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PREFACE TO THE SECOND EDITION 
Although the Second Edition follows closely on the publica¬ 
tion of the First Edition, the opportunity has been taken to 
review the MS. and alter it where desirable, as well as to 
include many new illustrations, thus keeping the work up-to- 
date. 

E. J. L. 
BoycoiiEL, 

Manor Road, 

Derby. 

PREFACE TO THE FIRST EDITION 
The industrial or business life of a successful individual can 
be grouped into four periods, namely, the learning period, 
the creative period, the executive period, and the advisory 
period. This book is concerned with the learning period in 
the engineering workshop—those formative years of industrial 
apprenticeship and pupilage—the only channels through which 
one can become a qualified craftsman or engineer. 

A training in hand skill and a comprehensive knowledge of 
tool processes constitute the fundamentals of apprenticeship. 
The amount of knowledge which must be acquired by a 
successful apprentice following any one of the skilled trades 
associated with the engineering profession is very great. 
The need for such expert knowledge is obvious, but the 
importance of systemat^study is often overlooked. In many 
firms the young apprdmice learns his job either by copying 
an experienced employee as best he can, or by ^ing told 
briefly what he has to do and then being left to evolve his 
own methods. It is often assumed that the necessary know¬ 
ledge of the job can only be acquired by years of experience; 
but what, in essence, is this “experience” ? It is a knowledge 
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of such details as technical terms, the ability to do the job 
when some unusual circumstance arises, and to foresee what 
troubles may occur and how to avoid them. These are things 
of which the novice is at first ignorant, but which he learns 
gradually, often by the distressing method of trial and error. 
In many cases, no doubt, he fixils to find the best solution to 
a problem, and thus unsatisfactory practices become habitual. 
Such a method of acquiring experience involves unnecessary 
waste of time and material, as well as discouragement of the 
apprentice. 

To allow an apprentice to watch an experienced employee 
has other drawbacks and almost inevitably fails to achieve 
what should be the aim, namely, to give a comprehensive idea 
of the work and to teach the correct answer to every problem 
which can be foreseen. The method fails because these 
problems have never been systematically studied, because 
the experienced employee who “instructs” the apprentice 
thinks only of some of the possible problems, and probably 
does not always use the correct procedure himself, and 
because he may be temperamentally unfitted for teaching. It 
should also be recognized that the experienced employee, 
whose primary aim is production, is handicapped wlien called 
upon to train a learner during the normal course of his work, 
as he naturally concentrates on production rather than on 
training. 

A properly conducted Works Training School, embodying 
both class and practical instruction, will go a long way to 
ensure that the right training is given, but since it is not 
everyone who has the opportunity of attending such an 
admirable institution, it is hoped that benefit will be derived 
from this textbook by every type of reader. 

It is most important that an apprentice should be able to 
read intelligently for himself, and to understand not only books 
but also what is going on around him. Ho should be able to 
interpret the facts he sees, to select the important ones and 
reject those which are irrelevant. Even this is notr enough; 
he must be able to write down clearly and concisely what he 
has read and observed so that he can freely transmit his 
thoughts to others. 

For convenience this book is divided into two sections, the 
aim of both being to create interest and impart useful know¬ 
ledge in the fundamental principles associated with the 
engineering workshop. 
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Part I explains, as fully as circumstances permit, what 
science means in the workshop. Part II is concerned with 
the workshop itself, and in this connection investigations 
which I have been commissioned to carry out at several large 
works have revealed that the principal trades followed can 
conveniently be placed into seven categories. Accordingly, 
"Part II is chiefly devoted to these classes of work, thus 
giving the apprentice who is following any of the trades 
mentioned, dr an associated trade, an insight into the 
technique of the other equally well-known trades. It is 
hoped that the engineering pupil and the higher grades of 
apprentices who are undergoing general engineering courses, 
rather than fitting themselves for a particular trade, will 
find the book especially helpful. For all, it endeavours to 
encourage that thirst for knowledge without which no one 
can ever succeed. 

It is not intended that the book should be regarded 
as a substitute for practical training in the workshop or 
attendance at approved technical classes: far from it. The 
contents are essentially supplementary to both workshop 
training and class instruction, and should be read in con¬ 
junction therewith. The worked examples have been prepared 
to ensure that certain important principles are thoroughly 
understood. 

Although machine tools and equipment change with the 
adoption of new processes of manufacture, the scientific and 
mechanical principles upon which their action depends remain 
unaltered. Any time spent in investigating the principle and 
action of simple machines and other workshop equipment will 
tend to develop a critical attitude. On what principle is the 
action of such a machine based ? What methods are employed 
in its use ? Can anything simpler or less costly be introduced ? 
These are natural questions which will arise when a trained 
apprentice is confronted with a piece of mechanism. It is on 
their intelligent solution that the higher productive effort 
of the apprentice depends. This leads to a personal 
satisfaction in his increasing knowledge, both of which factors 
contribute to the development of a highly intelligent 
individual. 

I am indebted to the several firms mentioned on page viii, 
whose contributory photographs have enabled me to give 
many practical illustrations in the elucidation of the 
text. 



viii PBEFAOE 

Messi's. William Asquith Ltd., Halifax. 
Messrs. W. & T. Avery Ltd., Birmingham. 
Braysbaw Furnaces & Tools Ltd., Manchester. 
British Oxygen Co. Ltd., London. 
Messrs. Broom & Wade IM., High Wycombe. 
Butler Machine Tool Co. Ltd., Halifax. 
Messrs. F. J. Edwards I Ad., London. 
Messrs. C. & J. Hampton lAd., Shelheld. 
Messrs. Alfred Herbert Ltd., Coventry. 
Hydraulic Engineering Co. Ltd., Chester. 
Imperial Chemical Industries Ltd., London. 
International Electrolytic Plant Co., Ltd., Chester. 
Messrs. J. W. Jackman & Co. Ltd., Manchester. 
London Midland and Scottish Railway Company. 
Messrs. B. & S. Massey Ltd., Manchester. 
Mining «fe Chemical Products Ltd., London. 
Newall Engineering Co., Peterborough. 
Messrs. F. Pollard Sc Co. Ltd., Leicester. 
Messrs. Sanderson Bros. Sc Newbould Ltd., Shefficdd. 
Messrs, Spencer (Melksham) Ltd., Melksliam, Wilts. 
Messrs. John Stirk Sc Sons I^td., Halifax. 
Tangyes Ltd., Smethwick. 
Messrs. Wadkin Ltd,, Leicester. 
Messrs, H. W. Ward Sc Co., Ltd., Birmingham. 
Westinghouse Brake Sc Signal Co. Ltd., London. 
Mo-ssrs. Worthington-Sirnpson Ltd., Newark-on-Trent. 

Not least I would like to thank tho.se of my colleagues who 
have readily assisted in providing valuable data for some of 
the workshop processes described in Part II of the book. 

EDGAR J. LARKIN. 
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THE ELEMENTS OF 

WORKSHOP TRAINING 

PART I 

SCIENCE APPLIED TO THE WORKSHOP 

CHAI*TEll I 

WORKSHOP MATHEMATICS 

Importance of Mental Calculations 

An apprentice cannot hope to make headway, whether he 
be in the workshop or at class, until he has acquired an 
intelligent grasp of everyday workshop calculations. From 
the outset of his career he must develop mental It 
is essential for ultimate success. Much can be done by per¬ 
forming mentally all types of simple calculations. The best 
foundation is to memorize all the common tables, of which the 
following are a brief selection. 

TABLES 

Length (“Long Measure”) 

12 inches (in.) -= 1 foot (ft.) 
3 feet = 1 yard (yd.) 

220 yards = 1 furlong (fur.) 
8 furlongs — 1760 yards 

1760 yards — 1 mile (ml.) 

WEiQH'r (“Avoirdupois”) 

16 drams (dr.) = 1 oimce (oz.) 
16 ounces = 1 pound (lb.) 
14 pounds — 1 stone (st.) 

2 stones —28 pounds 
28 pounds — 1 quarter (qr.) 

4 quarters. = 1 hundredweight (cwt.) 
20 hundredweights == 1 ton (ton) 

1 gal. of water weighs 10 lb. 
1 cu. ft. of water weighs 624 lb. 

I 
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Area (“ Square Measure ’’) 

144 square inches i(sq. in.) = 1 square foot (sq. ft.) 
9 square feet = 1 square yard (sq. yd.) 

4840 square yards == 1 acre (ac.) 
640 acres = 1 square mile (sq. ml.) 

Volume (“Cubic Measure”) 

1728 cubic inches (cu. in.) = 1 cubic foot (cu. ft.) 
27 cubic feet = 1 cubic yard (cu. yd.) 

Time 

60 seconds (sec. 
60 minutes 
24 hours 

7 days 
365 days 
366 days 

1 minute (min.) • 
1 hour (hr.) 
1 day 
1 week (wk.) 
1 year 
1 leap year 

) = 

Capacity (“Liquid Measure”) 

4 gills (g.) = 1 pint (pt.) 
2 pints — 1 quart (qt.) 
4 quarts = 1 gallon (gal.) 

Angles 

60 seconds (^) = 1 minute 
60 minutes (') = 1 degree 
90 degrees (°) = 1 right angle (rt. ang.) 

Metric System 

1 millimetre = 0*03937 in. 
1 metre == 39-37079 in. 
1 sq. decimetre = (3-937079)* sq. in. 

Workshop problems can best be solved by fir.st mastering 
certain elementary principles. Outstandingly important is ek 
thorough knowledge of the metric system. Either an appren¬ 
tice understands the system, or he does not. He cannot make 
any progress without it. 

Metric Equivalents 
It will be excellent practice to prepare one’s own metric 

equivalents table for fractions of an inch ranging from in. 
to 1 in., rising in sixty-fourths. The results should be checked 
with a printed table showing fractions and decimals. 

/ Example 1. If one ft, ia 0-3048 of a metre, prove that 5 miles is 
slightly over 8 kilometres. 

1 ft. = 0-3048 metre 

5 miles » 0-3048 x 5280 x 5 metres *= 8046-72 me^es 
8-04672 kilometres 
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Example 2. If one cu. ft. of oil weighs 55 lb., what will a cu. metre 
weigh in kilogrammes? (1 kilogramme = 2ilb.) 

1 ft. = 0-3048 metre 

1 cu. ft. = (0*3048)^ cu. metre 

1 cu. metre = 
1 

(0-3048)3 

1 
(0-3048)3 

X 551b. 

X ~ kg. = 882-9 kg. 

Example 3. What is one shilling and sixpence a gal. in francs per 
litre? (A gal. of water weighs 10 lb., a litre is a cu. dm., a gramme is 
the wt. of 1 c.c. of water; and it may bo assumed that a kilogramme 
is 2| lb., and that £1 is equal to 120 francs.) 

50 
1 gal. weighs 10 lb. or — kg. 

, 50,000 50,000 50.. 
and gr. = ~-y---c.c. == — litres 

18 
la. 6d. - X 120 fr. == 9 fr. 

50 
Is. 6d. per gal. -= 9 fr. per — litres 

— fr. per litre — 1-98 fr. per litre. 

Sqpare Root 
;Do not lose sight of first principles. Note that the square 

of 0*2 is 0-04, not 0-4, and that the square root of 0-4 is 0-632, 
not 0*2 

V2 = 1-41421357 V3 = 1-7320508 

Remember that the diagonal of a square is V2 times the 
length of a side.. 

Ratio and Proportion 
Example 4. There are throe squares, A, B, and C, cut from the 

same piece of steel plate. The weights of A and B are in the ratio 
1-67 : 1. The weights of B and C are in the ratio 3-57 : 1. Find the 
ratio of the lengths of the sides of A and C. 

We have wt. of B — 3-57 X wt. of C. 

Thus ’ wt. of A = 1-67 X wt. of B = 1-67 x 3-57 X wt. of O. 

Hence wt. of A = 5-9619 x wt. of C. 

It follows that area of A = 5-9619 X area of O. 

.*. side of A — V5-9619 X side of O. (For the side of a square is 
found by taking the sq. root of its area.) 

= 2-44 X side of (7. An8» is 2-44 : 1. 
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Example 5. Tlie volume of a lump of alloy, made of three different 
metals, is 60 cu. in. The throe metals are present in the proportion 
5 : 6 : 7 by weight, and the weights of equal volumes of the metals 
are in the proportion 2:3:4. What volume of each metal is contained 
in the alloy ? 

Suppose the weights of the throe metals in the alloy to be 5a:, 6a?, 
and lx oz. And suppose that the weights of 1 cu. in. of the metals are 

2v, 3v, and 4y oz. Then the volumes of the three metals ore 
,7x. ~y 

and — cu. m. 
5 7 

These are in the proportion 2, and or 10, 8, 7. 

Also their sum is 60 cu. in. 
10 

Hence required volumes are — X 60, X 60, 7^ X 60 
25 ’ 25 

24, 19*2, and 16*8 cu. in. respectively. 

Percentage 
Note the following typical cases— 

Example 6. Find 17 per cent of 432. Aas. X 432 — 73*44. 

17 
Example 7. How much per cent is 17 in 432? Ans. X 100 

432 
- 3*935. 

17 
Examples. 432 is 17 per cent of what quantity? Ans. 432 == ,^7; X a?. 

100 
x = ~ X 432 = 2541. 

Circle Illations 
If we are given the diameter of a wlieel, we at once know 

the distance traversed by the wheel in a revolution, since the 
circumference is equal to the diameter multiplied by V- (tt). 
Thus in travelling 8 miles, a wheel, whose diameter is 2 ft. 4 in., 

will revolve 
8 X 1760 X 36 X 7 

28 X 22 
= 5760 times. 

Division of Labour, Cisterns, etc. 
This class of problem dei)end8 on the principle that if a 

man does a piece of work in x days, or a pipe fills a tank in 

X hours, the work done in one day or in one hour is ~ work. 

If one pipe is emptying, this should be taken as negative work. 

Example 9. A tank can be filled by one pipe in 6 hours, by another 
pipe in 8 hours; a third pipe will empty it in 4 hours. If the tank is 
half full, how long will it take to fill if all three are running ? 
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Pipe A fills i in 1 hour. Pipe B fills J in 1 hour. Pipe C fills minus 
J in 1 hour. 

/, the three pipes fill J -f i — J = —in 1 hour. 

Accordingly, the three pipes fill the tank in 24 hours, and the 
remaining half in 12 hours. 

Example 10. A civil engineer undertakes to complete a tunnel 
3 j miles long in 2 years 10 months; for a year and a half he employs 
1200 men and then finds he has completed only J of the work. How 
many additional men must he employ to complete the tunnel in the 
required time? 

In a year and a half 1200 men complete | of the work. Accordingly, 
f of the work remains to be finished.. To do this in one and a half years 

*it would require (f x 1200) men. 
But there are only 16 months left in which to complete the work. 

.*. it will require ^ ^ ^ 1200^ men = 2250 men. 

1050 additional men must be employed. 

Mensuration Problems 
Area measures the extent of surface (see Fig. 1); volume 

measures the cubical contents, i.e. the solidity. 

Example 11. Find wdiat weight of sheet lead xV in. thick will be 
required for lining a timber tank the inside dimensions of which are 
6 ft. X 4 ft. X 3 ft. The specific gravity of lead is 11*3. 

Vol. of lead = area X thickness. 

