. The names given in connection with 

the various parts render a lengthy description unnecessary. The attach¬ 

ment frame is secured to the miller and overhanging arm on the same 
principle that the arm itself is held. The “crank-disk/' which operates 

the slotting-tool, is a cylindrical shell keyed to the miller-arbor 

and journaled in the attachment frame. On the outer face of the disk 

is a T slot in which the crank-pin is adjusted for different lengths of 

throw. The tool-holder may be swiveled through a complete circle in a 

horizontal plane, and the whole attachment may be swiveled through 

20® in a vertical plane. 
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Among other milling attachments are the attachment for cutting 

internal gears, the cam-cutting attachment, the rotary attachment, and 

the high-speed attachment. The latter is a device by which very small 

cutters are caused to run faster than the. main spindle of the miller. 

Fxg. 598. 

The rotary attachment is shown in Fig. 555 bolted to the tab’e of the 

vertical miller. It is shown again in Fig. 593. 

Dividing Head.—If we wish to distinguish between milling attach¬ 

ments and miller attachments the dividing head should be classed among 

the latter. This Is the device used in the miller for indexing^ i.e., massing 

accurate divisions of^jotygenal figures and"divitiitiig^OT It is a neces- 

sarylidjunct oTthe Universal miller. Before considering the work done in 

connection with the dividing head it is important to have a clear under¬ 

standing of the construction of this attachment. In Fig. 603 is shown 

an end view of the dividing head partly sectioned and Fig. 604 shows^ 

VOTtical section through the center of the spindle-bearing. These are 







milling-machines and milling-machine work 

Fio. 602, 
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cuts of an old design. They are used because in them the principle 

is clearly illustrated. A later design of the Brown & Sharpe dividing 

Fig. 603. 

head in connection with the foot-stock is shown in L"igs. 605, 606, 607, 

and 608. Referring to Figs. 603 and 604, the w^orm-wheel G, which is 

Fig. 604. 

tightly keyed to the spindle & h^ 40 teeth. Jfcghing with O is Ae 

worm W, tightly secured to 0. Detachably secured to r (^IcITIbums 

freely on 0) is^ an index-plate R, Fig. 603. Each machine has^ieveyl 

and each plate hag^yeral different circles of holes by 
which various divisioils of circles m'Sv be measured. The crank J is 
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P is withdrawn and inserted ap;ain for each tootiL and pin F 1 holds 

^ stadonaQr. This method is used indexing. The work may 

also be revolved by turning J and JK-together. At this time P is in one 

of the holes in R and pin P 1 is withdrawn. The two methods com¬ 

bined are used in compound indexing, 
In many kinds of work it is necessary to swivel the spindle S, It 

may be swung around on the axis of the worm-shaft and clamped by a 

bolt passing through the circular slot. 

Dividing-heads have been much improved since that of Fig. 603 

was designed. The head illustrated in Fig. 605 has in addition to the 

index-plate I a second index-plate. As shown at C in the sectional 

view, Fig. 607, this plate is secured by screws to the spindle. The 

object of this plate is to provide for quick indexing in certain kinds of 

work—grooving taps and reamers, for instance. In this direct indexing 

the worm is disconnected from the worm-wheel and the plate is turned 

by hand. Both plate and spindle may be locked by the pin D, 
Simple Indexing.—^Referring again to Figs. 603 and 604, the gear (or 

other work) being placed in position, one revolution of J causes G and 

the gear to turn 1/40 of a rcvolution.'^ow if 40 be the required number of 

teeth in the gear, one turn of J will give the correct division for each 

tooth. If 80 teeth are wanted, one half revolution of J is correct. It 

is a simple matter, therefore, to deduce the following rule : JO rmn^ of 
teeth in pear^revol^ions of J for each tooth. Let it be required to cut 19 

teeth. By the abo^rule ^^/i9 equals 2V19, equal revolutions of J, In this 

case we select an index-plate with a 19-hole circle or some multiple of 19. 

Using the 19-hole circle we turn the crank two complete revolutions 

and then move it two spaces more. 

w To obviate mistakes in registering the fraction, a sector is used in 

connection with the index-plate. An end view of this sector is lettered 

S 1-S 2 in Fig. 603, but it is more clearly shown in a front view in con¬ 

nection with an index-plate in Figs. 610 and 619. In adjusting this 

> sector to register 2/19 the two limbs S l-S 2 are swung around on the 

shaft imtil just 2 spaces (equaling 3 holes) are enclosed between the 

I limbs; a sm^ll screw is then tightened, holding the limbs fast. Now 
Ifor each of the 10 teeth in the gear the crank J must be turned two 
i revolutions plus the fraction enclosed by the sector. 

^ The sector should always be pulled around by the advomdng limb; 
othawise its adjustment may be disturbed. 

^ Compoimd Indexjng.—It sometimes happens that we wish to cut a 
gear wi^ some num^ glj^h ff^f^nnot be divided by smpte indexing 
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wth any plate on hand. We then have recourse to what is termed 
compound indexing. Let it be required to cut 96 teeth by this method. 
According to the rule the gear must be turned ^^96 of a revolution 
for each tooth. One of the plates furnished with the machine has 
20 holes in the outside circle and 18 in the next. The position of the 
pin F 1, Fig. 603, is the same distance from the axis of 0 as the 18-hole 
circle, and generally in one of these holes. If, now, we move the crank 
5 spaces of the 20-hole circle, withdraw pin F 1, and turn J with R 
3 spaces of the 18 circle, we shall move the gear to be cut ^/20 + ^/is 

a revolution. 
It will be noticed that both of these movements were in the same 

direction; in some cases, however, we cannot get the right division in 
this way, but have to move the crank f^Tward too much, and then 
make the correcition by moving the index-plate with the crank back¬ 
ward. It so happens that the 9()-tooth gear could be divided by both 
the “pZws and the minus methodsso to speak. We shall use the 18 and 
20 circles as in the previous case. Starting with the 18-hole circle it 
will be necessary to take such a fraction of that circle that when 
*®/96 is subtracted from it the remainder will be equivalent to some 
fraction of the 20-hole circle. The process in this case, as well as in 
the former case, is a tentative one. If we take 9 holes of the 18 circle 
it will equal revolutions of the index-plate. Now, subtracting 
^0/96 from we have ®/ge left; but we find this is not equivalent 
to any fraction having 20 for a denominator. Therefore, 9 spaces of 
the 18 circle cannot be used. Let us now try 12 spaces of the 18 circle. 
^Vi8 equals ®^/g6 of a revolution of the index-plate; subtracting '^^/gg 
we have as a remainder ^^/gg. ^^/gg equals equals 5 spaces in 
the number 20 circle. So we find that by moving the index-plate 
and crank together 12 spaces Tofwafd in number 18 circle and the 
crank 5 spaces backward in the 20-hole circle we turn the gear ^^/gg of 
a revolution, which was found by the rule to be the correct division 

for the 96-tooth gear. Thus ^Vis “V20 =^V90' 
It should be borne in mind that the number of holes to be enclosed 

with the sector must be one more than the required number of spaces. 
Some dividing heads are so constructed that the back-pin F 1 may 

be adjusted radially. With such an arrangement a wider range of divi¬ 

sions may be made. 
Differential Indexing.—^The latest indexing-heads made by the 

B. & S. Manufacturing Company admit of a new differential method 
of indexing in addition to direct or plain indexing. By this differential 
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method any division from 1 to 382 may be quickly and accurately mad^ 
When this method is used the index-plate and main spindle of the^he^ 
are connected by a train of gears. The effect of this arrangern^nt is 
to cause the plate to turn at the same time the crank is being rotated. 
If one idler or intermediate, as at D in Fig. 609, be used, the index-plate 

Fid. C09. 

will turn in the direction of the crank. The use of two idlers causes 
the plate to turn in the opposite direction to that of the crank. Because 
of this rotation of the index-plate we cannot use 40 in the computations 
as the constant numerator, but must use some other numerator or 

spacing number. W^hat this new numerator shall be for any given 
combination of gearing will depend upon whether one or two idlers are 
used and the proportions of the gears. The index-crank makes 40 
turns to 1 of the spindle, and with equal numbers of teeth in gears E 
and C the index-plate will make 1 turn to 1 of the spindle. Hence the 
following rules: 

40- 
teeth in ^ . 
, numerator when one idler is used ; 
teeth in C ' . (1) 

40+ 
teeth in E 
teeth in C 

ti two idlers are used. . (2) 

The manufacturers furnish with the dividing-head a table giving 
thfe changes for both plain and differential indexing, including all divi¬ 
sions from 1 to 382. The gears and index-plates furnished with the 
machine cover tliis range, but extras can be supplied. For 131 divisions 
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the table calls for gears with 28 and 40 teeth for E and C respectively, 
and one idler, the movement of index-crank being 6 spaces in the 20-hole 

OQ ' 
circle. Let us test these proportions. By rule (1) 40-jy =39Vio= 

new numerator. Having this new numerator, wo proceed exactly as 
OQ O 

with the older design of dividing-head. Thus spaces in 
lol J!i\j 

the 20-hole circle as reejuired. The equality of thc^se two fractions 
may be (piickly proved by reducing lK)th to decimals. 

In some cases it is necessary to use compound gearing. Fig. 610 
sliows the gears compounded and one idler added. As the gears on 
the compound stud affect the direction of rotation of the index-plate, 
a combination like that of Fig. 610 must be computed for two idlers. 

Fig. 610. 

The other effect of compounding must, of course, be also considered. 
Using the letters on the gears as symbols of the numbers of teeth, the 
equations for the two cases are as follows: 

40- 

40+ 

(E F \ 
= numerator wl:en one idler is used; . 

(E F \ 
«* ** two idlers are used. 

. (3) 

• (4) 

For 374 divisions the table calls for the arrangement shown in the 
illustration. The gears required are the following: Gear on spindle (F), 
66 teeth; first gear on stud (F), 64 teeth; -second gear on stud (G), 
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32 teeth; gear on worm (C), 72 teeth; idler-gear (D), 24 teeth. The 
2 

movement of the index-crank is given as ■rQ=two spaces in the 18-hole 
lo 

circle. The idler D does not affect the ratio. Formula (4) applies (KA A4\ KA 

^ ^ ^ ^^ ~ ^ numerator, 

41 Vs ^ and = 2/18=movement of index-crank as required. 
o74 

Computing Change-gears for Cutting Spirals.—In the common 
spur-gear all the elements of the teeth are parallel to the axis of the 
gear. In the spiral gear the teeth form helical grooves around the gear- 
blank. The spur-gear is stationary under the cutting, except that it 
is fed in a straight line to the cutter. The spiral gear, in addition to 
the feed, is given a rotary motion on its axis. The linear advance or feed 
of the gear to one revolution (although most spiral gears are loo short to 
make a revolution for each tooth) is termed the lead. 

Fig. 611 shows an end view of an old dividing-head. The screw which 
feeds the table is shown in cross-section marked S 2. This feed-screw is 
operated by the regular feed mechanism, and the blank to be cut is 
rotated by a train of gears the first of which is keyed to this screw, 
the last being the miter-gear T referred to in connection with Fig. 603. 
The other miter-gear having immediate connection with 2' is on the 
inner end of shaft S 1 in Fig. 611. This plate shows the train of gears 
connected ready to cut a spiral. The first of these gears, marked G 1, is 
called gear on screw; the second, G2, is jirsi gear on stud; the third, 
G 3, is second gear on stvd; and the fourth, G 4, is called gear on worm. 
The table (and of course the gear-blank with it) is set to an angle con¬ 
forming to the angle of the spiral to be cut, and the combined rotary 
motion and linear advance of the gear-blank give the helical curve to 
the teeth. The principles involved are the same as in screw-cutting in 
the lathe, and the change-gears are computed in practically the same 
manner. 

Now, let it be required to cut a spiral of 36" lead. The screw S is 
of V4'' It will, therefore, have to make 4X36 **144 revolutions 
to advance the miller-table and gear-blank 36". The wo^m-wheel, 
as we have already seen, has 40 teeth, and as one turn of the worm 
moves the worm-wheel only one tooth, the worm-shaft 0, Fig. 603, will 
have to make 40 turns to 144 turns of the screw. With a worm-gear of 
144 teeth and a gear of 40 teeth on the screw, or any two gears of this 
proportion, we could cut the spiral; but we have not these gears. W© 
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shall, therefore, have to use such gears as are furnished with the machine. 
Among the latter gears are gears with 32, 40, 64, and 72 teeth. The 
machine is designed to use compound gearing, and we may compute the 
required gears by the following formula, in which L equals the lead of 

Fio. 611. 

the required spiral, 4 the revolutions of S 2 to 1" advance of table, 40 
the teeth in the worm-wheel, G 1 number of teeth in gear on screw, 
G 2 number of teeth in first gear on stud, G 3 number of teeth in second 
gear on stud, and G 4 number of teeth in worm-gear. The positions of 
these various gears will be clearly understood by referring to Fig. 611. 

The formula is: 2.X4 (7 3xG4 

40 ^GIXG? 

L equals 36 in this case, so the formula becomes 

(?3X(?4 36 X4 Lead 
GIXG2 40 “ 10 * 
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If we select 40 and 64 for the first two gears we must divide the 
fraction ^%44 by '*”/a4 to find the mating gears. Dividing thus we 

have 
144 

64 1 

40 2 74* 
The worm-gear must then be 2V4 times as large 

as its mating gear. Multiplying 32 by 2V4 we have 72 for (?4 or the 
worm-gear. ^J"he gears complete, then, for cutting a 36" spiral are 40, 
64, 32, and 72, answering to (7 1, (? 3, G 2, and G 4 respectively. 

Milling Bolts and Nuts in Connection with Dividing-head.—One of 
the simplest operations in connection with the dividing-head is that of 
milling bolt-heads and nuts. In milling a bolt-head the bolt would 
generally be held between the centers of the dividing-head and foot-stock. 
The latter, which is shown in Fig. 606, is used very much the same as the 
tail-stock of a lathe. The bolt may also be driven by a lathe-dog, as in 
the lathe. 

When a lot of nuts are to be milled, a number of them are milled at 
one time. For this purpose they are placed upon a special plain arbor 
and held fast between a shoulder on the arbor and a nut on its end, the 
arbor being held between centers as in the previous case. Figs. 612 to 614 

show three different cutters and methods for milling such work. The 
atraddle-^mUlf Fig. 612, is of course the quickest for shapes having an even 
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faumber of sides. One method of adjusting the work for the stmddle^ 
mill is to raise the knee high enough to bring the arbor between the two 
cutters, and then make the spaces between the arbor and the sides of 
the cutters equal. 

Grooving taps and reamers is another class of work generally 
milled in connection with the dividing-head. The proportions of the 
grooves have been referred to elsewhere in this book. The indexing for 
such work is rather slow if the regular index-plate be used. Thus a 

40 
4-groove tap requires “j- = 10 turns of the jilate for each groove. As has 

been intimated, such spacing as is needed for nuts, reamers, etc., can be 
done very quickly by the plate on th(^ spindle. 

Micrometer Measurements in the Miller.—Fhe micrometer-disks, or 
dial-plates on the feed-s(Tews of the miller afford a very convenient means 
of measuring dejith of cut, etc. These disks are generally graduated to 
thousandths of an inch and sometimes to half thousandths. Thus if re¬ 
quired to mill 1" round stock to hexagonal shape, ^/g" across fiats, by 
the method of Fig. 613, we would first raise the knee until the stock just 
touched the revolving cutter. This may be called the zero position of the 
work. 

To correspond with this we set the micrometer-disk (or pointer) to its 
zero position. Having made these adjustments the knee is next raised 
until the pointer indi(;ates 62V2 thousandths, when the milling may be 
begun. The same princijiles will, of course, apply in adjusting the other 
feed movements. In all cases the hncklash must he taken up before 
adjusting the pointer. 

Special Dog for Taper-milling.—In milling taper work between centers 
the dividing-head may be rotated slightly to low^er its center, or the center 
in the foot-stock may be raised. In either case the common lathe-dog, 
on account of the changing contact of its tail with the slot of the driver, 
causes irregular spacing and gives trouble otherwise. A dog made like 
that of Fig. 615 should be used. The tail of this dog is cylindrical, and 
is offset so that the dog may be so adjusted as to cause the center line 
of the cylindrical part to pass through the center of contact between 
the work-center and the dividing-head center. It is important also 
that the slot in the driver be parallel and adjustable. The driver 
shown in the illustration meets the requirements. The upper illustration 
is given merely to indicate the difficulty in using a common dog. 

In some instances one end of the work is driven in a chuck screwed 
on the end of the dividing-head spindle. In such a case special care 
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is required to have the spindle in exact alinement with the foot-stock 
center. The adjustment provided in the dividing-head and foot-stock 
is sufficient for ordinary tapers. 

Fig. 615. 

Taper Attachment for the Miller.—^When much taper work is to 
be done in the miller an attacliment like that of k'ig. 616 will be advan¬ 
tageous. The shank of the center seen at the left end of the attach¬ 
ment fits the taper socket of the dividing-head spindle, d'he other 
end is held in the slotted knee-plate as shown. The attachment carries 
its own foot-stock, which is longitudinally adjustable. This device 

Fig. 616. 

may be angled to the extent of 10®, and the alinement of the centers 
will in nowise be disturbed. 

Milling Abrupt Angles.—In milling abrupt angles the foot-stock 
is not used. In some cases angular work is held in the chuck; in other 
cases it may be held on an arbor the shank of which fits the head 
spindle. The latter method is illustrated in Figs. 617 and 618. 
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The Use of Chucks in the Miller.—As intimated the chuck is used to 
some extent in connection with the dividin^j-head. The work gripped 
An the chuck is principally of small diameter and the Universal chuck 
is generally preferred.' 

Fig. 617. Fig. 618. 

The draw-in chuck as used in the lathe has been described elsewhere. 
Fig. 619 shows this chuck as adapted to tho spindle of the dividing- 
head. Small rods, screws, etc., may be very (piic^kly and accurately 
milled in connection with this chuck. For instance, if required to 
cut slots in a small number of screw-heads, the s(Tews might be gripped 
one at a time in this device by merely tightening the hand-wheel, the 
slots being cut by feeding the knee vertically to the revolving cutter. 
However, when a large number of screws are to be slotted the work 
can be performed more economically in a special fixture which holds a 
number of screws. Fig. 619 is taken from an article by A. L. Monrad 
in American Machinist,’^ vol. 27, page 153. 

Selecting Gear-tooth Cutters.—In cutting a gear it is necessary to 
know the pitch and number of teeth in the gear in order to select the 
cutter. The gear-tooth cutters generally used are made according 
to the Brown & Sharpe system. In the involute system eight cutters 
are required for each pitch. The range covered by each cutter is given 
n the following table: 

No. 1 will cii Lt wheels from 135 teeth to a rack 
it 2 “ (( a tt 55 tt tt 134 teeth 
tt 3 “ it a it 35 tt it 54 it 

ti 4 “ it tt tt 26 tt tt 34 tt 

t( 5 “ it tt tt 21 tt tt 25 tt 

it 6 “ tt tt tt 17 tt tt 20 ft 

tt 7 “ it tt tt 14 tt tt 16 tt 

tt 8 “ tt tt tt 12 tt tt 13 u 
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In the e'pvcycloidal system there are twenty-four cutters to a set. 

The first cost of these cutters is, therefore, greater than that of the in¬ 

volute. Gears cut with an involute cutter have the further advantage 

Fig. 619. 

that they do not necessarily require such an exact adjustment of the 

distance between shaft-centers as do epicycloidal gears. For these 

reasons epicycloidal gears are in a large measure being superseded by 

the involute. 

The pitch of a gear is designated in two ways: first, it means the 

distance between centers, measured on the pitch-circle,"of two adjacent 

teeth, liiis is termed the circular pitch. Second, it means the num¬ 

ber of teeth in the gear to each inch of its pitch-diameter. This is the 

diametral pitch. We shall use the latter definition here. 

The cutter which is right for a spur-gear is too thick for a bevel-gear 

of the same pitch. Cutters for bevel-gears are made on the assumption 
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that the length of the tooth-face is not greater than one third the distance 

from its outer end to the intersection of the axes of the two shafts. 

Cutters for longer faces will be made to order. In selecting a cutter 

for a bevel-gear we do not make use of the actual pitch-diameter, but a 

diameter equal to twice the back-cone radius ah for the large gear, and 

twice he for the small gear (see Fig. 620). If he equals 2" and the gear 

is to have 12-pitch teeth, we should select a cutter for 4X12 — 48 teeth. 

By reference to the table it will be seen that a No. 3 cutter would be 

required. For this gear, therefore, we would order a No. 3, 12-pitch 

bevel cutter. The large gear would require a different number of 
cutter. 

When the cutter is selected as indicated in the foregoing paragraph 

the curve of the gear teeth will be correct at the large end, but, for 

smooth running^ the sides of the teeth, except at the extreme outer end, 

will need to be filed considerably. When the gears are to run at ordinary 

speed, it would be well to measure the back-cone radius from about 

the middle of the tooth. This would require a cutter for a lower 

number of teeth than in the previous case, but little or no filing would 

be required. 
Cutting a Spur-gear in the Universal Miller.—The term spur 

is a general term applied to a gear whose tooth elements are parallel 

to the axis of rotation of the gear. Gears shown in f igs. 621 and 

622 are spur-gears. There are two ways of holding the gear while 

cutting the teeth. First, it may be driven tightly on an arbor and 

caused to revolve with the dividing-head spindle by one end of the 

arbor fitting a taper-hole in the dividing-head spindle. Second, the 

gear may be driven on an arbor which is supported between the 
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dividing head and foot-stock, as in a lathe. In this case the tail of 

the dog engages with a slot in the face-plate or driver, and the latter 

is provided with a set-screw which is so adjusted against the tail of 

the dog as to prevent any play or shake of the dog and arbor. 

Any looseness at this point will cause irregular spacing, but the set¬ 

screw must not cramp the dog. 

As indicated elsewhere, the cutter is carried by an arbor fitting in 

the socket-hole in the end of the miller-spindle, its position on this arbor 

being regulated by slip-collars. The gear-blank should be so placed in 

relation to the cutter that a vertical plane at right angles to the axis 

of the cutter-arbor shall pass through the centers of the cutter and gear 

axis, as shown in Fig. 626. This is done by so adjusting the clamp-bed 

on the knee as to bring the cutter central with a center line on the 

foot-stock, or with a mark on the dividing-head when the foot-stock is not 

used. The knee is next adjusted vertically until the cutter, while re¬ 

volving, will just touch the top of the gear-blank. This is the ziro 

position of the cutter. The vertical travel of the knee is measured on 

a dial-plate, as was explained, and the dial-pointer should now be set 

at zero to agree with the position of the cutter. The table should next 

be moved lengthwise to take the gear from under the cutter, and by 

means of the hand-wheel E, Fig. 546, the knee should be raised a dis¬ 

tance corresponding to the depth the gear is to be cut. In adjusting 

the knee its gib-screws should be slackened no more than necessary to 

permit freedom of movement. If too loose the screws will, when tightened, 

raise the knee slightly and thus alter the previous setting. 

In order to insure that the lost motion between the vertical screw 

and nut shall be downward, the last movement of the crank should he in the 

direction to raise the knee. If this is not properly attended to the reading 

on the dial will be unreliable. The dial for vertical adjustment is grad¬ 

uated in thousandths, and a complete turn of the dial-finger generally 

equals ^^Viooo"- The depth for cutting a 12-pitch gear is ^®Viooo"; the 

movement for this gear should, therefore, be l®°/ioo revolutions of the 

dial-finger. 

Having properly mounted the gear and having made the adjustment 

as indicated we are ready to take the first cut. This is done by slowly 

feeding the gear against the revolving cutter a distance equal to the 

face or thickness of the gear plus clearance at each end. The table is 

now quickly returned to the starting-point and the gear indexed for 

the next cut. Care should be taken that the clearance on the entering 

end is such that during the time the gear is being indexed or turned 
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for the next cut it will not come in contact with the cutter. The above 
operation is repeated for each tooth in the gear, and while turning 
the indexing crank, caution should be observed to prevent the pin P 
(Fig. 603) from striking and moving the sector; otherwise an error in 
the indexing would result. It should be noted also that the holes 

Fig. 621. 

enclosed between the limbs of the sector must always be one more than 
indicated by the fraction measured. 

In cutting the coarser pitches the bulk of the work is usually done by 
a stocking cutter, the standard cutter being used for the finishing 
cut. But for most spur-gears one traverse of the standard cutter alone 
for each tooth is sufficient. The writer has seen teeth as coarse as 3- 
pitch cut in this way. But the gears had rims so heavy that they could 
not be distorted by the pressure of the cutter. Either dull cutters or too 
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heavy cutting may seriously distort a light rim. Cutters last longer 
when kept sharp. 

The standard cutters are so proportioned that when set to cut a spur 
gear to the formula depth the teeth will be given sufficient clearance for 
all ordinary cases. However, if more clearance is desired it may be 

Fio. 622. 

effected by cutting somewhat deeper than the formula provides. The 
Brown and Sharpe Manufacturing Company make cutters for auto¬ 
mobile clash gears slightly thicker than standard, so that the extra 
bacMash required in these gears may be made by cutting to standard 
depth. 

CutHng Large Gears. Blocking up the Centers.—It is some¬ 
times necessary to cut a gear of so large a diameter that the gear 
would strike the miller-frame if carried on a horizontal arbor. In 
such a case the foot-stock may be dispensed with and the gear be held 



MILLING-MACHINES AND MILLING-MACHINE WORK 445 

on an arbor in the dividing-head spindle as shown in Fig. 621.* In 

milling a gear by this method the pressure of the cut should be 

supported. The support should preferably be clamped to the table 

Fig. 623.—Worm and Worm-wheel. 

and its point of contact with the work oiled, so that it will not be 
disturbed by the rotation of the gear. The large back-gears on the 

♦This cut illustrates an article by Geo. J. Meyer in American Machinist/' 
vol. 26, page 1115. 
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miller shown in Fig. 552 were cut on a small miller by the above 
method. 

The long lever and weight shown in connection with Fig. 621 
were used to counterbalance the weight of the miller knee, table, 
etc. 

Fig. 622 illustrates another method of cutting large gears. In this 
case the gear is held ht>twcen centers, but it is raised above the cutter. 
The dividing-head and foot-stock shown are of simple construction, 
and are called plain index centers. 

The plan of blocking up the centers is suggestive of an expedient 
that is often adopted when the centers are too low. 

Cutting Worm-wheels.—Fig. 623 shows a perspective view of a worm 
and worm-wheel, in which G is the wheel and W the worm. It will be 
seen that the teeth form an acute angle with the bore of the wheel, and 
that they are made concave to conform to the thread on the worm. To 
cut these teeth two cutters are commonly used^ the first being a disk-cutter, 
as was used in cutting the spur-gear. In selecting this cutter we do not 
consult the table, but use any cutter which will leave the right amount 
for the hob. The latter is a kind of screw with cutting-edges somewhat 
like a tap (see I'ig. 624). The disk-cutter teeth must be thinner than 
the teeth or thread on the hob in order to leave some metal for finish¬ 

ing with the hob; and in using the 
disk-cutter the table must be 
swiveled to an angle which agrees 
with the angle on the worm- 
thread. 

This angle may be determined 
by drawing a triangle tlie base of 
which is equal to the lead of the 
worm-thread and the altitude 
equal to the pitch circumference of 
the worm. The angle formed by 
the hypotenuse and the altitude is 
the angle to which the table should 
be swiveled. As the first cutter 

merely roughs out the teeth a close approximation to the angle will answer. 
Most of what was said in connection with spur-gears will apply equally 

well to worm-wheels. The wheel, however, must be held on an arbor 
between centers according to the second method described. The re¬ 
lation of wheel and cutter is shown in Figs. 625 and 626, and having 

Fio. 624. 
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made these adjustments the* next thing is to swivel the table to the 
required angle and then raise the knee until the revolving cutter will 
just touch the two corners of the wheel as shown at EEy Fig. 625. 
Next, the table gib-screws are locked and the dial-pointer set at 
zero, when the teeth may be cut by feeding the wheel upward by 
the hand-wheel E, Fig. 546. The indexing is the same as that used 
for spur-gearing. 

There is or should be a line on the face of the column where the knee 
slides to indicate when the center of the dividing-head spindle is in the 
same horizontal plane as the center of the miller-spindle. The depth of 

the tooth-space is determined by raising the knee until the distance 
between the measxiring surface on the knee and the column line agrees 
with the distance between shaft-centers as given on the drawing. For 
the roughing cut the wheel should be cut to within about of the 
final depth. 