{24 + 2(4 X 3) + 2(6 x 3)) x y'^cu. ft. = = 0-7 cu. ft. 

1 cu. ft. of water weighs 62*5 lb. 
1 cu. ft. of lead weighs 62-5 x 11*3 lb. 

r. ri 1 7 X 62-5 X 11-3 „ 11. 
.. 0-7 cu. ft. of lead = --lb. = 494 lb. 

Example 12. How many spherical shot of diameter 0-5 cm. could 
be obtained! by melting from a cylinder of lead measuring 10 cm. 
high and 10 cm. in diameter? 

Vol. of cyl. = TrrVi ==7rX5*Xl0 = 250 X v c.c. 
Rad. of each shot = J cm. 

4 4 7T 
Vol. of each shot == -trr® = ~ x tt X (J)^ = -- c.c. 

o o 4S 

the no. of shot = 2507r -i- = 12,000. 
48 

Example 13. A main water pipe, which measures 10 in. in dia., 
branches into six pipes, each of 2 in. dia. If the rate of flow of water 
in the main pipe is 3 ft./sec., what is the average rate in the branch 
pipes ? Also how many branch pipes of 2 in. dia. must there be if the 
average flow in them all is to be less than 20 ft./sec. ? 

(i) The vol. of water which passes any point in the main pipe in 
one sec. is equal to six times the volume which passes any point in 
a branch pipe in one sec. 
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Rato of flow in main pip© is 36 in./sec., and sectional area of main 
pipe = area of a circle of rad. 6 in. = 25n sq. in. 

Thus, vol. which passes any point in the main pip© in one sec. 
— 36 X 257T cu. in. 

Hence, vol. which passes any point in a branch pip© in one sec. 
= ^ X 36 X 257r or ISOrr cu. in. 

Again, sectional area of a branch pip© = n X l*=7rsq. in. 
But vol. passing a point in one sec. — rate of flow x sectional area. 
Hence rate of flow = volume passing the point -h sectional area 

= ISOtt -i- tt = 150 in./sec. = 12^ ft./sec. 

(ii) As before, the volume of water passing any point in the main 

pipe in one sec. is 36 x 25 tt cu. in. 

If the average flow in the branch pipes is less than 240 in./sec. the 
aggregate sectional area of the branch pipes must be greater than 
36 X 25TT -r 240, or n sq. in. But the sectional area of each branch 
pipe is TT sq. in. Accordingly, the number of branch pipes must be 

greater than —^ -r “n-, i.e. greater than ~; but the result must be a 

whole number, hence the number of branch pipes must be at least four. 

Example 14. Cast iron piston rings, v* hi. wide, are to be turned 
from a rough casting. The width of the cutting-olf tool is J in., and 
3 in. is required at one end for holding in the chuck. Allowing J in. 
for facing up the end of the pipe, find the least possible length of pip© 
from which to cut twelve rings. 

After facing, which will finish one .side of the first ring cut off, each 
parting will produce on© ring. Accordingly, there will be 12 partings. 
(See Fig. 2.) 

Total length required = Chuck grip -f total width of partings 
-f- total widtli of rings -f allowance for finishing end 

27 
= 3-f* 12 X ^4“ 12 X 1% 4“i"~3-J-3-f* hi* 

Example 15. A milling cutter (Fig. 3) is 3 in. dia. and is used with 
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a cutting speed of 60 ft. per min. At what speed (revs, per min.) must 
it run ? \ 

^ . cutting speed 
Revs, per min. — - 

circumference 

Cutting speed = 50 ft. per min. = 50 X 12 in. per min. 

Circiim. of cutter ~ 3 x tt = 9*426 in. 

50 X 12 ^ 
.. revs, per min. = - 77-; ^— = 63*6 revs, per min. 

9*4o 

Example 16. A copper expansion bend in a long length of steam 
pipe is shown in Fig. 4. The portion BCD is J of a complete circle, 
and the portions AB and DE are each f of a circle. Find the total 
length of pipe from flange to flange necessary to make the bond. 

Portion BCD = J of circum. of circle — Jx wX 15 = 35*4 in. 

Portion AB — | of circum. of circle 

Portion DE = | of circum. of circle 

AB -f DE = J of circum. of circle = J X tt X 10 = 23*6 in. 

Two straight portions 10 in. each = 20*0 in. 

total length required = 79*0 in. 
6 ft. 7 in. 

Example 17. A close-coiled helical (or coil) spring, Fig. 6, is 3 in. 
dia., measured at the centre of the coils, and contains 10 complete 
coils. What length of wire is necessary to make the spring, allowing 
an extra 0 in. for hooks at each end ? 

Considering one coil or turn, it is seen from A, Fig. 6, that, like a 
turn of a screw thread, it is not a true circle, its length being a little 
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more than the circuinferenee of a circle, but the difference is so small 
in a closely coiled spring that for practical purposes it can be neglected. 
Accordingly, the length of one turn is calculated as for a true circle, 
and is multiplied by the number of coils. 

Length of 1 turn == tt X 3 = 9-42 in. 

length of 10 turns = 9-42 x 10 = 94*2 in. 

Add for ends = 12 0 in. 
total length required per spring = 106*2 in. or 106J in. (approx.) 

WCOILS 

con 
Fio. 5. Close-coiled Helical Speing ^ 

Example 18. Fig. 6 shows a field coil for a dynamo. Find the length 
of the wire in the coil, which is required for calculating the resistemce 
of the field windings. 

Consider 1 vertical layer of the wire. 
4*5 

No. of turns in 1 layer — = 57*7, say 58 turns. 

Consider the horizontal layers. 
2 

No. of layers ~ == 25*6, say 26 layers. 
0'07o 

Thus we have 26 layers with 58 turns in each layer 

= 1508 turns in the coil. 

The turns vary in diameter, the smallest being in the innennost 
layer and the largest in the outermost. Accordingly, wo calculate on 
the length of an average turn. 

Outside dia. = 12 in. Inside dia. = 8 in. 
.j. £> . 12-j-8 irv* 
.. dia. of average turn = — = 10 in. 

3*14 X 10 
Length of average turn = nd = ---~ 

total length of wire in coil == Average turn X No. of turns 

= 2*62 ft. X 1508 = 3961 ft. 
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OUT5IDE COILDIA.I2' 

Fio. 6. Field Coil for Dynamo 

Area ol Fillet 
The fillet or quarter-circle is very common in the corners 

of various components in engineering work, and it is some¬ 
times necessary to find the area of the ^ ^ 
shaded portion shown in Fig. 7. 

Let R — radius of the fillet. 

Then area of the square OABC = i?* 

and area of quarter-circle — {ttR^ 
=: 0’78r)4R^ 

/. area of fillet = area of 
shaded 
portion 

?= the square — the quarter-circle 

^ Ri^ 0'7854R* 

= /?*(! — 0-7854), taking out the coefficient R^ 

= 0-215i?* (approximately 

Fig. 7. Corner 

Fillet 
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Trigonometry 
The angle between two lines is the amount of turning that 

one of them must do in order to lie along the other. One 
complete turn is called an angle of 360°. 

A degree is the angle subtended at the centre of a circle by 
an arc of circumference. 

A minute is one-sixtieth of a degree, and a second is one- 
sixtieth of a minute. An angle of 42 degrees, 35 minutes, 
12 seconds is written 42° 35' 12". 

A rcidian is the angle subtended at the centre of a circle 
by an arc equal to the radius of the circle. 

There are 277 radians in a complete circle, hence 

277 radians = 360 degrees 

77 radians = 180 degrees 

1 radian = 57*3 degrees. 

Angle in rad. = - 
arc 

radius 

Radians/sec. = 

Angular velocity = 

arc per sec. 

radius 

linear velocity 

radius 

Example 19. \Vhat angle in radians will be subtended by an arc of 
3 ft. if the radius of the circle is 4 ft. ? 

Radians = - = | = 0-75 
ratlins 

ExampIxE 20. How many radians make a rt. angle? 

TTT 

r “2 TT 31416 
Radians == — = — =-- = 1*5708 

r 2 2 

Example 21. Reduce the angle 83'^ 19' 12^ to degrees and decimals. 

12" = = n = 0-2' 

.-. 19' 12" = 19*2' 

angle = 83*32® 

19*2 

60 
deg. — 0*32 deg. 

Trigonometrical Ratios 
In Fig. 8 let A OX be any angle in AO, Take any point P. 

From P draw PM perpendicular to OX, 
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Call PM the perpendicular, OM the base, and OP the 
hypotenuse. 

In Fig. 9 sine B 

cosine B ~ 

or 

and 

tangent B — 

length of side opposite 6 

hypotenuse c 

length of side adjacent _ a 

c 

b 

hypotenuse 

length of side opposite 

length of side adjacent a 

sin 

tan = 

perpendicular 

hypotenuse ’ 

perpendicular 

base 

base 
cos 

hypotenuse 

Note. If an angle is small, the number of radians in it, 
its sin, and its tan are equal. 

A word of encouragenlent to the embryo engineer: Don’t 
be discouraged if at fcst you find your workshop calculations 
somewhat hard and wearisome. Persevere and you will never 
regret the time spent in mastering them. 



CHAPTER II 

MECHANICS 

Mechanics is one of the oldest sciences, and its study is of 
the utmost importance to the young engineer. It has a 
fascination all its own. 

Velocity 

The velocity of a moving body or point means the distance 
over which it passes, per unit of time. When the term “velo¬ 
city” is used it generally signifies speed in a particular direc¬ 
tion. “Speed” may mean the rate of motion independent of 
direction. When motion is along a single straight line, speed 
and velocity will be the same. 

Example 1. If a motor car moves at a uniform speed of 30 miles 
per hour, how many feet will it travel in 5 seconds, and how long will 
it take to travel 40 miles ? 

Distance travelled per hour = 30 X 5280 ft. 

Distance travelled per second = —-- = „ or 44 ft. 
^ (30 X 60 3 

Distance travelled in 5 sec. = 44 x 5 ~ 220 ft. 

Time to travel 40 miles 
40 

= — = T33 hr. or 1 hr. 20 min. 
uU 

In general terms we may say if 5 — distance travelled in 
feet, at constant velocity or speed v feet per second, in a time 

t seconds, v ~ : s ~ vt and t — 

t V 

Average Speed 

If a boy takes a bicycle ride and covers 20 miles in 2 hours, 
his average speed is 10 miles per hour, although it is possible 
he may have stopped eii route and may have changed speed 
many times. If he had maintained a constant speed of 10 miles 
per hour, he would have travelled in 2 hours the same distance 
as was covered with the varying speeds. 

Average speed is defined as 
total distance travelled 

total time taken 
Speed is measured in miles per hour (mis./hr.), feet per 

second, kilometres per hour, or centimetres per second. At 

13 
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sea, speed is measured in knots, 1 knot being a speed of 
1 sea mile per hour (1 sea mile = (3080 feet). 

Acceleration 
The acceleration of a moving body at'»any instant means 

the rate at which its velocity is increasing, or it is the increase 
of velocity per unit of time. 

Exampij: 2. A body has an acceleration of 0 05 miles/hour/hoiir. 
What is this in yards/min./rain. ? 

0 05 mls./hr. 
0 05 X 1760 

(H) ” 
yd./min. 

Gain of velocity in 60 min. 
0 05 X 1760 , , . 

-60- 
. . , , • 0 05 X 1760 1-76 

^ 60 X 60 72 

= 0*024 j'd./rnin./min. 

Force 
A force is that which causes or tends to cause motion, or 

which changes or tends to change the state of motion of a 
body. 

The unit of force is the weight of 1 lb. of matter. 

Triangle of Forces 
In order that a force may be completely specified we must 

know four things— 

1. Its line of action. 
2. Its direction along the line of action. 
3. Its magnitude. 
4. Its point of application. 

If three forces acting at a point are in equilibrium and a 
figure be drawn having its sides parallel to the lines of action 
of the forces, the length of its sides proportional to the magni¬ 
tudes of the respective forces, and the lines so placed that 
the arrows on them indicating the direction of the forces 
follow each other, the figure is a triangle. This triangle is 
known as the “Triangle of Forces.” 

The “Resultant” of two or more forces is that sing’e force 
which acting alone would produce the same result as the two 
or more forces acting together. 

The “ Equilibrant ” of two or more forces is that single 
force which acting together with the said two or more forces 
would produce equilibrium. 
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by measuring the length of the lines uiiich represent them) 

Fig. 10. Triangle of Forces—Jib Crane 

I 
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Fio. 11. Triangle of Forces—Lifting of Machine 
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Example 3. In a simple jib crane, the vertical post is 8 ft. high, 
the jib is 13 ft., and the tie is 7 ft. long. Find the forces in the jib and 
tie when 21 tons are suspended from the crane head. (See Fig. 10.) 

Example 4. A machine, mass 3 tons, is supported by two chains 
attached to the same point of the machine. One of these chains goes 
to an eyebolt in a wall and is inclined at 30® to the horizontal, the 
other is attached to a hook in the ceiling and is inclined at 45® to the 
horizontal. Find the tension in the chains. What is the force tending: 
(1) to pull out the hook, (2) to bend the hook, (3) to pull out the eye- 
bolt, (4) to bend the eye-bolt? (See Fig. 11.) 

Moments 
The moment of a force is measured by tlu^ product of the 

^ force and the |X‘rpendicular distance of the line of 
^ action of the force from the point. 

Example 5. A moment of a force of 8 lb. about a point 
of 3 in. is 8 X 3, or 24 lb./in. (See Fig. 12.) 

Principle of Moments 
V If a body is in equilibrium under the action of 

gjfj any number of forces, the sum of the moments of 
Fio 12 forces tending to turn the body in one direction 

24 L^-in. about any point is equal to the sum of the moments 
of the forces tending to turn the body in the opposite 

direction about the same point. The common steelyard and 
the lever safety valve are two well-known examples which 
embody this principle. 

» 

Example 6. The handle of a claw hammer is 15 in. long and the 
claw is 3 in. long. What resistance of a nail would bo overcome by the 
application of a' pressure of 50 lb. at the end of the handle ? (See 
Fig. 13.) 

Here we have a case of a bent lever, with fulcrum at F and effective 
arms AF and BF. Let W represent the resistance in lb. offe^’od by the 
nail at B. Then, by taking moments about F, we have d 

IF X BF = F X AF, or IF X 3 = 50 X 15 

W 
60 X 15 

3 
250 lb. 

Centre of Gravity 
The centre of gravity of a body is the point through which 

the weight of the body may be supposed to act, or it is the 
point about which the body will balance in all positions if 
capable of being supported at the point. 

Example 7. A circular plate, Fig. 14, 12 in. diameter, has a hole 
3 in. diameter. The distance between the centre A of the plate and 
the centre B of the hole is 2 in. Find the centre of gravity Q, 
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Take AB produced as OX, and take OY tangential to the circum¬ 
ference of the plate. It is evident that Q lies in OX. Taking moments 
about Oy, the moment of the plate as made is equal to that of the 
complete disc diminished by the moment of the material removed 

Y 

in cutting out the hole. Lot w be the weight per sq. in. of surface 
D the diameter of the plate, and d that of the hole. Then 

Weight of the complete disc == 
4 

Weight of the piece out out = 

Weight of the plate as made ~ w -~ ~ 
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Take moments about O F, and let OQ = 

(D* - d*)x = 6D* - 4d» 

6D> - 4da 828 

“ 135 “ 

X 6) - (?:=!.’ 