Hobbing the Teeth—After cutting all the teeth in this manner we 
take the disk-cutter and arbor out of the miller-spindle and use the hob. 
It is held on the arbor in the same manner that the disk-cutter is held. 
As the threads on the hob are of the same angle as the worm which is to 
operate the wheel, the table must now be swiveled back to its normal 
position at zero. In hobbing the teeth the wheel is caused to turn by 
the interlocking of the hob and wheel-teeth as shown in Fig. 627. There¬ 
fore we do not need the index-plate for this work. To permit the wheel 
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to turn, the dog is removed from the gear-arbor. Before starting the hob 

the knee is raised until the thread of the hob engages with the rough- 

cut teeth in the wheel. The machine is then started, and during the first 

two or three revolutions of the wheel, or until the hob-thread matches 

fairly with the wdieel, the wheel is Judped around by hand. Having made 

a chalk-mark on the whe('l , the o|>crator feeds the knee up a small amount 

for each revolution of the mark, and continues this process until the 

teeth are cut the required depth. 

Worm-wlieels are sometimes east without the helical lines of the teeth, 

and they may be cut with the disk-cutter alone, but the area of the 

tooth contact in these wheels is considerably lessened, and (‘onsecpiently 

they will not be so durable. 

When large quantities of wwrn-wheels arc wanted they may be 

made more economically in a special machine. Such machines are so 

constructed that by a train of gears the worm-wheel is caused to rotate 

in unison with the hob. When this method is followed the preliminary 

roughing cut with the disk is dispensed with. 

Milling Teeth in Bevel-gears.—^Before giving instructions on cutting 

bevel-gears it may be well to explain how to compute the addendum 

(distance from pitch line to top of tooth), the whole depth and the 

tooth thicknesses, as these dimensions are sometimes omitted from the 

drawing of the gear. The addendum equals 1 divided by the diametral 
1 2.157 

pitch, or p] the whole depth equals ~p ~ and the circular thickness of 

1.57 
the tooth as measured along the pitch circle equals If the draw¬ 

ing gives the circular pitch the diametral pitch may be found by dividing 

3.146 by the circular pitch. Fig. 628 represents a bevel-gear of 4 diam¬ 

etral pitch. Applying the foregoing formulas the addendum, whole 
2.157 

depth and tooth thickness of this gear are respectively i = 

1 57 
= .539" and =.392". In addition to these dimensions, which 

apply to the large.end of the tooth, it is necessary to know the thickness 

and addendum at the small end. The law of proportion will apply 

here. Referring again to Fig. 628, let A equal the addendum at the 

large end of the tooth, a the addendum at the small end, T the circular 

thickness at the large end and t the circular thickness at the small end. 

L and I equal respectively the length of the pitch cone line and the dis¬ 

tance from the small end of the tooth to the point of intersection of the 
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axes of the mating gears. Then Axj =a; and The face 

width of the tooth—in this case—is always given on the gear draw¬ 

ing, and if a sketch be carefully made to a large scale, L and I may be 

measured with sufficient accuracy. As computed, L equals 4.305" 

and I equals 2.868". The addendum at the large end has been given 

as J". Substituting the foregoing values in place of the symbols, 
1 2 868 

=166" for the addendum at the small end of the tooth; and 
4 4.<t5uo 

.392X /oAg «261" for the circular thickness at the small end. It is 
4.305 

unnecessary to compute the whole depth at the small end of the tooth, 

as this will be determined by setting the dividing head to the cutting 

angle. This angle should be invariably given on the drawing. 

The formula for the tooth thickness applies also to the spaces be¬ 

tween the teeth, as no allowance is made for the small amount of clear¬ 

ance required in most cut gears. 

Fig. 628. 

Fig. 629 shows a miter-gear mounted on an arbor in the dividing-head 

spindle, the dividing-head being the old design shown in Figs. 603 and 

604. (It should be explained in this connection that a pair of gears 
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of the same diameter and angles whose axes intersect at right angles 
are called miter-gears,) The foot-stock cannot be used in cutting this 
gear. To avoid excessive deflection, the gear should be placed close to 
the end of the dividing-head spindle. It is held on the arbor by a nut. 
If the gear be of such a size and angle that the nut would interfere with 
the cutter, the nut may be either reduced in thickness or omitted. In 
the latter case the arbor should fit the gear sufficiently tight to hold it 
by friction. 

The gear must be set central under the cutter as in the case of the 
spur-gear. The dividing-head is graduated along the edge and it 
must be set to the cutting angle, which angle is given on the drawing. 
When thus adjusted it is clamped by the nut N. The side, top, and 
bottom lines of the teeth converge in C, and consequently when 
the gear is set to the cutting angle the face HF will not be hori¬ 
zontal. When the cutter is in the zero position its center will be in 
the same vertical plane as is the highest part of the edge Hy as 
shown in Fig. 629. To find this position the cutter is rotated, and 
while the table is fed back and forth about one-half inch the knee is 
raised until the rotating cutter touches at H, Next, the table is moved 
in the direction of arrow 7 and the knee raised the required depth of the 
tooth space. 

Having arranged the index-plate, we now make the first or central 
cut. We cannot finish the teeth in cutting around once, because the 

space between the teeth must be wider at and the fir<^t cutting will 
not give this result. In Fig. 630 the blank spaces shew the gro oves 
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made in the first cutting, while the dotted lines show the spaces as they 
will appear when finished. 

It will be understood that both the teeth and the spaces are taper¬ 
ing; and having taken the first cut around the gear the metal left 
between the dotted line D and full line L must next be cut away. To 
effect this the dividing spindle is rotated or swiveled slightly on its axis. 
This operation moves any point H, on the greatest diameter of the gear 
farther than F on the small diameter, causing the cutter to take more 
metal from the large end of the tooth than from the small end. This 
being repeated on each side, and the gear being moved laterally as 
explained below, the spaces and teeth will be made tapering symmet¬ 
rically with respect to their ‘tenter lines. The thickness should be 
marked off on one or more teeth as a guide to cut by. 

It is found that when the gear is swiveled sufficiently to give the 
proper taper to the space being cut, the latter is moved out of alinement 
with the cutter. The lateral movement (which does not affect the 
taper) brings the space back into alinement. This movement is effected 
by moving the clamp-bed by means of the hand-wheel J, Fig. 546. As 
the bevel-gear cutters make the spaces at the small end of the gear only 
about .005" narrower than the final width in the first or central cut, 
the lateral adjustment must be carefully made, to avoid trimming too 
much from the sides of the teeth. 

The process of milling the teeth of bevel-gears tapering can best be 
explained by considering the operation of cutting a miter-gear of some 
definite size, say 12-pitch, 40 teeth, on a No. 1 B. & S. miller. The 
index-plate used for this gear has among the circles one circle of 39 holes. 
To thin the tooth next to the left side of the cutter (looking at Fig. 631) 
the index-crank is turned in the direction of arrow No. 1, 5 spaces of 
the 39 circle. This turns the gear toward arrow No. 3. To avoid cut¬ 
ting too much off the tooth the gear is now moved laterally .018" 
in the direction of arrow No: 5. As stated, this movement is effected 
by moving the hand-wheel J, Fig. 546. With this new position of 
the index-crank for a starting point, the teeth may now be finished 
on one side. After completing one side, the index-crank is turned 
10 spaces (or 5 spaces from the original position) toward arrow No. 2, 
and the clamp-bed is moved to take the gear 0.36" (or .018" from 
the original position) toward arrow No. 6, Fig, 631. Dividing the 
gear from this new position of the index-crank, we proceed to finish 
the opposite sides of the teeth. 

The thickness and addendum should be given on the drawing for 



452 MACHINE SHOP TOOLS AND METHODS 

each end of the tooth, and the thickness may be tested by a gear-tooth 
vernier caliper as shown at Fig. 632. If such an instrument is not avail¬ 
able a gage like that shown in Fig. 633 may be made for the purpose. 

It is important to observe in this connection that in adjusting the 
gear laterally the lost motion in the screw must he kept in one direction. 

Thus, having turned the hand-wheel of the clamp-bed through an arc 
which moves the dial-pointer .018" to the left of zero, in moving to the 
opposite side it would not answer to merely more it .036" backward. This 
would reverse the lost motion; and while the hand-wheel would move 
through an arc corresponding to .036", the clamp-bed would move less. 
In moving to the opposite side of zero th(^ dial-pointer should be turned 
backward about one half of a revolution and then be moved forward 
and stopped .036" short of the previous position. By this method 
the lost motion does not interfere with the reading on the dial, be¬ 
cause, notwithstanding the hand-wheel moves in opposite directions, 
its final movements are in one and the same direction for the two oppo¬ 
site adjustments of the clamp-bed. 

It should be explained that while the amount of the lateral and 
swivel movements for tai)ering the teeth of one particular gear are here 
given, these adjustments may not apply to a different gear. In prac¬ 
tice these adjustments are found by trial and error, and when thus 
found the operator makes memoranda of them, and thus saves doing 
the work again for duplicate gears. It should also be noted that in 
practice the first or parallel cut is not made except in coarse pitches, 
but it may be well to have the beginner make the three cuts. 

This cut-and-try procedure is commonly used and it is the only 
method the author has tested. But it is advisable to try the method 
given on page 454 in connection with the subject of cutting parallel- 
depth bevel gears. In that plan the teeth are made tapering as follows: 
The gear is indexed or rotated one-fourth as many holes of the index- 
plate as are required to space each tooth. It is then moved laterally in 
the opposite direction by the hand-wheel J, Fig. 546 (assuming a miller 
of this type is used) a distance equal to one-half the circular tooth 
thickness at its small end, as found by the formula on page 449. This 
method gives considerable clearance to the teeth when these are of 
coarse pitch and the gear of small diameter. 

Common Method not Theoretically Correct.—The tooth of a bevel- 
gear varies in curvature between the thick and thin end, but the disk- 
cutter will not make such curvature. The method here outlined, though 
commonly used in practice, is, for the above reasons, not theoretically 
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correct. The cutter cannot be right for both ends of the tooth, and 
the usual practice is to select a cutter of correct shape for the thick 
endy as has been explained, and correct the remainder of the tooth 
by filing. Some prefer to use a cutter of correct shape for the center 
of the tooth. In this case the thick end of the teeth will be too much 
rounded, but for most purposes the gear will be fairly satisfactory with- 
out any filing. 

When bevel-gears are to mn at a very high speed, or have very 
long faces, the method of cutting the teeth here described is not very 
satisfactory. For such gears there arc machines in use which will cut 
the teeth theoretically correct. Several of these machines are described 
in Chap. XXVII. 

A Radical Departure.—The cutting of b(‘vel-gear teeth in a common 
milling-machine may be facilitated by making the cutting angle and 
face angle of the gear the same as its center angle. This design allows 
the pitch cone line of the gear, while the latter is being fed to the cutter, 
to follow or coincide with a line tangent to the pitch circle of the cutter, 
thus insuring a closer approximation to the (*orrect tooth curvature than 
is practicable by the process descril)ed in (jonnection with Fig. 629. 
This form also makes it possible to use standard spur-gear cutters, 
provided that in designing the gear the computations as to the pitch, 
etc., be based on the small end of the gear instead of the large end. In 
any shop where gear cutting is done, spur-gear cutters are usually on 
hand, and if these can be used for both spur- and bevel-gears, there will 
be a saving of both time and money, as in some cases work may be seri¬ 
ously delayed while waiting for bevel-gear cutters ordered from a dis¬ 
tant city. In a gear proportioned as indicated, all the elements of a 
tooth at its small end would correspond with a spur-gear of the same 
pitch as that at the small end of this bevel-gear, except that the cutter 
should be selected for a number of teeth based on the back-cone radius. 
See page 441. The depth at the large end would also be the same as 
that of the spur-gear. But the thickness of the teeth and the widtli 
of spaces would be greater in the bevel-gear at its large end than in 
the case of the spur-gear. 

This system of cutting bevel-gears is clearly described by Charles 
H. Logue in the American Machinist Gear Book.'' Mr. Logue gives 
credit to A. D. Pentz, Walter Gribben and S. K. Allen as the originators. 
Mr. Allen suggested a method of setting the gear for milling the sides 
of the teeth which does away vnth the cut-and-try procedure. According 
to his plan the central cut is first made in the manner described in con- 
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nection with Fig. 629. The gear is then rotated one-fourth as many 
holes of the index-plate as are used to space each tooth, and moved laterally 
in the opposite direction (by the hand-wheel J, Fig. 546), a distance 
equal to one-half the circular thickness of the teeth at the small end, as 
found by the formula for this purpose given on page 449. These move¬ 
ments place the gear in position for the first side cut. After this cut is 
made on all the teeth the gear is rotated and moved laterally in opposite 
directions to the previous movements to place it in position for cutting 
the opposite sides. The movements for the first side-cutting carried 
the gear a certain distance away from its central position. The move¬ 
ments for cutting the opposite sides must be double these first movements, 
because half of each movement is required to bring the gear back to its 
original or central position. 

In moving the gear laterally for this last side-cutting the instructions 
given in connection with Fig. 629, for taking care of the lost motion, must 
not be overlooked. 

If it should be desired to use a spur-gear cutter on a gear that has 
been designed in accordance with the common form, the gear-blank may 
in many cases be slightly altered to suit the spur-cutter. For example, 
let Fig. 628 represent a common gear-blank of 5" pitch diameter and 4- 
pitch, its mating gear being 7" pitch diameter. These figures refer of 
course to the large end. Now to adapt this blank to a spur-cutter 
and still retain the original center angle, pitch diameter and number 
of teeth, we should select a spur-cutter the thickness of which measured 
on its pitch circle is nearest the width of spaces that would have been 
made at the small end had the gear been cut by the old method. These 
spaces as computed by the formula on page 449 are .261" plus. By 
inspecting a table of tooth parts it will be found that a 6-pitch tooth is 
given as .262". It is in reality .262" minus. 

As the thickness of a spur-gear tooth and cutter are very nearly the 
same for ordinary cut gears, it will be seen that a 6-pitch spur-cutter 
will answer for the case in hand. To use this cutter the face width F 
of the teeth should be decreased or cut away at D suflSiciently to move 
this end of the gear up to a point where the addendum will be right for a 
6-pitch cutter, that is I", The new width for the teeth may be com¬ 
puted as follows: Referring once more to Fig. 628, L and I have been 
used to represent respectively the length of the pitch-cone line and 
the distance from the small end of the tooth to the point of intersection 
of the axes of the mating gears. Also let P equal the diametral pitch 
at the large end of the gear and p the diametral pitch at the small end. 
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As previously stated the gear is 4-pitch at the large end and is to be 6- 
P 

pitch at the small end. Then ~XL = Z. After finding the new width 

of I we simply subtract it from L to get the new width of the gear-face. 
Substituting figures for the symbols, the values for the case in hand are 

4.305 = .287", and 4.305 — 2.87 gives 1.435" as the new width of F. 
As the old width was 1.4375" it will be necessary to trim off only .0025" 
at D to bring this surface up to d, where the addendum is J". The 
amount to be trimmed off is so small that it had to be exaggerated in 
order to show the line d distinct from D, and it is immaterial whether 
this small amount be trimmed off or not. 

Another alteration in the gear-blank must now be made. Starting 
with the tool just touchitig at d, where the diameter is right for J" adden¬ 
dum, the surface E must be turned parallel with the pitch-cone line C, 
making the addendum the same at both ends of the teeth. The spaces 
should be milled equal in depth at each end, this depth for 6-pitch being 
2 157 

—=.359". It will be understood that the thickness of the teeth and 
o 

width of the spaces at the large end will be the same as in a 4-pitch gear, 
while similar elements at the small end will correspond with a 6-pitch 
gear. 

Let us suppose that after altering the gear-blank to conform to the 
mew design we should wish to shorten the face width at d to IJ". Evi¬ 
dently the 6-pitch cutter, while thinner than necessary, could still be 
used. But as the amount to be trimmed from the sides of the teeth 
increases as the cutter approaches the large end, the side-trimming 
would have to be started with heavier cuts than in the case of the longer 
face. The starting cuts on the top of the teeth, or blank, for correcting 
the addendum would also be heavier than in the previous case. If 
the face were considerably lengthened at D, it would be necessary to 
use a thinner cutter than the 6-pitch.* 

Chordal Thickness of Gear Teeth.—In the computations in this 
chapter for the thickness of gear teeth the difference between the 
circular thickness and the chordal thickness, which is of little or 
no consequence in ordinary cases, has been disregarded. But when 
the gear has a low number of teeth, and the pitch is exceptionally 
coarse, this difference is appreciable, and the teeth should be gaged 

•Valuable articles on cutting bevel gears are given in ^‘Machinery” for Oct. 
1907, and Feb., 1910. 
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to the chordal thickness. That is to say, that instead of making 
the depth of the gage equal to the addendum, it must equal the 

addendum plus ff, so as to touch the 
tooth where the pitch circle intersects its 
side lines, as indicated at B in Fig. 633. 
In this figure, and the accompanying 
table (see page 457) which is used by 
permission of the Brown and Sharpe Man¬ 
ufacturing Company, /' equals the chordal 
thickness, H the height of the arc, A the 
addendum height and A' the addendum 
plus H, The table gives the values for a 
gear of 1 diametral pitch. For any other 
diametral pitch divide the tabular values by 
that pitch. 

Cutting Rack-teeth.—The attachment shown in I'ig. 599 is a very 
satisfactory device for cutting racks in tlie miller. If the rack is not 
greater than about 8" long it may be held in a common miller vise, but 
a long rack is best held in a special fixture. If two or more be held in 
the vise or fixture the cut may be made through all of them in one opera¬ 
tion. The depth of space is measured in connection with the graduated 
dial, the same as in cutting the spur-gear, but the teeth are spaced by 
an entirely different method. The distance between the centers of the 
teeth is, of course, the circular pitch, and when the diametral pitch only 
is known, the circular pitch is found by dividing 3.1416 by the diametral 

pitch. Thus the circular pitch of a 12-pitch gear equals --^.^^^ ==.262". 

Now having a graduated dial on the taVde-screw it is a very simple matter 
to feed the table by hand .262" for each tooth, the rack being fed to the 
revolving cutter by the hand-wheel which moves the clamp-bed. 

When large numbers of racks are required it sometimes pays to 
purchase a special rack-cutter. Sonie of these machines are so con¬ 
structed that a number of cutters may be strung together on the same 
arbor, so as to cut as many teeth in one operation as there are cutters. 
Now if there are, say, 6 racks clamped to the table, then six times as many 
teeth as there are cutters may be cut in one operation. 

Direction of Rotation of Cutter,—^Milling-machines are commonly 
equipped with both forward and backing belts, and the beginner needs 
to be informed as to the proper relation between the direction of table 
movement and cutter rotation. It takes but little experience to learn 
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Table Giving Chcrdal Thickness op Gear Teeth and Distance from Chord 
TO Top op Tooth. 

Number 
of Teeth. V A' Number 

of Teeth. V A' Number 
of Teeth. i* A' 

94 1.5707 1.0066 
6 1.5529 1.1022 60 1.5705 1.0123 95 1.5707 1.0065 
7 1.5568 1.0873 61 1.5706 1.0121 96 1.5707 1.0064 
8 1.5607 1.0769 62 1.5706 1.0119 97 1.5707 1.0064 
9 1.5628 1.0684 63 1.5706 1.0117 98 1.5707 1.0063 

10 1.5643 1.0616 64 1.5706 1.0114 99 1.5707 1 0062 
11 1.5654 1.0559 66 1.5706 1 1.0112 100 1.5707 1.0061 
12 1.5663 1.0514 66 1-5706 ; 1.0110 101 1.5707 1.0061 
13 1.5670 1.0474 67 1.5706 1.0108 102 1.5707 1.0060 
14 1.5675 1.0440 68 1.5706 1.01<J6 103 1.5707 1.0060 
16 1.5679 1.0411 69 1.5706 1.0105 104 1.5707 1.0059 
16 1.5683 1.0385 60 1 5706 1.0102 105 1.5707 1.0059 
17 1.5686 1.0362 61 1.5706 1.0101 106 1.5707 1.0058 
18 1.5688 1.0342 62 1.5706 1.0100 107 1.5707 1.0058 
19 1.5690 1.0324 63 j 1.5706 1.0098 108 1.5707 1.0057 
20 1.5692 1.0308 64 1.5706 1.0097 109 j 1.5707 1.0057 
21 1.5694 1.0294 66 1.5706 1.0095 110 1.5707 1.0056 
22 1.5695 1.0281 66 1.5706 1.0094 111 1.5707 1.0056 
23 1.5696 1.0268 67 1.5706 1.0092 112 1.5707 1.0055 
24 1.5697 1.0257 68 1.5706 1.0091 113 1.5707 1.0055 
26 1.5698 1.0247 69 1.5707 1.0090 114 1 5707 1.0054 
26 1.5698 1.0237 70 1.5707 1.0088 115 1.5707 1.0054 
27 1.5699 1.0228 71 1.5707 1.0087 116 1 5707 1.0053 
28 1.5700 1.0220 72 1.5707 1.0086 117 1.5707 1.0053 
29 1.5700 1,0213 73 1.5707 1.0085 118 1.5707 1.0053 
30 1.5701 1.0208 74 1.5707 1.0084 119 1.5707 1.0052 
31 1.5701 1.0199 76 1.5707 1.0083 120 1.5707 1.0052 
32 1.5702 1.0193 76 1.5707 1.0081 121 1.5707 1.0051 
33 1.5702 1.0187 77 1.5707 1.0080 122 1.5707 1.0051 
34 1.5702 1.0181 78 1.5707 1.0079 123 1.5707 1.0050 
36 1.5702 1.0176 79 1.5707 1.0078 124 1.5707 1.0060 
36 1.5703 1.0171 80 1.5707 1.0077 125 1.5707 1.0049 
37 1.5703 1.0167 81 1.5707 1.0076 126 1.5707 1.0049 
38 1.5703 1.0162 82 1.5707 1.0075 127 1.5707 1.0049 
39 1.5704 1.0158 83 1.5707 1.0074 128 1.5707 1.0048 
40 1.5704 1.0154 84 1.5707 1.0074 129 1.6707 1.0048 
41 1.5704 1.0150 86 1.5707 1.0073 130 1.5707 1.0047 
42 1.5704 1.0147 86 1.5707 1.0072 131 1.5708 1.0047 
43 1.5705 1.0143 87 1.5707 1.0071 132 1.6708 1.0047 
44 1.5705 1.0140 88 1.5707 1.0070 133 1.6708 1.0047 
46 1.5705 1.0137 89 1.5707 1.0069 134 1.5708 1.0046 
46 1.5705 1.0134 90 1.5707 1.0068 135 1.5708 1.0046 
47 1.5705 1.0131 91 1.6707 1.0068 150 1.5708 1.0045 
48 1.5705 1.0129 98 1.5707 1.0067 , 250 1.5708 1.0025 
49 1.5705 1.0126 98 1.5707 1.0067 1 Rack 1.5708 1.0000 
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that, with rare exceptions, the work should be fed against the front or 
cutting faces of the teeth. If the feed be “ with the teeth,’’ the result 
is likely to be a broken cutter. 

The reasons given for running the cutter with the feed seem to have 
but little weight. There is one case, however, in which it may be 
advantageous to run the cutter in this way. It is that of milling a deep 
slot with a cutter, say, yV to thick. In this work the cutter is very 
likely to make the slot crooked. Better results may possibly be obtained 
in such work with the cutter running with the feed. In the latter case 
the table gib-screws should be somewhat tighter than usual. The same 
precaution should be used when the cutter is cutting both top and 
bottom at the same time, as in Fig. 580. Some workmen counter¬ 
weight the table in such cases. 

It should be observed that the common size cutters are held on 
the arbors by friction between the cutters and the collars, these being 
bound together by the nut on the outer end of the arbor. Now, as 
the miller-spindle runs in both directions, some of the arbors must 
have right-hand thread and some left-hand thread. When the cutter 
runs clockwise, the arbor with left-hand thread should be used and 
vice versa. 
J Speed and Feed of Milling-cutters.—In some of the examples of mil¬ 
ling the speed, feed and depth of cut have been given. These rates apply 
to particular cases and are supposed to represent rapid work. It is 
difficult to give a general rule. The depth of cut, character of material, 
number of teeth in the cutter, etc., are factors which must be considered. 
The Brown & Sharpe Manufacturing Company, in their book entitled 
^^Construction and Use of Milling-Machines,” after acknowledging the 
difficulties of the problem, say: *'The average speed on wrought iron 
and annealed steel is perhaps 40' a minute. . . . The feed of the work 
for this surface speed of the cutter can be about V/2' a minute and the 
depth of cut, say, Vie". In cast iron a cutter can have a surface 
speed of about 50' a minute, while the feed is V/2' a minute and the 
cut deep, and in tough brass the speed may be 80', the feed as 
before, and the chip 

But as showing how the speed may be increased under favorable 
conditions the same authority cites cases in which cutters have been run 
in their own works at 125' per minute, while the work was fed more than 
8" a minute. In the cases referred to the work consisted of short pieces 
of annealed cast iron and the cut was only V32" deep. 

In the book above mentioned an English authority is quoted as 
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proposing the following speeds and feeds for cutters 6" diameter and 
upwards: 

Steel. 36 feet per minute with a feed of 1/2" P^r minute 
Wrought iron. . . 48 a n n a y/ a t( 

Cast iron. 60 1" 
Brass.120 '' <<<<<< w ‘ w 

The same book quotes another authority to the effect that in milling 
wrought iron with a cut 1" deep (note that this is quite different from 
mere surface milling) a surface speed of 36 to 40 feet was all that was 
practicable. 

The speeds above given were doubtless meant to be used in connec¬ 
tion with ordinary tool-steel cutters, high-speed steel greater 
speeds should be practicable. In this connection read pages 123 and 173 
on high-speed steels. 

The following is taken from a card of instructions written by the 
author and posted near the milling-machine at the Michigan Agricul¬ 
tural College: 

INSTRUCTIONS FOR USE OP ARBORS ON THE MILLINCJ-MACHINE 

Before inserting the cutter-arbor see that both the arbor and socket 
in the end of the spindle are clean. The spindle socket may be cleaned 
by wrapping waste around a stick and swabbing out the socket while 
the spindle is revolving. Dirtj or hammer-nuirks on the arbor will cause 
it to revolve eccentrically. 

The same precautions are necessary in connection with the slip- 
collars on the arbor. The smallest speck of grit between these collars 
will cause the arbor to be bent when the clamping-nut is tightened. 
Therefore these collars must also he carefully cleaned. The collars 
furnished with the arbor are made of tool steel hardened and ground, 
and cast-iron collars must not be used. The objection to the cast-iron 
collar is that it is easily bruised in use. The slightest lump made on 
the face of the collar in this manner will have the same effect as a particle 
of grit, i.e., it will cause the arbor to be sprung when the clamping-nut 
is tightened. 

Both the cutter-arbor^ and the arbor used in dividing-head spindle 
must be driven in tightly. Use the rawhide mallet, or the hammer and 

* So far as the cutter-arbor is concerned, this paragraph was meant to apply 
more particularly to a miller which lacked the overhanging arm. 
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a block of hard wood. When not tightly secured the arbors are likely 

to get loose and spoil the work. 

If the arbor which holds the work be used between centers, the set¬ 
screw in the driver on dividing-head spindle must be closely adjusted 
against the tail of the dog on the arbor; otherwise there will be an error 
in the dividing. If the arbor be held in the socket of the dividing-head 
spindle, both socket and arbor must be carefully cleaned according to 
instructions respecting the main spindle socket. 

A gear or other work held on an arbor in the dividing-head spindle 

should he placed as close to the spindle as practicable to avoid deflection. 



CHAPTER XXVTT 

SPECIAL ()EAR-MACHINES 

The Gould and Eberhardt Automatic Gear-cutter. —The adapta¬ 
tion of the universal miller to gear-cutting has been briefly described. 

Fig. 634. 

An automatic gear-cutter used for gear-cutting only is shown in Figs, 

634 and 635. This machine cuts spur-, bevel-, skew-, and face-gears. 
As a rotary-disk cutter is emplojred, the machine might be .considered 
as a special form of miller. However, there are important differences 

461 
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in the construction and operation of the two machines. In the auto¬ 
matic gear-cutter, in addition to the rotary motion, the cutter is given 
a traversing motion. In other words, the cutter is fed to the gear instead 
of the gear being fed to the cutter. The indexing system is also dif¬ 
ferent, as will be presently shown. 

Referring to Fig. 634, the driving-pulley A is mounted on a sleeve¬ 
bearing, sc that the pulley-shaft is relieved from the side strain due to 
the pull of the belt. By means of a pair of miter-gears motion is com¬ 
municated from the shaft of A to the side-shaft B. The shaft 0 seen 
just above B is driven from the latter by spur-gears. The end of the 
cutter-spindle is seen projecting at E. This spindle is driven by worm¬ 
gearing, the worm being splined to shaft 0. At C are shown a pair of 
spur-gears which may be changed for other gears having different ratios. 
These are the “change-gears,” by which the velocity of the cutter-spindle 
is varied. The cutter-slide is fed by screw F. This screw is operated 
by gears D, which may be changed to give different rates of feed. 