6-13 in. 

Work, Power, and Energy 
When a force moves a body it is acting upon, it is said to 

be doing work, and the amount of work done is represented 
by the product of the force and the displacement of the body, 
measured along the line of action of the force. 

The unit of work is the work done when a force of I lb. 
displaces a body 1 ft. It is called the ft.-lb. 

Example 8. Find the amount of work done in lifting a machine 
weighing 2 tons to a height of 5 inches. 

5 
Work = force x distance moved ~ 4480 x -r-r = 1807 ft.-lb. 

X Jd 

Example 9. A force pump is to deliver water at a uniform pressure 
of 750 lb. per sq. in. If the diameter of the cylinder is 4i in., and the 
stroke of the piston 7 in., how much work is done per stroke ? 

A r • * 11 81 . 
Area of pi-ston ~ ti ^ ~T 

14 4 

Force on piston = 750 X area 
7 

Length of stroke — — ft. 

750 11 81 7 
work per stroke == X T7 “r ^ vs “ 0961 ft.-lb. 

^ 1 14 4 12 

A force is said to do work when its point of application 
moves in the direction in which the force acts. When the 
point of application moves in a direction opposite to that of 
the force, work is said to be done against the force. 

The rate at which work is done is called power. 
From the foregoing it will be seen that horse-power is not 

the quantity of work performed, and is not therefore measured 
in ft.-lb. The difference between horse-power and work is 
comparable with the difference between velocity and distance. 

The British unit of power is 1 horse-power, and was deter¬ 
mined by James Watt as the result of experiments with dray 
horses. The horses raised a weight of 100 lb. from a well by 
pulling horizontally on a rope passing over a pulley. It was 
found that they could do 22,000 ft.-lb. of work per minute. 
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Allowing for work wasted and to avoid the possibility of 
under-estimating, Watt added 50 per cent, and gave 33,000 
ft.-lb. per min., or 550 ft.-lb. per sec. as the standard horse¬ 
power, so that a 5 h.p. engine is one that can do 2750 ft.-lb. 
of work per sec. In any given case the horse-power is thus 
calculated by dividing the work done per minute in ft.-lb. 
by 33,000. A man can be expected to develop ^ h.p. for 
some time. 

Example 10. What horse-power is required to lift 20 tons through 
a vertical height of 60 ft. in 6 minutes ? 

Mass raised = 20 X 2240 lb. 

Distance per min. = 10 ft. 

Work per min. = 20 X 2240 X 10 ft.-lb. 
^ work per min. 20 X 2240 x 10 _ ^ 

33,000 ~ 33,000 

Example 11. The difference between the tension in the slack and 

tight parts of a belt is 1201b. The belt drives a pulley 3 ft. diameter 
at 180 rov./min. What h.p. is transmitted? 

Driving force == 120 1b. 

‘>2 
Speed of bolt X 3 X 180 ft./min. 

<>‘7 

Work per min. = 120 X — X 3 X 180 ft.-lb. 

H.p. 
120 X 22 X 3 X 180 

33,000 X 7 
617 

Conservation of Energy 
Tliis principle is one of the most important in physical 

science. 
There are various forms of energy, or capability of doing 

work. A body can do work against resistances by reason of— 
1. Position or shape, e.g. a reservoir of water at a height, 

or a coiled watch spring (potential energy). 
2. Motion, e.g. a cannon shell in flight (kinetic energy). 
3. Heat, e.g. steam driving a locomotive (heat energy). 
4. Electrification, e.g. electric cars (electrical energy). 
5. Chemical constitution, e.g. explosives (chemical energy). 
Experience shows that all energy at our disposal comes 

from natural sources. The prmciple of the conservation of 
energy states that man is finable to create or destroy energy; he 
can only transform it from one kind into another. If, for example, 
a labourer carries bricks up a ladder he does not create 
potential energy, but merely converts some of his internal 
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store of energy into another form. Food and rest will soon 
be necessary in order that his internal store of energy may be 
replenished. Whatever the form of food, it is derived ulti¬ 
mately from vegetation, and vegetation depends for its growth 
upon the light and heat of the sun. Hence the store of energy in 
the sun is responsible primarily for the elevation of the bricks. 

The statement that energy cannot be destroyed requires 
further consideration. In converting energy from one form 
into another a certain amount generally disappears, so that 
the total energy in the new form is less than the original 
energy. It will be found, however, that the missing energy 
has been converted into forms other than that desired, and 
that the total energy in the various final forms is exactly 
equal to the original energy. For instance, a hammer is used 
for driving a nail and is given kinetic energy by the operator. 
The hammer strikes the nail, and some of its energy is used 
in performing the useful work of driving the nail. The re¬ 
mainder is Wiisted in damaging the head of the nail and in the 
production of sound and heat. The reader should accustom 
himself to the use of the term “wasted energy” in preference 
to “lost energy,” which might lead to the idea that some 
energy had been destroyed. 

Friction 
Friction,is the resistance offered by one body to another, 

which slides or tends to slide over its surface. 

Laws of Friction for Dry Surfaces 
1. Friction is proportional to the normal pressure between 

the two surfaces. 
2. It is independent of the area of the surfaces in contact. 
3. It is for practical purposes independent of the speed. 

Since fnction varies as the normal pressure, then friction 
equals a constant X normal pressure. 

This constant is called “the coefficient of friction” and 
is usually denoted by U. 

F (force) = U (coefficient of friction) X W (weight) or 

KXAMPI4I: 12. A man weighs 150 lb. What is the greatest weight he 
can pull with a horizontal rope t^long a horizontal floor if the coefficient 
of friction between the weight and the floor is 0*35, and between his 
boot soles and the floor is 0-46 ? 
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Force which man can exert is 

F = 0-45 X 150 Ib. 0-45 X 

W = 
0*45 X 150 

0-35 
= 1931b. 

150 = 0-351f 

Example 13. A metal planing machine, the table of which weighs 
2 cwt., makes 7 cutting and 7 return strokes in a minute. If the length 
of each stroke is 3 ft. and the coefficient of friction between the sliding 
surfaces is 0 00, how many ft.-lb. of work are done per minute on 

moving the tabl5 ? 

Force required to move table = O OG x 224 lb. = 13-44 lb. 

Work spent on friction per stroke = 13-44 X 3 ft.-lb. 

Work spent on friction per minute == 13-44 X 3 X 14 = 564 ft.-lb. 

Mechanical Efficiency 
clistance moved by force 

V elocity ratio = -rr—-; ~ —,-r 
distance moved by load 

load raised 
Mechanical advantage = ^-:—, 

® force required 

If the velocity ratio.of a machine is F, and the force P lb. 
is required to raise the load IF lb., then as the load is raised 
1 ft. the force moves V ft. 

Useful work = IF X 1 ft.-lb. 

Work supplied ~ P x V ft.-lb. 

useful work done IF X 1 

V 

total work supplied P X V 

mechanical advantage 

velocity ratio 

Efficiency — 

- 1^' 
P • 

Screw Jacks 

Screw jacks are used for heavy loads requiring 
a small lift only. In Fig. 15 a hollow body B 
has a hole at its top screwed to receive a strong 
square-threaded screw S, The load is applied f 1 
at the top of this screw, on Py which is a piece 
free to rotate on the top of S, S is turned by 
a tommy-bar T inserted into holes in the screw 
head, and as P is free to rotate on Sy the load IF is not 
turned by the rotation of the screw. 

Let R — radius at which P is applied (inches) 

and p ^ pitch of screw (inches). 

Fig. 15 
Screw Jack 
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Then, in one revolution of the screw, P moves a distance 
tangentially equal to and W moves a distance equal top. 

the velocity ratio is F = 
2ttR 

P 
Example 14. In a simple screw jack the pitch of the screw is J in., 

the lei^h of the lever at the end of which the effort is applied 
is 18 in. Find the velocity ratio. 

If an effort of 9 lb. applied to the end of the lever lifts a load of 
J ton, what is the efficiency? 

Suppose the screw makes 1 revolution, then the load is raised ^ in., 
2 X 22 

and the force moves--—^ x 18 in. 
7 

Velocity ratio = X 18 X 2 = 226 

Efficiency — 
mechanical advantage 

velocity ratio 

TF 

PV 

1120 
.*. Efficiency = --= 0‘55 or 55 per cent 

Weston’s Differential Pulley Blocks 

This machine, illustrated in Fig. 16, is much used. It has 
a very low efficiency for a machine, but this accounts for 
one of its useful properties, i.e. a weight can be lifted by it 
and, upon releasing hold of the chain, the weight will remain 
hanging as it was left, without overhauling the chain m the 
slightest degree. Although the theoretical advantage is great, 
the actual or working advantage is small; yet this property 
of not overhauling is of such importance that appliances 
possessing it are constantly being used in engineering work¬ 
shops. 

An endless chain passes round pulley A, the snatch block 
C, and pulley B. A and B are of different diameters, but are 
mounted on the same spindle. The links of the chain engage 
with recesses formed in the rims of the pulleys and thus 
cannot slip. When the pulleys make 1 revolution, an amount 
of chain equal to the circumference of A is pulled over by 
the effort, whilst an amount equal to the circumference of B 
passes over B. Hence, the chain connecting A and B with 
the snatch block shortens by an amount equal to the difference 
of the circumferences of the two pulleys, and the load is 
lifted half this amount. The velocity ratio is therefore 

y _ circumference of larger pulley A 

J (difference of circumferences of A and B) 
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Kinetic Energy 
Kinetic energy (or K.E.) is the measure of work that must 

be done on a body to give it a certain velocity, or of the work 
that can be got out of the body as it loses that velocity and 

Fio. 16. Diffpjrential Pulley Blocks 

comes to rest. Its value in each case is where w is the 
2(7 

weight, V the velocity, and g ~ 32-2 ft./sec./sec. 
There are several types of machines for utilizing the kinetic 

energy of a moving body to overcome a resistance and to do 
useful work. A common example is the fly press, used for 
stamping medals or for punching holes in plates. The kinetic 
energy of the balls is absorbed in overcoming the resistance 
offered by the plate to punching. 

Example 16. In a fly press the weight of each ball is 20 lb. and 
their velocity is 10 ft. per sec.; the die on the end of the screw moves 

a~-(T.247) 
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through ^ in. in coming to rest. What average pressure is exerti r 
on the metal subjected to stamping ? 

Kinetic energy of the balls ~ = IP—!? 12 =: 62-11 ft.-lb. 
2g 64*4 

Pressure in pounds x distance in feet — 62*11. 

Pressure x ^ X iV = 6211. 

Pressure = 62*11 x 16 x 12 = 11,925 lb. 

Transmission of Motion 

In workshops man}^ machines are driv^eii by means of belts. 
A pulley is fixed to eacli shaft, and a belt is stretched round 

Fio. 17. “Open” Driving Belt 

Fig. 18. “Closed” Driving Belt 

the pulleys as shown in Fig. 17. If it is intended that the 
shafts should rotate in the same direction, the belts are open 
as in Fig. 17. Crossing a belt as shown in Fig. 18 enables one 
shaft to drive another in the opposite direction. Neglecting 
any slipping between the belt and the pulU^ys, it is evident 
that the linear velocities of points on the circumferences of 
both pulleys are equal to the linear velocity of the belt. 

It can be shown that the angular velocities of the pulleys 
are inversely proportional to the radii, or the diameters, of 
the pulleys. Also that the angular velocity ratio of the first 
and last pulleys is given by the product of the radii, or dia¬ 
meters, of the driven pulleys divided by the product of the 
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I .radii, or diameters, of the driving pulleys. Expressed in 
another way, we have 

Revs, of first wheel Product of followers 

Revs, of last wheel Product of drivers 

Revs, of last wheel Product of drivers 

^ Revs, of first wheel Product of followers 
Example 1G. A pulley A, 42 in. dia., running at 200 rev./min., drives 

a pulley Ji, of 30 in. dia., oy means of a belt. On the same shaft as B 

Fia. 19. Compound Pullev Drive (4 Pulley Wheels) 

B 

Fio. 20. Compound Pulley Drive (5 Pulley Wheels) 

is keyed another pulley (7, 36 in. dia.. which drives a machine having 
a pulley i) of 15 in. dia. on its shaft, (t^ee Fig. 19.) 

What will be the speed of and what will be the speed of the 
machine spindle ? 

Revs, of B A 

Revs, oi A ~ B 
42 200 

.*. Revs, of R — — X I ~ = 280 rev./min. 

Revs, of 7) _ A ^ C 42 _ 36 84 

Rov8. of .4 ~ ^ 
84 

Speed of ^ ^ ^ 200 == 672 rov./min.* 
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Example 17. In Fig. 20, if the speed of A is 10 rev./min. clockwise, 
what is the speed of J? ? 

Revs, of last wheel Drivers 

Revs, of first wheel Followers 

Revs, of last wheel 50 x 40 X 20 20 

* * To "" 30 X 20 X 10 "" T 

Revs, of last wheel = ^ X ~ = 66-6 rev./min. 

Example 18. A lathe has a guide (or lead) screw of J in. pitch. 
Calculate the number of teeth in the change wheel to be fixed to the 
end of the guide screw in order to cut a screw of 8 threads to the inch 
when the driver on the lathe spindle has 4()4eeth. 

Apply the same principles as for pulleys. Merely substitute the 
number of teeth in a wheel for the diameter of the pulley. 

^ ^ Pitch of screw to be cut 

* Pitch of guide screw 

Xo. of teeth in first driver X Xo. of teeth in second driver 

No. of teeth in first follower X Xo. of teeth in second follower 

In this particular example there is only one driver and one follower, 

and we get - = —. 

A ~ or / — 80 teeth. 
2 / 

Alternatively, since the number of threads per inch is inversely 
proportional to the distance between any two consecutive threads, 
we can always say 

Xo. of threads to be cut No. of teeth in follower 

Xo.^ of threads in guide screw No. of teeth in driver 

Accordingly, ^ = ^ 

/. f = ^ ^ = 80 teeth, as before. 
J 4 

In practice, an idler wheel is required to connect up the 
driyer to the follower, as well as to give the desired direction 
of rotation. With the proviso that the pitch of the teeth is 
the same as the driver and the follower, the actual number of 
teeth on the idler wheel is immaterial. 
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MEASUREMENTS AND EFFECTS OF HEAT 

Heat is one of the best known forms of energy. Its capacity 
for doing work is utilized in the steam engine, the internal 
combustion engine, the melting furnace, etc. The quantity of 
heat in a given piece is indicated by its temperature, and the 
temperature in turn is measured by some form of thermometer. 

The Thennometer 

A thermometer is an instrument for comparing temperatures. 
There are two thermometer scales in common use, the 

centigrade and the Fahrenheit (Fig. 21), engineers usually 
preferring to use the former. On the centigrade thermometer 
the “Freezing Point’' and “Boiling Point” are numbered 
0 and 100 respectively, with 100 equal divisions between. 
On the Fahrenheit thermometer they are numbered 32 and 
212, with 180 equal divisions between. To 
change a centigrade thermometer reading 
to the corresponding Fahrenheit— 

1(X) cent, divisions = 180 Fah. div. 

. . 1 cent. div. = 7— = - hah. div. 
1(K) 5 

. 1 I. f. 100 5 ^ .. 1 hail. div. = = - cent. div. 

It should be noted that temperature is 
measured in degrees and is not a quantity 
of heat. 

Example 1. Convert 50° F. to ° cent. 

50° F. is 18° F. divisions above F.P. 

It is C. divisions above F.P. 
y 

That is, 10 4- 0 10° centigrcide. 

Example 2. Convert 15° cent, to ° F. 

15° C. is 15 C. divisions above F.P. 

It is —F. divisions above F.P. 
o 

That is, 27 + 32 = 69° Fahrenheit. 

27 

1 too 

90 

80 

70 

I 

f 
242 

200 

400 

80 

Fig. 21 
Thermometer 

Scales 
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High Temperature Measurement 
In the heat-treatment of metals the temperature is measured 

by a pyrometer, the types most generally used being the 
thermo-electric and the optical pyrometer. Of these two the 
thermo-electric is the more important. The theory on which 
the operation of the thermo-electric pyrometer, Fig. 22, is 
based is briefly as follows. If two wires of different composition 
are joined together at both ends, making a complete circuit, 
and one of these junctions is at a different temperature from 
the other, a difference of electrical potential is set up at the 
junctions and an electric curnmt flo'v^s through the wires. 

Such a pair of wires is 
called a thermo-electric 
couple. If the wires are 
of uniform composition 
the potential difference 
depends upon the differ¬ 
ence of tem])erature alone, 
and the strength of the 
current will vary directly 

as the differences of temperature. If a galvanometer or a 
millivoltmeter is inserted in the circuit tliis current can be 
measured, and if the current corresponding to various differ¬ 
ences of temperature is once obtained the apparatus can be 
used as a means of measuring temperature. 

Fig. 22. Thermo-electiiic 

PyRO .METER 

Absolute Temperature 
The zero of temperature on the centigrade and Fahrenheit 

scales has been chosen arbitrarily, on one the zero being the 
freezing point of water, and on the other a point of 32® F. 
below it. 

For ^scientific purposes it is necessary to have a uniform 
zero, and Such a point, called the zero of absolute temperature, 
has been chosen, the position of which is 461® F. below the 
zero Fahrenheit, or 273® C. below the zero centigrade. 

Hence, to express degrees Fahrenheit in degrees of absolute 
temperature, add 461. Thus the boiling point of water at 
aI)mospheric pressure = 212® F. Therefore 212® F. plus 461® F. 
= 673®F. absolute temperature. 

Conversion of Water to Steam 
Water is a compound substance, consisting of hydrogen 

and oxygen chemically combined in the proportion of two 



MEASUREMENTS AND EFFECTS OF HEAT 29 

volumes of hydrogen to one volume of oxygen, written in 
chemical symbols H2O. (See also Chapter VIII.) 

When water is subjected to the action of heat it is converted 
into steam, which is water in the gaseous state. Though a 
change thus takes place in the physical condition of the 
substance, the chemical composition of the steam is in no way 
different from that of the water from which it is generated. 

Exceptional Behaviour of Water 
Water at 0° C. contracts on warming until the temperature 

reaches 4° C., and then it expands. 

4° C. == temperature of max. density 

Total Heat of Steam 
The total heat of 1 lb. of steam is defined as the heat required 

to raise the temperature of 1 lb. of water from 32° F. to the 
particular saturation temperature t^F. applicable to the 
pressure, and then to evaporate it at that temperature. 

If H be the symbol used to denote this total heat, then the 
total heat of 1 lb. of steam is given by // = 1082 + 0*305 
f F. B.Th.U. (Fall. lb. calories or British Thermal Units). 

If the total heat of 1 lb. of steam be defined as the heat 
required to convert 1 lb. of water at 0° 0. into steam at some 
particular temperature ^ C., then H = 606*5 4- 0*305 f C. 
(cent. lb. calorics). 

Example 3. Find the amount of heat which must be added to 1 lb. 
of water at 20° C. to change it into steam at 140° C. 

H =- 60G-5 + 0-30O C. = 606-5 + 0-305 x 140 = 606-5 -f 42-7 
= 640-2 C.lb.cal. 

Initial temp. — 20 units heat to be added = 649-2 — 20 
= 629-2 C.lb.cal. 

Example 4. In a boiler trial it wa-s- found that 8 lb. of feed water 
at 50° F. were converted into steam at 1301b. per sq. in. per lb. of 
coal burnt; what percentage of tlie heat generated by the latter was 
usefully employed? Calorific value of the fuel was 14,500 F.lb.cal. 
The temperature of saturated steam at 130 lb. pressiue is 348° F. 

H = 1082 -f- 0-305 t = 1082 -f 0-305 X 348 - 1082 + 106-14 
= 1188-14 F.lb.cal. ' 

Heat required to raise water from 32° F. to 50° F, = 18 F.lb.cal. 

.*. Total heat of fuel per lb. = 1188-14 — 18 = 1170-11 F.lb.cal. 

Calorific value of coal = 14,500 F.lb.cal. 

. TT r 1 u 1 1 lu in014 100 /. Useful heat employed per lb. = 7;■ X - 
14,500 1 

For 8 lb. = X 100 X 8 =. 86 per cent 
14,500 
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Relation between Heat and Work 

Dr. Joule, of Manchester, was the first to prove, by a 
series of experiments conducted between 1840 and 1849, that 
a given amount of work would always produce the same 
quantity of heat. 

It should be noted that when a body, expanding with heat, 
meets some external resistance, a portion of the energy of 
motion of its particles is taken up in overcoming that resis¬ 
tance, some of the heat given to the body being, in fact, 
converted into work. 

“Joule’s equivalent’' — 778 ft.-lb. = 1 B.Th.U. at the point 
of maximum density of water (40"^ F.). Thus an aj)parently 
small amount of heat is equivalent to an apparently large 
amount of mechanical enc^rgy. This is shown in the use of a 
file or hammer where the energy used is of course converted 
into heat. Again, though energy is never lost (the total 
quantity of energy in the universe always remaining the same), 
it is frequently wasted by being dissipated in tlie form of heat. 

Example 5. A brake is applied to the flywheel of an engine and 
absorbs 10 h.p. How many H.Th.U.’s are generated per minute? 

1 h.p. = 33,000 ft.-lb. per min. 10 h.p. = 330,000 ft.db. per min. 

For everj’’ 778 ft.-lb. of work, 1 B.Th.U. is generated, 

Heat generated = — 424 B.Th.U.’s 

ExampCe 6. A gas engine uses 14 cu. ft. of gas per b.h.p. per hour. 
The calorific energy of a cu. ft. of the gas is 380 C.H.U. VVhat is the 
efficiency ? 

1 h.p. per hour = 33,000 x 60 - 1,980,000 ft.-lb. 

Joule’s equiv^alent = 1400 ft.-lb. = 1 C.H.U. 

. work got out 
Efficiency = -. -- --t- 

work put in 

Work put in == 1400 X 380 X 14 ft.-lb. 

Work got out — 1,980,000 ft.-lb. 

E = 
1,980,000 

1400 X 380 X 14 
= 0*265 = 26*5 per cent. 

Example 7. An engine giving 25 b.h.p. is provided with a water- 
cooled brake wheel, and 50 lb. of water are supplied per minute. 
Calculate the rise of temperature of the water on the assumption that 
all the work done is used in heating the water. 

ifise in temp. 

Foot-lb, 
Joules 

Weight 

25 X 33,000 

778 X 60 
21*2° F. 
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Example 8. What is the efficiency of a Diesel oil engine which uses 
0-56 lb. of kerosene per b.h.p. per hour ? (1 lb. of kerosene has a calorific 
value of 22.000 B.Th.U.’s.) 

1 b.h.p. for 1 hour = 60 X 33,000 ft.-lb. 
0-56 lb. of kerosene per hour == 0*56 x 22,000 X 778 ft.-lb. per hr. 

^ . work got out 
Efficiency of engine =-:— 

work put in 
GO X 33,000 . _. _ „ . 

r= --——^= 0-206 — 20-6 per cent. 
0-56 X 22,000 X 778 ^ 

Sensible Heat 
When heat applied to a substance raises its temperature, 

’t is said to be sensible in the substance. 

Latent Heat 
When heat applied to a substance does not raise its tem¬ 

perature, it is said to be latent in the substance. 
For example, in order to convert 1 lb. of water at 212° F. 

into steam at 212° F., 966*6 B.Th.U. are required. This is 
known as the latent heat of steam. 

Specific Heat 
The ratio of the amount of heat required to raise the tem- 

p.Tature of a substance one degree to the amount of heat 
required to raise an equal weight of water one degree, is called 
the specific heat of the substance. 

The specific heat of bodies varies considerably, as will be 
se en from Table 1. 

Table 1 

SPECIFIC HEAT OF VARIOUS SUBSTANCES 

Material 
i 

Specific Heat ' 1 Material ' 
1 1 

Specific Heat 

W^ater. 1000 Coal 0-241 
Cast Iron 0-114 Steel 0-116 
Copper 0-100 Mercury 0033 
Lead . 0-031 Tin . . .j 0-055 

Water lias the highest specific heat of any substance (except 
hydrogen), and the metals have the lowest. In other words, 
it takes more heat to raise the temperature of a given weight 
of water one degree than to raise the same weight of any other 
substance one degree. From the Table, the specific heat of 



32 THE ELEMENTS OF WORKSHOP TRAINING 

steel is approximately -l^th, that is to say, the quantity of 
heat which would raise lib. of steel through T F. would 
only raise the temperature of 1 lb. of water through F. 

C!oefflcient of Linear Expansion 
It has been shown that all metals do not expand equally 

on being heated through the same range of temperature, e.g. 
copper expands more than steel for the same increase of 
temperature. This may be illustrated by two flat bars, one 
of copper, the otheF of stc^el, riveted together and heated. 
The composite bar will be found to be bent after heating, the 
copper bar being on the convex side of the bend, showing that 
it has expanded more than the steel. 

The coefticient of linear ex]>ansion is the increase in length 
which a bar of unit length undergoes when its temperature is 
raised one degree. 

Let e = coefficient of linear expansion, 

L = original length of bar, 

i = increase in temperature. 

Then the increase in length of a bar of unit length, heated 
through t degrees, — t X e; and for a bar of h'ngth L the 
increase in length ~ L x t X e\ length of bar after 
heating ~ L Lie ~ L{\ + te). 

Example 9. Steel rails, each 60 ft. in length, are laid when the 
atmospheric temperature is 50° F. It is intenriod that the ends should 
only just touch if the temperature reaches 120^ F. Wfiat space should 
be left between the ends when laying the rails? ((,’ootlicient of linear 
expansion ~ 0*0000067 per degree F.) 

Increase in temperature == (120— .50) = 70° F. 

Increase in a length of 60 ft, = Lte 

= 60 X 70 X 0*0000067 = 0*02814 ft. =- 0*338 in. 

The space left between the ends in order to allow for this increase in 
length must Ije 0*338 in., say f in. 

Coefficient of Superficial Expansion 
This is the increase in area which a plate of unit area under¬ 

goes when its temperature is raised one degree. Its value . 
is double that of the linear coefficient of expansion of the 
same substance. 

Coefficient of Cubical Expansion 
This is the increase in volume which unit volume undergoes 

when its temperature is raised one degree. Its value is three 
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times that of the linear coeificient of expansion of the sub¬ 
stance. 

Transfer of Heat 
When two bodies of unequal temperature are placed to¬ 

gether, the hot body tends to impart its heat to the colder 
body until the temperature of 
each is equal; and when t]i€*re 
is no teiulency to a transfer of 
heat between them they are 
said to be of equal tempera¬ 
ture. The rate of transfer of 
heat from a hot body to a cold 
is proportional to the differeViee 
of temperature between the 
two bodies. The greater the 
difference of temperature the 
greater the rate at which the 
heat flows. The transfer of heat 
from one to the other may take 
place in any of thn^e ways, 
namely, by radiation, condue- 
tion, or convection. The com¬ 
mon fire cresset (Fig. 23) serves 
to illustrate the meaning of 
each term. 

Radiation. Heat is given off 
from hot bodies in rays which 
radiate in all directions in 
straight lines. The heat from 
the burning coal in a furnace 
is transferred to the crown and 
sides of the furnace by radia¬ 
tion. (It passes through the furnace plates by conduction, 
and the water is heated by convection.) 

Conduction. Conduction is the transmission from hotter 
to colder parts of a body gradually, from particle to particle, 
without any visible motion of the parts of the body. 

Materials which are bad conductors are used by engineers 
to prevent loss of heat by radiation; hence boilers, steam 
pipes, and cylinders are covered with a non-conducting 
material, such as hair felt or asbestos. Due attention to this 
problem will result in considerable fuel economy. Bodies of 

Fio. 23. Fire Cresset or 

Stove illustrating 

Transference of Heat 
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a finely fibrous texture arc the worst conductors of heat. 
Liquids and gases are poor conductors. It is impossible to 
heat them by conduction, but they may be very quickly 
heated by convection. 

Convection. Convection is the transmission by the actual 
motion of the parts of a heated fluid. It is therefore confined 
to liquids and gasses. 

Internal Combustion Engine 

One of the most interesting examples of heat occurring in 
all three forms and in relatively large quantities is that of the 
internal combustion engine. It is not generally appreciated 
that about one-third of the energy in engine fuel is lost by 
heat. That is why cooling water has to Ix^ used to carry away 
the heat from the cylinder walls, and pass it into the air via 
the radiator. This heat is taken from the cylinder by conduc¬ 
tion through the cylinder walls, the water side of the walls 
being kept at a relatively low value by circulating the water, 
so that the maximum heat flows through from the hot side. 
But not all the heat is ab.sorbed by this means. Th(‘ explosive 
gases become heated to a very high tiunperature and are 
passed out of the cylinders of the engine into the exhaust and 
then into the atmosphere. This represents convection, while 
in addition the explosion flame radiates heat to the cylinder 
walls, which absorb it and pass it on to the cooling water by 
conduction. 

Example 10. How much heat is given out when \ ton of lead cools 
from 100'' C. to 25° C. ? The sp. ht. of lead — 0 031. 

Heat given out == mass x sp. ht. X fall in temp. 

2240 
—^4 ' ^ 0 031 X 75 = 1302 Ib./degree/cent, units 

Example 11. 5 lb. of water at 100° C. are mixed with 7 lb. at 20° C. 
Find the temperature of the mixture. 

I.,et x° C. = required temp. 

Heat lost by hot water == 5 X 1(100 — x) units. 

Heat gained by cold water =7 X l(a; — 20) units. 

These two are equal, so 5(100 — x) = l{x — 20) 

.*. 500 - 5a: = 7a: - 140 

- 12a: = - 640 

.*. X =» 
040 

12“ 
63-3° C. 
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Combustion 

Air consists of two g*ascs, oxygen and nitrogen, mixed in 
the proportion of 1 lb. oxygen to lb. nitrogen. Fuels con¬ 
sist principally of carbon and hydrogen. During combustion 
the oxygen of the air combines with both of these, forming 
carbon dioxide gas with the carbon and steam with the 
hydrogen. 

When coal is first heated gaseous combinations of carbon 
and hydrogeui are given off, which also require oxygen for 
their combustion. 