Enclosed within a gear-guard at P is tlic dividing worm-wheel. 
This worm-wheel serves the same purpose as the worm-wheel in the 
dividing-head in the milling-machine. P is operated by a worm on A”, 
which in turn is driven by the vertical shaft T and spur-gearing. The 
gear to be cut is held on the arbor //, the outer end of which is sup¬ 
ported as shown. The arbor and gear are driven by driving fixtures 
secured to the face-plate near the right of If. In cutting a gear having 
arms or spokes, one of the spokes engages with the U-shaped carrier shown 
at /. The gear, and with it the dividing worm-wheel, etc., is raised by 
a screw and bevel-gear mechanism shown at the top of the machine, 
this being operated by the crank J. The crank-shaft is provided with 
a dial graduated to thousandths of an inch, by which the depth of cut 
is measured. 

In cutting bevel-gears the cutter-slide is elevated to the required 
angle by means of a crank applied at M. (See Fig. 635.) As shown, 
this crank turns a worm operating a cross-shaft by means of a worm- 
wheel. On this cross-shaft are two pinions meshing with the slotted 
quadrant A 1. When raised to the required angle the quadrant is 
locked by means of a nut seen to the left of the worm-wheel. In cut¬ 
ting bevel-gears in this machine at least two cuts (sometimes three) 
must be taken, one on each side of the tooth. For this purpose the 
cutter-slide is arranged to swivel a slight amount to the right and left 
of the center line. When three cuts are taken, one is a central cut. 
This central cut is made for the same purpose that a central cut is some- 
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times made in cutting a bevel-gear in the miller. When the cutter- 
slide is raised and swiveled it carries the left section of shaft B (Fig. 634) 
with it. To provide for thus raising shaft B, it is connected to a short 
shaft at its right end by a universal joint. 

The pressure of the cut in cutting both spur- and bevel-gears is 
sustained by the adjustable support R, 

The Indexing Mechanism.—The change-gears shown at Q in Fig. 635 
are connected by shafts and gearing to the indexing worm-wheel. In 
the casing behind this gearing is a locking device which makes one 
revolution for each spacing of the gear being cut, regardless of the num¬ 
ber of teeth in the latter. To give this locking device one revolution, 
the gears at Q are changed for each different number of teeth in the 
gear being cut. The locking device is made with extreme accuracy^ 
and its operation is such as to eliminate all errors due to the wear of 
change-gears and connecting-shafts. 
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Construction of the Dividing Worm-wheel.—When a very accurate 
worm-wheel is required, it is customary to make the rim in two separate 
rings, and bolt these together. The object of this construction is to 
avoid possible errors in hobbing the teeth. The correction is made 
as follows: Having hobbed the worm-wheel once around, before the 
final cut is taken the removable section is turned one-half revolution 
and the hobbing is repeated. This divides up minute errors which 
may occur in the first hobbing. In making the dividing-wheel of the 
machine under consideration this shifting and re-hobbing is repeated 
a number of times, thus further eliminating the possibility of error. 

With the exceptions noted above in the description, the cutting of 
gears in the automatic gear-cutter does not differ greatly from the 
method used in the miller. It will be understood, however, that as the 
indexing, feeding back and forth of the cutter, etc., are all automatic, 
the chances of error are reduced to a minimum, and one workman can 
operate several machines. Having started the cutting of a gear, the 
machine automatically makes all the movements necessary to complete 
the gear, and when completed a gong is automatically sounded, notifying 
the workman that the gear is ready to be removed. 

Gang-cutters.—^The manufacturers of the machine just described 
make cutters which may be used in gangs for cutting gears having more 
than 30 teeth. The object is the same as in the case of cutting rack- 
teeth with gang-cutters. From 2 to 12 cutters, according to the num¬ 
ber of teeth in the gear, may be used. As these cutters must have 
proper contact on the periphery of the gear-blank, it is evident that 
the cutters will be of varying diameter. The hub thickness or hub 
length of the cutters must be gaged very accurately to bring the cutters 
the right distance apart. Special precautions are required in using these 
cutters, and the gear-blanks must be quite accurate as to diameter; but 
when a large number of gears of one kind are required, the great saving 
in time fully justifies the extra care required. 

Fellows Gear-shaper.—^Theoretically, cut gears should require a 
different cutter for every different number of teeth in the gears. There¬ 
fore cutters made on the principle of the set of eight involute cutters 
previously referred to, while sufficiently correct-for all ordinary pur¬ 
poses, cannot be absolutely right. Where greater accuracy is required 
the manufacturers of these cutters furnish them in sets having a greater 
number of cutters to each set, and they will also make special cutters to 
order. However, the machine shown in Fig. 636 is designed to regularly 

make gears of theoretically correct tooth outline. 
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Imagine a gear-blank of some plastic material held upon an arbor 
and a complete gear secured to another arbor parallel with the first. 
Now, let the gear be pressed into the blank to the correct tooth-depth 
and caused to make one complete revolution. Assuming that there 
is perfect rolling contact between the pitch-line of the blank and that 

Fig. 636. 
of the gear, the latter will generate on the blank, teeth of theoretically 
correct shape. This is the principle upon which gear-teeth are gener¬ 
ated in the above-mentioned machine. The actual operation, how¬ 
ever, is different in that, in addition to the revolving motion of gear 
and cutter, the latter is given also a reciprocating motion like that of 
the slotting-machine ram. The principle of the machine may be further 
explained by the consideration of the method of making the cutters. 

In Fig. 637 will be seen an emery-wheel having one straight face at 
right angles to the wheel axis. The means for dressing the side of the 
emery-wheel is such as to insure a high degree of accuracy. In con- 
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nection with the emery-wheel is shown also a small gear. This gear 
is in reality a steel cutter which has been roughed out to the approxi¬ 
mate shape and hardened. The diagram is designed to show a method 
of presenting the cutter to the revolving emery-wheel in a manner to 
grind the teeth of the cutter to the exact shape. The sides of a theo¬ 
retical involute rack-tooth are straight, the angle of each side being 

Fio. 637. Fig. 638« 

75y2® with the pitch-line. The straight face of the emery-wheel, being 
placed at the required angle with the path of the cutter, is intended 
to represent one side of such a rack-tooth. 

‘ The cutter is rolled past the revolving emery-wheel at the required 
angle in true rack and pinion motion, and for each passage of the cutter 
one side of one tooth is formed. This is repeated for each tooth, when 
(he cutter is reversed and the same process is followed for the oppodte 
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side. Fig. 638 shows one of the cutters and one of the methods for 
holding it. It will be seen that the cutter has the proper clearance. 

In Fig. 639 is shown a cutter in connection with a partially developed 
gear. This figure illustrates the method of starting the cut. The 

Fig. 639 

machine being set in motion, the cutter is gradually fed to the full depth 
in the blank, when both blank and cutter begin to revolve just as though 
they were two gears. The reciprocating motion is, of course, main¬ 
tained during the rotary motion, the result being that in one revolution 
the blank becomes a finished gear. To prevent the rubbing and wearing 
action of the cutter on the gear-teeth, during the return-stroke the 
cutter is moved outward slightly. By a similar mechanism it is brought 
back to its cutting position at the beginning of the downward stroke. 
The names of the various parts of the machine are given in connection 
with Fig. 640. 

It is important to observe that in this system of gear-cutting only 
one cutter is needed for each pitch. This cutter cuts both external 
and internal gears. Fig. 641 shows the two gears in one casting and 
the cutter in position for cutting an internal gear. The dotted lines 
on the opposite side show the cutter in correct position for shaping 
the tooth of an external gear. 

The Gleason Gear-planer,—As has been stated, the method of cutting 
bevel-gears in a miller is not satisfactory for gear4eeth having extra 
long faces. The longer the face the greater is the variation from the 
theoretical shape. 
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the inner end being held as before, the thread will still remain in contact 
with the side of the tooth. The principle of a bevel-gear tooth, as 
distinguished from the spur-gear tooth, may, therefore, be represented 
by an infinite number of straight lines extending from the outer curved 
outlines of the tooth to the apex of the pitch-cone. 

The Gleason bevel-gear machine is simply a system of mechanism 
designed to give practical effect to this principle in planing gear-teeth. 
Figs 642 and 643 show respectively perspective and outline views of 
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the Gleason machines. The construction of Fig. 643 is slightly dif¬ 
ferent from that of the machine in the perspective view, but it never¬ 
theless helps to explain the principle of the latter. The formers, which 
are the main elements to give effect to the above principle, are clearly 

^hown on the front of the machine in the perspective view. As seen 
in Fig. 643, the gear is held on the head-spindle at G, and be^fore the 
cutting is begun the head must be moved to bring the apex of the gear 
to the center of the machine. To facilitate this work a gage for the 
purpose is furnished with each machine. In this machine a single¬ 
point tool is caused to reciprocate in very much the same way as a 
shaper-tool, the guide for the tool being pivoted at its inner end in a 
universal joint, and caused to follow the curved former at its outer end. 
The manufacturers of this machine explain the movements of the cutting- 
tool as follows; ‘‘The arm on which the tool-holder travels is rotated 
around the center of the machine in a horizontal plane. Besides this 
horizontal movement of the arm, it is hinged at the center of the 
machine so as to give a vertical movement as it is fed over the former, 
80 that the tool travels always at the correct angle of the gear from 
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'ihe top of the tooth to the root, and the tooth, therefore, has the perfect 
reducing cut, the small end being in proportion to the large end/' 

The tooth-curve of the former is produced by a machine designed 
especially for this purpose, and there is practically no wear on the former 
because it is used in connection with a roller. 

Fig. 642. 

During the time that the tool is cutting the gear is stationary, the 
same as in a milling-machine. The first operation is to cut a central 
groove for each tooth. This is accomplished by the roughing or stock¬ 
ing" cutter shown in Fig. 644. During the second operation the upper¬ 
cut tool shown in Fig. 645 planes one side of each tooth. This tool 
is removed and the under-cut tool of Fig. 646 is used to finish the oppo¬ 
site side of each tooth. Thus it requires three tools and three revo- 
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lutions of the blank to complete the gear. The gear is indexed for 
each tooth after the completion of the work of each tool upon the tooth. 

Fig. 643. 

The slide which carries the tool-holder is driven from the cone 
through triple gears, and has a Whitworth quick-return. The feed is 
worm-driven and positive. These machines are made for bevel-gears 
only, and with each machine a number of formers sufficient for all the 
gears within the capacity of the machine is furnished. The same com¬ 
pany makes also spur-gear planers. 
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One of the latest and most important gear-machines on the market 
is the automatic bevel-gear-generating machine made by the Brown and 
Sharpe Manufacturing Company. The Gleason planer finishes both 
sides of a tooth at once; the Brown and Sharpe machine finishes both 
sides of a space in one operation. This excellent machine is fully de¬ 
scribed and illustrated in an article in the American Machinist of Jan¬ 
uary 29, 1903. One of the closing paragraphs of that article refers to 
the machine as the latest masterpiece of Mr. Oscar J. Beale.” 

In referring to a few of the leading gear-cutting machines the Bil- 
gram bevel-gear planer should not be omitted. This machine cuts 
bevel-gears having either long or short faces theoretically correct, as do 
also the other two bevel-gear machines mentioned. 

U»^ER CUT TOOL UNDER CUT TOOL 

Fig. 645. Fig. 646. 

The use of bevel-gears on bicycles stimulated the design of special 
machines for cutting the gears. Most of these machines have a narrow 
range, being designed for small gears only. 
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GRINDING MACHINES AND METHODS 

Natural and Artificial Abrasives.—The old familiar grindstone, 
though still used by the village blacksmith, is rarely seen in the modern 

machine-shop. The emery-wheel is not only more efficient, but it 
has a much wider application. Emery, which is an impure form of 
corundum, is one of the oldest of the commercial abrasives. This 
material has been so generally used for grinding-wheels, that wheels 
made of any of the later abrasives are popularly called emery-wheels. 
Corundum is an oxide of aluminum. It is sharper and more durable 
than emery, but formerly the price of pure corundum was so high as 
to almost prohibit its use for grinding-wheels. However, the recent 
discovery of large deposits has placed the article upon a commercial 
basis. Within the past fifteen years various experiments have been 
made with the object of manufacturing abrasives in connection with 
the electric furnace. Among the abrasives thus produced, carborun¬ 
dum, alundum, and carbondite are represented as being superior 
for most purposes to emery and corundum. 

Methods of Designating Abrasives. Bond.—The various abrasives 
are designated with respect to the size of the grain by numbers, the 
coarser grain taking the lower numbers.* The grade of a wheel is the 
measure of its resistance to crumbling while revolving in contact with 
the work. A wheel of which the particles are easily broken down or 
separated is said to be so/f, while one which does not easily yield is 
said to be hard. There is no standard system of grading. The Norton 
Company uses the alphabetical method. Thus, A is the softest and 
Z the hardest wheel, while M is their medium grade. The carbo¬ 
rundum company also uses the letter method, but reverses the order, 
taking A for the hardest wheel. Some other manufacturers designate 
both grain and grade by numbers. 

In making a grinding-wheel the abrasive material is mixed with 
some kind of cementing material which holds the wheel in form. The 
cementing material is called the bond. 

* Two or more numbers mixed togetb^*^ give a combination.*' 
473 
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Classification of Grinding.—The kind of grinding in which a revolv¬ 
ing wheel is used may be divided into two general classes, viz., hand¬ 
grinding and machine-grinding. In hand-grinding the wheel only is 
operated by power, the work being presented to the revolving 
wheel by hand. In machine grinding, with which this chapter is 
principally concerned, both the work and the emery-wheel are controlled 
by power mechanism. 

Grinders for Lathe- and Planer-tools.—A good example of the modern 
wet emery-grinder for general tool-grinding is shown in Fig. 647. The 

Fig. 647. 

water-supply in this machine is regulated by a hand-wheel, one or two 
turns of which start or stop the supply. It is well distributed over 
the grinding surface and a guard is furnished which protects the sur- 
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rounding machinery from the spray of water when the machine is not 
in use. Mounted within convenient reach above the rest is the truing- 
roU, which can be applied by a few turns of a knob. To get the best 
results the wheel should be kept true, and to avoid danger from the 
tool catching between the emery-wheel and rest, the latter should be 
moved up to the wheel as often as the wheel wears an appreciable 
amount. It should be kept so close as to hardy dear the wheel. 

The novice should be informed that the water serves an important 
purpose, and that unless freely used it would be necessary to spend 
considerable time in the forge-shop retempering the toots. 

In grinding tools in connejction with the above-mentioned machine, 
the tool is held in the hanil and ground according to the judgment and 

Fio. 648. 

skill of the workman. However, there are on the market machines in 
which the tool is held by a kind of tool-post and fed to the wheel by a 
pcrew or other mechanical means. These machines are so constructed 
that any number of tools may be ground to the same angles, the tool- 
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swiveling devices being graduated, and a table giving the angles for 
the various tools being furnished with the machine. 

Emery-, corundum-, and carborundum-wheels mounted on simple 
frames are very extensively used for grinding rough castings and .forg¬ 
ings in various lines of manufacturing. Fig. 648 shows a machine of 
this character. These machines are made in all sizes to suit a variety 
of purposes. A small machine of this same general design is some- 

Fia. 649. 

times used for grinding lathe- and planer-tools. When these machines 
have no water-supply, it requires some care to avoid burning the point 
of the tool. Most mechanics keep a small pail of water near the grinder 
and dip the tool in the water every few seconds. 

The grinding of reamers, milling-cutters, etc., requires different 
manipulations from that of ordinary tool-grinding. Fig. 649 shows a 
machine adapted to the former class of work. There are special machines 
designed for grinding twist-drills exclusively, but the illustration shows 
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that twist-drills are included in the list of tools that may be ground 
on this machine. For this purpose and for some other purposes, attach¬ 
ments to the machine proper are furnished. A twist-drill is shown in 
the fixture at the left in position for being ground. The device is pro¬ 
vided with adjustment for grinding different diameters of drills and 
for giving the drills different degrees of clearance. 

On the right of the machine is seen a reamer held between centers 
in position for grinding, a small emery-wheel being shown just above 
the reamer. To grind a reamer like tliat of the illustration, the reamer 

is first adjusted in correct relation with the wheel to give the required 
clearance. The finger-guide seen just under the spindle is next placed 
in contact with the front of one cutting-edge, and the reamer, while 
being moved along under the wheel, is held against the guide. Having 
ground the clearance on one of the cutting-edges, the reamer by means of 
the slide is moved beyond the guide and rotated to bring the next cutting- 
edge in proper relation with the wheel and guide and so ground, this 
being repeated until the work is complete. The methods of grinding 
taper-reamers, milling-cutters, etc., are indicated in Figs. 650 to 652. 

The Universal Grinder,—Fig. 653 shows a perspective view of the 
No. 1 B. & S. Universal grinder, and Figs. 654 and 655 show sectional 
views of the spindle-boxes and head-stock respectively. Plain grinders, 
which are used for heavier work, differ from the universal grinder in 
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Fig. 651. 

Fig. 652. 



drical surfaces more accurately than it is possible to turn them in 
a lathe. A shaft-journal, which is required to run, say 4000 R.P.M., 
if turned in the lathe in the ordinary manner, would, because of the 
minute imperfections in the lathe work, be likely to heat. If finished 
in the grinder it would run without heating. 
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Referring to Fig. 653, B is the bed, T the sliding table, T 1 the 
swivel table, H the head-stock, T2 the tail-stock, E the emery-wheel, P 

the pulley which drives the emery-wheel, and P 1 and P 2 the pulleys 
which drive the work. The work is either held between the centers in 

head-stock and tail-stock and driven by a dog, or it is carried by a 
chuck. Generally when the work is driven by a dog the head-stock 
spindle does not revolve, but the pulley P1, which turns freely 
on the spindle, drives the work by contact of the dog with the pins 



GRINDING MACHINES AND METHODS 481 

projecting from the pulley. As in this arrangement neither of the 
centers revolves, errors due to an eccentrically revolving head- 
center are impossible. When the work is carried in a chuck, pulley P 1 
is taken off and the chuck screwed on instead. In this case the spindle 
is driven by pulley P 2, which is tight on the spindle. 

The emery-wheel E is fed to the work by means of the hand-wheel 
H 2. At the back (jf this hand-wheel is a graduated ratchet-disk by 
which the depth of cut is measured. '^I'he machine is provided with 
power cross-feed which may be adjusted to grind to .00025", and the 
feed is automatically stopped when the work is ground to the required 
size. 

The table is moved by hand by hand-wheel II1, and by turning 
a knob the automatic mechanism, by which the table is fed, is set in 
motion. The table may be swiveled on a central stud 3V2° each side 
of zero. The object of thus swiveling the table is to provide for grind¬ 
ing slight tapers. For grinding abrupt tapers and certain kinds of 
disk work the head-stock may be swiveled to any required angle. 

Work Done on Grinders.—^As a rule the universal grinder is not used 
for heavy cutting, but to correct small imperfections; therefore the 
work done on this machine is generaHy made nearly right, as to dimen¬ 
sions, in the lathe or other machine. In addition to such work as 
machine-shafts, etc., the universal grinder is also used for grinding 
lathe-arbors, reamers, and various angular and tapering shapes. 

Formerly, grinding machine-shafts, etc., was considered a very expen¬ 
sive process, and it was dispensed with except in special cases. Recently, 
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however, grinding-machines and processes have been studied and 
developed to such an extent that grinding is coming into use, as a mat¬ 

ter of economy, on a great deal of work wheie the refinements of the 

process are not strictly necessary. A specialist in grinding can make 
the finishing cuts on all kinds of cylindrical work at less cost than is 
possible with ordinary lathe processes. In some classes of work the 
lathe is dispensed with, and both roughing and finishing cuts are made 
In the grinder. This is especially true of the plain grinder. 
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In most kinds of work it is necessary to keep water running on the 
wheel when grinding, and for this purpose a pump attached to the rear 
of the machine automatically supplies the water. 

Grinding Parallel Shafts.—About the simplest operation on the 
grinder is that of grinding a plain shaft parallel in diameter. In per¬ 
forming this work the shaft is placed between the centers with a dog 
on the head-stock end, the swivebtable is set to zero, and with the 
machine in motion the emery-wheel is fed up against the work by hand. 
For traversing the table the automatic longitudinal feed is, of course, 
used. If the grinding is to approach very close to the dog or to the 
foot-stock spindle it will b(} necessary to use can^ in adjusting the tap¬ 

pets which regulate the traverse of the table. If, for instance, the 
tappet next to the head-stock end be moved too far to the left, the 
emery-wheel may strilce the dog, causing the wheel to burst. It is 
safer to first adjust the tappets for a too short traverse and make the 
correction after noting how far the table falls short of the required 
stroke. It is important also in this and other grinding operations 
that the hood which covers the emery-wheel be used. 

In most grinding-machines, if not all, it is difficult to adjust the 
table at the first setting to grind a shaft parallel. Having adjusted 
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the table as nearly as may be by the graduations at the end, the 
cut-and-try method must be used for making the final corrections. 

In some classes of work, in which it is necessary to grind close to a 
shoulder, it is permissible to turn a groove about V4" wide next to 
the shoulder. This obviates the necessity of having the emery-wheel 

touch the shoulder. The diameter at the bottom of the groove need 
not be more than about .001" less than the diameter of the shaft. If it 
is necessary to grind to a sharp corner under the shoulder without the 
preliminary grooving, it will be advantageous to begin grinding at the 
shoulder and feed the other way. By this method the advancing comer 
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of the wheel will do the most of the work, and the wear of the wheel 
will leave the opposite corner sharp for the next cut under the shoulder. 
This is the method followed at the works of The Brown and Sharpe 

Manufacturing Company. 

In grinding a long shaft the parallelism of the shaft is affected by 
the wear of the emery-wheel. To reduce this wear to a minimum, a 
wheel having a comparatively wide face should be used and the feed should 
be correspondingly faster. The machine grinds during both the forward 
and backward traverse of the table, and this in part compensates for the 

wear in the wheel. 
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Use of the Back-rest.—It has been shown elsewhere that in turning 
long slender work in the lathe it is necessary to use a steady rest, or back¬ 
rest, to support the work aj^ainst the pressure of the cut. The back-rest 
shown in Fig. 657 is used for a similar purpose in the Universal grinder. 
The shoes or lugs which support the work may be made of some soft 
metal or hard wood. Fig. 658 shows the Universal back-rest. This rest 
admits of more delicate adjustment and is better for some kinds of 
work, especially shafts having key ways. Work in which the diameter 
is very small in proportion to the length requires the use of several rests. 
One rest for a length of about every eight diameters should be sufficient. 

Grinding Tapers.—^As has been indicated the upper part of the table 
swivels on a central stud and is graduated at the end. This provision 
enables the table to be adjusted for grinding slight tapers. In other 

respects the grinding of these tapers does not differ from grinding parallel 
work. It may be observed, however, that this method, which does not 
disturb the fit of the centers, is much superior to the method of turning 
tapers in the lathe by setting over the tail-stock. It is even more reliable 
than the compound-rest method. 

The table will not swivel sufficiently for abrupt tapers like that 
shown in Fig. 659. For such work the table is set to zero and the wheel- 
bed adjusted to the required angle and fed by the cross-feed mechanism. 
As will be seen in the illustration the wheel is swiveled to give it a full 

hearing on the work. 

In some cases a slight taper and an abrupt taper are required on 
the same piece of work. In such a case the slight taper is ground by 
swiveling and feeding the table as previously described, the abrupt taper 
being ground as in Fig. 659, excepting that the wheel is adjusted in 
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proper relation for the slight taper and its corner beveled off to give it 
a sufficient bearing on the abrupt taper. 

Grinding the Ends of Bushings and Collars.—In Fig. 660 is shown 
one method of grinding bushings and collars. For this purjx)se the wheel 

Fig. 661. 

should be so shaped as to leave a narrow bearing on the side and the bush¬ 
ing should overhang a shoulder on the arbor. This is necessary in order 
that the wheel may have sufficient crosswise movement without touching 
the arbor. It will be understood that the cross-feed is used on such work. 

Disk-grinding.—^Work the diameter of which is much greater than 
the length may be very conveniently ground by swiveling the head-stock 
90® and using the longitudinal feed of the table. Fig. 661 shows this 
method. By varying the angle of the head-stock from 90® the face of 
the work may be made either convex or concave. In connection with 
the swiveling head-stock and chuck it should be easy Tyithout any illustra- 
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tion to conceive of a method of grinding two surfaces at an angle to 
each other. Thus the face of the work might be ground by feeding the 
table lengthwise and its corner ground to an angle with the face. In 
grinding the corner the cross-feed should be used. As indicated in a some¬ 

what similar case, one corner of the wheel should be beveled off to increase 
its bearing on the angular surface. 

Special Draw-in Chuck.—^The chuck shown in Fig. 662 is very con¬ 
venient for thin disk work which is required to be held quite true with 
its bore. Such work is placed upon the split bushing at C, which bush 



wo 
siz 

difierent bores. The method of grinding the work is the same as in Fig. 661. 

Fig 663 

Internal Grinding.—Fig. 663 shows the internal grinding fixture and 
Figs. 664 and 665 show two classes of internal grinding. As will be 

seen the fixture is bolted to the wheel platen and driven by a light belt 
from the pulley L. The spindle which carries the pulley L is driven 
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from the overhead counter-shaft by a belt running on the pulley m. In 
parallel work the swivel-table is placed at zero and is fed in the same 
manner as for external parallel work. A method of grinding slight 
and abrupt tapers is clearly indicated in Fig. 665. The table is swiveled 
and its longitudinal feed operated for the slight taper. In grinding the 
abrupt taper the cross-feed is used. In adjusting the wheel-slide for 
this taper the angle of the table must be taken into account. 

Surface-grinding Machines.—Surface-grinding machines are used for 
grinding plane surfaces. Like the grinders for cylindrical work, these 

machines are designed for both roughing and finishing cuts, and to grind 
hardened steel which cannot be machined with ordinary tools. Fig. 666 
shows a surface-grinding machine constructed very much like a metal 
planer. The wheel is driven from the drum seen behind the housing, 
which drum in turn is driven from an overhead counter-shaft. This 
counter-shaft is seen near the machine. The travel of the table is auto¬ 
matic and its stroke is regulated by adjustable dogs. The cross-rail is 
adjustable on the housing castings, the front faces of which are made 
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circular to avoid disturbing the tension of the belt. The cross-head 
carrying the emery wheel is fed horizontally on the cross-rail at the end 
of the stroke in very much the same manner as a planer-tool is fed. 

Great care is required in clamping work to the grinder-table to 

Fio. 666. 

avoid springing it. The refinements possible in the grinding process 
are easily neutralized by errors in clamping. The Walker magnetic 
chucks^ which are used to some extent in lathe-work, planer-work, etc., 
are of special advantage in connection with the surface grinder. 
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Combined Drill and Surface Grinder.—Fig. 667 shows a combined 
surface and drill grinder. It has an advantage over some combina¬ 
tion tools in that both operations may be performed simultaneously. 
“A peculiarity of the drill holder is that it does not require adjustment 
for different diameters of drills, while the adjustment for length is made 
in the usual manner.” The table for surface grinding has a vertical 

Fig. 667. 

adjustment, and in connection with this adjustment a graduated dial 
reading to thousandths of an inch is provided. The work is not clamped 
to the table, but is fed along on the table by hand. 

Floor Grinders with Surface Attachment.—^The grinding-machine 
shown in Fig. 668 has an emery-wheel at the right end of the spindle 
which may be used for miscellaneous grinding. Mounted above the 
wheel at the left is a surface-grinding table. This table is adjustable 
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vertically to compensate for the wear of the wheel and also for adjust¬ 
ing the depth of the cut. The work is moved over the revolving wheel 
by hand as in Fig. 667. The grooves seen in the table are designed 
to catch the particles of emery and grit from the castings being ground. 
This machine while very convenient for general grinding is not adapted 
to the high grade of work for which the machine in Fig. 666 is designed. 

Emery-wheel Dressers.—In connection with l^lg. 647 we allude to 
a truing-roll used for truing the wheel of that machine. The roll is 

Fia. 668. 

simply a cylinder having small journals at each end and having deep 
grooves in the cylinder, giving the latter the appearance of a series 
of thin disks separated by small washers. 'Fhe roll is caused to revolve 
by being brought into contact with the revolving emery-wheel by screw 
pressure. Increasing this pressure causes the roll to crush and break 
down the particles of emery. As the roll touches the high parts of 
the emery-wheel first and hardest the effect is to “true up” the wheel, 
or make its periphery concentric with the axis of rotation. 
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Shown near the right-hand wheel in Fig; 668 is another form of 
emery-wheel dresser. In using this device the pressure is applied by 
the lever, the effect being to break down the high spots in the emery* 
wheel the same as in the case of the truing-roll. 

Fig. 669 

For dressing the emery-wheels used on the universal grinders, 
plain grinders, small center grinder, etc., a cheap black diamond 

Fig. 670. 

held in the end of a metal holder is used. One form of this holder has a 
handle on the outer end and is applied to the revolving emery-wheel 
in about the same way that a hand-tool is used. Holders are made 
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also of such shape as to admit of being held in a kind of tool-post pro¬ 
vided for this purpose. 