It will be interesting to consider the least amount of air 
which must be supplied to a furnace in order to provide this 
oxygen. A pound of coal contains 0*8 to 0*9 lb. of carbon, 
0*05 lb. of hydrogen, and a small quantity of oxygen, sulphur, 
and ash. Of the ])roducts of combustion, the carbon dioxide 
contains 25 lb. of oxygen for every pound of carbon, and the 
water contains 8 lb. of oxygen for every pound of hydrogen. 
It can be said, thcTcfore, that each ])ound of coal requires 
0-9 X 2| O-Oo X 8, or 2-8 lb. of oxygen, and this will be 
contained in 2*8 (I + 3J), or 12*13 lb. of air. This quantity 
is greatly (‘xcceded in practice, as it is impossible to mix the 
oxygen and coal so thoroughly that none of the oxygen gets 
through unconsumed. 

Application of Heat to Solids 

Nearly all bodies expand by the action of heat. Numerous 
examples of the application of this law of expansion to metals 
occur in engineering. Thus the firebars of boiler furnaces are 
left free at both ends to enable them to expand. Boiler plates 
are riveted with red-hot rivets, which cool and contract, draw¬ 
ing the plates together at the joint with great force. In laying 
steel rails, a small space is left between successive lengths of 
rail; and the bolt-holes by which they are secured to the 
fish-plates are elongated, thus allowing for seasonal variations 
in temperature. Locomotive wheel tyres are fitted after being 
heated to a temperature of about 350° C., and as they cool 
they contract and grip the wheel centre with great firmness 
(see Fig. 24). Again, steam pipes which are rigidly secured 
between two supports are always fitted with an expansion 
joint or connection. Fig. 25 illustrates various methods of 
providing for expansion of pipes due to heat, in order to 
prevent the undue and even dangerous straining which occurs 
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when pipes are fixed between rigid supports with no provision 
for expansion and contraction. 

If glass is heated or cooled suddenly it is very liable to 
crack, because glass conducts heat slowly. The two sides of 
the glass are unequally heated, and therefore unequally 
expanded; hence the fracture. Steam boilers require great 
care for similar reasons. They should not be hurriedly heated 
or cooled, and all sudden changes of temperature should be 
avoided; otherwise unequal expansion and contraction will 
take place, resulting in leakages. 

Application of Heat to Gases 

Gases, such as air, expand on the action of heat much more 
freely than liquids or solids. The law which expresses the 
behaviour of gases under the influence of heat is known as 
Charles’s Law. (See also Chapter IV^.) 

Dissipation of Frictional Heat 

The mechanical engineer must always guard against fric¬ 
tion w'hich generates heat. For instance, unless the heat 
generated in bearings is dissipated, the lubrication may break 
down and seizure of the bearing take place. Consequently, a 
great deal of attention is devoted to the design of plant and 
machinery which will enable frictional heat to be passed away 
by conduction. Oil is pumped through the bearings to carry 
away heat, and, in addition, the housing of the bearing is so 
designed that the heat can flow without difficulty to the 
outside, where it can radiate into the air. 

The engineer is often confronted with the difficulty of 
generating sufficient heat in one part of his plant and avoiding 
it in another. 



CHAPTER IV 

EXPANSION AND COMPRESSION OF OASES 

Principle of Barometer 

A TUBE about a yard long, closed at one end, should be filled 
with mercury and all the air bubbles removed. The tube 

should then be inverted over mercury 
and it will be fmind that a column, 
equal to 30 in. on an average, will be 
supported by the pressure of the atmo¬ 
sphere. The top portion of the tube 
will be a vacuum. When the tube is 
slanted (Fig. 26) the vertical height of 
the mercury in the tube above that in 
the vessel will remain the same. The 
height will vary a few inches in accord¬ 
ance with the weather conditions, the 
normal height of the barometer, not 
depending upon the width of the tub(% 
being 30 in., or 76 cm. 

Example 1. If the height of the barometer 
OF BabOmeteb be 30 in., find: (a) the height of a water 

barometer; and (6) the height of an alcohol 
barometer, (Specific gravity of mercury 13-6 and of alcohol 0-8.) 

(a) Height of water barometer = 30 X 13-6 in. 
30 X 13 0 ft. 

= 34 It. 
12 

(b) Height of alcohol barometer — 34 x 
0-8 

340 ft. _ 
42-5 ft. 

Atmospheric Pressure 

To calculate the pressure of the atmosphere in lb. per sq. in., 
1 cu. ft. of water weighs 62*5 lb., so 

62*5 lb. 
1 cu. in. will weigh 

1728 

1 cu. in. of mercury will weigh 
62*5 X 13-6 

1728 

38 
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But the normal pressure of the atmosphere on 1 sq. in. = 
weight of column of mercury^30 in. high and 1 sq. in. in area 

30 X 62-5 X 13-6 

1728 
14*75 lb. 

“ Light as Air ” 
Many use this expression without realizing the fact that 

air has a quite considerable weight, even though at atmospheric 
pressure and 60° F. temperature it is 817 times lighter than 
water. It is, of course, the weight of the atmosphere sur¬ 
rounding the earth which caus(‘s it to exert a pressure of 
14*75 lb. per sq. in. at sea level, sufhcient to balance a column 
of wat(T 34 ft. high. One cubic foot of free air at sea level 
and 60° F. temperature weighs nearly 1J oz.; accordingly 
only 13 eu. ft. are required to weigh 1 lb. The weight of air, 
therefore, in a room 20 ft. by 20 ft. by 15 ft. high is over 4 cwt. 
If we calculate the weight of air in, say, a large workshop, 
we may find that it contains as much as 100 tons. 

Pressure and Vacuum Gauges 
There are two zeros of gaseous pressure from -which other 

pressures may bo measured ; these are— 
(1) Atmospheric pressure, pressures being stated as so 

much over or below this. 
(2) Perfect vacuum; that is, the condition of pressure 

which exists in a space perfectly empty of gas, which, of 
course, will be devoid of all gaseous pressure. 

Pressure and vacuum gauges are usually of the Bourdon 
type, Figs. 27 and 28. In the former the action depends on 
the tendency of a curv(‘d, partially flattened tube to become 
straight when subjected to internal pressure. Similarly, the 
action of a vacuum gauge depends on the tendency of a thin 
tube to collapse when the air is extracted from it. The latter 
is usually graduated in inches of mercury, and as the pressure 
of the air is approximately 15 lb. per sq. in., one inch on the 
gauge will be equal to a pressure of 0*5 lb. per sq. in. 

Pressure of the Air—Absolute Pressure 
Pressures are usually reckoned from the pressure of the 

atmosphere. Thus, when the finger of a boiler pressure gauge 
points to 501b., it indicates a pressure of 501b. above the 
atmospheric piressure. To express this in absolute pressure, add 
the pressure of the atmosphere to the gauge pressure. Thus, 
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50 lb. pressure by boiler gauge = 50 plus 15 = 65 lb. absolute 
pressure. 

Properties of Gases 
•A substance in the gaseous state possesses the property of 

Fig. 27. Pressurp: Gauge 

BACK 

WITH COVER REMOVED 

Fig. 28. Vacuum Gauge 

indefinite expansion. A small quantity of gas introduced 
into a closed vessel, perfectly empty, will at once expand and 
occupy the whole of the interior. Gases may exist either as 
vapours, or as so-called perfect gases. The perfect gas was 
supposed to exist under all conditions of pressure and tem¬ 
perature as a gas, but it is now well known that all gases can 
be liquefied by great pressure and cold. A vapour may be 
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defined as a gas near its liquefying point, and a perfect gas 
as the same substance far removed from its liquefying point. 
Gases such as oxygen, hydrogen, nitrogen, and atmospheric 
air (which is a mixture of oxygen and nitrogen) behave as 
perfect gases under ordinary atmospheric conditions of pres¬ 
sure and temperature. Steam as it comes from boiling water 
is a vapour, but, if heated to a high temperature after being 
separated from the water, in which state it is known as super¬ 
heated steam, it behaves more like a peifect gas. 

Absolute Temperature 
The pressure of a gas under constant volume, or the volume 

of a gas under a constant pressure, varies as the absolute 
temperature, or the product of the pressure and volume of a 
given mass of gas varies as the absolute temperature. 

Absolute temperature Fahrenheit, as we have already seen, 
is the temperature measured from a point 461® F. below the 
ordinary zero, i.e. absolute temperature Fah. = ordinary tem¬ 
perature Fall, plus 461®. Similarly, absolute temperature 
cent. — ordinary temperature cent, plus 273® C. 

Denoting the pressure by P, volume by F, and absolute 
temperature by P, then PV cc or P F = RT wliere P is a 
constant. 

Boyle’s Law 
The volume of a given mass of gas is inversely proportional 

to the pressure, the temperatun^ remaining constant. 

Charles’s Law 
The volume of a given mass of gas under constant pressure 

increases by l/273rd of its value at 0® C. for every degree C. 
rise in temperature. 

Charles’s and Boyle’s Laws Combined 
The volunie/pressure of a given mass of gas increases by 

l/273rd of its value at 0° C. for every degree C. r se in tem¬ 
perature, the pressure/volume remaining constant. 

It should be noted that the coefficient of expansion for ^ 
_ increase in vol./degree 

vol. at 0® 

F^ = vol. at 0®, Expansion for 1® = ISL 
273 
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Example 2. Two cu. ft. of gas at a pressure of 80 lb. per sq. in. 
absolute pressure expand until the v'olume is 5 cu. ft. What is then 
the pressure ? 

80 y ^ 
We must have P x 5 — 80 x 2. /. P == -- — 32 lb. per sq. in. 

Exampu: 3. A quantity of air in a cylinder under a movable piston 
occupies 10 cu. ft. at 60° F. What volume will it occupy if heated 
to 250° F. under the same constant pressure ? 

Here the volume occupied by the air will evidently be greater, and 
in proportion to the absolute temperature. Thus 

60° F. = 60 + 461 = 521 absolute temperature 

250° F. = 250 4- 461 = 711 absolute temperature 

Tlien, vol. at 250° F. = vol. at 60° x ! Vi “ ^ Lv! 
o21 521 

= 13-65 cu. ft. 

Example 4. A quantity of gas occupies 20 cu. ft. at 15°C. What 
volume will it occupy if its temperature is raised to 100° C., the pro.ssure 
on the gas remaining constant ? 

15° C. = 15 4- 273 = 288 al)soluto 

100° C. = 100 + 273 = 373 ab.soluto 

Then 20 x ?= 25 !) cu. ft. 
288 

Example 5. Six cu. ft. of air, measured at an absolute pressure of 
151b. per sq. in., and a temperature of 140 (I, are compressed imtil 
the volume is 1-7 cu. ft., the pressure rising to 75 lb, per sq. in. absolute. 
What is the final temperature? 

PV P,F, 
Law of Charles ^ 

15 X 6 75 X 1-7 

140 4- 273 ~ Pi 

. ^ ^ 75 X 1-7 X (140 4- 273) _ 

" ^ 15 X 6 

Final temperature = 585 — 273 = 312° C. 

Chimney Draught 
The difference in the gaseous pressure inside and outside 

the base of a chimney is measured in inches of water, and is 
known as ‘'chimney draught.” A column of water 144ft. 
high and 1 sq. in. in section (i.e. 1 cu. ft. in volume) gives a 
pressure at its base of 62*5 lb. Hence a column 2*3 ft. or 
28 in. high gives 1 lb. x>er sq. in. pressure. One inch water 
pressure == 0*036 lb. per sq. in. = 6*2 lb. per sq. ft. 

The type of gauge in common use is shown in Fig. 29. It 
consists of a bent glass U-tube A containing some water. This 
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tube is connected to a pipe BC, which passes into the interior 
of the chimney. In action, the pressure of the atmosphere 
being higher than that of the flue gases, a change is caused 
in the surface levels of the water in the tube as illustrated. 
The difference in level, h inches, is the “chimney draught.” 
In practice it is usually less than 1 in., or less than 0*04 lb. 
per sq. in. pressure. 

Adiabatic and Isothermal 
Expansion 
When a body expands 

(or is compressed) without 
heat being supplied to it 
(or removed from it) it is 
said to expand (or be com¬ 
pressed) (Kluibatically. Fig. 29. Chimney Gauge 

When heat is supplied 
(or removed) in order to keep the temperature constant, the 
expansion (or compression) is said to take place isothermally. 

Boyle’s Law for permanent gases applies only to isothermal 
expansion. The pressure of a gas falls more rapidly during 
adiabatic than during isothermal expansion, owing to the 
reduction of its temperature. 

A good example of the conversion of work into heat, and 
vice versa, occurs when a gas, such as air, is compressed or 
expanded. It will be noticed that, when the tyre of a bicycle 
is being inflated, the end of the inflator becomes hot. This 
happens because work is being done in compressing air, and 
part of this work reappears as heat. If compressed air does 
work in expanding, the temperature falls, because some of the 
energy in it is used up in overcoming the external resistance. 
Refrigerators act on this principle, the gas used being ammonia. 

Ratio of Expansion 
Example 6. A compo\ind steam engine has cylinders 32 in. and 60 in. 

in diameter, and steam is cut off in the high-pressure cylinder at 
five-eighths of the stroke. What is the ratio of expansion ? 

8 60* 
Ratio of expansion = ^ X = 5-625 

Example 7. A triple-expansion engine has cylinders 40 in., 60 in., 
and 96 in. in diameter. If the high pressure valve cuts off at half-stroke, 
calculate the total ratio of expansion. 

2 96* 60* 

I ^ 60« ^ 40* 
11-62 
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Pneumatic Plant 
All branches of industry are now using pneumatic tools and 

equipment to a far greater extent than ever before. Not the 
least among the advantages which can be claimed for com¬ 
pressed air as an auxiliary in hictory equipment is its flexi¬ 
bility, enabling it to be produced and stored in a convenient 
place and thence conveyed by piping to any part of the 

Fig. 30. Rotary Air Compressor and Motor 

building. Generally, all that is required is an air compressor 
of size suitable for the work, a compressor governor, a storage 
reservoir, an air main to convey the compressed air through¬ 
out the building, and the requisite number of stop cocks and 
branches to be located at the points from which it is desired 
to take the compressed air for use. 

Air and Gas Compressors 
The choice of an air or gas compressor depends upon the 

duty to be performed. If the delivery pressure is not to be 
more than, say, 30 lb. per sq. in., a rotary multivane type 
machine is preferable. This has the advantage of being suit¬ 
able for direct coupling to inexpensive high-speed squirrel- 
cage motors of low starting torque. (Fig. 30.) 

It will be as well to consider the general principle involved. 
Referring to Fig. 31, the main casing, called the stator, is of 
cast iron, completely surrounded by water jackets and pro¬ 
vided with radial inlet and outlet ports. Placed eccentrically 
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in this is a cylindrical revolving portion called the rotor 
(Fig. 32), which is slotted along its whole length to take the 
blades. 

When the rotor is revolved in the direction of the arrow, 

Fio. 31. Principle of Rotary Air Compressor 

the blades are thrown out by centrifugal force against the 
casing, dividing the space between the casing and the rotor 
into a number of spaces of varying size. These spaces gradually 

Fia. 32. Rotor for Air Compressor 

diminish as they approach the delivery port. The delivery 
port is arranged in such a position that when the pressure in 
the segment reaches the desired working pressure, the blade 
uncovers the port and the air is then delivered into the air 
delivery pipe. 