Grinding Attachment for the Lathe.—A first-class machine for 
cylindrical grinding is a costly tool. Many small machine-shops which 
could not afford a regular machine would find the attachment illustrated 
in Figs. 669 and 670 very useful. This attachment is held upon the 
tool-rest in place of the tool-post and is driven from an overhead drum 

Fio. 671. 

counter-shaft which is furnished with the attachment. In the first illus¬ 
tration it is shown grinding an arbor. For internal grinding the spindle 
is removed and another spindle is used instead, as shown in Fig. 670. 

Portable Emery-grinder.—Fig. 671 shows a portable emery-grinder 
and the method of applying it in polishing and giinding framework, etc. 
By using suitable wheels, it may be employed for grinding heavy cast¬ 
ings, for cleaning, polishing, buffing, etc. It is driven by a counter¬ 
shaft, rope, and flexible shaft as shown. 

Mounting the Wheel.—It is absolutely necessary to safety in operation 
that a wheel fit freely on the spindle, and that some kind of elastic 
washers be used between the flanges and the wheel. For the latter 
purpose rubber, pasteboard, or blotting-paper may be used. 
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Speed of. Emery-wheels.—In general an emery-wheel should be run 
at the speed recommended by the manufacturers. For most purposes 
this speed will not be much greater than 5000 feet per minute. Ex¬ 
perts in special lines of work sometimes run as fast as about 6500 feet 
per minute; but on account of the great danger of the wheel bursting, 
excessively high speeds are not to be encouraged. These general 
statern nts apply to wheels used for both hand and machine grinding, 
but in the latter class of work, to which the remainder of this chapter 
is devoted, recessed wheels and other shapes of weak cross-section near 
the hole are sometimes used. Obviously there is more danger in run¬ 
ning these wheels at the higher speeds than there is in the case of 
the stronger wheels. A frail wheel especially is liable to crack by im¬ 
proper usage while being clamped on the spindle. All emery-wheels 
should be carefully inspected before the machine is started. 

Recessed collars, so constructed as to fit over hubs on the wheels 
are used in some cases by the Safet}’' Emery-wheel Company. These 
collars are used as an extra precaution against the danger from the 
bursting of the wheel. 

Work Speed and Rate of Wheel Traverse.—It is diflBcult to give 
rules for the work speed and the traversing feed of emery-wheels as 
used in the universal and plain grinders. In the early days of cylin¬ 
drical grinding, the work was rotated at a high speed,—in some cases 
as high as 400 to 500 per minute. The traversing feed was about 
OT iM revolution of work. With improvements in the 
emery-wheels and further experiments it was learned that better 
results could be obtained with slower work speeds and faster traversing 
feeds. At present very few mechanics run the work faster than 100 
feet per minute. A feed of ^ to J inch per revolution of work in 
machines of ordinary size is perhaps in accordance with the con¬ 
servative practice. Many who incline to the faster work speeds use 
surface speeds of from 60 to 100 feet per minute, with a feed of one 
half to three fourths the width of the wheel-face. But experts differ 
concerning work speeds and other particulars. It may be stated as a 
general rule that the work should revolve faster for finishing than for 
roughing cuts, and faster for cast iron than for steel. The average 
work speed used by those who advocate the slowest speeds and/asi 
traversing feeds is about 20 feet per minute. In experiments described 
in the American Machinist of August 22, 1907, with a minimum 
work speed of 6 feet per minute the traversing feed was 2" per revolu¬ 
tion of work. The same experiments demonstrated that it is possible 
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to remove 5^ inches of cast iron per minute in cylindrical grinding. 
Other experiments have shown that inches of steel per minute 
may be removed. 

Ihose mechanics who have been accustomed to the use of wheels 
beveled at the edge to give a bearing on the work of to f", with 
corresponding feeds, should study recent developments in grinding 
machines and processes. There are, of course, cases in which narrow¬ 
faced wheels are necessary, as for example shafts which must be 
ground to a shoulder; but ordinarily wide-faced wheels and fast 
traversing feeds should be used. 

Importance of True Wheels.—It is necessary, especially in making 
finishing cuts, that the face of the wheel be true and parallel with the 
traverse of the carriage or sliding table. The diamond-tool referred 
to on page 488 is commonly used for "truing" the wheel, but when 
the latter is badly out of shape it may be "roughed down" with the 

* ordinary wheel-dresser^ shown in connection with Fig. 668, and then 
finished with the diamond. In most cases the diamond-tool should 
be rigidly clamped to the machine; but different sides of the diamond 
should be presented to the wheel at different times, in order that the 
diamond may not be worn flat on one side. To prevent excessive 
heat, which is injurious to the diamond, a full stream of water should 
be kept running on it when in use. 

To Prepare the Wheel for Fine Finishing Cuts the traverse of the 
diamond across the face of the wheel should be slow and unilorm, so 
as to give a smooth and lustrous surface to the wheel. But for rapid 

and heavy grinding it is advantageous to leave the wheel-face somewhat 

rough. Nevertheless, it must be true and parallel with the traverse 
of the sliding-table. 

Glazing.—The particles of grinding material are minute cutting- 
tools, which, when they become dull, must be broken away by contact 
with the work. If a wheel is so hard that the particles are retained 
too long, instead of cutting effectively the wheel glazes and heats the 
work. In some cases the heat thus generated will so distort the work 
as to seriously interfere with the accuracy of the grinding. In general, 
a wheel of coarse grain is less likely to heat the work than a wheel 

of fine grain. 
Remedies for Glazing.—Glazing may usually be prevented either 

by reducing the wheel speed or by using a softer wheel. When it is 
not practicable to substitute a softer wheel, the hard wheel may in 
some cases be prevented from glazing by reducing its cutting surface 
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with the diamond. But as a narrow-faced wheel necessitates Blow 
feedf the latter course is not economical. 

A wheel suitable for heavy cuts on hard materials, such as chilled 
irorif etc., may glaze when making the finishing cuts. The remedy 
in this case is to use a wheel of finer grit ior finishing, otherwise the 
coarse wheel must be redressed with the diamond as often as it be¬ 
comes glazed. As a possible exception to the foregoing it is said that 
carborundum in the finer grits or grains, if allowed to glaze, gives an 
excellent finish^ particularly on hardened steel. 

“ Sizing Power ” of Wheels.—When a wheel is of the proper grade 
and grain for a given piece of work, both work and wheel being revolved 
at suitable speeds, the wheel neither glazes (except as noted above) 
nor wears away too fast; it possesses '^sizing power/^ That is to say, 
the particles are broken away sufficiently fast to keep the wheel sharp, 
but not so fast as to make the work tapering. If now, while other 
conditions remain, a second piece double the diameter of the first be 
substituted for it, there must be a corresponding reduction in the 
number of revolutions of the work; otherwise the work at this in¬ 
creased surface speed will break away the particles of grinding material 
so fast as to destroy the sizing power of the wheel. 

A wheel that would work with greatest economy on a short shaft 
might fail in sizing power on a very long shaft. For this reason it is 
sometimes necessary to use a somewhat harder wheel on long work 
than would otherwise be desirable. But the sizing power of a soft 
wheel may be enhanced by running it faster, though care should be 
used to keep within safe limits. 

Grade of Wheel in Relation to Diameter of Work.—Other things 
being equal, work of large diameter requires a softer wheel for a given 
surface speed of the work and depth of cut than work of small diameter. 
Under the same conditions softer wheels are required for internal 
grinding and for flat work than for external cylindrical grinding. 
The foregoing statements are based on the theory that the greater 
the area of wheel contact the softer the wheel required. But in apply¬ 
ing this principle no account should be taken of small differences in 
wheel contact. 

Causes of Chattering.—The causes of chattering in cylindrical 
grinding are not altogether different from those which produce a 
similar result in lathe work. Small wheel-spindles, loose wheel-spindles, 
unbalanced wheels, small work-centers, small machine-centers, loose 
fits in the sliding parts, long work not properly supported with back- 
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rests, high work speeds, and wheels too hard for the work, are some 
of the causes of chattering. A knowledge of the cause will generally 
suggest the remedy. Reducing the width of wheel-face and feed will 
in some cases prevent chattering, but as this lessens the quantity of 
work the other remedies should first be applied as far as practicable. 

Uses of Water in Cylindrical Grinding. Causes of Eccentricity.—It 
is very important in grinding long work between centers to keep 
the work cool. For this purpose, the grinding-machine is furnished 
with a pump and a very liberal and even supj)ly of water should be 
used.* It is said that a degree of heat v^hich is imperceptible to the 

totbch will curve the work. A very slight degree of curvature may be 
detected, being shown by sparks on the convex side of the work. In 
such cases as require a small amiumt of very light grinding on short 
work, and especially in short chuck work, water may be dispensed wdth. 

The smallest speck of grit between the machine-center and the 
work-center will cause eccentricity. Now, this speck of grit is likely 
to wear away during the process of grinding, and this would cause a 
varying degree of eccentricity. p]ccentricity may also be caused by 
wear of the centers due to lack of oil, or by the centers being made 
too small. The work-centers should be amply large, they should fit 
the machine-centers so as to insure a full bearing, and they should be 
kept scrupulously clean and well oiled. 

Selecting a Wheel for Machine Grinding.—There are so many 
conditions involved that it is difficult to give definite rules for the 
selection of wheels. Generally speaking, the harder the stock the 
coarser the wheel should be; and with respect to grade the harder the 
stock the softer the wheel required. 

A wheel should cut without appreciable pressure. If the wheel 
requires excessive pressure and heats the work, regardless of the sur¬ 
face speed of the latter, it is too hard for that work. If after trying 
the lowest reasonable work speed, and other expedients, such as fast 
wheel speeds, light cuts and fast feed, the wheel still loses its size too 
rapidly, it should be rejected in favor of a harder wheel. 

Manufacturers of grinding-wheels give in their catalogues rules 
which will answer in an approximate way for the selection of wheels, 
but to get the best results the wheel should be selected by the manu¬ 
facturer, who should be given full particulars concerning the work 
for which the wheel is required. 

Small quantities each of sal soda and machine oil mixed with the water will 

increase the effectiveness of the wheel and at the same time prevent rust. 
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Care of Grinding Machines.—In order that the grinding machine 
may work with the high degree of accuracy for which it is designed, 
it is absolutely necessary that it be given intelligent and conscientious 
care. The sliding surfaces and wheel-spindles must be kept scrupu¬ 

lously clean * and properly adjusted; and they must be lubricated 
with a good grade of oil that will not gum. Sperm-oil only should be 
used on the spindle of the internal grinding fixture. The main wheel 
spindle and its boxes are usually made of material that will admit 
of the boxes being adjusted sufficiently close to heat somewhat; and 
this close adjustment is necessary in fine work. When oiling the 
machine, special care should be taken to prevent grit from getting 
into the oil-holes. 

Precautions as to Belts.—The belts immediately connected with 
the grinder should be pliable^ evenly coupled and free from any irregu¬ 

larities that might cause vibrations in the machine. 
Economy in the Use of the Grinder.—In order to use the grinder 

with the greatest economy it is important that no time be wasted 
in the preparation of the work in other machines. In external cylin¬ 
drical work, nicety with respect to the^liametcr and smoothness of the 
turning, or other pref)aratory processes, is quite unnecessary. Gener¬ 
ally it is sufficient to rough-turn the work to within .005" to .030" 
of the final diameter. The sizing can be more economically done 
in the grinding machine. As stated in another paragraph, the pre¬ 
liminary turning is in some cases dispensed with entirely, rough steel 
shafts jY' lar i^erthan the drawing dimensions being machined to the 
finishecl diameter in the grinder. 

Grinding Allowances for Hardened Work.—In turning work which 
is to be hardened and ground sufficient grinding stock should be left 
to compensate for the distortion due to the hardening process. A 
shaft or mandrel generally requires about Very short pieces 
require less. If a shaft springs more than " in the hardening process, 
it should be straightened before being ground. 

The grinding allowance for case-hardened work must not be 
excessive; otherwise the hard surface, which has but little depth, 
will be ground away. 

Allowance for Internal Grinding.—Because of the necessary frailty 

of the wheel spindle used for internal grinding, and the impractica- 

* The bearing and sliding surfaces should be flushed with kerosene cil occasion¬ 

ally 
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bility of getting the proper wheel velocity, the grinding allowance 
for this class of work should be reduced to the minimum* In very 
small pieces one or two thousandths of an inch is sufficient. 

Finishing Cuts.—The stock left for grinding is not ordinarily 
taken off in one traverse of the wheel. If a shaft, for example, is to 
be ground, it is first rough-ground as quickly as possible in one or 
more cuts to within .002" to .005" of the final diameter. The wheel 
is then "trued" with the diamond and several finishing cuts are made, 
the last of which should be very light—not exceeding .0005" to .001" 
in depth. "When stock is ground to about the right size, it must 
be allowed to pass the wheel a number of times to get the finish." 
The traversing feed is usually reduceil for the finishing cuts, and the 
work speed is also reduced, if persistent chattering occurs. 

When there are a number of small pieces to grind it saves time 
to rough-grind all the pieces before any are finished. This method 
requires hut little truing of the wheel. 

The instructions given elsewhere for the selection of wheels refer 
as well to the finishing qualities of the wheels as to their other charac¬ 
teristics. In respect to the different abrasives, emery gives an ex- 
cellent finishj especially on hardened steely but [it is somewhat unsatis¬ 
factory in sizing power on long work. Corundum answers very v/ell 
for work of both large and small area, though it requires a finer grit 
for a given finish on hardened steel than does emery. The artificial 
abrasives will produce a very good finish on most materials—prob¬ 
ably on all. A combination wheel is less likely to glaze in making 
the finishing cuts than is a wheel of single grit. In most cases 
the same wheel that is used for the roughing cuts, whether the 
wheel be made of natural or artificial abras/ive, is also used for 

finishing. 
The Wide Range of Grinding Machines.—It is important that 

engineers should be informed concerning the possibilities of the modern 
grinding machine. The scope of machine grinding is being constantly 
extended. For example, it is now considered economical to use the 
plain grinder on such low-grade work as agricultural machineiy. Auto¬ 
mobile details, including cranks, pistons, and cylinders; and a great 
variety of chuck work, such as cone pulleys and single pulleys, are 
at the present time finished either in special grinders or in the regular 
grinding machines. In grinding pulleys at the works of the Landis 
Tool Company, "The wheel is previously given a concave face of a 
radius suitable for the pulley to be crowned, by means of a radial 
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truing device.” * This is suggestive of what may be done by wheels 
of special shape fed to the work by the cross-feed only. 

Some Popular Fallacies Concerning Grinding.—The old theoi^ 
that the abrasive material becomes imbedded in the metal being ground 
(especially in brass), causing undue wear of bearings, has been dis¬ 

proved both by practical experience and scientific investigation. How¬ 
ever, there are still a few mechanics who consider it impracticable 
to grind such materials as copper, babbitt, soft rubber, etc,, believing 
that these soft materials will adhere to the wheel. Practically all 
materials used in the industrial arts may be ground successfully with 
wheels properly constructed for each case. 

♦ See articles by H. F. Noyes in “Machinery, ” July, 1907, and by J. II. Hol- 
linger in “American Machinist” of Feb. 13, 1908. Other valuable articles are 
given in the “American Machinist” of Aug. 22 and Oct. 17 and 24,1907. 



CHAPTER XXIX 

POLISHING. AND BUFFING-WHEELS 

Polishing- and Buffing-lathe.—In connection with this machine, 
which is shown in Fig. 672, a variety of polishing-wheels and materials 
are employed. The polishing-wheels are held between the collars on 
the spindle in about the same manner as emery-wheels are held, and the 
article to be polished is applied to the revolving wheel by hand. The 
over-hang of the spindle and its l>earings affords convenient access to 
both sides of the wheel as well as to its periphery. Among the different 
polishing-wheels used in the buffing-lathe are wooden wheels, walrus- 
wheels, brush-wheels, rag-wheels, felt-wheels, paper-wheels, and canvas- 
wheels. 

Wooden Wheels.—Leather-covered wooden wheels are employed for 
various classes of polishing. These wheels are made of wood, whitewood 
being suitable. The wood is built up on a metal bushing in broken-joint 
sections after the manner of pattern-making. Oak-tanned sole-leather 
about ^4" thick makes a good covering. After slightly moistening the 
leather in hot water it should be stretched around the wheel, flesh side 
in, and glued, the glue being quite hot. To assist in holding the leather, 
metal tacks may be used temporarily, but these should be replaced by 
wooden pegs driven below the surface of the leather. 

The leather is coated with emery, which may vary from No. 60 for the 
preparatory work to flour emery for finishing. In applying the emery 
the leather is first coated with hot glue. The wheel is next quickly 

rotated over a planed board, upon which the emery has been evenly 

spread. These wheels give a fairly good surface on cast iron, wrought 
iron, and steel, flour emery being used for the finishing process. 

For obtaining a higher finish or polish a ‘^grease wheeU' may be 
used. A wheel ‘*set up’’ with flour emery and glazed or worn smooth 
will answer. The oil or grease may be applied to the wheel by any 
convenient means while the wheel is in motion. If oil be used, it may 
be applied with a thick cloth. If cake tallow be preferred, care should 
be taken to ^ve the wheel a very thin coating. Fine emery-caka 
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applied to the wheel after it has been greased will make a good pol¬ 
ishing material. 

Brass also may be polished on emory-coated wooden wheels. It 
may be roughed down with emery and finished with ^ed rouge or other 

Fig. 672. 

suitable polishing material, cake-tallow being used for the preparatory 
greasing. Before greasing it the surface of the wheel should be glazed 
as above described. 

Walrus-wheels.—Walrus (or sea-horse) hide cut into disks and 
glued together makes a first-class polishing-wheel. A variety of polish¬ 
ing materials is used with these wheels, Emery may be applied in con¬ 
nection with glue in the same manner as in the case of^wooden wheels. 
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Walrus-wheels may be used as grease wheels also. Some prefer to 
keep these wheels for the final finishing, using crocus or rouge for this 
purpose. When thus used the emery and glue coating may be dis¬ 
pensed with. Walrus-wheels are principally used for polishing tools 
and cutlery, but they are also used to some extent in polishing brass. 
Powdered pumice-stone mixed with oU and applied to the wheel with 
a brush makes a good preparatory surface on brass. Crocus, rouge, 
or nickel rouge may be used to give the final polish. Nickel rouge is 
also used for polishing nickel. Vienna lime clipped in oil and’ applied 
to the revolving walrus-wheel will ghe a fine finish on iron and steel. 
Crocus and nickel rouge come in cakes and may be applied to the 
revolving wheel by hand without oil. 

Brush-wheel.—^This is a kind of circular brush, the hair being held 
in the brush in about the same manner as in a common brush. Vienna 
lime is often used on these wheels. In polishing steel or iron the lime 
is preceded by oil and emery, these being applied in any convenient 
manner. Crocus or rouge mixed with water or oil may be used on 
brush-wheels for both brass and steel. To get the best results these 
materials should be preceded by powdered pumice-stone mixed with oil. 

Rag-wheels.—Rag-w^heels, or buffs, admit of wide application as 
polishing-wheels, but they arc not adapted to work recpiiring the corners 
to be kept sharp. They may be used on about all the common metals, 
different polishing materials being used to suit each case. For polish¬ 
ing steel and iron a composition of Vienna lime, crocus, and beeswax 
is sometimes used. This material comes in cakes and it is dipped in 
oil and applied sparingly to the revolving wheel. Crocus mixed with 
tallow and oil is used on rag-wheels for polishing fine steel goods and 
for brass and plated work. It is especially adapted to nickel plate 
Crocus alone is often used on these wheels, being rubbed on while the 
wheel is in motion. Rouge is used on rag-wheels for steel, iron, nickel 
plate, brass, bronze, and copper. It is sometimes mixed with alcohol 
and water (equal parts of each) into a thin paste. In this form it may 
be applied to both the wheel and the work with the finger. 

Glue and emery coatings are not used on rag-wheels. As above indi¬ 
cated, various compounds are applied to the wheels during the progress 

of the work. 
In using any of the polishing agents, such as rouge, crocus, etc., 

it is best to apply the material sparingly and often, rather than in thick 
coatings. The work is delayed rather than hastened by a too free 

use of the polishing-cake. 
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When it is necessary to preserve the exact shape of the work, espe¬ 
cially when corners are to be kept sharp, the surface of the wheel should 
be approximately unyielding. Leather-covered wooden wheels are com¬ 
monly used for such requirements, but to get the best results the wheel 
should be covered with sheet lead instead of leather. 

The Emery-stick.—^This is simply a stick of wood coated with alter¬ 
nate layers of hot glue and emery. It is used to remove the old glue 
and emery from a wheel before recharging with new emery. The stick 
is held against the revolving wheel, care being taken to avoid applying 
sufficient pressure to injuriously heat the leather. 

Rag-wheels may be cleaned by applying the point of an old file 
to the revolving wheel. 

Speed of Polishing-wheels.—^Wooden wheels are run at a speed of 
6000 to 7000 feet per minute. As there is danger in such high velocities, 
it is important that these wheels be purchased of exp)erienced and reli¬ 
able manufacturers. No novice should attempt to make one. 

Walrus-wheels may be run at a velocity of 7000 to 8000 feet per 
minute. They are not so likely to fly apart as are wooden wheels. 

Brush-wheels are made in sizes as small as 2" diameter. It is not 
convenient to run such small sizes at a high surface speed, but the larger 
sizes are sometimes run as fast as 5000 feet per minute. 

Buffs or rag-wheels are run at 5000 to 8000 feet for coloring and 
from 8000 to 14,000 feet per minute for cutting-down'^ or preparatory 
work. For cutting-down work a new buff should be about 14" to 18" 
diameter, and the counter-shaft operating the buffing lathe should pref¬ 
erably have provision for several speeds. When a buff is worn so small 
that the fastest available speed will not give sufficient centrifugal force 
to hold the buff out stiffly to its work, the buff should be discarded, or 
used on another spindle. 

In finishing castings or other materials which have not been 
machined, the work should have a thin, smooth scale. If the surface be 
deeply pitted, too much time will be required to finish it. Canvas- 
wheels, set up in No. 80 emery, are well adapted to the first oi 
cutting-down process in such work. 



CHAPTER XXX 

THE INTERCHANGEABLE SYSTEM OF MANUFACTURE 

Jigs.—By the interchangeable system is meant, such shop methods 
as enable the manufacturer to furnish duplicate parts to replace broken 
or worn-out parts of his machines. Of fundamental importance in such 
a system are accurate measuring-instruiiients. These have already 
been described. Next in importance are jigs and special fixtures for 
the accurate and rapid machining of the duplicate pieces. If an engine- 
cylinder head is to be drilled to receive the studs which secure it to the 
cylinder, one of two ways could be used. The head could be carefully 
laid out by rule and compass and drilled to the marks, or a device could 
be made to fit over the cylinder-head having holes in exactly the right 
positions to guide the drill. Such a device is called a jig, and it pays 
to make this tool when a large number of duplicate pieces are to be 
manufactured. Should one of these cylinder-heads need to be replaced 
after shipping the engine, if drilled by a jig a new one could be sent 
with the assurance that it would require no refitting. 

Inasmuch as the jig is used for a large number of duplicate parts 
it is essential not only that it be made with great accuracy, but 
that provision be made for maintaining this accuracy. With this end 
in view the guiding-holes in the jig are not allowed to come in contact 
with the drill or reamer (which would wear them out of shape), but are 
made larger and bushed, as at H, Fig. 673. If the holes through the 
cylinder-head are ^/g", the holes in the jig should be about iVs"; and 
bushings with holes should be inserted to guide the drill The 
bushings are sometimes made of tool steel and hardened, which makes 
them very durable; but inasmuch as the hardened bushings may injure 
the drill, or reamer, some mechanics make them of cast iron and renew 
them when worn. Renewing the bushings is an inexpensive process com¬ 
pared with renewing the whole jig, and it does not in the least affect the 
original accuracy of the jig. 

The same jig is in some cases used for both the cylinder-head 
and the flanges on the ends of the cylinder; but as the holes in the 

607 
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cylinder-flanges are made smaller to allow for thread on the studs, the 
jig requires an extra set of bushings for the smaller holes. Otherwise a 
special drill would be necessary. 

It is frequently necessary to make jigs for work which is only partly 

machined. If we require a jig for the steam-chest cover of a steam- 

Fig. 673. Fig. 674. 

engine, and only three edges of the cover are planed, the jig could be 
made with planed lugs fitting the planed edges of the steam-chest cover, 
the holes being laid out with reference to these planed edges. The 

jig should be secured to the steam-chest cover by set-screws in lugs, 
which set-screws should press against the rough ecjge of the cover, as 
shown ill Fig. 674. 

An excellent example of jig-making and jig work is shown in Figs. 
675, 676, 677, and 678.* Fig. 675 is a working drawing of a side-frame 
of a small machine to be drilled and reamed. The dimensions ai^ given 
to the third decimal place, thus indicating the degree of accuracy required. 
There are two of these frames for each machine, and as they are very 
nearly alike, the jig for the drilling is made reversible, so that after drilling 
one frame, the other may be secured to the opposite side of the jig and 
drilled in a similar manner. 

Fig. 676 shows the jig. The main casting D which holds the bushings 
has four feet, lettered C, by which the jig is supported on the drlling- 
machine. These feet are hardened tool steel. The frame is held between 
the supporting-plate’’ E and bushing-plate D by the clamps G, The 

♦These cuts were first used to illustrate an article by W. H. Pike, Jr., in ** Ameri¬ 

can Machinist,” vol. 24, page 1296. 
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bushing-holes in plate D are all of the same diameter as are also the holes 
in the bushings. This uniformity simplifies the making of the bushings 

and facilitates accurate location of the holes for the bushings.* Tlie latter 
were bored and reamed on a milling-machine and ^^the position verified 
by height-gage and vernier/^ To equalize the strains in the castings due 
to forcing in the bushings, some were forced from one side and some from 
the other. 

An important feature in comiection with this jig is the method of 
guiding the drills and reamers. These do not touch the bushings, being 

-5 
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Fig. 677. 

held in the special sockets, as shown in Fig. 677. The lower ends of 
these sockets are hardened and ground to fit the bushings. This 
arrangement prevents in a great measure the wear of bushings and tools. 

♦ Special methods of locating holes in jigs are given in Chapter XXXI. 
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The various sizes of drills and reamers used in the sockets project just 
far enough to pass through the work. 

htnuHMn J/ackMtt 

Fig. 679. Fig. 680. 

Fig. 678 is a bottom view of the jig with the side-frame in place. The 
two planed feet of the frame abut against the guide-plates, which are 
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shown at B in Fig. 676. The third locating-point is a hole drilled before 
milling the feet. From this hole the milling was gaged. 

Figs. 679 and 680, which are taken from an article by Cherry Red’’ 
in '‘American Machinist,” vol. 27, page 357, show a jig for drilling the 

liiiiiililDiiiiiii: 
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Fia. 681. 

clarnp-levers used on the tail-stock of a lathe. The bushing is threaded, 
and when screwed down upon the ball end of the lever, automatically 
centers it. The angle of the handle to the drilled hole is regulated 
by the adjustable V block shown. 

The jig shown in Fig. 681, the cut of which is taken from “American 
Machinist,” dated September 29, 1888, needs but little explanation. The 

miiiu 

Fig. 682. 

central hole of the lathe-handle may first be drilled m connection with 
the bushing a and adjustable seat 5. The handle is then placed in the 
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jig as shown, for drilling the end hole, the central hole fitting the stem c. 
In order to drill holes different distances between centers the stem c is 
adjustable in a slot. 

Jigs are used not only in the drilling-machine but also in connection 
with the planer, milling-machine, etc. When used on these machines 

the jig is sometimes called a fixture/^ Fig. 682 shows three views 
of a device which is to be accurately machined so that duplicates may 
be interchangeable. Some of the smaller parts, including the plate V 

and brass key Z, are bolted to the main casting and will not be included 
in this description. Neither will the drilling and reaming operations 
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be considered, such operations being described in connection with other 

jigs- 
The first operation of squaring up the sides, etc., is done in a jig or 

fixture, ten castings being milled at one time. 
For the second operation, viz., that of milling the dovetail B and 

the gibway C, the jig shown in Fig. 683 is used. This jig, which is 
shown broken in the illustration, holds eight castings. The jig is 
acciu*ately machined at all essential points, and the castings are 
held against the locating-lugs P by the set-screws in lugs L. In the 
other direction, the screws in lug N force the castings up against a 
machined face not shown. The jig is accurately located on the miller- 
table by the fitting of the tongue Q in the T slot of the table. Being 
thus located, the dovetailed surfaces B are milled one at a time with 
an angular cutter. Then the surface C is milled with a plain cutter, 
a vertical milling attachment being used in these operations. 