For the creation of vacua in vessels or systems of any kind 
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rotary exhausters are especially adaptable. The smaller sizes 
are used for such duties as priming pumps, lifting oil, etc., 
and larger sizes for impregnating electrical windings, evapora¬ 
tion, timber drying, chemical process work, etc. 

The curves in Fig. 33 show the volumetric Mciency of a 
medium size single-stage and compound rotary\xhauster of 
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Fig. 33. Volumetric Efficiency of Air Compressor 

the same capacity. It will be observed that the compound 
machine maintains a high volumetric efficiency to a higher 
vacuum than the single-stage exhauster; hence it will be 
appreciated that at a certain point it is economical to install 
a small compound exhauster to perform the same duty as a 
large single-stage unit. This point is usually between 27 J in. 
Hg. and 28 J in. Hg. 

For pressures above 30 lb. and up to, say, 120 lb. per 
sq. in., single-stage piston type machines are usual. For most 
duties these are satisfactory in capacities up to 800 cu. ft. 
free air per minute. Where very dry air is required, as for 
instance in sandblasting, or where some slight saving in horse¬ 
power is a consideration, twp-stage double-acting machines, 
Fig. 34, are preferable for sizes over, say, 300 cu. ft. ca})acity. 
Such machines divide the work of compression between two 
cylinders. The low-pressure cylinder is of large diameter and 
compresses the air to, say, 30 or 40 lb. per sq. in. It is then 



EXPANSION AND COMPRESSION OF GASES 47 

discharged through an intercooler fitted between the stages, 
from which it passes to the small diameter high-pressure 
cylinder, where compression to 100 lb. per sq. in. or higher 
is completed. For higher pressures, running into some 
thousands o^pounds per square inch, three or more stages 
are used. Attention requires to be given to the cylinder head 

J'lG. 34. Piston Type Air Compressor 

design, as the cooling of the air during compression has an 
important bearing On the horse-power consumed. The cooler 
the air can be kept during compression, the nearer does the 
horse-power required approach the ideal, which is that for 
isothermal compression. 

Clearance Volume 
Another important point connected with cylinder design 

is the amount of clearance volume in the head when the piston 
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is at the top of its stroke. The smaller this clearance can be 
made, the greater is the “volumetric efficiency,” or the ratio 
of the “piston displacement” and the amount of air or gas 
which is actually delivered. This is due to the fact that the 
air in the clearance space is of necessity left in the cylinder, 
and cannot be discharged. A further point is that the volu¬ 
metric efficiency decreases when the discharge pressure is 
increased. This is due to the clearance space, and it will be 
seen that at, say, 100 lb. per sq. in. pressure there will be 
more free air compressed into the clearance space than there 
would be at, say, 10 lb. per sq. in. pressure. Therefore there 
is more free air left behind, and a less percentage of the total 
is delivered into the receiver. Accordingly, in choosing a com¬ 
pressor, care must be taken that the piston displacement is 
not confused with the actual delivered capacity, which is, of 
course, the important figure to take into account. 

Atmospheric air contains a certain amount of moisture, and 
this is condensed as a result of compression. For many indus¬ 
trial duties the compressed air must be clean and dry. 

Oil and Moisture in Compressed Air 
The problem of oil and moisture in compressed air has in 

the past given a great deal of trouble. The delivery of a cer¬ 
tain amoimt of oil from the lubricated cylinder of a normal 
air compressor cannot bo avoided, and this leaves the machine 
in the form of vapour. The reason for water finding its way 
into compressed air is that under normal conditions all 
atmospheric air contains a certain amoimt of moisture in 
vapour form. 

The capacity of air for holding moisture increases with a 
rise in temperature. Actually, with every 27° F. rise in tem¬ 
perature the amoimt of moisture vapour capable of being 
held is doubled. Conversely, if the absolute pressure is 
doubled, the amount of water vapour held is halved. It there¬ 
fore follows that if compre.ssed air is cooled to the same tem¬ 
perature as it was when free, it will allow a large proportion 
of its contained moisture to condense into the form of water. 
The best method of separating the oil and moisture from the 
air is to cool it before it enters the air receiver, and this is 
performed by an aftercooler fitted between the compressor 
and the receiver. 

In addition, much can be done by arranging the piping in 
the correct manner, as shown in Fig. 35. It will be noticed 
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that the main pipe has a definite “fall” back to the air receiver 
of 1 in 40, for draining purposes, and that drain cocks are 
fitted at the lowest points in each case. The draining “legs” 
below the final connections to the tools, etc., are important. 

Pneumatic Exhausting Plant 
For creating the vacuum necessary to operate, say, a pneu¬ 

matic grain lifting plant, two types of exhausters are avail- 

Fig. 35. Diagrammatic Arrangement of Pipe Lines 

SHOWING Take-off Pipes for Tools, etc. 

able, viz. the rotary exhauster and the vertical reciprocating 
vacuum pump. 

In lifting grain to the receiver, it is necessary that the air 
should have a suitable velocity for accelerating the grain 
sufficiently to raise it the vertical height required, and keep 
it in suspension during its transit along the horizontal, or 
nearly horizontal, pipe to the receiver. In order to accom¬ 
plish this, free air usually enters the mouth of the nozzle at 
a speed of about 70 to 80 miles per hour in the case of a plant 
working under a vacuum of about 10 in. mercury gauge. 
For a vacuum of 10 in. mercury gauge at the pump in an 
average plant, the vacuum in the receiver would be approxi¬ 
mately 9 in., and would vary uniformly from this figure to 
approximately 2 to 2Hn. just above the nozzle. 

It will be clear that the volume of the free air drawn in at 
the nozzle increases in its passage through the pipe system in 
proportion to the increase of vacuum, and consequently the 
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diameter of the grain piping is usually increased gradually, in 
order to keep the velocity of the air at a suitable rate for the 
work required of it at each portion of the plant. The air and 
grain do not travel with the same velocity, that of the latter, 
as might be expected, being considerably less than that of the 
air which is lifting it. 



CHAPTER V 

METALLURGY 

The science which deals with the properties of metals and 
the processes by which they arc obtained from their ores and 
adapted for the use of man is named Metallurgy, and is baaed 
on the laws of Physics and Chemistry, which deal with the 
fundamentals of matter and energy, and the changes which 
O'^cur in matter. It is very desirable that every young engineer 
should learn as much as possible about the metals he uses. 
Table 2 will provide a useful introduction. 

Important Elements 
Let us consider some of the more important elements which 

are to be found in Nature. 
Iron. Iron is used to a greater extent than any other metal 

and its metallurgy is of the highest interest. It is the second 
most j)lentiful metal on earth, and its ore is found in all 
parts of the world. The reasons for iron becoming the most 
useful material known lie in the property which it possesses 
of uniting with carbon, and forming combinations which can 
be mad(' to acquire a very wide range of physical properties. 
Pure iron is of little practical use, but in various combinations 
with carbon it is converted into wrought iron, steel, and cast 
iron, forming the raw material used by the engineer and 
machinist. All irons and steels, after being obtained of the 
right composition, require mechanical or other treatment to 
impart the right physical properties, and the history of a 
piece of steel from the ore to the machine shop is long and 
complicated. 

Sulphur. This element occurs in its free state in the neigh¬ 
bourhood of volcanoes, and in underground deposits, from 
which it may be prepared by purifying processes. A little 
occurs in iron ore, coal, and limestone, and when being 
reduced in the blast furnace it combines with the iron. It is 
very undesirable in steel and cast iron because of its injurious 
effects. Sulphur is a brittle, yellow crystalline solid which 
melts at 114*5^^0., forming a straw-coloured liquid. It is 
allotropic, i.e. can exist in different physical forms. It is used 
in the manufacture of matches and black gunpowder, also 



Table 2 

IMPORTANT METALS 

Metal Specific 
Gravity 

Melting 
Point 

Centigrade 

Countries where 
Found 

Alloys with 

Aluminium 2-58 654“ U.S.A. 
France 
Hungary 
Guiana 
Greenland 

(’opper 
Zinc 
Tin 
Gold 

Antimony 6-7 630“ U.S.A. 
China 
Japan 
France 
Spain 

CoT>per 
Tin 
Lead 

Copper . S-D 1083° U.S.A. 
Spain 
llussia 
Siberia 
Africa 
Australia 
Germany 

Tin 
Zinc 
Lead 
Silver 
Gold 
Plioaphorii.s 
Iron 

Iron 71 1520“ Nearly every coun¬ 
try in the world 

Carbon 
Manganese 
Nickel 
Cliroinium 
\’anadium 
Tungsten 
Molybdenum 
TiUuium 
Copper 

Lead 11-3 327“ U.S.A, 
Spain 
Mexico 

1 Australia 

Antimony 
Tin 
Co])per 

Manganese 1225“ U.S.A. 
Brazil 
Tmlia 
Cuba 

Iron 
Nickel 
Chromium 

Molybdenum*. 8-6 2500“ U.S.A. 
('anada 
Newfoundland 

Iron 

Nickel . 8-35 to 9 1452“ ' (’anada 
Germany 
Avistria 
Hungary 

Iron 
(’opper 
Zinc 
Tin 

Platinum 21*46 1780“ TT.S.A. 
Russia 
Mexico 

Gold 
Silver 
Copper 
Nickel 
Tin 
Sbicl 

Tin 7*3 232“ Malay 
Bolivia 
Mexico 
England 

Copper 
Ivcad 
A ntlmony 
Bismuth 
Cadmium 
Silver 

Tungsten 19*1 3370“ U.S.A. 
(’anada 
South America 

Iron 
Nickel 
Chromium 

Zinc Spelter . 7*1 419“ U.S.A. 
Europe 

Copper 
Tin 
Antimony 
Nickel 
Gold 
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for disinfecting, for vulcanizing rubber, and many other 
purposes. 

Carbon. This element is the chief constituent of the bodies 
of plants and animals, of all natural fuels, and of most pre¬ 
pared fuels. Carbon forms many compounds with hydrogen, 
called hydrocarbons, such as methane (CH4), ethylene (C2H4), 
benzene (CgHQ), acetylene (C2H2), each one being but the first 
of a series of related compounds. With oxygen it forms car¬ 
bon dioxide (COg), which is a product of combustion and of 
respiration. 

Silicon. Next to oxygen, silicon is the most abundant 
element in Nature. It is the most important constituent of the 
mineral part of the earth. vSea sand, quartz, jasper, opal, and 
infusorial earths are composed of almost pure Si02. As 
silicates, it occurs in clay, mica, talc, hornblend, and feldspar. 
On account of its wide distribution it forms the chief impurity 
of iron ore, as well as of all natural mineral deposits. 

Phosphorus. Phosphorus, always combined with other 
elements, occurs widely distributed in limited amounts, par¬ 
ticularly in soils. It is, therefore, found in all iron ores. In 
steel it is a very undesirable impurity, but fortunately it is 
oxidized readily, when it can be neutralized with lime and 
easily removed as slag. 

Aluminium. This element in combined form is very widely 
distributed, occurring as one of the constituents of feldspar, 
granite, mica, cryolite, and all clays. In its pure state alu¬ 
minium is a good refractory, but its extensive use as such is 
prohibited by its scarcity. In the metallic state it has many uses. 

Chromium. Occurrence of this element is somewhat rare. 
It is very important in the maiiufcicture of alloy or special 
steels, its chief effect being one of hardening, hence it is em¬ 
ployed to increase the hardness of projectiles, armour plate, 
automobile steel, and tool steels. 

Manganese. This is widely distributed in very small 
amounts, and is found in nearly all raw materials of iron 
manufacture. Its effect up to I per cent is good, offsetting 
the evil effects of sulphur. Higher percentages 7 to 15 per 
cent are employed to produce the special alloy known as 
manganese steel. 

Compositioii of Steel 
Steel is a mixture of iron and carbon, the proportion of 

carbon varying approximately from 0*1 to 1-5 per cent. Small 
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amounts of sulphur and phosphorus are present in all steels, 
these impurities being contained in the. pig iron. The lower 
the content of sulphur and phosphorus, the cleaner is the 
steel. 

Alloy Steels 
This is the general name given to alloy's of iron and carbon 

to which a proportion of one or more elements, such as 
ehromiurfi, manganese, 
mol3’bdeniim, and nickel, has 
been added. Metals of great 
industrial im])ortance have 
been obtained in this way, 
but the}' are more costly than 
ordinary carbon steel. The 
constituents of carbon steels 
—ferrite, graphite, cement- 
ite, austenite, martensite, 
troostite, sorbite, pearlite— 
retain their general character¬ 
istics in alloy steels, though 
their limits of existence, as 

Fio. 36. PuoTo^.MwnooBArH botli concentration 

(50m«Bniflea«oJsrcL,petition: temperature, are altered 
c 0*26, Si 0 20, Mn 0 53, s 0 034, p 0 021 by the iicw element or ele¬ 

ments present. A list of such 
alloys and the functions they perform will be of interest. 

Carbon. This is the deciding element, whether alone or in 
combination with an alloy, in the tensile properties and 
general engineering qualities of steel. The micrographs, 
Figs. 36, 37, and 38, are indicative of the effects of carbon 
on the structure of the steel. The dark patches are pearl¬ 
ite, of which latter a fuller explanation is given under 
“Cast Iron.” 

Chromium. The addition of chromium increases the effect 
of quenching during hardening. Nickel-chromium steels show 
high tensile test figures and yield ratio; and, when suitably 
heat-treated, good impact test figures (see Chapter X) are 
obtainable. 

Manganese. Next to carbon, this is perhaps the most 
important element in steel. Manganese intensifies the effect 
of carbon and promotes soundness of structure, also tending 
to minimize brittleness. 
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Molybdonum. Tliis is added to improve the properties of 
heat-treated steel, and to eliminate the effect of mass-harden¬ 
ing and temper-brittleness apparent in nickel-chrome steels 
when rapid cooling from the tempering temperatures is 
desired. Also molyV)denum permits a steel to become easily 
machinable, even when hardened and tenij)ered to give high 
tonnages. Such ste(‘Js show high impact values and ductility 
even in large masses. 

Fi(i. 37. Photo-microguapii 
OF Steel 

(50 nia^rniflrations) CoTiijMKsition: 
C 0-34, SI 010, Mn 0-76, S 0027, P 0 034 

Fio. 38. Photo-Mica(5GRAPH 
OF Steel 

(50 niaKiiitlpations) ('ompositioii: 
C 0 4t). Si 0-35. Mil 0 77, S 0 034, P 0 040 

Nickel. This is the most important alloy for increasing the 
strength and toughness of steel. Owing to the fact that nickel 
lowers the temperature of th(^ critical ranges of steel, it is 
possible to employ lower hardening temperatures for nickel 
steels than for carbon steels. Nickel steels show a greater 
toughness for the same tensile strength, and it is thus possible 
to effect a large saving in the weight of steel used as compared 
with carbon steels. 

Silicon. Silicon devc'lops liardness and elasticity in steel, 
but diminishes tensile strength and iluctility. 

Vwadium. This is especially advantageous in small and 
medium size sections. The addition of vanadium enables the 
steel to be forged, stamj)ed, and machined more easily, whilst 
such steels are usually free from surface and interior defects. 
In mechanical properties vanadium steels resemble nickel- 
chrome steels, but show an advantage in “reduction of area” 
figures. 