The next operation is that of milling the curved surfaces DD. For 
this work the jig shown in Fig. 684 is employed, a formed milling-cutter 

being used on each casting separately. The method of holding the 
work in this jig is clearly shown in the illustration. 

The drilling was done next, but of this we shall not speak. 
The deep slot or keyway was milled as shown in Fig. 685,* a number 

of castings being held in the fixture and milled in one operation. 
This may seem like a very expensive outfit for such work, but when 

a large number of pieces are to be made, the first cost of the fixtures is 
fully justified. . Not only may the work be done much quicker than 
by the old method, but less skilful labor may be employed. Jig-making 
itself, however, requires a high degree of skill, and the question as to 

whether it pays to make a jig or not depends upon the number of pieces that 

are to be made. 

* Figs. 6S2 to 6S5 are from cuts accompanying an article by Joseph V. Wood^ 

worth in ** American Machinist,” vcd. 26, pages 1434 to 1435. 
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Some jig-makers leave a space between the work and the lower 
end of the bushing about equal to the diameter of the drill or reamer. 
The object in this is to allow the chips to lift out of the hole without 
working up in between the tool and bushing and wearing the latter. 

Various special fixtures are shown in connection with milling- 
machine work in Chapter XXVI. 

Machine Nomenclature.—Another very important requirement in 
connection with the interchangeability of machine details is a system of 
machine nomenclature. By this we mean a plan of symbolizing machines 
and parts of machines. Different manufacturers have different systems, 
but a very simple plan is to give each different design of machine a letter, 
or a combination of letters, and e^ach part of the machine a number. 
Thus, the first machine could be A, and the first piece of this machine 
would be No. 1; and if there were a thousand pieces in the machine the 
last would be No. 1(X)(). 1'he machine as a whole would be known by 
its letter, and the details wt)uld be designated by the machine letter 
and detail numbers. The first piece on machine A would be marked 
A 1, the second piece A 2, etc. The next different machine built would 
be designated as B, and its parts B 1, B 2, B 3, etc. 

If any detail of a machine be slightly altered, we may indicate this by 
giving it a sub-letter; for instance, A 1 when first changed would become 
A la, the second change would be A 16, and so on. If sufficient changes 
were made to use all the letters of the alphabet, the piece would be so 
different from the original as to justify a new number. This would be the 
next number above the highest number in the machine. 

As indicated above, when all the letters of the alphabet are taken, the 
machine may be symbolized by combining the letters. Thus, the next 
machine to Z could be designated as AB or AA, the next AC or BB, etc. 

Some prefer to designate the machine by the initial letters of its 
name. This plan obviously has some advantages, but it has also the 
disadvantage that the second design of any class, and each subsequent 
design, must take a sub-letter. In designing a series of upright drills, for 
instance, if the first size be marked UD, subsequent sizes would be 
marked UDa^ UDb, etc. 

Some manufacturers give each machine a number in addition to its 
letter. In this system the first machine of a given design would be A 1, the 
second A 2, etc. Whether the machine number appears on the name-plate of 
the machine or not, it is kept in the factory, and the number of machines 
of a certain design sold, together with any alterations, are noted in records 
kept for this purpose. As indicated, the machine letter is marked oo 
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the detail in connection with the detail number or symbol; but the 
machine number (except in such systems as use numbers to symbolize 
the different designs of machines) should not appear on any other part 
than the name-plate casting. 

A system of machine nomenclature is valuable not only in ordering 
duplicate parts, but in distinguishing the castings and patterns in the 
shop. In cases where there are many kinds of patterns this greatly 
facilitates the work in the shops. 



CHAFrKR XXXI. 

LAYING OUT WORK SPECIAL METHODS f>F LOCATING HOLES. 

Meaning of the Term Laying>Out. A Simple Case*—^^Fhc expression 
laying out, as used in the machine-shop, refers to those geometrical 
operations in which the shapes and dimensions of work are indicated 
by lines made with various marking instruments. Most of the required 
tools are described in Chai)ter I. In some complicated details requiring 
planing, boring, drilling, etc., a preliminary 'Gay-outis necessary to 
determine whether the piece will "true up^' to the dimensions. Having 
established the main base lines in this way the work is planed or other¬ 
wise machined to these lines, and then the centers for the boring, drilling, 
etc., are established in proper relation to these base surfaces. 

A simple detail like that shown in Figs. 686 and 687 requires no 
preliminary lay-out, mere measurement being sufficient. Having planed 
this piece to the drawing dimensions, one side is coated with a solution 
of blue vitriol, with a mixture of pulverized chalk and water, or with any 
suitable preparation, and the center lines AC and BD (Fig. 686) are laid 
out with a hermaphrodite caliper, or with a scratch-gage set to Ys" as 
shown in Fig. 687. With the same instrument set to V4'' lines AB 
and CD are marked. The centers A, B, C, and D may now be indented 
with the prick-punch described on pages 41 and 42. From these centers 
and with dividers successively set to the dimensions given, short arcs are 
ne?ct 4fawn intersecting the lines AC and BD in E, F, G, and H, the 
points Thus located being prick-punched as before. With dividers '|et 
to the proper radii circles equal in diameter to the required holes sho1|ld 
next be drawn from the indented centers. These circles may also be 
indented with fine prick-punch marks about apart. This precaution, 
however, is scarcely necessary if blue vitriol is used for the coating. 

The circles of the same diameter as the drill will usually be obliterated 
by the drilling, and it is a good plan to make additional larger circles 

517 



518 MACHINE-SHOP TOOLS AND METHODS 

by which the accuracy of the drilling may be tested when the work is 

done. 
To insure accuracy the prick-punch marks in the centers of the 

circles should at first be made very light. When the laying out is com- 
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Fig. 687. 

pleted they should be enlarged with the center-punch in order to prop¬ 
erly guide the drill-point. 

Laying Out Plates.—A base plate, or laying-out plate as it is some¬ 
times called, would be required in connection with the remaining examples, 
and it will be proper to briefly describe the construction of such plates. 
For small and ordinary work a laying-out plate is a very simple affair. 
Any cast-iron plate of rigid constmction and having an liccurately 
planed top will answer. It is well, also, to have the edges of the plate 
planed at right angles. A surface-plate like one of those shown in Fig. 
90 would make a first-class laying-out plate; but the scraping essential 
for a surface-plate is scarcely warranted in making a plate for laying out 
work. 

In shops where a great deal of laying out is done circular plates, 
made to revolve upon a central axis, are sometimes used. The principal 
object of this construction is to admit of turning any side of the work 

toward the light. 
Laying-out plates for very large work should be proportioned by 

by a competent designer, and such plates should be supported upon a 



LAYING OUT WORK 519 

foundation of masonry. Small plates are often used upon the vise- 
benches, but a small bench or stand, so made that the workman may 
conveniently get around it, is better. 

The slightest lump raised upon the laying-out plate with the hammer 
will interfere with the accurate use of the surface-gage and other tools. 
Therefore, the practice of straightening strips of metal on the plate, 
and other such abuses, should be strongly condemmxl. 

Angle-plates, V blocks, clamps, etc., described in the chapter on 
drilling-machines and elsewhere, an? useful accessories of the laying-out 
plate. 

Laying Out Cylindrical Work.—Several ways of finding the center 
on the end of a small shaft are explained in connection with Figs. 326, 
327, and 328. The following methods of establishing the centers in, 
and laying-out, cylindrical work ap]3ly more particularly to large cylinders. 

Figs. 688 and 689 illustrate a method of locating the centers on a large 
forged shaft. The shaft is placed in the V blocks which rest upon a 
plate as shown. The scriber of the surface-gage being adjusted approxi¬ 
mately to the center, a line AB is marked on each end of the shaft as 
indicated in Fig. 689. This is repeated in two other positions of the 
shaft, when it will show intersecting lines in about the same manner 
as illustrated. If the surface-gage has been closely adjusted, these 
lines will enclose a triangle of such small area that the center may be 
readily established between the lines with sufficient accuracy by a center^ 
punch and hammer. But if the triangle is too large thus to locate the 
center, it may be found from the three points of intersection by drawing 
intersecting arcs with the dividers in the center of the triangle as shown. 

It is sometimes necessary to establish the center on the end of a 
hollow cylinder. Fig. 690, which represents the end view of a hollow 
flanged casting resting in V blocks, will illustrate a method of accom¬ 
plishing this. It is required to lay out six holes on the flange in a 12^^ 
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circle concentric with the body of the casting. A piece of wood is 
whittled to fit the hole, and a triangular piece of tin having its comers 
bent over like a tobacco-tag is fastened to the wood. (Wood alone will 
answer for a rough grade of work.) The center is then located on the 
tin as in the last example. Having located the center, it may be per¬ 
manently established with the point of a common scriber. The scriber 
being pressed against the tin and rotated between the fingers drills a very 
fine and accurate center. 

In a circle of six equal divisions the distance between two adjacent 
divisions is equal to the radius of the circle. Therefore, in this case, 

Fig. 690. Fig. 691. 

after drawing the circle the six points may be stepped off with the dividers 
without resetting the latter. 

When four holes or divisions are required two of these may be located 
by marking with a surface-gage a horizontal line through the center 
of the circle. The intersection of the line and circle will mark the two 
points. The other two points may be located by drawing a perpen¬ 
dicular line through the center with scriber and try-square, as indicated 
in Fig. 691. If eight divisions are required, the other four may be found 
by successively placing one leg of the dividers in A, H, C, and D and draw¬ 
ing with the other leg intersecting arcs, as at Ey Fy Gy H, Lines drawn 
through the points of intersection of these arcs and through the center 
of the circle will locate the four points as required. On similar principles 
other divisions may be made, or they may be stepped of with the dividers 
by trial and error. 

While the preceding instruction for laying out cylinders refers to 
end laying' out, it is obvious that the surface-gage, V blocks, etc., may 
be advantageously employed for longitudinal work also. The centers 
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for clearance-holes at the ends of keyways are often established in this 
way. The same principles apply also in locating levers and other details 
on shafts, and in laying out cranks. A small crank like that illustrated 
in Figs.^ 391 and 392 may be laid out as indicated in that example. 

Laying Out a Bell-crank.—Figs. 692 and 693 represent a bell-crank 
lever, which may be laid out as follows: With the hermaphrodite caliper 

draw short arcs on the ends of bosses A, B, C, D, thus locating the 
centers as at E in Fig. 693. Block up the casting on the laying-out 
plate so that the surface-gage scriber when adjusted as indicated at E 
will coincide with similar points on bosses C and D and will mark a 
line ^/g" above the center on A, Without changing the scriber draw 
a line around the lever-arms. If, on account of an error in the pattern, 
this line should be too much out of the center of the arms, it may be 
advisable to change it so as to divide the error between the bosses and the 
arms. Assuming that the center line first established is to remain, 
now adjust the surface-gage scriber, first Vs" below and then 
above this line, and draw the lines to which B, C, and D are to be planed. 
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With the last setting of the scriber draw also the upper planing line on 
A. The lower planing line for A is drawn with the scriber adjusted 
l^/g" below the center line, after which both sides of each boss may be 
planed. 

When the planing is done the casting is ready to be laid out for 
drilling. As is sometimes the case, the bosses of this detail are cast solid. 
The laying out may be started by locating with the hermaphrodite 
caliper center A on boss A (Fig. 694). With the same instrument two 
tangmtidl arcs are next drawn on B as shown in the figure. Now 
block up the casting so that the planed faces A and C will be square 

with the plate, and so that when surface-gage scriber is adjusted to 
center A it will pass through the point of tangency of the arcs at B, 
(It may be necessary to clamp the casting against an angle-plate.) Draw 
center line AB, and with dividers or trammels set to 10" draw an arc 
from prick-punched center A^ locating center B. If this center is too 
much out of the center of the boss, it may be necessary to divide the 
error between bosses A and B, It may be necessary also to make 
similar corrections with the other bosses. With a square placed in the 
manner indicated in Fig. 694 draw a perpendicular line through A and C, 
and with dividers set to 9" locate center C. This vertical height could 
also be established with the surface-gage. 
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If required to establish the center line on the opposite siuc ot boss (7, 

where the face is not in the same plane as the corresponding face of -A, it 

could be done with an angle-plate and surface-gage as indicated at 8, 

For this purpose the face of the angle-plate must be set at right angles 
to the faces of bosses A and C. 

Ordinary dividers cannot be used for marking the center distances 

of such offset bosses unless the dividers are set to the length of the hypot¬ 

enuse of a right triangle of which the perpendicular distance between the 

axes and the distance between the planes of the bosses are the legs. 

(Bee Fig. 695.) Generally a surface-gage would be used to establish the 

vertical height in such a cavse, the casting 

being held as in Fig. 694. 

The center 1), when dimensioned as in 

Fig. 692, should be located by drawing inter¬ 

secting arcs as at D. Having prick-punched 

all the centers, the drilling circles may now 

1)6 drawn, an extra circle somewhat larger 

than the required hole being drawn on each 

boss to test the hole after drilling. It will be advisable to prick-punch 

the circles if blue vitriol has not been used. 
Laying Out Work by a Mating-piece.—It is sometimes required 

to mark the circles for drilling a machine detail from a mating-piece 

already drilled. If there is nothing 

to prevent the i)ieces being clamped 

flatly together, a scriber may be used 

in the same manner as it would ^ 

used with a templet.* In marking 

the circles the scriber should be 

held at a constant angle in relation 

to the sides of the hole; it should not 

be allowed lo wabble. With respect 

to shape the scriber should be round 

in cross-section, and of uniform 

taper the first inch or so from the 

point. If, however, the two details 

are held apart by projecting lugs, 

the method illustrated in Fig. 696 will be more accurate. In this figure 

A represents the piece which is to be marked from holes in the mating¬ 

'll For a definition of templet, see page 19. 
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piece Bj and C is a plug (wood will answer) which fits closely in the holes. 
By pressing lightly upon the plug and revolving it at the same time 
the required circle will be marked by the scriber D, 

In seme cases the piece already drilled would be used as a jig by 
which to drill the mating-piece. 

Locating Iloles by Contact Measurement.—An expert can lay out 
and bore holes tc within .005" of given center distances with ordinary 
tools. This approximation, however, is unsatisfactory for the highest 

Fia. 697. 

Fro. 698. 

grade of jigs, and for some other kinds of work. In such cases contact 
measurements are sometimes used. Very simple illustrations will 
suffice to show this principle. In Fig. 697 let A and B represeiit two 
1" holes the centers of which are 2" apart. Now steel plugs atid disks 
can be made to within a small fraction of a thousandth of an inch of the 
nominal diameters, and it will be assumed that we have a 1" plug and 
two 1" disks, each of the latter having a central hole of about Via'' 
diameter. 
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The holes A and B are first laid out with ordinary tools, and then one 
of them may be drilled and bored in the lathe to fit the 1" plug closely. 
The other hole should be drilled and tapj:)ed for a screw. When 
this work is done the steel plug is inserted in the U' hole as at C, Fig. 698, 
and one of the disks is secured to the work by a screw as shown at D, 
The hole in this disk being Vie" larger than the screw, the disk may be 
adjusted so that the other disk E will just pass between the plug and the 
first disk. When the disk D is thus adjusted the screw is tightened, 
E and C removed, and then the work may be secured in the lathe and 
'Hrued up'* by disk D, For the latter purpose an indicator like that 
shown in F'ig. 355 may be used. The best available lathe should be used, 
the finishing cuts in the hole being made with a single-pointed baring-tool. 

When the holes are far apart inside micrometer calipers, or end 
measuring-rods, may be used in connection with the disks. The latter 
are sometimes called buttons. 

In cases some the first hole is required to be located with special 
accuracy from a planed edge. In such a case a micrometer depth gage 
may be used, or a metal parallel-block may be held against the edge and 
the first button adjusted so that a second button, or rod will just pass 
between it and the block. Other buttons may be located from the first 
and from other important j)oints, and if each button is held in position 
until the work is adjusted for the corresponding hole, the long pulg will not 

be needed. 
When one set of holes is to be lx)red in relation to other holes in a 

lower parallel plane, the buttons for the lower holes must be sufficiently 

long to compensate for the offset. 
The system of locating holes by contact measurements is a very 

accurate one. The buttons and rods used with this system should be 
measured by a good micromet/cr caliper or by a measuring-machine. 

Locating and Boring Holes on Boring Machines and on the Miller, 
—When no lathe of sufficient swing is available, holes in jigs, etc., may 

be located and bored in some other machine. 
A paragraph in connection with Fig. 471 refers to the method of ac¬ 

curately locating holes on a horizontal borer by means of the feed 
screws and graduated dials. Some boring machines lack the graduated 
dials, but they are furnished with all universal millers. However, unless 
the feed screws are known to be reliable the measurements should be 
checked by some kind of micrometer or vernier instrument. 

It will be understood that drills and reamers may be used in both 
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the boring machine and the miller. However, as indicated in a pre¬ 
ceding paragraph, a single^pointed tool is more accurate for the final cuts. 
It would be permissible to use a reamer as a sizer, but it should be pre¬ 
ceded by a single-pointed cutter (which may be held in a bar like that 
shown in Fig. 587), and the minimum allowance should be left for reaming. 

When it is desirable to use an indicator like that shown in Fig. 355 
in connection with “buttons'' to “true up" work on the boring machine 
or on the miller, the indicator may be secured to a special arbor, llie 
outer end of this arbor should be flat, or of some shape which would 
admit of the indicator being clamped to it. The inner ends should fit 
the machine-spindle in the usual manner. If the nose of the machine- 
spindle is threaded to fit a chuck, the indicator may be held in the chuck. 

Further information respecting the accurate location of holes for 
jigs is given in Volume 26, page 788, and Volume 27, page 424, of the 
American Machinist, 



CHAPTER XXXII 

MISCELLANEOUS MACHINE-SHOP METHODS 

Lapping.—Lapping is a kind of grinding, and it is applied to such 
work as requires a higher degree of refinement than is possible by the 
ordinary process of the universal grinder. We sometimes lap a machine- 
shaft which is required to run at an extremely high speed, say 6(K)0 
revolutions per minute. Other machine details may be lapped when 
an exceptionally high degree of refinement is required, but the process 
is more commonly applied to measiiring-tools, such as the collar- and 
plug-gjtges, etc. The process of lapping the collar- and plug-gages will 
illustrate the general principle. Having ground the collar, it is next 
placed on a freely fitting shaft and supported on the lathe-centers as in 
turning. We now apply oil and emery-dust to the shaft, and, causing 
the latter to rapidly revolve, we move the collar back and forth length¬ 
wise of the shaft by hand, and at the same time revolve it slowly. The 
effect of this is to grind out the slight imperfections left by the universal 
grinder. The plug is lapped in the same manner, excepting that it 
revolves in the lathe the same as a shaft, a collar being used for the lap. 

The laps above described are of the simplest and cheapest forms, 
namely, a plain shaft for the internal, and a collar for the external, lap, 
and both are made of cast iron; but when there is considerable lapping 
to be done it pays to make adjustable laps. For internal lapping the 
adjustment may be provided by cutting a narrow slot through the center 
of the shaft and using a headless set-screw to expand the shaft. This set¬ 
screw should be screwed into a tapped hole in one section of the shaft, 
its point pressing against the other section, as shown in Fig. 699. The slot 
should stop short of the ends of the shaft an inch or more, leaving the 
ends solid. For external lapping the lapping collar may be made with 
a slotted lug on one side with a screw in the lug by which to close the 
collar to compensate for wear. Fig. 700 shows this design. 

The adjustable laps are generally made with lead strips extending 
lengthwise of the lap. These strips are formed by pouring melted lead 
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into recesses cut in the lap, the lead being trimmed down to the surface 
of the lap. The object of the lead is to hold the emery, which becomes 
imbedded in the lead. Large or long laps are sometimes made by 
casting a lead sleeve or collar on a tapering shaft. This sleeve is turned 
in the lathe the required size, and when worn too small the sleeve is 
enlarged by driving in the tapering shaft. A groove is cut lengthwise 
of the shaft. This groove is filled with lead in casting, and serves as a 
key to keep the sleeve from turning on the shaft. This form is shown in 

Fig. 701. Great care is necessary in lapping holes to prevent the lap 
making the hole large at the ends. To avoid this the laps are sometimes 
made slightly convex.* 

Grinding Valves, Joints, etc.—Lapping is sometimes used in making 
steam- ^nd water-tight joints, but in such cases it is generally called 
grinding. Conical valves, flat-seated valves, etc., are sometimes fitted 
in this way. The process, however, is not so much used in this line 
of work as formerly. A machine has been designed which does this 
work so accurately as to obviate in many cases the necessity for the 
grinding. 

If a lapped or ground joint is wanted in such a case as the cylinder- 
head on a steam-engine, the head is so turned as to leave a narrow 
circular strip for grinding. This strip is first scraped as nearly true as 
practicable, and then emery and oil are applied and the head rotated 
backward and forward until the surface is true. 

* Good articles on lapping are given in Machinery ** for Nov. 1907, and May, 
1910. 
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Shrink-fits.—The ordinary method of securing gears, pulleys, etc., 
to shafts is by means of key, set-screw, or pin. In some lines of machinery, 
however, shrink-fits and force-fits are used. The tires of locomotive 
driving-wheels are shrunk on, and the common car-wheels are usually 
forced on by hydraulic pressure. The tire is usually turned about .001" 
per inch of diameter smaller than the driving-wheel proper. (The 
latter is called wheeUcenter.) The tire is then expanded by heat until 
large enough to slip over the wheel-center. Having properly placed 
the tire on the wheel-center it is next cooled off, which causes it to 
contract and tightly grip the wheel-center. The allowance of .001" 
per inch of diameter, although slightly less than allowed by some rail¬ 
roads, is a very convenient and doubtless a very satisfactory rule for 
tires as well as other large work, but for diameters 12" and less the 

formula 
Diameter of shaft 

1000 4-.001" is proposed as likely to give better 

results. 
The following table of shrinkage allowances was copied from one 

of the leading mechanical journals (name of journal lost); 

Size in Inches. Allowance for Shrinkage. 

2 inches and under Vioo 
2 to 4 VlOO 
4 to 6 V64 
6 to 9 Vl28 
9 to 12 V32 

12 to 18 V64 
18 to 24 V20 
24 to 35 Vl8 
35 to 45 V16 
45 to 55 Vl4 
55 to 65 Vl2 

This table gives a greater allowance than the formula, but such 
practice is doubtful. Any rule that may be adopted should be used 
with discrimination; for it is obvious that a light cast-iron ring will not 
stand the strain that might be safe for a heavy steel ring. The hole is 
usually made standard size, the allowance being made on the shaft. 

In shrinking on spch work as collars and shaft-couplings, the envelop¬ 
ing piece should be heated from the outside rather than through the 
hole. If heated from the inside first the hole will, in some cases, be 
made temporarily smaller, and the shaft will not at first enter. Or if 
the shaft be forced in, it is likely to be an unsatisfactory fit later when 
the heat has uniformly penetrated the outside piece and expanded it. 
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It is important to cool the enveloping piece as quickly as practi¬ 
cable, or keep the shaft cool; otherwise the heat may penetrate and 
expand the shaft. This might stretch the outside piece. If for any 
reason it is necessary to remove the shaft from some piece which has 
been shrunk on it, great care is necessary to keep the shaft cool while 
heating the outside piece. If both are heated both will be expanded. 

Bands are sometimes shrunk on hubs of pulleys, gears, etc., to 
strengthen them. When both surfaces are smooth and true the 
allowance made by the formula is about right. But it often happens 
that neither band nor hub is machined. In such a case we cannot 
measure so accurately, but by measuring the hub in different places 
and taking as nearly as possible the average diameter we need not err 
greatly from the allowance recommended. 

Force-fits.—By force fit is meant the fit made by forcing a shaft 
into a wheel or other part by hydraulic or other pressure. The data 
respecting force-fits is not so satisfactory as that relating to shrink- 
fits. The tightness of the fit is usually designated by the pressure 
required to force the shaft into the hole. In the best practice the pres¬ 
sure for this purpose varies between six and nine tons per inch of diam¬ 
eter, according to the smoothness or roughness of shaft and hole. If, 
for instance, in forcing an axle into a car-wheel, the pressure indicated 
on the gage is considerably less than the minimum above given, the 
car-wheel is rejected; if much greater than the maximum, the axle 
is taken to the lathe and reduced in diameter. 

The allowance for the force-fit is seldom indicated in terms of the 
diameter. The amount is in many factories left to the judgment of 
the mechanic. If required to give the allowance in terms of the shaft 

diameter, the formula--h.0015" up to 12" would be 

not far from correct, assuming smooth surfaces for both shaft and hole, 
and hub about twice the diameter of shaft. 

In some shops the sliaft is turned rough, forming a kind of thread. 
With this method the shaft does not need to be so exact as to diameter, 
as the rough surface when but slightly excessive in diameter will be 
cut away by the enveloping piece while it is being pressed on the shaft. 

In making shrink- or force-fits, especially if the enveloping piece 
be frail, care should be taken that the stress does not exceed the elas¬ 
tic limit of the outside part. But considering that both shaft and 
enveloping piece are compressed to a slight extent, it is believed that 
the allowance recommended in the preceding formulas will give satis- 
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factory results when the hub conforms to the above proportions. If 
the hub be much weaker, the constant in the above formula for force- 
fits might be changed to .0005". For further infonnation on this sub¬ 
ject, together with diagrams of allowances for driving-fits, running-fits, 
and limit-gages, see the data-sheet issued in connection with the engineer¬ 
ing edition of '^Machinery" for August, 1903, and "'The American 
Machinist” for August 6, 1903. 

Formulas for force-fits, shrink-fits, and drive-fits, given in the above 
issue of “Machinery,” are as follows: 

Force-fits, ^^=2Z) + .5; 

Shrink-fits, = ’ </jgD •+■ .5; 

Drive-fits, j^‘=V2'0+.5; 

where A == allowance in thousandths of an inch and nominal diam¬ 
eter of fit. It will be seen that the formula for shrink-fits agrees very 
nearly with the one proposed in this work; but the formula for force- 
fits gives much greater values, and probably subjects the enveloping 
part to a considerable initial tension. 

The article in “The American Machinist” is by Mr. John Riddell, 
He provides for four different cases, varying with the material used and 
the class of work, as follows: 

Nominal Diameter. Minimum. Maximum. 

2 in .0005 .0015 
4 “ .00075 .00275 
6 " .001 .0035 
8 “ .001 .0045 

10‘*‘ .001 .00525 
12 “ .001 .00575 

The maximum* allowances in this table are for the heaviest force-fits 
and also for shrink-fits. It will be noticed that there is a wide difference 
between Mr. RiddelPs allowances and those quoted from “Machinery.” 
Different writers have been quoted to emphasize the fact that these 
formulas, like many other mechanical formulas, should be used with 
judgment. The allowance should be less for very long bores than 

for bores of moderate length. 
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Machines Used in Making Force-fits.— In factories where a great 
deal of this kind of work is done hydraulic machines are used. 'Fhese 
are furnished with gages which register the amount of pressure. When 
such eKpensive machines cannot be afforded a screw-press may be used 
for the purpose. However, the screw-press has very low efficiency and 
it is not very satisfactory for forcing shafts above, say, 5". 

Balancing Pulleys.—All machine rotating parts which run at con¬ 
siderable speeds should be balanced. That is to say, the weight of the 
material of which the rotating piece is composed should be distributed 
symmetrically with respect to the axis on which the piece revolves. Take, 
for instance, a common pulley; if 
the rim on one side be heavier than 
on the side diametrically opposite, 
the centrifugal force will be greater 
on the heavy side and this will tend 
to cause vibration of the shaft. 

Pulleys are not ordinarily in a 
balanced condition when the lathe 
work is finished. The method of 
balancing them for ordinary speed 
is as follows: Insert a closely fit¬ 
ting arbor in the pulley and place the 
whole upon two straight strips of metal which have been carefully 
leveled on suitable supports, as shown in Fig. 702. When thus arranged 
the arbor will roll with the pulley until the heavy side of the latter stops at 
the bo-ttom. The pulley should now be weighted with putty or clay on 
the inner side of the rim until it will stop in any position. Having 
markeift ^Ijie exact point where the putty was placed, a hole about Vie" 
diamet^i Ts drilled for the rivet at that point and then countersunk 
on the outside of the rim. 

For the balancing weights button-shaped blocks of iron of different 
sizes are used. One of these equaling in weight the putty is riveted to 
the pulley, the rivet being filed flush with the outside of the rim. If 
the pulley is to be held by set-screws, these should be in place before the 
pulley is balanced. If it is to be keyed, an arbor with key-seat and key 
should be used in balancing, or the difference made by ke3rway and key 
should be estimated. 