3—(T.24y) 
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Cast Iron 
Cast iron is an alloy of iron and carbon, the carbon usiiaUy 

being present to the extent of 3 per cent. It is the manner 
of distribution of the carbon that determines the nature of 
the cast iron. The distribution of carbon can be affected by 
the casting conditions, the cooling conditions, and the quan¬ 
tity and distribution of other elements such as silicon, man¬ 

ganese, sulphur, phosphorus, 
etc., which always occur in 
ca.st iron. 

There are three general 
tyjK^^ of cast iron, i.e. grey 
cait'iron, white east iron, and 
malleable iron. We will con¬ 
sider briefly the character¬ 
istics of the first-mentioned 
grade. 

Grey cast iron derives its 
name from the colour" of the 
metal when fractunHl. It is 
produced when molten iron, 
having a carbon content in 
the neighbourhood of 3 per 
cent, is allowi'd to cool slowly. 

When the iron is molten much of the carbon' exists as a 
compound of iron, cementite Fe3C, and is dissolved in the 
iron. As the iron begins to cool, howevtT, the ceinentite 
breaks down into its constituents, iron and carbon, and the 
carbon is thrown out of solution in the form of long black 
flakes. The grey colour is due to the presence of these flakes, 
known as graphite, and their appearance when viewed under 
the microscope is given in Fig. 39. Some of the carbon is 
retained in the solution, however, in combination with the 
iron as cement ite, and when the iron finally cools down to room 
temperature the cemcntite is deposited in very thin layers 
side by side with ferrite, pure iron. This particular combina¬ 
tion of cementite and ferrite has an appearance under the 
microscope which resembles mother-of-pearl, and it has been 
given the name of pearlite. Pearlite is a very important con¬ 
stituent, occurring not only in cast iron, but in the majority 
of industrial steels. It owes its usefulness to the happy com¬ 
bination of the strength and hardness of cementite with the 
machinability and tenacity of ferrite. The size and distribution 

Fig. 39. Grey Cast Iron 

(100 magnifications) 
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of the graphite flakes have a considerable bearing on the 
behaviour and mechanical properties of cast iron. The 
graphite inclusions should be small and evenly distributed— 
if they are too large there will be a tendency towards rapid 
corrosion and oxidation. Grey cast iron has excellent all-round 
mechanical properties and may be machined. 

Non-ferrous Alloys 
^ny alloy which docs not contain iron is known as a non- 

ferrous alloy. The most important of these are the alloys of 
copper with other metals. Alloys of copper and tin are termed 
“bronzes,” those of copper and zinc “brasses,” and those of 
copper, tin, and antimony “white metals.” We will consider 
one of these alloys, that of copper and tin. 

The alloys of copper and tin which have been put to prac¬ 
tical uses may be divided into several groups, each of which 
has distinctive properties. 

Bearing bronzes contain from 85 to 80 per cent of copper. 
Their composition varies according to the weight to be sup¬ 
ported, and the metal of which the journal is formed. From 
2 to 4 per cent of the copper is replaced commonly by zinc. 
There are, of course, many other kinds of bearing metals. 

Bell metal contains 80 to 75 per cent of copper. It is hard 
and sonorous at ordinary temperatures, but is malleable at a 
dull red heat; at bright redness it is again brittle. Large bells 
are cast and allowed to cool slowly. Gongs are hammered to 
shape at dull redness, and then allowed to cool; alternatively, 
the hot metal may be chilled in cold water and hammered to 
shape when cold. 

Coinage bronze, containing 95 to 90 per cent of copper, 
includes the alloys used for “copper” money and medals. It 
is sufficiently hard to resist wear, and malleable enough to be 
stamped to shape. The greater the relief required on the coin 
or medal, the greater must be the proportion of copper, because 
tin increases the hardness. These alloys can be rolled, stamped, 
and drawn, hot or cold. It is the usual custom to add about 
1 per cent of zinc to obtain a sounder metal. The alloy em¬ 
ployed for the bronze coinage in England contains 95 per cent 
copper, 4 per cent tin, and I per cent zinc. 

Qun-metal, containing almost as much copper as coinage 
bronze, has been replaced by steel for ordnance purposes, but 
is now employed largely for mechanical equipment when 
strong castings are required. A small proportion of zinc is 
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usually added to obtain a more fluid metal and a sounder 
casting, at the same time softening the metal somewhat and 
facilitating machining. Lead is often added for the latter 
purpose also, but is undesirable when strength is required, 
particularly at high temperatures. The presence of lead, 
however, increases the liability of the gun-metal to corrosion. 
Impure gun-metals of this kind contain 90 to 85 per cent 

Fin. 40. EqC ILTBRIUM Dtacram 

Showing efroct of car!)on on tlie inciting point of iron 

copper, 8 .to 12 per cent tin, 2 to 4 piT (^ent zinc, and 0 to 3 
per cent lead. 

Equilibrium Diagrams 
It is found that the solidification of an alloy generally occurs 

as a continuous process ovor a range of falling temperature, 
and that even after becoming solid constitutional changes of 
far-reaching importani^e may continue to take place. It is 
possible, by plotting temperature against composition, to 
represent graphically the changes which take place during 
and subsequent to solidification. Such graphs, suitably anno¬ 
tated, are known as equilibrium diagrams, and a knowledge 
of them is extremely useful in the control of casting operations 
and heat-treatment processes. 

The melting point of steel depends principally on its carbon 
content. Fig. 40 gives an idea of the effect of varying per¬ 
centages of carbon on the melting j)oint and freiizing point 
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of steel. The curve AB shows the various temperatures at 
which molten steel of different carbon content begins to 
solidify. It is seen that pure iron freezes at about 1500"^ C., 
whereas, when the carbon has risen as high as 1-75 per cent, 
the freezing point has fallen to about 1360^ C. On the other 
hand, pure iron begins to melt at 1500^^ C., whilst when the 
carbon content has risen to 1*75 per cent the melting point 
has dropped to 1130‘^C. In the intervening region ABC the 
steel is in a plastic state, partly molten and partly solid. This 
effect oT carbon on the melting point and the freezing points 
of steel is extremely important. 

Ileat-treatment of Steel 
Normalizing. Normalizing is the process of heating a steel 

(however previoush^ treated) to a temperature exceeding its 
upper critical range, and allowing it to cool freely in the air. 
The normalizing temperature should be maintained for 
approximately 15 minutes and should not exceed the upper 
critical limit by more than C. 

Annealing. Annealing is re-heating, followed by very slow 
cooling, in order to remove internal stresses, to refine the 
crystalline structure, and/or to soften the steel for machining 
purposes. 

Hardening. Hardening moans heating a steel to its normal¬ 
izing temperatlire, i.e. not more than 50° C. above its upper 
critical range, and cooling more or less rapidly in a suitable 
medium such as oil, water, or air. The steel thus becomes 
harder and more brittle. 

Tempering. Tempering means heating a steel (however 
previously hardened) to a temperature below the carbon change 
point, in order to increase its toughness or slightly reduce its 
hardness or brittleness. Thus, the higher the tempering heat 
the more ductile does the steel become, whilst the degree of hard¬ 
ness is corrcspondmgly less. Steel should be tempered as soon 
as possible after hardening, to minimize the risk of cracking. 

Softening. A steel is softened to facilitate machining 
processes, this softening being carried out by tempering or 
annealing, or both. 

Case Hardening. The process of case carburizing, or case 
hardening as it is more often called, is one of the most valuable 
gifts which science has given to the metallurgist, but, like 
many other processes connected with the treatment of iron 
and steel, the exact laws governing the phenomena which 
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occur are not altogether known, and much research still 
requires to be carried out. 

The container or carburizing box is a highly important fac¬ 
tor in the process. It must be of a size and shape that will 
lend itself to economical packing of the j)roduct to be car¬ 
burized and the carburizing compound. 

Case hardening does not improve the quality of the steel 
under the most favourable conditions, and the hardener knows 
that it is preferable never to overheat the metal rather than 
try to restore an overheated condition. 

Heat-treatment Furnaces 

To determine the best furnace for any particular class of 
work, many factors have to be considered, such as the best 

Fig. 41. Cross-section of 
Oven Furnace 

Fig. 42. Cross-section of 
Muffle Furnace 

fuel to use, output required, accuracy of temperature control, 
freedom from oxidation or decarburizing, and whether the 
furnace is required for intermittent or continuous work. 

The terms “oven” and “muffle” are sometimes used indis¬ 
criminately. Fig. 41 shows the simplest type of oven furnace 
where the products of combustion pass through the working 
chambers. These arc sometimes referred to as semi-muffle 
furnaces when high guard tiles arc provided at the sides to 
protect the work from the direct heat of the flame. Oven 
furnaces are mostly employed for carburizing, annealing of 
steel and other metals, and general heat-treatment. Fig. 42 
shows a cross-section of a muffle furnace in which the work 
is completely protected from the products of combustion. 
Such furnaces are largely used for ceramic work and for the 
heat-treatment of metals where the introduction of a controlled 
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atmosphere is essential to protect the work. Fireclay muffles 
are in common use, but carborundum and heat-resisting alloys 
are used for certain purposes. 

Controlled Atmosphere Furnaces 

The effect of controlled atmosphere upon the internal 
structure of high-speed steel is shown in the photo-micrographs 
(magnification 600) in Figs. 43 and 44. Two identical speci¬ 
mens cut from the same bar, analysis 18 per cent tungsten, 
4 per cent chromium, 1 'per cent vanadium, and 0*7 per cent 
carbon, were, after preheating, both subjected to a tempera¬ 
ture of 1300° C. for 15 minutes. This excessive period was 
selected to add to the severity of the test. The specimen 
shown in Fig. 43, heated in an ordinary open-type furnace, 
dis])lays, as would be (‘Xpected, a large grain size and large 
carbide-particle size, also the beginning of incipient fusion. 
The specimen shown in Fig. 44, heated in the controlled 
atmosifiiere furnace, shows a fine close-grained structure and 
even distribution of carbide particles. The obtaining of 
internal structures such as those seen in Fig. 44, along with 
freedom from scale and decarbonization consequent upon cor¬ 
rect atmosphere control, ensures maximum cutting efficiency 
of precision tools made from high-speed steels. 

Liquid Hardening 

For certain classes of work liquid hardening is better than 
box hardening. Originally it was mainly confined to the 
hardening of light articles requiring a skin hardness only. 
Recently, however, carburizing salts have come into favour 
for heavier work, such as motor-car parts where a depth of 
0-02 in. or 0*03 in. of casing is required. 

Various compounds of salt are upon the market, or, alterna¬ 
tively, a mixture of sodium cyanide and sodium carbonate may 
be used. 

With liquid hardening distortion of work is minimized, and 
grinding allowances may be reduced on account of the clean 
surface })roduced by this process. For work requiring a mere 
skin hardness up to, say, 0*005 in., it is usually sufficient to 
immerse in the bath for a few mirlutcs at 85()°-900° C. and 
quench direct into water, when the work will emerge with a 
clean, hard surface. For deeper cased work, or work requiring 
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Fig. 43. Photo-micrograph of High-speed Steel heated 

IN Open-TYPE P'urnace 

(inagiiiftcatkm COO) 

Fig. 44. Photo-micrograph of High-speed Steel heated 

IN Controlled Atmosphere-type Furnace 

(magnification 600) 
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great durability, it is customary with the best class of work 
to proceed as follows— 

Cool in air after removal from carburizing bath. 
Reheat to 900°-920'' C. and quench in oil to refine the core. 
Reheat to 760°-780° C. and quench in water to obtain 

maximum surf{\ce hardn(\ss. 
Temp(^r at 150"-200" C. 
When once the best treatment has been ascertained, it may 

be repeated with mechanical precision at any time. 

Fkj. 45. Gas-fired Salt Bath Furnace 

Gas-fired Salt Bath Furnaces 

Some of the soft alloys require to be heat-treated in a salt 
bath before bending and pressing operations can bo carried 
out, otherwise fractures would occur. Sheet and strip duralu¬ 
min, for instance, requires to be soaked for 15 luinutes at 
490"^ C., and then quenched in water. This treatment makes 
it very soft and in every way suitable for working it. If the 
operations are likely to be of longer duration than two hours, 
it is necessary to anneal the duralumin instead. 

The vertical section shown in Fig. 45 explains the prin¬ 
ciples of construction of a small salt bath. Arrangements are 
made to preheat the incoming air and the flame travels up¬ 
wards through an outer passage before striking the upper 
parts of the pot. 



CHAPTER VI 

HYDRAULICS 

Properties of Fluids 
Fluids are substances, either liquid or gaseous, which are 
unable to offer permanent resistance to any force's, however 
small, which tend to change their shape. Gases possess the 
property of indefinite expansion; liquids do not. Thus, a small 
quantity of gas introduced into a perfectly empty vessel will 
at once expand and occiqiv the w'hole of the vessel, while a 
small quantity of liquid similarly placed will simply lie at the 
bottom of the vessel. Some liqui(ls change their shapes more 
easily than others. Those which change their shapes with 
difficulty are said to be the more viscous, this proj)erty being 
called viscosity. 

The term hydraulics comprehends hydrostatics, which is 
the science of liquids in equilif)rium, and hvdrokinetics, the 
science of liquids in motion. In this chapter we are concerned 
with the former of these tw'o divisions. 

Extensive Use of Hydraulic Equipment 
The ever-increasing use of hydraulic fluid as a power agent 

in the operation of machinery and equipment of various kinds 
is conclusiye proof of its efficiency. Whilst certain types of 
hydraulic equix)ment such as lifts and hoists are now con¬ 
sidered obsolete, having been superseded by (‘leetrically- 
driven units, there are new and extended uses of hydraulic 
power for operating presses, handling plant, and for testing 
machinery. 

Engineers are well aware that hydraulic power is an ideal 
agent for the actuation of all classes of machinery where largo 
forces have to be overcome. Hydraulic press plants range from 
presses for the heaviest forging and flanging operations to 
small machines used in the plastic moulding industry. Hy¬ 
draulically operated plant is used (‘xtensively for such diverse 
duties as punching and riveting machines, the tilting of fur¬ 
naces, the operation of straightening matjhines, annealing 
furnaces, and de-scaling devices. The control of lock gates 
and caissons, sluice gates, and valves by hydraulic power is 
also much favoured on account of the simplicity of hydraulic 
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equipment and its comparative freedom from the risk of 
breakdown. The fitting of highly efficient hydraulic control 
systems to aircraft is further proof, if any is needed, of the 
sensitivity as well as reliability obtained by the use of fluid 
under pressure; with such systems oil is used as the medium. 

Water 
The most common and most useful liquid with which the 

engineer has to deal is water. Hence the term “hydraulic 
engineers” applied to those who direct and guide the action 
of waters, as in the case of the water supply for a town, for 
navigation purposes, or for the transmission of force and 
power. 

Useful Constants 
Some data regarding the weights, etc., of water will be 

useful. 

Specific gravity = 1. 
1 cu. ft. weighs 62-5 lb., or 1000 oz. 
1 gal. weighs 10 Ib. 
1 ton occupie.s 35*84 cu. ft. 
1 atmosphere = 14*7 lb. per sq. in. — 30 in. mercury == 34 ft. head 

of water. 
1 lb. on the sq. in. = 2*308 ft. head. 
1 foot of head — 0*43 Ib. on sq. in. 
H.p. in a waterfall = cu. ft. per minute X head X 62*5 — 33,000. 