A pulley balanced by the above method is said to be in “standing 
balance,” and this is the method used in all but exceptional cases. A 
little consideration, however, will show that it is not exact; for while the 

Balancing Pulleys 
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method enables us to find the heavy side of the pulley, it does not 
indicate the position of the heavy part lengthwise the pulley. For pul¬ 
leys more than, say, 12" face, and running above 4000 feet peripheral 
speed per minute, it may be necessary to locate the counterbalance in the 
same plane at right angles to the arbor axis as the heavy part. There is 
no simple method of determining this position.* The Defiance Machine 
Company, of Defiance, Ohio, make a machine for the purpose, but 
persons who cannot afford to purchase such a machine use various 
cut-and-try methods. Such mc'thods may be best explained in the 
classroom. Pulleys are sometimes balanced more accurately by turning 
the hub on the outside, and rim on inside as well as outside. 

Balancing Cutter-heads, --(Hitter-heads (for w^ood-working machinery) 
which run at high velocities us\ially require to be balanced with extreme 
accuracy. Not only are the head:*: machined very carefully, but bolts, 
washers, and knives on opposite sides are delicately weighed to insure an 
equal distribution of cerilTifugal force. When complete the cutter-head 
and all its attachments must be given a final test, and if found out of 
balance the corret^tion may be made by drilling or otherwise cutting 
metal from the head. 

Balancing Emery-wheels.—In balancing an emery-wheel, the nuts, 
collars, etc., should be truly turned in the lathe. The emery-wheel and 
arbor complete t should then be tested, and if found out of balance the 
correction may be made by drilling into the collars. If but slightly out 
of balance, holes cut in the gaskets between collar and emery-wheel will 
answer the purpose. Some manufacturers make flat-bottom holes on 
the inner side of the collar-flanges. When so made the correction for 
balancing may be made by filling in these holes on the light side. 

It may be remarked in this connection that an improperly mounted 
emery-wheel is a dangerous piece of machinery. The wheel r i^uld not 
be forced on the arbor, but should fit freely, and rubber or other soft 
gaskets should be placed between the wheel and the collars on both sides. 
The wheel should generally run not faster than recommended by the manu¬ 

facturer. As a further precaution wheels of greater diameter tnan about 
51/ " should be covered with suitable guards, 

♦Comprehensive articles on "Balancing at High Speeds" are given in "Ma¬ 

chinery" for Sept., 1907, and in the "American Machinist^ of Feb. 22, 1906, 

and Jan. 2, 1908. The first refers to cream separator bowls, and the other 

articles, while covering general principles, have special reference to steam turbines. 

t To get the best results the detachable parts should be balanced separately 

before the complete arbor is tested. 
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TABLES, RECIPES, ETC. 

Table No. 1. 

THE PRINCIPAL WIRE-GAGES USED IN THE UNITED STATES. 

Number 
of Wire- 

gage. 

American 
or Brown 
& Sharpe. 

Birming¬ 
ham or 
Stubs’ 
Wire. 

Washburn 
«fe Mr»en 
Mfg. (-0., 

Worcester, 
Mass. 

Imperial 
Wire- 
gage. 

Stubs* 
Steel 
Wire. 

U. S. stand¬ 
ard for Plate. 

Number 
of Wire- 

gage. 

000000 .464 .46875 000000 
00000 .432 .4375 00000 
0000 .46 .454 .3938 .400 .40625 0000 
000 .40964 .425 .3625 .372 .375 000 
00 .3648 .38 .3310 .348 .34375 00 
0 .32486 .34 .3065 .324 .3125 0 
1 .2893 .3 .2830 .300 .227 1 .28125 1 
2 .25763 .284 .2625 .276 .219 .265625 2 
3 .22942 .2.59 .2437 .252 .212 .25 3 
4 .20431 .238 .2253 .232 .207 .234375 4 
5 .18194 .22 .2070 .212 .204 .21875 5 
6 .16202 .203 .1920 .192 .201 .203125 6 
7 . 14428 .18 .1770 .176 .199 .1875 7 
8 .12849 .165 .1620 .160 .197 .171875 8 
9 .11443 .148 .1483 .144 .194 .15625 9 
10 .10189 . 134 .13.50 .128 .191 .140625 10 
11 .090742 .12 .1205 .116 .188 .125 11 
12 .080808 .109 .10.55 .104 .185 .109375 12 
13 .071961 .095 .0915 1 .092 .182 .09375 13 
14 .064084 .083 .0800 .080 .180 .078125 14 
15 .057068 .072 .0720 i .072 .178 .0703125 15 
16 .05082 .065 .0625 .064 .175 .0625 , 16 
17 .045257 .058 .0510 .056 .172 .05625 17 
18 .040303 .049 .0475 .048 .168 .05 18 
19 .03589 .042 .0410 .040 .164 .04375 19 
20 .031961 ,035 .0348 .036 .161 .0375 20 
21 .028462 .032 .03175 .032 .157 .034375 21 
22 .025347 .028 .0286 .028 .155 .03125 22 
23 .022571 .025 .0258 .024 .153 .028125 23 
24 .0201 .022 .0230 .022 .151 .025 24 
25 .0179 .02 .0204 . .020 .148 .021875 25 
26 .01594 .018 .0181 .018 .146 .01875 26 
27 .014195 .016 .0173 .0164 .143 .0171875 27 
28 ! .012641 .014 .0162 .0149 .139 .015625 28 
29 .011257 .013 .0150 .0136 .134 .0140625 29 
30 .010025 .012 .0140 .0124 .127 .0125 30 
31 .008928 .01 .0132 .0116 .120 .0109375 31 
32 .00795 .009 .0128 .0108 .115 .01015625 32 
33 ,00708 .008 .0118 .0100 .112 .009375 33 
34 .006304 .007 .0104 .0092 .110 .00859375 34 
35 .005614 .005 .0095 .0084 .108 .0078125 35 
33 .005 .004 ,0090 .0076 .106 .00703125 36 
37 .004453 .0068 .103 .006640625, 37 
38 .003965 .0060 .101 , .00625 38 
39 .003531 .0052 .099 39 
40 .003144 .0048 .097 40 

534 
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Tabi,k No. 2. 

QAOE NUMBEU.S AND DIAMKTEKS FOU TWTST-DRILLS, 

Gaee 
Number. 

Diameter, 
Inches. 

(lafire 
Number. 

1 
Diameter, ‘ 

Inches. ! 
1 Gb4^e 

1 Number. 
Diameter, 

Inches. 
Gaire 

Number 
Diameter, 

Inches. 

1 .2280 21 .1.590 41 .0960 61 .0390 
2 .2210 22 .1570 42 .0935 62 .0380 
3 .2130 23 .1540 43 .0890 63 .0370 
4 .2090 24 .1520 44 .0860 64 .0360 
5 .2055 25 .1495 45 .0820 65 .0350 

6 .2040 26 .1470 46 .0810 66 .0330 
7 .2010 27 .1440 47 .0785 67 .0320 
8 .1990 28 .1405 48 .0760 68 .0310 
9 .1960 ?9 .130 49 .0730 €9 .02925 

10 .1935 30 . 1285 ro .0700 70 .0280 

11 .1910 31 .1200 51 .0670 71 
12 .1890 32 .1160 52 .0635 72 
13 .18.50 33 .1130 53 .0595 73 .0240 
14 .1820 34 .1110 54 74 
15 .1800 35 .1100 55 .0520 75 

16 BE 36 .1065 56 .0465 mm .0200 
17 37 57 .0430 77 .0180 
18 ' 38 .1015 58 .0420 78 .0160 
19 39 .0995 59 79 .0145 
20 .1610 .0980 60 ■■ .0135 
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Table No. 3. 

GAGE NUMBERS AND DIAMEI'ERS FOR WOOD AND MACHINE-SCREWS. 

Number 
of Screw, 

Diameter, 
IncheH. 

Number 
of Screw 

Diameter. 
Inches. 

Number 
of Screw. 

Diameter, 
Inches. 

N umber 
of Screw. 

Diameter, 
Inches. 

000 .03152 12 .21576 25 .38684 38 .55792 
00 .04408 13 .22892 20 .40000 39 .57108 
0 .05784 14 .24208 27 .41316 40 .58424 
1 .07100 15 .25524 28 .42632 41 .59740 
2 .08416 16 .26840 29 .43948 42 .01056 

3 .09732 17 .28156 30 .45204 43 .62372 
4 .11048 18 .29472 31 .40580 44 .63()88 
5 .12364 19 .30788 32 .47896 45 .(>5004 
6 .13680 20 .32104 33 .49212 46 .6f)320 
7 .14996 21 .33420 34 .50528 47 .67(‘)36 

8 .16312 22 .34736 35 .51844 48 .68952 
9 .17628 23 .36052 36 .53100 49 .70268 
10 .18944 24 .37368 37 .54476 50 .71584 
11 .20260 

1 
_ __ - 

I 1 

Small screws, especially sizes below I", are made in either '^fractibnar' or 
screw-gage diameters. The United States standard is generally disregarded in small 
screws, with respect to both the pitch and the shape. 

The diameters corresponding to the tap numbers in Table No. 5 are the same 
as the diameters given for the ‘*No. of screw in Table No. 3. The drill numbers 
given in Tables No. 4 and No. 5 refer to Table No 2. The latter table is sometimes 
used for measuring wire also. The tap-drill sizes allow what is considered suffi¬ 
cient clearance above the root of the thread. When a full thread is required, the 
diameter of the drill may be calculated from Table No. 8 and the accompanying 
formula. 
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Tawlk No. 4. 

TAP-1>UII.T.S FOH V THREADS. 
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Table No. S. 

TAP-mULLS FOK MACHINE-SCREW TAPS. 
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Table No. 6. 

TAP DRILLS FOR MACHINE SCREW PROPORTIONS. 

(Recommended by A, S. M. E. in May, 1907,*) 

Special. Size of Screw and N um¬ 
ber of Threads per Inch. 

Size of Tap Drill— 
Clearance Allowed. 

Decimal Equivalent of 
Tap Drill. 

0.060—80. - . 56 0 0465 
0.073—72. 0 0595 

0.073 —64 53 0.0595 
0.086-(54... . .49. 0 0730 

0.080 -5(> 50 0.0700 
0.000 - 56. 4.5 0 0820 

0.000 -48 46 o!o810 
0.112—48. .42. 0 0935 

0.112 - 40 43 0.0890 
0.112 — 36 43 0.0890 

0.125- 44. ... 37. 0 1040 
0.125 --40 37 0.1040 
0.125 — 36 38 0.1015 

0. !3S ~40. 32 . 0 1160 
0.138 •—36 33 0.1130 
0.138 -32 32 0.1160 

0.151—36. .30. 0.1285 
0.151 —32 i 0.1250 
0.151 —30 J 0.1250 

0.164—36. . 28. 0 1405 
0.161 —32 28 0.1405 
0.164 —30 28 0.1405 

0.177—32. .24. ....0.1520 
0.177 —30 24 0.1520 
0.177 —24 27 0.1440 
0.100 —32 19 0.1660 

0.190—30. .20. . ..0.1610 
0.100 --24 21 0.1590 

0.216—28. .13. 0 1850 
0.216 —24 14 0.1820 

0.242—24. ... 5. 0 2055 
0.242 —20 7 0.2010 

0.268—22. . 1. _0.2280 
0.268 —20 1 0.2280 

0.294—20. . }. _0.2500 
0.204 —18 i 0.2500 

0.320—20. . J. .0.2770 
0.320 —18 J 0.2770 

0.346—18. .0.2968 
0.346 —16 

.. 
n r.2968 

0.372 -18 0.3281 
0 372—16 _ .p. 0 3230 
0 398 — 16. .^. . . 0 3437 

0.398 — 14 0.3437 
0.424 —IG 0.3750 

0.424—14. .IT. .0.3680 
0.450 —16 0.4062 

0.4.50—14. .. .0.3906 

* This system promises to meet with general acceptance. For full particulars concemidjs the 

system, see “Machinery/' July, 1910. 
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Table No. 7. 
TAP-DRILL SIZES FOR U. B. STANDARD THREAD. 

Diameter of 
Tapt inches. | 

Number of 
Threads per 

Inch. 

Diameter at 
Root, Inches. 

Diameter of 
Drill, Inches. 

. 1 

Difference between 
Drill Siae and 

Rot>t of Thread. 

i 20 .185 H .018 
18 .2403 i .010 

1 16 .2936 1 A .0189 
A 14 .3447 I « 

i 13 .4001 H 
n 12 .4542 H .0145 
1 11 .5069 .0244 

10 .6201 H .0201 

i 9 .7307 i .0193 
1 8 .8376 H .0218 
H 7 .9394 H 
U 7 1.0644 
If 6 1.1585 lA 

6 1.2835 lA .0290 
i| Si 1.3888 ‘ IH .0321 
If 5 1.4902 iH .0411 
U 5 1.6152 Ifi .0411 
2 4i 1.7113 If 1 .0387 

Table No. 8. 

TAP-DRILL SIZES FOR PIPE-TAPS. 

Diameter of 
Tap, Inches. 

Number of 
Threads per 

Inch. 
Diameter of 

Drill, Inches. 
Diameter of 
Tap, Inches. 

Number of 
Threads per 

Inch. 
Diameter of 

Drill, Inches. 

i 27 H Hi 
18 n Hi m 
18 2 nj 2^ 
14 2i 8 
14 3 8 

‘ ' llj 

Beamers should be used for the larger pipe-taps. 
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Table No. 9. 

CONSTANTS FOR FINDING DIAMETER AT BOn^OM OF THREAD. 

(Used by permission of the Pratt and Whitney C'o.) 

Threads 
per Inch. 

U. S. Standard 
Constant. 

“V’» Thread 
('on Stan t. 

Threads 
j>er Inch. 

U. S. Standard 
Constant. 

“V’» Thread 
Constant. 

64 .02029 .02706 16 .08118 .10825 
00 .02165 .02887 14 .09278 .12357 
56 .02,319 .03093 13 .09992 .13323 
50 .02508 .03464 12 .10825 . 144.3,3 
48 .02706 .03608 11 .11809 . 1.5745 

44 .02952 03936 10 .12990 .17320 
40 ,03247 .04330 9 .144,33 .19244 
30 .03008 .04811 8 1 .16237 .21650 
32 .040.59 .05412 7 . 18.555 .24742 
30 .04330 .05773 6 .21650 .28866 

28 ! .04039 .06185 5i 1 .23618 .31490 
26 1 .06661 
24 .07216 
22 .07872 
20 .08660 .37114 
18 .07216 .09622 .4.3333 Hill 
C=constant for number of threads per inch; 

outside diameter; 
diameter at bottom of thread. 

Example.—Given outside diameter of U. S. standard screw-thread, 2 inches; 
41 threads per inch; find diameter at bottom of thread. D — 2 inches; for 4§ 
threads V. S. standard, constant, C=.2886; then diameter at bottom of thread, 
O'«2-.2880 = 1.7114 inches. 
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Table No. 10 

CONSTANTS FOR DETERMINING DIAMETERS, WIDTH OP FLATS, ETC., OP POLYGON- 

ALLY-SHAPBD BARS. 

End Diafframs of 
Bars of Various 
Cross-sections. 

Figure 
Repre¬ 
sented 

and 
Number 
of Sides 

Diameter 
Circle .4, 

when Width 
of any Side 
asB^l. 

Diameter 
Circle C, 

when Width 
of SideB= 1 

Width of 
any Side os 

B, when 
Diam. Circle 

Width of 
Side B, 

when Diam. 
Circle 0=* 1. 

To Find 
Volume of 
Bar, Multi¬ 
ply Square 
of Width 

of a Side by 
Length of 

Bar and by 
Number be¬ 

low. 

]( 

T
 ri

an
g

le
 

3 
S

id
es

 

1.1546 .5774 .863 1.732 .4330 

T
o
 f

in
d
 w

ei
g

h
t 

o
f 

b
a
r 

m
u

lt
ip

ly
 *

vo
lu

m
e 

in
 c

u
b
ic
 i

n
ch

es
 b

y
 c

o
n
st

a
n
ts

 
g
iv

en
 f

o
r 

v
a
ri

o
u
s 

m
e
ta

ls
 o

n
 p

ag
e 

5
3

8
. Ji S

q
u

ar
e 

4 1.4142 1. .7071 1. 1. 

i 
> ^
 

P
en

ta
g
o
n

 

1.7012 1.3764 .5878 .7265 1 .7204 

1 
! 

1 
1 

i 
j 

H
ex

ag
o

n
 

2. 1.732 .5 .5774 2.598 

H
ep

ta
g
o
n

 

2.3048 2.0766 .4338 .4815 3.6339 

h"H
 2.6132 2.4142 .3827 .4142 4.8284 

Application of the Table.—Suppose it is required to determine 
the diameter of a shaft that will admit of its being milled to the 
shape of a triangle having sides 2" wide. Looking in the third column 
of the table, and in line 1, we find 1.1546 given as the diameter of a 
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circle that will just enclose a triangle, or a triangular shaft, having 
sides 1" wide. Multiplying this value by 2 we have 1.1546X2 = 
2.3092 for the diameter of a circle that will enclose a triangle of 2" 
sides. Therefore 2.3092, or practically 2^", is the diameter of our 
shaft. If sharp corners are not required, 2J" would in most cases 
answer. As another example, assume that we need to know the 
largest diameter a five-sided shaft will turn to, the flats being 
IJ" wide. In column 4 and line 3 we get 1.3764 as the diameter of 
a circle that will just enter a pentagon having sides 1" long, or wide. 
In other words, 1.3764 is the largest circle that could be drawn on 
the end of a shaft having five sides 1" wide. Multiplying-by H we 
have 1.3764X1.5=2.0646 as the greatest possible diameter to which 
the shaft could be turned. But if allowance be made for imperfect 
centering, and for filing, etc., we could not count on a diameter 
greater than about 2^". Let it be required to find the weight of a 
steel (cast) bar, octagon in shape, with flats wide, the length of 
the bar being 4 feet. In column 7 we are directed to multiply the 
square of the width of a side by the length of the bar and by a constant, 
to find the volume, or cubic inches if you please. The square of a 
number is the number multiplied by itself, so we have in the present 
case .625X.625X48X4.8284 = 90.5267 cubic inches. Following the 
instruction given in the last column, we multiply 90.5267 by .2839 and 
get 25.70 pounds as the weight of the bar in question. It will be 
noticed that we multiplied by the number of inches in the length 
of the bar rather than feet. This is necessary so long as the first 
two factors are taken in inches. The latter would have to be reduced 
to fractions of a foot if the length of the bar be taken in feet. 

By omitting one factor, viz., the len^h of the bar, column 7 may 
be used for finding areas. Thus in the foregoing example .625X.626 
X 4.8284=the area of an octagonal figure having sides f" wide. 
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A FEW USEFUL RECIPES AND FACTS. 

(Noe. 1. 2. 3, 4, 6. and 9 are used by permission of Morse Twist Drill and Machine Co.) 

1. To Harden Cast Iron.—Many times it is verj’^ convenient to make an article 

of cast iron that needs to be finished, and which should be very hard., Cast iron 
can be hardened as easily as steel, and to such a degree of hardness that a file will 

not touch it. Take one-half pint vitriol, one peck common salt, one-half pound 
saltpetre, two pounds alum, one-quarter pound prussiate potash, one-quarter pound 
cyanide potash;* dissolve in ten gallons of soft water. Be sure that all the articles 
are dissolved. Heat the iron to a cherry red, and dip it in the solution. If the 
article needs to be very hard, heat and dip the second and even the third time. 

2. Annealing Cast Iron.—To anneal cast iron, heat it in a slow charcoal-fire 

to a dull-red heat; then cover it over about two inches with fine charcoal; then 
cover with ashes. Let it lay until cold. Hard cast iron can be softened enough in 
this way to be filed or drilled. This process will be exceedingly useful to iron 
founders, as by this means there will be a great saving of expense in making new 

patterns. 
3. To make a Casting of Precisely the same Size of a Broken Casting without 

the Original Patterns.—Put the pieces of broken casting together and mould them, 

and cast from this mould. Then anneal it as above described; it will expand to 
the original size of the pattern, and there remain in that expanded state. 

4. How to Anneal Brass or Copper.—In working brass and copper, it will be¬ 

come hard, and if hammered to any great extent will split. To prevent cracking 
or splitting, the piece must be heated to a dull-red heat and plunged in cold water; 
this will soften it so it can be worked easily. Be careful not to heat brass too hot, 

or it will fall to pieces. The piece must be annealed frequently during the process 
of hammering. 

5. Case-hardening.—Steel, wrought iron, etc., may be case-hardened as fol¬ 
lows: Polish the piece, heat to bright red, and rub with prussiate of potash. Cool 
the article in air to a dull red and then immerse in water. 

6. Weight of Castings.—If you have a pai-tem made of soft pine, put together 

without nails; an iron casting made from it will weigh sixteen pounds to every 
pound of the pattern. If the casting is of brass, it will weigh eighteen pounds to 
every pound of the pattern. 

7. A cubic inch of cast iron weighs .2607 pound; wrought iron (bars), .2817 

pound; steel (cast) .2839 pound; brass (cast) .2930 pound; brass (rolled) .2972 
pound. 

8. Determining Diameters of Round Stock for Hexagon- and Square-head 
.Bolts.--7For hexagon, the distance across the flats divided by .866 *= diameter of 

stock. For square-head bolts, the distance across flats divided by .7071 »diame- 
ter of stock. 

9. To Sharpen Reamers.—Hand reamers, when dull through wear, should be 
stoned first on the face of the flutes then on top of the flutes. The stone should be 

always held perfectly flat with the face and clearance that the original shape of 
the flutes may be preserved. End-cutting reamers should be first turned on cen¬ 
ters with a wheel, and then recleared to insure reaming a hole the same size of reamer. 

* Cyanide potash is a deadly poison; even the fumes are poisonous. 



QUESTIONS ON THE TEXT 

CHAFTEJ? I 

1. What is the value of the Eujrlish yard in terms of the meter? 
2. What is the difference Ix^tweer. common calipers and thread-calipers? 
3. In fittinpj a shaft to a gear or pulley what precautions are necessary ll» 

adjusting the calipers? 
4. What is a Vernier cali[)er? 
5. What two systems of graduation are used for machine-shop Vernier 

calipers? 

6. Give brief descrijitions of (common micrometer-calipers and screw- 
thread micrometer-calipers. How would you adjust the former to .603'^? 
In using the latter to measure a U. S. standard screw, what value must be 
added to the reading of the instrument in order to obtain the outside diameter 
of the screw? AVhat value must be added to obtain the outside diameter of 
the V thread? 

7. Describe an inside micrometer-gage, a micrometer depth-gage. 
8. Describe a method of conipensating for errors in screws. 
9. Describe a common form of calijjer-gage. 

10. Describe ordinary collar- and plug-gages. 
11. Describe external- and internal-thread gages. 
12. What is the purpose of a limit-gage? Describe an adjustable limit- 

gage. 
13. Sketch and describe the thread- and center-gage. 
14. What is a thread pitch-gage? 
15. What is a templet? 
16. Describe the common surface-gage and tell how it is used. W'hat 

special form of surface-gage may be used in describing circles, and how is 

it used? 
17. Describe a common wire-gage, a twist-drill gage. 
18. Describe a key-seat rule. 
19. Is the English wire-gage the same as the British Imperial? 
20. What wire-gage is used almost exclusively in America for electrical 

purposes? 
21. What are the distinguishing features of the Edison wire-gage? 

545 
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22. Is there a standard gage in the U. S. for the diameters of wood- and 
machine-screws ? 

23. What precautions are necessary in ordering wire and sheet and plate 
metal to avoid delay? 

24. What is the most accurate and reliable method of measuring and 
8pecif)dng the size of wire? 

25. How may the combination square be used for measuring tapers? 

CHAPTER II 
{ 

26. What are the three most common forms of hammer? 
27. What is the meaning of the word |)een? 
28. How would you shai:)e a crank-pin. or any large pin, to facilitate 

riveting? 
29. What methods are used for straightening shafts? 
30. What is the effect of machining a peened surface? 
31. Describe two methods of straightening long bars of cast iron. 
32. How may the peening principle be applied, for enlarging piston-rings? 

Explain how this principle may be used in fitting connecting-rod straps. 

CHAPTER III 

33. What are the names of the two chisels most generally used in the 
machine-shop? 

34. To about what cutting angle should a chisel be ground to cut 
(a) cast iron, (b) steel, (c) Babbitt? 

35. What is a center-punch and for what purpose is it used? 
36. Describe a key-drift. What is a pin-drift? 
37. In chipping, what preciautiou is necessary upon approaching the 

edge of the work? What other precaution is necessary to insure smooth 
chipping? 

38. What precaution is necessary in grinding chisels and other tools to 
prevent drawing the temper? 

39. In general, when should the chisel be used and when not? 

CHAPTER IV 

40. Into what three general classes may files be divided? 
41. What advantages are derived from making a file with a convex 

surface ? 
42. Distinguish between cross-filing and draw-filing, and explain the pur¬ 

pose of each. 
43. What is a safe-edge file? What is its purpose? 
44. What is meant by pinning, and how may it be partly prevented? 
45. What files are most commonly used in the machine-shop? 
46. Describe the process of finishing a chipped surface by filing 
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47. How may very broad surfaces be filed? 
48. How may curved surfaces be filed without producing flat spots? 
49. What two principles are to be observed in filing lathe work? 
50. What source of danger is to be guarded against in filing rotating 

work? 
51. How is emery-cloth applied to lathe work to polish it? 
52. What is a polishing-(4amp? 

CHAPTER V 

53. What is a surface-plate, and how is it used? 
54. Describe a typical scraper. 
55. How may chattering of a scra))er be obviated? 
56. What ]>recautions against wasting time should be observed when 

scraping flat surfaces? 
57. What form of scraper may used in fitting a bearing to its shaft? 
58. Descrilie a method of giving an ornamental finish with the scraper? 

With emery-dust and a pim* stick? 
59. How is the scrapt'r applied to work in the lathe, and in general, for 

what purjx)se? 
60. What is a graver ” ? 
61. Is it safe to use files and scraiws without handles on lathe work? 

CHAPTER VI 

62. Name several common forms of vises. 
63. How is provision made in the swivel-vise for swinging work in a hori¬ 

zontal j)lanc? 
64. How may a vise be arranged to clamp tapering work? 
65. How is a vise arranged for threading pif)es, and where should it be 

placed? 
66. Describe the hand-vise, the pin-vise. 
67. What are the advantages in having vise-jaws detachable? 
68. What materials are used for vise-clamps, and when are vise-clamps 

used? 
69. Describe a good design of hack-saw. 

CHAPTER VII 

70. What is the definition of the term drill? 
71. Describe the ratchet-drill; for what is it used? 
72. Describe the breast-drill. 
73. Describe the Fifield drilling attachment, and tell how it is operated. 
74. Describe the portable drilling-machine, and tell how it is used. 
75. What are the essential features of a sensitive-drill? 
76. How may a variable-speed friction-drive be applied to a sensitive- 

drill? 
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77. Give a general description of a back-geared drill. 
78. What is the principle and what the purpose of the back gears? 
79. What is feed-gearing? how applied to the drill? 
80. What is an automatic stop, and what advantage has it? 
81. How is the head of a drill-press usually adjusted as to height? 
82. What adjustments are provided for the table f)f an ordinary 

drill-press? 
83. What is a radial drill? What advantages has it over the common 

drill-j)ress? 
84. Give a general description of the main driving met^hanism, of the 

radial drill shown in Figs. 121 to 125. 
85. Describe the feed-gearing of the foregoing machine. 
86. Describe the depth-gage. 
87. AVhat is the difference between the universal radial drill and the 

plain radial drill? 
88. What is the object of the tilting-table shown in Fig. 132? 
89. Give general descriptions of the suspension-drill, the multispindle- 

drill, and the turret-drill. 
90. Explain the necessity and use of the high-speed attachment for 

large radial drills. 
91. How is a hole started in work to be drilled? 
92. Describe a method of holding work in drilling-macdiines (a) by bolts 

and straps, (h) by use of the angle-plate, (c) by use of the drill-vise. 
93. Describe the universal vise as used for drilling. 
94. How are V blo(^ks used in connection with the drilling-machine? 
95. Describe a method of machining hubs in the drill. 
96. What is the most accurate method of adjusting work for drilling?. 

CHAPTER VIII 

97. I->escribe the twist-drill, defining longitudinal clearance, body clear¬ 
ance, and lip clearance. 

98. What are the essentials of a correctly ground drill? 
99. What is the effect of grinding a drill eccentric? 

100. How does the farmer-drill differ from the twist-drill? To what kind 
of work is it adapted? 

101. Describe a flat-drill. Under what circumstances would a flat-drill 
be used? 

102. Describe (a) the pin-drill or counterbore, (6) the tit-drill, (c) the 
bottomrng-drill. 

103. W'hat is the purpose of the oil-tube drill? 
104. Give approximate speed formulas for drilling (a) machine steel, (h) cast 

iron, (c) brass. 
105. About how much faster may drills be nm when made of high-«peed 

steel than when made of ordinary tool steel? 
106. Give approximate rates of feed for drills. 
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CHAPTER IX 

107. How are taper-shank drills driven in the drill-i)ress? What is the 
approximate taper of the “Morse Standard’' ? 

108. Describe a cheap device for driving broken-tang drills. 
109. How are straight-shank drills driven? 
110. How is the drill-socket made for use in tlui lathe? Jiy what other 

term is it known? 

111. How may the taper-shank drill be driven by a drill-chuck? 

CHAPTER X 

112. What is the purpose of a reamer? What would be the effect of 
allowing too much metal for the reamer to cut? 

113. Describe the solid fluted reart.er. What is the object of making 
reamers with spiral flutes? 

114. What is the essential difference between the rose reamer aiid the 
fluted reamer? 

115. What is the advantage of making a reamer in the shell form? 
116. De cribe n adjustable reamer with detac^hablc blades. What is th 

object of the adjustable reamer? 
117. Describe a good form of chucking reamer. What is the object of the 

chucking reamer? 
118. What is a wood-bit as used in the machine-shop? 
119. Can the taper-reamer be us(h1 in the rose form? 
120. What is the object of notching the cutting edges of a reamer? 
121. What governs the number of cutting edges in a reamer? 
122. What is the effect of too much body clearance in a reamer? What 

is the object of sj>aciiig the teeth of a reamer unequally? 
123. For what purposes may sqxiare reamers be used? Describe a cheap 

method of making square reamers. 
124. What precautions should be observed in hardening reamers? 

CHAPTER XI 

125. What are the distinguishing features between the hand-lath j and the 

engine-lathe? 
126. Describe the principal elements in connection with the head-stock of 

the engine-lathe? 
127. Describe the tail-stpck. 
128. Describe the thread-cutting mechanism. 
129. Is the feed-belt reliable for thread-cutting? 
130. Describe the feed mechanism. 
131. How may the apron-gearing and lead-screw be designed so as to 

admit of the lead-screw being used as a feed-rod? 
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132. Describe the screw-cutting mechanism of the lathe shown in Figs. 218 
to 222. 

133. Describe the operation of the feed-clutches. 
134. Explain the operation of the apron-gearing of Fig. 223. 
135. What is meant by ^'back-gear ratioHow is this ratio com¬ 

puted? 
136. Explain the principle of the spur-gear reversing mechanism as illus¬ 

trated in Fig. 225. 
137. Describe the head-sto(;k gearing shown in Figs. 227 and 228. 
138. Explain in detail (a) the raise-and-fall rest, (h) the plain rest, (c) the 

compound rest, (d) the elevating tool-rest, (e) the open-side tool-rest, (/) the 
three-tool shafting-rest. 

139. What are the distinguishing features of (a) the pulley-lathe, (6) the 
pit-lathe, (c) the gap-lathe? 

140. What is the meaning of the term swing”? How may the swing” 
of a common lathe be increased? 

141. How is the cutting speed of a lathe designated? In general what 
considerations govern the cutting sj3eed? How many revolutions of a 3-inch 
shaft would be required to give a cutting sf)eed of 35 ft. per minute? What 
would be the cutting speed of a 3-inch shaft when making 38.22 revolutions 
per minute? 

142. Name some of the brands of high-st)eed steel in use. About 
what is the maximum cutting sjieed when using the best high-speed 
steel? 

143. What considerations govern the feed in lathe work? How may the 
rotary measure shown in Fig. 239 be used to measure cutting speed? 

144. What is the advantage of a hollow spindle in a lathe? 
145. Describe a method of testing the alinemeiit of a lathe-spindle. 

CHAPTER XII 

146. What are the distinguishing features of the turret-lathe? 
147. Describe the plain screw-machine. 
148. Explain the chucking principle illustrated in Figs. 243 and 244. 
149. Describe a method of making filister-head screws in the screw- 

machine. 
150. To what class of work is the monitor lathe adapted? 
151. Describe the characteristic features of the machines shown in Figs. 248 

to 252. 
15‘i. What is the principle difference between the machine illustrated in 

Fig. 252 and that shown in Fig. 259? 
153. Briefly describe the operations illustrated in Figs. 261 to 266. 
154. Give three different methods of using turrets in connection with the 

engine-lathe. 
155. What is a box tool? What is a knee tool?. 
156. What is a forming-tool, and to what class of work is it adapted? 
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CHAPTER XIII 

157. What are the names of a common set of lathe-tools? 
158. What are the advantages of the tool-holder system of lathe-tools? 
159. Describe a boring system in which round bars with inserted cutters 

ai« used. What advantages has this system as compared with that in which 
forged boring-tools are used? 

160. Give one or more cases in which a multiple-edge tool may be used 
with advanatge. 

161. What is the advantage of the backward offset in planer-tools? How 
is the same principle employed hi lathe-tools? 

162. What is the meaning of the term “rake^^ as applied to machine-shop 
tools? What is the effer*t of “rake*^? 

103. Does changing the height of a tool change its angle of front rake? 
164. What is the effect on the side f*l(‘arauce of changing the’longitudinal 

fe^d? 
165. How do tools for brass differ from other tools with respect to rake? 
166. Why do planer-tools rc<juire less rake than lathe-tools? 
167. What metals are maciiined in connection with lubricants? 

CHAPTER XIV 

168. What is the correct angle for the point of a lathe-center? 
169. Why are hardened centers more reliable than soft (tenters? 
170. Describe a machine used for grinding centers. How may the centers 

be so shaped as to lessen the work of grinding? 
171. What precautions in using lathe-centers are necessary to prevent 

eccentric work? 
172. About w^hat are suitable proportions for work centers? Why is it 

important to drill the center sufficiently deep to give clearance to the point of 
the lathe-center? 

173. Describe the tools and methods employed in locating centers in 
work. 

174. Describe a machine designed especially for centering. Refer back to 
the chapter on drilling-machines and explain how work may be supported in 
the sensitive-drill while the centers are being drilled. 

CHAPTER XV 

175. What is the ordinary method of driving work between the lathe- 
centers? How should threaded work be driven? What is a bolt-dog? 

176. Describe one or more methods of driving work between centers 
which allow the work to be machined its full length without being reversed? 

177. Describe three chucks ordinarily used for lathe work. 
178. Describe one or more special chucks. How could a chuck be made 

without jaws for holding packing-rings? What is a wood-chuck? 
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179. What i)recautions are nec^essary when gripping frail work in the ordi¬ 
nary chuck? 

180. What methods may be used for testiug the concentricity of chuck 

work? 

CHAPTER XVI 

181. What is a lathe arbor or mandrel and how is it used? 
182. Describe the plain arbor, giving its taper ptT foot. 
183. What is the construction of the self-tightening arbor? What objeo 

tion is urged against it? 
184. Describe the expansion arbor. How is it used? 
185. Describe an arbor used for different sizes of tapering holes. 
186. Describe three kinds of nut arbors and tell which is best and why. 
187. What special arbor method is sometimes used in machining armed 

pulleys? 
188. How may arbors be forced into work Avithout injuring the arbor? 
189. Describe one design of arbor-press. 

CHAPTER XVII 

190. Describe the various steps necessary in machining a collar, as ex¬ 
plained on pages 254 to 257. 

191. Describe the ojxTations necessary for machining the shaft, pages 257 
to 258. 

192. How should a side-tool be ground and set to give the l)est finish on 
the end of a shaft? 

193. What are some of the causes of chattering mentioned in this chapter, 
and what are the remedies? 

194. Describe the operations necessary for machining a bevel-gear blank. 
How may the beveled fat^e be turned without a (compound rest? 

195. What precautions are necessary to avoid mistakes in adjusting the 
compound rest? 

196. What is a taper attachment? 
197. Describe the method of turning tapers (a) by taper attachment, 

(6) by tail-stock adjustment. Give an approximate rule for adjusting the 
tail-stock for tapers. 

198. Describe the steady rest and cathead. For what purposes are these 
devices used? 

199. In what cases is a follower-rest used? 
200. Describe a special method of machining a cone pulley with several 

tools cutting simultaneously. Explain the construction of the chuck shown 
in Fig. 397. 

201. Explain the operation of the ball-turning rest illustrated in Figs. 
398 and 399. Describe other methods of turning balls. 

202. Explain the general principle of turning curved surfaces with guid¬ 
ing forms. 
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CHAPTER XVIII 

203. Is the feed-belt reliable for thread-cutting? 
204. What is meant by the term Uxul as applied to screw-threads? 
205. What is the distinction between leaxl and pitch? 

206. With stud and spindle 1 to 1 and 6 threads per inch on the 
lead-screw, compute (4iangc-gears for 6, 12, and 13 threads {all single 
threads). 

207. What is a translating-gear, and why is it used? 
208. With a lead-screw of 4-inch turns, compute change-gears (simple 

gearing) for cutting a thread with 2 millimeters lead. 
209. Explain a method of cutting fractional threads with approximate 

change-gears. 

210. Describe a me thoa of settijig V and U. S. standard thread-tools for 
straight-screw cutting. 

211. Describe the same for cutting taf>ered screws. 
212. What is a thread st»v|)-gage, and how is it used? 
213. Explain how' to catch the thread without reversing the lathe. 
214. How may multiple threads be sj)aced in the lathe? 

CHAPTER XIX 

215. What is the difference bet\v(*en V and U. S. standard screw- 
threads? Which is the stronger? Which is the more durable? 

216. Describe the Acme thread. 
217. In starting a new j)lant, what screw-threads should be ado])ted for 

general purposes? 
218. What number of threads per inch different from the U. S. standard 

is often used for 1" screws? 
219. What is meant by the nominal diameter of a pipe? By the 

actual diameter? 
220. Where is the extra metal added to extra-strongand “double- 

extra-strong ” pipe? 
221. Describe the set of standard machinists^ hand-taps. 
222. Describe the pulley-tap. 
223. What taper is used for pipe-taps? 
224. What is ‘‘hob”? What is a stay-bolt tap? 
225. Describe the process of making a solid die. 
226. Describe one form of adjustable die. 
227. What method is suggested for retapping old dies? 
228. Describe the “water-anneal” process. 
229. What is meant by backing off a tap? 
230. Describe a common form of adjustable tap-wrench. 
231. Describe a simple bolt-cutting machine. 
232. Describe in general terms the die-head of a bolt-cutting machine. 
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CHAPTER XX 

233. Name and describe three types of boring-bar. 
234. What methods are used in securing the cutters in a boring-bar? 
235. What is the advantage of double cutters? 
236. Explain the action of the star-feed as applied to sliding-head 

boring-bars. 
237. How may the star-feed be applied to lateral feeding? 
238. State and explain three methods of boring tapered holes with the 

boring-bar. 
239. How may an engine-cylinder be rebored without removing it from the 

engine-bed? 
240. What conditions may cause chattering in the use of the boring-bar, 

and how is chattering remedied? 
241. Describe a satisfactory cutter for roughing cuts, for finishing cuts. 

CHAPTER x:?:i 

242. For what purposes are horizontal boring- and drilling-machines 
»iscd? 

243. Describe a fating attachment used on the horizontal boring- 
machine. 

244. How may a horizontal boring-machine be adapted for milling? 
245. What distinguishes a base-boring machine from the ordinary boring 

machine? 
246. For what class of work are y)ortable boring-matihines used? 
247. What is a crank-boring machine? 

CHAPTER XXII 

248. What are the characteristic features of the vertical boring¬ 
turning-mill? What are its advantages for turning large fly-wheels? 

249. Describe a special boring-machine for car-wheels. 
250. Can the turret-head be advantageously applied to vertical boring 

turning-mills? 
251. What can you say about the adaptation of vertical boring- 

turning-mills to thread-cutting operations? 

CHAPTER XXIII 

252. Give a general description of the metal planer. 
253. What is the construction of the friction feed-disk commonly used 

on the planer? 
254. How is the cross-head automatically fed? 
255. Describe the system of gearing that drives the planer-table. 

* 256. How is the table reversed? 
257. Are planers always equipped with a positive drive? What advantage 

« claimed for the “second-belt” ^ive referred to in this chapter? 

and 

- and 

and 
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258. mat conditions as to strength must exist in a satisfactory open-side 
planer. Uescnbe a device sometimes used on the ordinary planer for planinc 
wide work. 

2o9. Describe the mechanism driving the ram in a common crank- 
shaper. 

260. How is the length of stroke regulated in the crank-shaper? 
261. Describe one method of effecting quick return in the planer, 
262. What is the difference between a geared shaper and a crank- 

shaper? 
263. What is a traverse shaper? 
264. What is the object of swiveling the tool-apron of the planer? 
265. Describe a sinifile tool-lifter for under-cut planing. 
266. What precaution should be observed in adjusting the planer 

cross-rail? 
267. How may Avork lx? held oii ilie planer-table without a vise? (Give 

two methods). 
268. What is an angle-plate? 
269. What are V blocks? What are straps? 
270. What precautiem is necessary in blocking up work on the planer-table? 

What is th(^ result of neglecting this precaution? 
271. What are jilaner-contcrs and how are they used? 
272. Describe a conclave attachment for the shaiX3r, a convex attachment, 
273. Explain the ‘‘former principle^’ as used on the planer for planing 

curved work. 
274. Describe a method of (rutting rack-teeth on the planer. 
275. Describe a grinding attachemnt as used on the planer and shaper. 
276. How may the alinement of a planer-bed be tested? 

CHAPTER XXIV 

277. How does the slotting-machine differ from the shaper? 
278. To what line of work is the slottcr especially adapted? 
279. Describe a common slotting-machine tool. 
280. Describe a rotating tool-holder for use on the slotting-machine. 

CHAPTER XXV 

281. What is a key? a key-seat?.*. 505 
282. Describe a simple key-seating machine. What advantage has this 

machine as compared with the slotting-machine? 
283. Describe a key-"*ating attachment for the drill-press. 

CHAPTER XXVI 

284. What are the essential features of a milling-machine? 
285. Outline the feed-gearing of a Universal milling-machine. 
286. What is a plain milling-machine? 
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287. What advantage has the planer type milling-machine? 
288. Describe the vertical milling-machine. 
289. How does the milling-ma(?hine compare with the planer as to range 

of work and economy? 
290. What is slab-milling? 
291. Name and describe some common forms of milling-cmt ters. 
292. What is meant by gang-milling? 
293. What two processes are necessary in milling a large dove-tail slot 

from the solid? 
294. (live a method for holding two shafts parallel, for milling key- 

ways. 
295. Name and describe a (heap form of cutter used in emergencies. 
296. Describe a rack milling attachment for the milling-machine, a slot¬ 

ting attachment. Name some other attachments. 
297. What is the dividing-head and for what is it used? 
298. What is the differeiK^e between simple and compound indexing? 
299. What is differential indexing? 
3(X). With change-gears of 32, 40, 64, and 72 teeth determine the 

arrangement necessary for a spiral of 36" lead with pitch of screw—}" and 
worm-wheel with 40 teeth. 

301. Describe a taper attachment for use on the milling-machine. 
302. How may abrupt angles be milled? 
303. What is the circular pitch of a gear? the diametral pitch? 
304. What method may he used to mill gears too large to be held on a 

horizontal arbor? 
305. What is a worm? a worm-wheel? What tools are used in cutting 

worm-wheels? 
306. State in their order the processes for cutting a bevel-gear. 
307. Why is the common method of cutting bevel-gears theoretically 

incorrect? 
308. What considerations govern the (mtting six^ed of milling-cutters? 

CHAPTER XXVII 

309. What is the advantage of automatic gear-cutting machines? 
310. What is the principle of the gear-shaper? 
311. How are gear-shai)er cutters ground? 
312. What is the principle involved in the Cleason gear-planer? 

CHAPTER XXVIII 

313. How is emery graded as to coarseness? 
314. What are the principal abrasives used for the manufacture of grind¬ 

ing-wheels? 
315. For what class of work is the universal grinding-machine used? 
316. What are the principal causes of eccentricity in cylindrical grind¬ 

ing? 
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317. What is the effect of weariiig of the emery-wheel in grinding a 
parallel shaft? How may this effect be obviated? 

318. How is the back-rest applied to the universal grinder? 
319. What provision is made for grinding abrupt tapers in the universal 

grinder? 

320. How may disk work be ground in the universal grinder? 
321. Describe a convenient draw-in (^huck for disk-grinding. 
322. What is a surface-grinding machine? 
323. What precaution is necessary in clamping work to the surface- 

grinder table? 
324. What two forms of emery-wheel truer are used? 
325. How may a grinding attachment be applied to the lathe? 
326. What speed is permissible for emery-wheels? 
327. What c( insider at ic ms govern the width of face of the emery-wheel for 

machine grinding? 
328. What considerations govern the traverse per revolution of the work 

in machine grinding? 
329. What is glazing of emery-wheels? How may it be prevented? 
330. What causes may produce chattering in cylindrical grinding? 
331. What precautions are necessary in mounting an emery-wheel? 
332. For what purpose is water used in cylindrical grinding? 

333. What precautions should be observed to insure economy in the use 

of the grinder? 
334. Mention some examples which indicate the wide range of machine 

grinding. 
335. Does the abrasive become emlxjdded in metal being ground? 

CHAPTER XXIX 

336. Name several kinds of wheels used in the polishing- and buffing* 

lathe. 
337. How is emery applied to polishing-wheels? 
338. Name several polishing materials and give the uses of each, 
339. How may rag-wheels be cleaned? 

CHAPTER XXX 

340. What is a jig? What are the advantages of the jig? 
341. What provision is made for keeping the guiding holes in jigs from 

wearing? 
342. How may the cutting edges of drills and reamers be kept from 

touching the bustdngs in j’gs? . , i 
34o For what purposes are jigs generally used m the planer and 

miller? 
344. What is meant by machine nomenclature? 
345. Describe a convenient system of machine nomenclature. 
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CHAPTER XXXI 

346. What do you understand by the term “laying out''? 

347. What are the essential requirements of a laying-out plate? 
348. How would you proceed to locate the centers on a large shaft? 
349. Describe a method of laying out on the end of a hollow flanged cylinder 

six holes equally spaced in a circle concentric with the body of the cylinder. 
350. Describe the principal steps in laying out a bell-crank lever. 
351. Briefly explain the principle of locating holes by contact measure¬ 

ments. 
352. How could the Bath indicator be used in the boring machine and 

miller for locating holes? 

CHAPTER XXXII 

353. What is meant by lapping? Describe one form of adjustable lap. 
354. What is a shrink-fit? Give a formula. 
355. What precaution is necessiiry in shrinking on (collars and shaft- 

couplings? 

356. Where are force-fits used? About what allowances is made for force- 

fits? 
357. Why is it neces^ry to balance pulleys and emery-wlieels? How are 

they balanced? 
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Abrasive materials, designating.473 
wheels, grading of.473 

Adjusting work in the drilKng-machine.110-111 
Alundum. 473 
Angle of lathe-centers.224-225 
Angle plates, use of, in laying out work.522-523 

on planer. 374 
drilling-machine. 106 
horizontal boring-machines.330, 331, 336 
vertical boring and turning mill. 352 

Angles, milling of abrupt.  438-439 
Annealing brass and copper. 544 

cast iron. 544 
steel. 304 

Arbor, self-tightening. 247 
Arbors, centers in. 251, 253 

, classification of. 246 
, expansion. 248 
for large work. 250,253 
for tapering work. 248 

, instructions for use of, on the miller.... 459 
, methods of forcing into work. 250-253 
,nut. 248-250 
, plain. 246-247 

Areas of polygonally-shaped bars, finding. 543 
Attachment, boring-tool, for lathes. 213 

, concave, for shapers. 378-379 
, convex, for shapers. 379-380 
, Fifield drilling. 75-77 
, grinding, for planers. 384 

shapers. 385,386 
, high-speed, for drilling-machines. 103-104 
, key-seating, for drilling-machines. 396 
, rack-cutting, for miller. 422-423 
, rotary, for miller. 419-424 
, slotting, for miller. 423 
, taper, for lathes. 170-264 

miller. 438 
, vertical milling. 422 
, wide-angle spiral, for miller. 421 

Attachments, ball-turning, for lathes. 274 
, boring machine, facing. 331-332 
, grinding, for lathes. 384,495 

Back gearing. 80-83, 92, 159-161, 400 
Back rests, use of, in cylindrical grinding. 483,486 
Balancmg at high speed, reference to articles in technical papers on. 633 

*5utter-heads.   633 
^59 
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Balancing emery-wheels. 533 

pulleys. 532-633 
Ball-turning. 273-276 
Base-boring and drilling machines. 334 
Bath indicator. 245, 268, 526 
Bell center-punch.   229-230 
Bevel-gear generating machine, the Brown and Sharpe. 472 

planer, Bilgram’s. 472 
, Gleason’s. 467-472 

Bevel-gears, length of face. 441 
, milling teeth of. 44^-455 
, parallel depth. 4£3-455 
, selecting cutters for. 440, 453-455 
turning. 259-261 

Bevel protractor, universal. 26-28 
Bilgram bevel-gear planer. 472 
Bits, wood, and holder. 137-139 
Black diamond for truing emery-wheels. 494, 497 
Blocking up centers on miller. 444, 446 
Blue vitriol, use of, in laying out work. 42, 517 
Bolts, diameter of stock for heads of. 544 
Bolt-cutter. 309-312 
-dog. 235 

Bolts and nuts, milling of. 436 
Bond. 473 
Boring a steam-engine cylinder. 315-317 
Boring-, drilling-, and milling-machines, portable.. .. 340 
Boring- and turning-mills, vertical, advantage of, in large work. 342 

, cutting threads on. 355 
, examples of work on. 342-344, 349-353 
, turret-heads for. 354-355 

Boring-bar cutters. 314, 317, 320, 326 
, causes of chattering of.326 
, shapes of. 326-327 

f feeding by the lathe-gearing. 321-322 
laterally with star feed-device. 322-323 
longitudinally with star feed-device.319-320 

, fixed head.317-319 
, methods of driving . 320-321 
, sliding head. 319-320 

Boring-bars.314-327 
Boring-machine, crank. 341 

, facing attachment for. 331-332 
, horizontal, description of typical.328 

f milling work on. 333-334 
, rotaiy tables for. 333 
, work of. 331-334 

«special. 340 
Boring-machines, securing cylinders on.315-317, 338-340 

, universal. 340 
Boring-mill tools. 361-362,366 
Boring taper holes with bori*>g-bar. 324-325 
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Boring-tool attachment for lathes. . 
, feeding back and forth 

Box tools. 
Brush-wheels. 
Buffing and polishing. 
Buttons for locating holes.. 

PAGE 

... 213 

... 255 
200-201 
... 505 
503-506 
... 525 

Caliper, hermaphrodite. 
, large micrometer. 
, screw-thread micrometer. 

Caliper-gages. 
Calipers, double. 

, friction-joint. 
, micrometer. 
, setting. 
, spring-joint. 
, thread. 
, vernier. 
, graduuti()ns on micrometer. 

Carborundum. 
Carbondite. 
Car-wheels, special boring-mill for. 
Case-hardening, receipts for. 
Casting, making a duplicate of a broken. 
('ast iron, to anneal. 

harden. 
Cat-head. 
Center-drills and reamers. 
Center-gage. 
Centering-machine. 
Centering-tool, lathe. 
Centering work with special accuracy. 
Center-punch. 

, Bell. 
, turning and knurling of. 

Center-square. 
Centers, angle of. 

, blocking-up, on miller. 
, female. 
, half. 
, methods of making, in work. 
, method of grinding. 

,pipe.... 
f precautions as to. 
, proportions of, in work. 
, square. 
, taper and angle of... 

Change-gears, approximate, for fractional threads, 
for thread-cutting, computing. 

Chasers, die... 
Chattering (foot-note). 

in cylindrical grinding. 
planer work... 
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Chattering with boring-bar. 214,325-327 
Chipping, precautions to avoid breaking edge of work. 42-43 

, smooth.42 
Chisel, cape.38,40 

, difficulty with, when corners wear tapering. 38 
, cow-mouth. 41 
, diamond-point.40,105 
, draw. 41,105 
,flat. 37 
, oil-groove. 40-41 
, side.40-41 

Chisels, grinding of. 37-38,43 
, when to use. 43 

Chordal thickness of gear-teeth. 455-457 
Chuck, machining back plate of. 238 

, use of, on miller. 439 
, universal. 239 

Chuck-jaws for face-plate. 242 
Chucks, combination. 240-241 

, draw-in. 180, 439, 448-489 
, drill. 128 
, home-made. 243,273 
, independent. 237-238 
, magnetic. 491 
, valve. 242 

with slip jaws. 241 
, wood... 244 

Chuck-work, testing concentricity of. 244-245 
Compound indexing on miller. 430-431 
Compound rest of lathe, precautions as to angle of. 260-261 
Concave attachment for shaper. 378-379 
Cone-of-gears feed. 83, 92, 157, 350, 401 
Cone-pulley, special method of machining. 272-273 
Connecting-rod strap, peening a. 34-35 
Convex attachment for shaper.379 
Corundum. 473,501 
Crank, machining a small. 269,270 
Cross-rail adjustment, planer. 372 
Cutter, bolt.309 
Cutter-head, balancing of. 533 
Cutter-heads.314, 317, 318, 319, 322 
Cutters, boring-bar. 314, 317, 320, 326 

, direction of rotation of milling.'. 456,458 
, effect of dull, on light gear-rims. 443-444 
, epicycloidal system of gear-tooth. 440 
, feed of work to, in milling. 458 

for shaping large curves, cheap method of making.218 
, involute system of gear-tooth.439 
, milling, various shapes and names of. 407-410,417 
, Selecting gear tooth. 439, 440-441, 453,454 
, single and double, compared.317 
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butters, stocking. 443 

Cutting large gears.  444-446 

Depth-gage, micrometer .13, 15, 525 
Diameters of stork for hexagon- ai d sq lare-head bolts. 544 
Diametral pitch.   44Q 
Diamond emery-truer. 494 

Die, geometric; screw-cutting. 205 
Die, making a solid. 300-302 
Die-head for bolt-cutting machine. 312-313 
Dies, adjustable.  302 

, clearanc*e-holes of. 301 
, chamfering... 301, 313 
, heel-clearance of. 300, 302 
, lands of. 300 
, retapping old.   302 
, solid. 298, 300, 302 
, spring. 205 
.square.r. 298,300 
, tempering. 307 
, thread.   298-303 

Differential indexing. 431-434 
Direction of rotation of milling cutters. 456, 458 
Disk-grinding.487 
Dividers, universal. 5-6 
Dividing head. 424-430 
Dog, bolt. 235 

, driving work by a c^oiiiiiHui lathe. 233 
on centers without a. 236 

for taper work. 234 
threaded work. 234 
taper milling. 437-438 

, using a double-end. 233 
Dovetail slot, milling a.. 415 
Double caliper. 5 
Draw-chisel. 41,105 
Drift, definition of a. 42 

, key. 42 
, pin. 42 

Drill (machine), adjusting work on, by use of tram. 110-111 

, back-geared. 79 
, automatic stop. 84 
, feed-gearing. 83-84 
, hand-feed. 84 
, head. 84 
, quick-return. 84 
, table adjustment. 84-86 

, back gear of. 80-83 
, breast.  75-76 
, character of work on. 104 
, holding work on. 105-108 
, round work on. 107 
, horizontal drilling and boring. 328-341 
.portable.... 
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Drill (machine), protecting finished work on. 106 
, radial, arrangement of driving-shafts. 87, 91-92 

, depth gage for. 90-91 
, feed gearing...89, 92 
, general description. 86 
, hand-feed and quick return.89-90 
, reversing mechanism. 87-89 
, til ting-table for. 95-96 
, universal. 94-95 

, ratchet. 74-75 
, starting a hole. 104-105 
, turning hubs on. 108 -110 
, use of angle-plates on. 106 
, upright, with revolving table. 96, 98 
, vises for. 106, 107, 108 

Drill and reamer sockets, special, for jig work. 510 
Drill, broken-tang split sleeve for. 130-131 

, a cheap device for driving. 127 
Drill-chucks.. 128, 129 
Drill-grinder and surface-grinder combined.492 
Drill-holder, the lathe-dog as a. 130 
Drilling, a hazardous practice in. 131 
Drilling attachment, Fifield. 75-77 

, high-speed. 103-104 
, chisels used for correcting eccentricity in starting. 105 
, deep. 121-122 

Drilling hard metal. 124 
oil-holes in pulley-hubs. 108,109 

prilling, lubricants used for.   123 
, starting the hole. 104-105 

Prills, bottoming. 120 
, effect of errors in grinding. 116 
, definition and classification of. 112 
, feeds of. 93-94,124 
,flat. 118-119 
, gage for twist. 20, 23 
. grinding. 114-116 
, grinding-machines for. 476,492 
, high-speed steel for. 123-124 
, oil-tube.   121-122 
, pin, or counterbores. 119-120 
, slotting. 120-121 
, speed of. 123 
, straight-shank twist. 117 
, straight-way or farmer. 117-118 
, three-groove and four-groove twist. 117 
,tit. 120 
.twist. 112-117,121-122 

, clearances of.... 113 
, nomenclature.    112-113 

Drills (machines), multispindle.96,99-101 
, radial, important principle in design of. 93 

. motor-driven..... . 94 
. <iengitive .78-79 
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Drills (machines), sensitive, friction. 7^^80 
, suspension. 95 

^ »turret. 99-103 
Drill shanks, table of Morse taper. 130 
Drill-sockets. 125-127 

, abuse of. 125 

or holders, latlie. 128-129 
, positive-grip. 125 

Drive fits. 526 
Driving work on centers without a dog . 236 

Eccentricity, causes of, in grinding. 499 

lathe-work.. 227 
Effect of errors in grinding drills. 110 
Elevating tool-rest on lathe. 167 
Emergency milling. 417 
Emery, designating . 473 
Emery grinder, portable.495 
Emery-stick .506 
Emery-wheels, balancing of . 533 

, beveling the edge of.497 

, combination. 473, 501 
, danger of . 496,533 
, dressers for . 493-494 

, frail .496 
, glazing of. 497,498, 501 
, grading of .473 
, mounting of. 495, 533 
, recessed collars to prevent the bursting of. 496 

, selecting.499 
, sizing power of. 498, 501 
, speed of .496 
, to prepare for finishing cuts.497 
, truing. 493-495,497 
, width of face ot; for cylindrical grinding. 496,497 

End measuring-rod.525 
Engine-lathe, turrets for. 198-199 
Engine-lathe work. 254-293 
Epicycloidal system of gear-tooth cutters. ... 440 
Etching fluid, relieving taps by. 307 
Expansion-chuck. 243 
Expansion-reamers. 136 
Extension head for planers. 362 
External and internal thread-gages. 17-18 
Extra heads on planers. 363 

Feed, automatic chuck and roller on turret lathe. 190-191 
Feed-clutches on the lathe. 158-159 
Feed, cone-of-gears, mounted.- - 83,92,156,350, 401 

Feed-disk for planer. 356 
Feed for miller...410, 412, 413, 416, 418, 458 
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Feed-gearing in cross-head of planer... 353 359 
, miller. 401-402 
, shaper. 366 

Feed-mechanism of lathes. 149,156,159,161-162 
Feed of drills, rate of. 93,94, 124 
Feeds, rate of, for lathe-work. 173 
Fellow^s gear-shaper. 464-467 
File-brush and file-card. 51 
File sections and corresponding names. 44-46 
File should not be lifted on return-strokes.*.. 59 
Filing a rectangular recess. 57 

broad surfaces. 55 
curved surfaces. 53-57 

Filing, changing direction of strokes of.. 54 
, moisture causes glazing.   52 

Filing lathe-work.. 57- 58 
, danger of clothing being caught.;. 58 
, dangerous without file-handle. 67 
, speed of the work. 58 

Files, care, of, cases in which new files should not be u.-ied. 59 
, classification with respect to shape. 48 
, coarse and bastard, used on heavy and coarse work. 52 
, convexity increases the ^‘bite’’. 49 

compensates for rocking motion. 49 
, cross-filing and draw-filing. 50-51 
, curving for special work.'" 57 
, dead-smooth for extra fine finish. 52 
, distinction between the tenns double-cut and second-cut. 48 
, efficiency of hand-cut.49 
, general classification. 44-45 
, grades and names. 47 
, grasping. 49-50 
, increment-cut versus hand-cut. 49 

most used in machine-shop. 52 
, pinning, prevention of.51-52 
, pitch of teeth varies with length of. 46 
, safe edge. 51 
, stub and holder. 57 
, tang and heel, meaning of. 44 
, uses of hand, pillar, mill, equalling, and round. 52-5 

Finishing a flat surface. 54 
« cuts in lathe work.211, 258 

tools, angles of rake and clearance of. 222 
Flat^ls. 118 
Floating-shank reamer.i.355 
^y-cutters. 417 
Force-fits.  530-631 
Fdrmer, use of, for machining curved shapes. 277,379-382 
Forffiihg tools in screw-machines.   206 
Frietioii-disk mechanism for feeding milling-mackine table. 402 

dage, adjustable limit...7. 17 
, caliper.   15-16 
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Gage, decimal... .^ ^ ^ 24—25 
, jobber’s drill.:. 23 
, micrometer, inside.   13 

, depth. 13 

, theory of the Edison wire. 24 

, thread and center. 18,283-235 
, thread-pitch. 18 
, U. S. standard thread. 19 

, wire and twist-drill...   20-24 
, wood- and machine-screw. 24 

Gages, collar and plug. 16 

, distinction between Stubs’ wire and Stubs’ steel wire. 23 
drill and Stubs’ steel ware.. 23 

, external and internal thread.   17 
, limit. 16-17 

, to prevent wasting \ ime. 28 
, remedy for confusion in use of wdre. 24 
, seasoning steel for caliper and collar and plug. 29 
, surface.  20 
, table of w’ire. 534 

twdst-drill. 635 
w^ood- and machine-screw^s. 536 

Gang-cutters for gear-teeth. 464 
Gang milling. 412 
Gap-lathe. 172 
Gas-engine frame, milling a. 413-415 
Gear-cutter, Gould and Eberhardt automatic. 461-463 
Gear-cutting on planer and shaper. 382 

miller. 439-457 
, care as to lost motion of screws. 442, 452, 454 
, use of spur-cutters for bevel-gears. 453, 464 

Geared-head lathes.  163-164 
Gear-planer, Gleason. 467-472 
Gear-shaper, Fellows’s. 464-467 
Gears, bevel, cutters for. 440-441, 450-451 

, change, computing.i •.. 279-283 
, circular pitch of. 440 
, sliding-key.-.. 83-84,92 
, triple, for lathe...'..168 

Gear-tooth cutters, selecting. 439,440-441,452-454 
Geometric screw-cutting die-head. 206 
Glazing of emery-wheels... 497, ^8, 601 
Graver made of square file.... • • 67 
Grinder, combined drill and surface.  492 

, draw-in chuck for.    483-489 
, economy in use of the.. .... 482,490^,500, 601 

,, , floor, with surface attachment.......492-493 
, portable. 495 

Grinders for lathe- and planer-tools... 4 474r!476 
Grinding agricultural machinery.  601 

allowances.  690 
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Grinding attachments for lathes. 384,495 
planer and shaper. 384, 385 

automobile details. 501 
babbitt, copper, etc., metal does not adhere to wheel. 502 
brass—abrasive material does not become embedded in the metal.... 502 
cone pulleys. 501 
ends of collars and bushings. 487 
parallel shafts. 483-485 
rough shafts. 500 
rubber, it does not adhere to wheel.502 
tapers. 486-487 
valves and joints. 528 
work, roughing and finishing cuts—lathe dispensed with.482, 490, 500, 501 

Grinding, causes of chattering in. 498 
, classification of. 474 
,disk. 487-^8 
, finishing cuts. 497-498, 501 
, importance of true wheels. 497 
, internal. 489-490 
, popular fallacies concerning. 502 
, selecting wheels for. 499 
, sizing power of wheels. 498, 501 
, use of water in cylindrical. 499 
, wheels should cut without appreciable pressure in machine.499 
, workspeed and rate of wheel-traverses. 496-499, 501 

Giinding-machine, care of. 500 
, for reamers, milling cutters, etc. 476-477 
, oiling the. 500 
, plain. 477,479 
, precautions a§ to belts. 500 
, preventing rusting of the. 499 
, surface. 490-491 
, universal. 477-481 
, wide range of the. 501 

Hack-saw. 73 
Half-center. 258 
Hammer, peen of. 31 

, striking two blows for one with the. 32 
’, proper method of using the. 31 

Hammers, common forms of. 30 
, fitting the handles of. 31 
, material of. 30 
, soft. 35 
I weight of. 30 

Hand-lathes.. 146 
Hardening cast iron.   544 

reamers.,144 
llard metal, drilling.*.. 124 
Hermaphrodite caliper. ..... 6,230 
JieiEagon-head bolt, diameter of stock for.544 
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Hi^h-Rpeed attachment !or drilling-machines. 103-104 
lathes. 163-^05 
steel. 123,173,459 

Hobs, bobbing worm-wheels. 446-448 
Holding work on planer by pins and stops. 373-374 
Hollow spindle, advantage of, in lathes. 175 
Horizontal boring- and drilling-machines. 328-34(? 

Ideal condition of lathe-centers. 
Inch-turns, moaning of. 

. 224 

. 279 
,245,268,526 
.. 446 

Indexing, cfimpound. . 
, differential. 

. 430-431 

. 431-434 
.... 463 
. 430 
. 15,625 

Interchangeable system of manufacturing .. . 507 
... 480-490.500 xmeiiim . ' 

.. . . 512 
Jig lor arUJing .. . 512 

drilling tail-stocK; .. 
. 507-508 
.508 

St.eam-cne»., .. _ ,, 508-514 
jig-inaKing, an exceuent wt.. . .. .515 

leaving space loetween bushing and work. 
. 507-615 

as used on pianex »uu .. . 607 
, importance of, for interchangeable work. 

331,610,524-526 
. 510-611 , special drill and reamer sockets for.. • • . 42 

Key-seating attachment for uprignt .. 
. 396 
. 395-306 
.24-25,270 

Key-seats and key-fitting. . 416-417 
262^263 

.800 

... 135,136, 263 

. 627-628 
Laps and lapping-* ‘ --\. . 
Lathe, advantage of offset tail-stock. 

. 176 

. 175 
, advantages of hollow spindle. 

. compound rest of. ' 
-166,260-262, 286 
. 172-173 

, cutting speeds of the.--- • • • , . ,.pg . . 147-149 
! engine, general description with names ol Uetai.s 

, feeds of the.' „ „wiV.!!!!!!.! 

. 173 

.......... 172 
for turning locomotive dnvmg-wheels. .;.... 172 

: ^ oi, :; 
_ 172,173-175 
. 173 

, instrument for measuring cuttmg speed of t . iVl 
.pit.. 
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Lathe, primitive form of the. 145-146 

, pulley. 170-171 
, purchasin^!^ a. 175 
, reverse gears under liead stock. 151 
, screw-cutting mechanism of. 149 
, special, for high-speed steel. 164-165 
, testing alinenient of a. 176-177 
, tool-room. 172 
, triple gear. 163 
, use of screw as feed-rod. 140 

Latlie- and work-centers. 224-232 
Lathe-hed easily twisted. 176 
Lathe-centers, grinder for. 226 

, importance of keeping them true. 225-227 
, shaping the point to lessen grinding. 226 
, taper of, angle of point. 224-225 

Lathe change-gears, mounted. 156-158 
Lathe mandrels or arbors. 246-253 
Lathe slide-rest. 146 
Lathes, analysis of back gear of. 159-161 

, bevel-gear reverse in apron of. 158-159 
, classification of. 145 
, elevating tool-r(‘st for. }C7 
, feed-dutches oi. IS-^ 
, feed-median ism of. 149 
, geared head. 163-164 
.hand. 146-147 

Lathes, high-speed. 163-J65 
, open-side tool-rest for. 167 
, plain rest for. 165 
, raise-and-fall rest for. 165 
, spur-gear reversing niechanism of. 161-162 
, taper attachemnt for.   170 
, three-tool shafting-rest for.   168 
, turret, see Turret machines. 

Lathe-tools (see also Tools). 208-223 
, self-hardening and high-speed steel for. 173 

Lathe-work, driving of.   233-245 
, engine. 254-293 

Laying out a bell-crank. 621-523 
small crank. 270 

cylindrical work. 230,519-521 

machined surfaces. 41, 517 
, significance of the term. 517 

work. 517,526 
by a mating piece. 523 

Laying-out plates. 618-519 
Lead of threads, meaning. 278 

Ixicating holes in jigs, etc., by contact measurements.  624-526 
on horizontal boring-machine and on universal 
jniller. 331,525 
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Lubricants for turning and drilling.223 

Machine nomenclature. 515-516 
Machine, nut-tapping. 313 

Machines, drilling.' 74-111 

, key-seating. 394-396 
Machining a collar. 254 

flanged cylinder. 33g 
small crank. 269 

Magnetic chucks. 49I 

Mandrels, lathe (see also Arborsh . ... 246-253 
Measuring-machine, Sweet's. 11 

, the Pratt and Whitticy. 13 
Metre, the national proi ot x pc. 2 

, value in English measure . 2, 282 
Metric and fractional threads, computing change gears for. 282 
Metric system, when legalized h' (Congress. 2 

Micrometer calipers. 9-13 

, large. 10-11 

depth gage. 13 
disks arid measurements. 383, 437 
gage, inside. 13 
screw-thread caliper. 13 

Mill, hollow. 202 

, straddle. 436-437 
Miller arbors, instruction for use of. 459-460 

attachments, see Attacliineut. 
Miller centers, blocking up for large work. 444, 446 
Miller, boring on. 417 

, dividing head. 424, 428-430 
, feed-gearing. 401-402 
, holding work on. w’ithout special fixtures . 417-418 

, open side. 404 
, pinner-type. 404, 405 
, plain.  402-404 

, use of chucks on the.439 
, vertical, work on. 41S-419 
, vertical.... • 405-4u7 

Milling-cutters, computing chsp'^e-gears for cutting spirals. 434-436 

, direction of rotation. 456,458 

, feed of work to. 458 
, miscellaneous. 407-410,417 

Milling abrupt angles. 438-439 

bolts and nuts. 436-437 

dove-tail slot.*.415-416 
gas-engine frame. 413-415 

gear-teeth, bevel-gears. 448-455 
, common method theoretically incorrect for bevel-gears. 452-453 
, formulas for thickness, depth, etc. 448-449, 454-456 

, precautions as to lost motion or back-lash of feednacrews. 452,454 
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Milling gear-teeth, special machines for. 461-472 
, special method for large gears. 444, 446 
, spur-gears. 441-446, 461-467 

, worm-gears. 445-447 
keyways. 416-417 
parallel pieces of different widths with same cutters.420 
rack-teeth.456 

Milling, determining the diameters of round stock for polygonal shai)es.542 
, emergency. 417 

, gang. 412,464 
,slab. 407-411 
,slot. 412-413 

steel castings. 415 
, taper, special dog for. 437-438 

Milling-machine driving-gear. 398-400 
vises. 420-421 

Milling-machines and planers compared. 407 
Milling-machines, work, etc. 397-454 
Morse tapers. 130, 224, 349 

National prototype metre. 2 
Ncmenclature, system of machine. 515 

, twist drill. 112 
Nut-tapping machine. 313 

Oil-tube drills. 121 
Open-side miller. 404 

planer.   362 
Ornamental finish with emery and stick. 66 

Paper weight, turning a.   271-272 
Parallel blocks, adjustable. 375-376 
Parallel depth bevel gears. 453-455 
Peen, meaning of. 31 
Peening a connecting-rod strap. 34-35 
Peening, enlarging piston-ring by. 35 

, straightening shafts by. 33-34 
Pin-drift.   42 
Pins for holding shaper and planer work. 373-^74 
Pipe, nominal and actual diameter of....   296 
Pipe-4hreads, tap-drill sizes for.540 
Piston-ring chuck. 243 
Pitch of gear-teeth. 440 

^ thread, meaning of. 278 
Pit-lathes. 171 
Planer and shaper, difference between. 364 
Planer-bed, testing of.  387 
Planer-table, care of. 385 

, movement of. 359-361 
tools.211, 214, 215, 217-219,376-377 

, backward offset of, to prevent chattering. 217-219,376 
work..... 372-384 
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Planer, blocking up work on the. 375 

, feed-disk of.35^358 
, feed-gearing in cross-head of. 355-359 

, gear-cutting on. 3g2 

, general description. 355 

, open-side.   362 

, second belt-drive for. 361-362 
, swiveling the tool-slide and tool-apron of. 370-371 

Planers, adjusting the cross-rail. 372 
, extension-head for. 362-363 
, extra head^ for. 363-364 
, ratio of table revon e. 361,362 
, tool-lifter for. 37I 
, vises for. 372-373 

Planing curv^ed work. . . *. 377-388 
irregular forms. 379-382 

, shape of work not a duplicate of former. 380-382 
rack teeth.  382-^83 

Planing, precaution as to pressure fif straps. 375 

Pliers. 7£ 

Polishing- and buffing-lathe. 503 
Polishing brass, steel, nickel, etc. 504-506 
Polishing-clamps. 53-59 
Polishing in the lathe. 58 
Polishing material, crocus, rouge, pumice, emery, etc. 505-506 
Polishing, ornamental, with emery and stick. 65 
Polishing-wheels, brush, wooden, walrus, rag, grease, etc. 504-506 

, speed of. 506 
Polygonally-shaped bars, diameter of round stock for milling, volume weight and 

area of. 542-543 
Presses, arbor. 253 
Prick-punch. 41-42,517 
Protecting finished work from set-screw of lathe-dog.231 
Protecting finished work on drilling-machine. 106 

thread in screw-cutting.. . .. 234-235 

Protractor, universal bevel. 26 
Pulleys, balancing of. 632, 533 

Questions on the text. 545-558 
Quick return of drill-spindle. 84,89 

planer-table. 361,362 
shaper-ram.. • • 367 

Rack-teeth, planing. 382-383 
Rake of brass tools. 222 

lathe tools.* • • 219 
Reamers. 132-144 

and drills compared.  132 
, adjustable. 136 
, allowance for wear and stoning. 143 
, blanks, turning off decarbonized surface...  144 
, body clearance of. 142 

not milled to extreme edge.   142 
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Reamers, causes of chattering of. 142 
, chucking. 132, 137 
, considerations governing number of cutting-edges. 140 
, definition and classification of. 
, eccentric re'.ief and flat relief. 
, expansion. 
, floating shank. 
, hand. 
, hardening of. 
, lapping centers of. 
, miscellaneous. 
, object of unequally spacing teeth. 
, resetting rose and fluted. 
, rose and fluted, compared. 
, roughing taper. 
, shapes of cutting edges of. 
, shell and arbors for. 
, solid fluted. 
, special sockets for. 
, spiral. 
, standard, allowance for cutting. 
, tables of cutters for. 
, taper of rose and fluted. 
, tapering. 
, to sharpen. 

Receipts for hardening, case-hardening, annealing, etc, 
Renold silent chain... 
Rest, compound:. 

, elevating-tool. 
, follower. 
, open-side tool. 

Rest, plain. 
, raise-and-fall. 
, slide.. 
, steady. 
, three-tool shafting. 

Riveting, special method for large pins. 
Rotating tool-holder. 
Rule, hook. 

, key-seat. 
Rules, wood and steel. 

. 132 

. 142 

. 130 

. 355 

. ... 132-133,136, 139-140 

. 144 

. 135 

. 143 

. 143 

. 135 

. 134 

. 140 

. 140 

. 134-135 

. 133 

. 510 

. 133 

. 133,134 

. 141 

. 133-134 

. 139 

.544 

. 544 

. 343 
14S, 105, 100, 200-202, 286 
.M67 
. 208-269 
. 107 
. i(:5 
. 165 
. 146 
. 231,267 
. 168 
. 32-33 
. 393 
. 3 
. 24-21 
. 3 

Scraper, double end. 61-62 
, causes of chattering in using. 63, 66 
, cheap steel not economical. 61 
for interior curves.   63-64 

, grasping the.... .. 62 
, grinding and oil-stoning the.  61,67 
, hooked fonn of. 62 
, ornamental work with.;. 63 
. precautions against drawing temper in grinding the. 62-63 
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Scraper, precautions against waiting time in use of the. 03 
, special form of, for broad surfaces.   04 
, typical.61 

Scrapers, use of, in latbe-work. 05-67 

dangerous without handles. 67 
Scraping, importance of, in machine tools. 61.03 
Scratcli-gage. 6, 518 
Scrc\v-(!utting, see Thread-cutting. 
Screws, compensating for errors in.   12 

, dog for. 234-236 
Screw-thread micrometer caliper. ]3 

Screw-threads, taps, dies, etc.   29-314 
Scriber, shape of. 618 

Seasoning st/eel used for gages. 29 
Setting calipers. 23^^ 

thread-tools for straiglit and tap(5r work. 2<S3-284 
Shaft, turning a long slender..    223 

Shaper. 364-372 
, concave attachment for. 378 
, convex attachment for.   370 
♦ crank.   364-367 
, cutting gears on. 3S2 
, driving-gear of crank. 366 
, feed-gearing of. 366 
, Fellow’s gear. 464-467 
, geared. 368 
, quick return in the crank. 367 
, ram movement on geared, and crank. 368 
ram, motion of. 367 

, stroke adj ustineiit of the. 367 
, surface-grinding attachment for. 385-386 
, swiveling the tool-slide and tool-apron of the. 370-371 
, traverse. 368-369 
, tool-lifter for.  371-372 
, vises for. 372-373 
, work on. 372 

work, pins for holding.... • 373-374 
, variable-speed gearing for. 368-370 

Shrink fits, allowance for. 524-6i6 
Single and double threads.   278-279 
S ab-milling.   407-411 
Slide, cross, for turret-lathe. 146 
Slide-rest of lathe. 1^® 
Sliding-key gears.’. 
Slot-milling.. 412-413 
Slotting-attachment for milling-machines.423 
Slotting-maclune, general description. 388 

, portable. 389-391 
, ram movement of.  388 
, rotary tool-holder for... 393 
, table movement of.. 388 
tools...       391—393 
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Slotting^machine work. 388-389 
Spacing cutting*edges of reamers. 143 

. numbers used with dividing head. 432 
of multiple threads. 292 

Special-gear machines. 461-472 
Speed for cutting in the lathe. 172 

of drills.\ 123 

emery-wheels.  495-496 
milling-cutters.410, 412, 415,118, 459 

Spirals, computing change-gears for cutting.   434 
, miller attachment for wide angle.421 

Square, combination. 26 
, machinists^ try. 25 

Square-head bolts, diameter of stock for.1. 544 
Standard set of lathe-tools. 208 
Standards of length.  1-2 
Star-feed mechanism. 319,322 
Starting the hole in drilling.   104 
Steadyrest. 231,267 
Steel, annealing.  304 

, case-hardening.... 544 
. , seasoning.  29 

, tempering. 307 
Steam-engine cylinders, boring.315-317 

, reboring on engine-bed.3r6 
Straddle mill. 436 
Straight* edge, definition of. 60 
Straightening a cast-iron bar. 34 

by dropping process...      34 
peening.^. 33 

Straightening by screw-press.  33 
Stubs’ gages, distinction between Stubs’ wire and Stubs' s. eel-wire gages. 23 
Surface-gages.20, 61^523 
Suiface-plate, design and care of.     60 

, object of, description.1. 60 
, using the. 61 

Suspeii^ion drilling-machines. 05 
Swing, meaning cf, as applied to lathes. 173-175 

Table, tilting, for radial drill. 05 
TaUe of chordal thickness of gear teeth.   457 

constants for diameter, at root of V and U. S. standard threads. 641 
diameters, width of fiats, weights, areas, etc., of polygon- 

ally-shaped bars.    642 
machine-screw gage diameters. 536 
Morse tapers.  130 
tap-dhll diameters for machine screws.  538-539 

pipe.   540 
U. S. standard screws.  540 
V threads.    537 

twfcit-driH gi^ diameters.. i,........ 535 
wto gages.    534 
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577 

Tail-stock, adjusting for taper work... _. 
Tap-drills, tables for. 

Taper attachments, errors in graduation. 
shaft, fitting to collar. 
turning by taper attachment. 

, examples of. 
on the flat turret-lathe. 

Tapering screws, setting thread-tool for. 
Tap, making a taper. 

lever or wrench. 
Tapping holes.. 

steel, lard-oil and graphite for.. 
Taps, backing off. .. 

, bottoming. 
, grooving. 
, machinist’s hand. 
, machine. 

, pip«. 
,plug. 
, pulley.. 
, relieving. 

by etching fluid. 
, stay-bolt. 
, taper. 
, tempering. 
, threading. 

Templets. 
Threading large work. 
Threads, acme.. 

» pipe... 
, screw, some practical considerations concerning. . 

, single and double. 
, square. 
, U. S. standard and V. 
, variations from U. S. standard. 
, Whitworth. 

Thread-cutting, catching the threads. 
, computing change-gears for. 

in the engine-lathe. 
, principles of... 

turret-machines. 
, left-hand worm... 
, precautions in connection with. 
, spacing multiple threafdp.... 
, square threads. 
, stop-gage for... 
, theoretical difficulties... 

* , use of compound rest for. .. .\... 

Threaa-caii’pers.. 
Thread-gage..* • ..y. 
Thread-pitch gage.* • *. 
Thiead-tool and holder.... 

263-264, 266 
.... 537-*540 
.265 
.266 
.... 263*-266 
.... 258-263 
.... 206-207 
. 284 
.... 303-306 
. 308 
.:.308 
. 308 
. 306 
. 298 
. 306 
.... 297-298 
.... 298, 299 
.... 298,299 
. 297 

. ... 298,299 
307 

. 307 

.... 298,300 

. 297 

.. 3 07 

... 305,306 

.19.42 

.... 308-309 
295 

.... 290-297 

.... 294-296 
2t8-279 

......... 296 

.... 294-295 

. 296 

. 294 

. 289 

.... 279-283 

.... 278-2C3 

. 278 

. 204 

.:.. 290 
:... 2S5-286 
.... 292-293 
.... 287-289 
. w / 280-287 
. ..r.... 291 
.. ..288 
. 6 
. 18,283 

18 
215 
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llixead-tool»  215^217 
Thread-tools, setting.283-284, 285 

side clearance of, for square thread. 291-292 
Tool, knurling. 262, 263 
Tool-holder plan. 212-219 
Tool-lifter for planer. 371 
Tools, advantage of backward ofTset in planer. 217-219 

, a standard set for lathe and their names. 208 
,box. 200-201 
, changing height changes rake. 220-221 

for brass.211-212, 223 
chilled iron .  223 

turret-lathes. 200-207 
, gang-planer. 214-215 
, grinder for... 474r-475 
, multiple-edge.217-218 
, planer. . ..211-215, 223, 376 
, , with angular adjustment.214 
, rake and clearance of lathe.219-223 
, slotting-machine. 391 
, spring, for lathe-work. 219 
, turret-forming. 205 
, uses of various lathe. 210-212 

Translating-gear, use of, in thread-cutting. 282 
Truing emery-wheels. 493 -495, 497 
Turning a long slender shaft. 223 
Turning angular face of bevel-gear without compound rest. 261 

curved shapes. 273-277 
Turret-machines, a plain screw-machine. 178-179 

, automatic screw-machine. 182-183 
, distinguishing features. 178 
, flat turret-lathe. 186-191 

, automatic chuck and roller feed. 190-191 
, cross-slide. 190 
, die-carriage. 191 
, examples of work done on tlie improved ma¬ 
chine. 198 

, improved design. 191-198 
, taper-turner and former. 207 

, Gisholt chucking-lathe. 183-185 
, hollow hexagon lathe. 185-186 
, monitor lathe. 18-^ 
, tools for. 200-207 
, work done with forming-tools.205 

Turrets used on engine-lathes. 198-199 
Univereal back-rest for grinding-machine. 486 

boring-machine. 340 
ehuclm... 239 

Universal dividers... 
grinding-machine and work. 477, 479-490 495-501 
mdial drill. 94-95 
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. 107, 374,'41&, %l6, 418, 
V s, drawn tool-st^el for lathes...174 

V threads.i. 294 
Valve and joint grindinj?. 528 
Valve-chucks. 242 
Variable-speed sliaper-gear. 86S 
Vertical boring- and turning-mills, examples of work. 343, 344,352,353 
miller. 405, 418 

Vernier calipers. 8 
graduations on micrometer calipers.    10 

Vise, combination pipe.. 7 ) 
for taper work (swivel jaw). 69 

, quick-acting. 70 
, shaper and planer. 372-373 
, solid box. 68 
, universal. 71 

Vise-clamps and mold for making lead clamps. 72 
Vise-jaws with deta<’hable faces. 71 
Vises, hand and pin. 71 

, height of. 50 
, holding screws in. 72-73 
, milling-machine. 420-421 

parallel and parallel-swivel. 69 

Volume of polygonally-shaped bars, constants for finding. 542 

Water-anneal.*. 

Weight of castings in relation to pattern.. 
cubic inch of various metals. 
polygonally-shaped bars, constants for determining 

Work protecting finished. 
, pins for holding shaper and planer. 

Worm, cutting left-hand... 
Worm-wheel, construction of dividing. 

Worm-wheels, cutting. 
Yard, the, its value defined by Congress in metres. 

, the British Imperial... 
Yard-stick, composition of... 

superseded by National Prototype Metre. 

Zero position of cutter in milling gear-teeth.. 
dial-pointer in milling gear-teeth. 

.304 

.644 

.644 

. 542 
im, 234-235 

.373 

.287 

. 464 

... 446-448 

. 2 

. 1 

. 1 

. 2 

442 
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