Note. Specific gravity is the ratio of the weight of a given bulk of a 
substance to the weight of the same bulk of pure water. 

Water Finds Its Own Level 
The statement that the surface of a liquid at rest is a hori¬ 

zontal piano is sometimes expressed in the words “water 
finds its own level.” It is this property of a liquid which 
enables water to be supplied to a town or city. A reservoir 
is constructed on an elevation which is higher than any part 
of the district to be supplied. Main pipes starting from the 
reservoir are laid along the principal roads, and smaller pipes 
branch off from these mains to the houses to be supplied. If 
the whole of the water in the reservoir and pipes is at rest, 
the surface of the water would, if it were possible, be at the 
same level in the pipes as it is in the reservoir. The mains 
and side-pipes may rise and fall according to the level of the 
ground, provided that no portion of such main pipe is higher 
than the surface of the water in the reservoir. 
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Action of the Siphon 
The siphon, Fig. 46, is an instrument used for withdrawing 

liquids from a higher to a lower level by aid of the atmospheric 
pressure. It consists of a bent tube ABCy one arm AB being 
longer than the other BC. It is used in chemical works for 
emptying acids from carboys, in distilleries for extracting 

spirits from casks, and on a large 
scale for draining low-lying districts. 

The vertical height from the free 
surface of the liquid being drained 
to the top of tlie bend of the siphon 
must not exceed the height of the 
water barometer at the time, say 
only 30 ft., on account of the deduc¬ 
tion of 3 or 4 ft. that needs to be 
made from the full height of 34 ft. 
in order to overcome the frictional re¬ 
sistance of the pipe, nor must the end 
of the siphon dipping into the liquid 
to be drained become uncovered. 

The principle of the siphon is as 
follows— 

It should be filled with liquid, the ends closed and then 
the tube inverted \^dth the shorter arm under the fluid to be 
drained. The pressure of the atmosplu^re acting on the free 
surface of the liquid to be drained will now force it up the 
shorter arm J5C, and having turned the highest point of the fl 
the liquid will descend the longer arm by the action of grav¬ 

ity with a velocity proportional to the Vdifference of levels 
between the outlet and the free surhice of the source of 
supply. The outflowing liquid is always acting as a water¬ 
tight piston at the bend of the H, in this way keeping up the 
vacuum there until either the inlet and the outlet free sur¬ 
faces come to a level (when the siphon stops for want of 
“head”) or the difference of level between the free surface 
of the supply and the top of the bend exceeds the height 
supportable by the atmosphere. 

Pressure Due to Head 
The total pressure on a horizontal plane immersed in a 

liquid varies directly as the head. 
Take a vessel of any shape having a horizontal base, and 

B 

Fio. 46. Action of 

Siphon 
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fill it with a liquid to any known height. Then from the 
above rule it follows that— 

The total pressure on the base height in inches from 
base to surface X area of base in square inches X weight of 
a cubic inch of the liquid. 

For pressure per square inch, = liaw, when a = 1 sq. in. 

If the total area of the Iiorizontal plane be equal to a sq. in., 
instead of 1 sq. in., the total pressure ~ Imw. 

This proves that tlie shape of the vessel containing the 
liquid, and the total weight of water in the vessel, do not 
affect the total pressure on the base, this depending solely 
on the difference of level between the base (or immersed plane) 
and the free surface, <^n the area immersed, and on the weight 
per unit volume or specific gravit}^ of the liquid. 

Example 1. A 4 ft. cubical tank with a olosod lid rests witli its base 
horizontal, and an open vertical pipe enters one of its sides by an 
elbow. The tank is full of water, and the pipe contains water to the 
height of 1 ft. above the top of the tank. What are the pressures of 
water on the top, bottom, ami sides of the tank ? 

(1) The depth of c.g. of the top from free surface = /i = 1 ft. 

.*. Total pressure on top = hmv ^ 1 ft. x (4 ft. x 4 ft.) x 62*5 lb. 

= 10001b. 

(2) The depth of c.g. of the bottom from the free surface = // = 5 ft. 

Total pressure on bottom — hnw — 5 ft. x (4 ft. x 4 ft.) 

X 62-5 lb. = 5000 lb. 

(3) The depth of c.g. of each side from the free surface ~ h — Z ft. 

Total pressure on each side — haw — 3 ft. x (4 ft. x 4 ft.) 

X 62-5 lb. = 3000 Ib. 
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Transmission of Fluid Pressure 
It is a fundamentally important property of a liquid that 

when subjected to a pressure at any point, every square inch 
of the internal surface of the vessel containing the liquid is 
subjected to a pressure of the same intensity. 

This principle may be explained diagrammatically as 
follows— 

If two frictional watertight plungers both communicate 
with the same level of water, Fig. 47, the total force acting 
on each will be proportional to the sectional area of the 
plungers, or the pressure per square ineli will be the same on 
each. Thus, if one plunger has a sectional area of 40 sq. in., 
and the total outward pressure or force on it is 20 tons, the 
pressure of the water will be | ton per sq. in. If the 
sectional area of the other plunger is 5 sq. in., the total outward 
force on it will be 5 x ^ = 2-5 tons. In the diagram these 
forces are represented by dead loads of 20 tons and 2-5 tons, 
balanced by the water pressure. 

The Hydraulic Accumulator 
This is a well-known device used in connection with liydraulic 

machines for the storing of energy. It consists of a long ver¬ 
tical cylinder A, Fig. 48, provided with a ram B which is 
weighted wdth a number of cast iron weights C to give the 
required pressure, usually from 750 to 2500 lb. per sq. in. 
Pumps forpe water into the cylinder through the pipe and 
raise the ram against the resistance offered by the weights G. 
When the ram is at the top of its stroke the crosshead E, to 
which the weights C are attached by the suspension bolts 
shown, comes in contact with the lever F and pushing it over 
stops the pumps working. If some of tlie hydraulic presses 
or machines now start working they draw water at first from 
the cylinder, and consequently the weighted ram descends. 
When the ram has descended a certain distance the lever F 
is released and the pumps start working again. An alterna¬ 
tive to the hydraulic accumulator to give a pressure, say, of 
1000 lb. per sq. in., would be a head of water amounting to 
the impracticable figure of nearly 2500 ft. 

Pascal^s Law 
This states that the pressure per square inch in the accumu¬ 

lator is equal to the pressure per square inch in the hydraulic 
press. 



HYDBAIfLICS 69 

Fio. 48. DiAfjRAM OF Hydraulic Accumulator 

Accordingly 

Total pressure on prt*ss 

Total load on aceuiuidator 

Area of press 

Area of acciuniilator 

Example 2. If a hydraulic accumulator carries a load of 25 tons 
and has a ram of 0 in. diameter, what will be the pressure on the ram 
of a press which is 12 in. diameter? 

02 ^ 

Types of Hydraulic Presses 
There are two main types of presses, those with the rams 

working upwards from tlie press base, Fig. 49, and those 
with the rams working downwards from the press head, 
Fig. 50. Usually the first type need no drawback rams, as the 
weight of the ram and (Tosshead is sufficient to open the 
press when the cylinder is put to exhaust. With the inverted 
type of press it is necessary to provide some device to return 
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the cTosshead after the stroke lias been made. This usually 
consists of a cylinder and ram mounted on the press head 
and connected to the main crosshead by tie rods. It can be 
under constant pressure, in which case it requires no valve, 
and as soon as the main cylinder is put to exhaust the 11«isshead 
rises under the pull of the tie rods and drawback ram 

Another method is to apply pressure on the underside of 
a piston on the main ram. This is not, however, such a good 
method, except when oil is the working medium. In hori¬ 
zontal bending presses th(‘ ram is frequently drawn back by 
suspended weights. 

Self-contained Units 
In this t^qie of press unit no central hydraulic supply system 

is required, the press obtaining the necessary power from a 
small high-speed pump fixed in a convenient position close 
to the press. 

Although the first cost of a press unit may be rather more 
than for a press of the same power designed to work off a 
central hydraulic systcmi, this extra cost may be justified 
when it is taken into consideration that no large pumps, 
pressure and return mains, and accumulator with the neces¬ 
sary housing accommodation and foundations, are required. 



CHAPTER VI [ 

ELECTRICITY 

The mechanical engineer and the electrical engineer are 
inseparably associatenl and each will be well advised to acquire 
an intelligent grasp of the other’s work. One might even go 
so far as to say that the mechanical engineer should also be 
an electrical engineer, and the electrical engineer should also 
be a mechanical engineer. 

Electrical Power 
Power is measured by the rate at which work is done, and 

the centimetre-gram-second unit is a rate of 1 erg per second. 
The electrical power unit is 1 joule per second and is termed 
a watt. 

The current (measured in amperes) represents tlu‘ rate at 
which electricity is generated, and the voltage (m(*asured in 
volts) represents its pressure. Th(‘se quantities are read 
directly on instruments called ammeters and voltmet(*rs. 

The watt is developed when an electric current of one 
ampere flows between two points of a conductor, the potential 
difference between the points being one volt. The product of 
amperes and volts gives watts. 

Relationship between Mechanical and Electrical Units of Power 
and Work 

The relationship between the joule and the foot-pound is 
often required. As 1 ft. — 30*48 cm., and 1 Ib. weight — 
453*6 X 981 dynes, we have 

1 ft.-lb. = 30*48 X 453*0 X 981 =- 1-350 x 1O’ergs 

Now 1 joule = 10’ ergs 

1 ft.-lb. = 1-356 joules 

Horse-power 
As stated in Chapter II, horse-power is the rate of working 

at 33,0(K) ft.-lb. per min., or 550 ft.-lb. pc‘r sec. 
from above^ 

1 h.p. = 550 X 1-356 joules per sec. 
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But 1 joule ]x^r sec. ~ 1 watt. 

1 h.p. ~ 550 X 1*356 = 746 watts 

And 1 h.p. “ 0*746 kilowatt (practically J kilowatt). 

1 kW — 1*34 h.p. (practically 1J h.p.). 

The Board of Trade unit of electrical energy is one kilo¬ 
watt maintained for one hour (1 kWh or 1 B.T.U.). One horse¬ 
power maintained for one hour would produce 33,000 X 60 
= 1,980,000 ft.-lb. The kilowatt-hour is therefore given by 

1 kilowatt-hour — 1,980,000 X ~ 2,654,000 ft.-lb. 

It will be convenient to remember that 

Horse-})ow(‘r 
amperes x volts 

Examclk 1. The output of a dynamo is 2.'50 amperes at 210 volts. 
The dynamo is driven direetly by means of a steam engine whose 
efficiency is Ha i)er cent. 

If the ('fliciency of the dynamo is 93 per cent, wliat must be the 
i.h.p. of the engine? 

Watts = volts X amjieres 

watts 

H-P- = 74« 

Output of dynamo 

Input to dynamo 

Input of engine 

250 X 210 , 

““46—‘‘P- 

250 X 210 
h.p. 

746 X 0-93 

~ i.li.p. of engine 

250 X 210 

746 X 0-93 X 0-85 
89 

Example 2. A pump is driven by an electric motor taking 25 amperes 
at 210 volts, the efficiency of the motor being 85 per cent. 

If the efficiency of the pump is 70 per cent, how* many gallons wuli 
bo delivered per minute to a height of 50 ft. ? 

Output of motor — 

Output of pump == 

25 X 210 X 0-85 
746 

25 X 210 X 0-85 

h.p. 

X 0-7 

746 
h.p. 

If (7 gallons of w’ater be delivered per minute, then useful work per 
minute — (7 X 10 x 50 ft.-lb. 

O X 10 X 50 =- 
25 X 210 X 0-85 X 0-7 X 33,000 

746 

25 X 210 X 0-85 X 0-7 x 33,000 

746 X 10 x 50 
= 277 gallons 
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Current Direction 
Professor Silvamis Thomjison, the eminent mathematician, 

one of whose trite sayings was “What one fool can'do another 
can! ”, introduced a X to denote a current going away from 
us, and a dot to represent a current coming towards us (Fig. 
51). This is now imiversal practice. 

If a magnet is free to move, such as a compass needle, it 
will alwa3"s tend to place itself at right angles to a conductor 

© 0 
Current Current 

Outiwrds Inwards 

NOS 
S * N 

0 © 0 
N S 

Son 

Son 
N S 

0 0 0 
S N 

N oS 

Fio. 51. Symbols signifying 
Current Direction 

Fig. 52. Vertical 
Conductor 

carrjdng a current. This w«as tlu* first discovert‘d fact c*on- 
necting electricitv" and magnetism. Thus, if we take a vertical 
conductor and place a compass needle in various positions 
round it, the results sho'WTi in Fig. 52 will be obtained. If 
you imagine yourself swimming head first in tlu* direction 
of the current with arms outstretched and facing towards 
the magnet in question, its north pole will Ix^ on j^^our 
left hand. 

Ohm^s Law 
This states that the current in an}^ circuit, or an^^ part of 

a circuit, is directl}" proportional to the y)r(\ssure acting in 
that circuit, or part of a circuit, and inversely proportional 
to the resistance, or 

^ , . pressure in volts 
Current in amperes = — -r—,- 

resistance in ohms 

If we put n lamps, each of re.sistance r ohms, in series, 
Fig. 53, the total resistance is n X r ohms; if we put them 

in parallel, Fig. 54, it will be i X r ohms. 
7h 

Example 3. It is required to run 500 100-volt lamps, each having 
a resistance, when hot, of 182 ohms. Calculate the current and voltage 
required (a) when they are placed in series, and (6) when they are 
placed in parallel. 
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(a) When the lamps are placed in series (Fig. 53), the voltage must 
be 600 X 100 — 50,000 volts. The combined resistance is n X r or 
500 X 182 ohms, and therefore the current will be 

E 500 X 100 

ie ~~ 500 X 182 
0-55 ampere 

when the lamps are in series a current of 0-55 ampere at a pressure 
of 60,000 volts will be required. 

Fig. 53. Lamp.s in Series 

(6) When the lamps are placed in parallel (Fig. 54), the voltage will 
be 100, the same as for ono lamp. The combined resistance of 500 lamps 

r 182 
will bo -, or -- ^ = 0*304 ohm. 

n 500 

The total current ~ ~ / = 275 amperes 
It 0*3()4 

It is equally correct to say that the current through each lamp 
E 100 

= — = = 0*55 ampere, the total 

current being 500 x 0*55 = 275 
amperes. Accordingly, when the 
lamps ore in parallel, a current of 

275 amperes at a pressure of 100 volts 
is required. 

Fig. 54. Lamcs in Parallel The first case is not practical* 
on account of the difficulty and 

danger introduced by liigh voltages, and such lamps are 
therefore only adajited for working in parallel. 

Resistance 
The resistance of any conductor is proportional to its 

length, and inversely proportional to its area of cross-section— 

Resistance oc --— == r cc 
area of section A 

This means that, when dealing with the same kind of material, 
doubling the length of a given conductor doubles it-s re¬ 
sistance, whilst doubling its area of cross-section halves 
its resistance. 
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We may say that r = — X S where S is a factor which 
A 

is constant for any given material, but has a different value 
for different materials. 

To find what this number means, notice that if length = 1, 
and area of cross-section = 1, then r — Sy i.e. S is the resist¬ 
ance of a.portion of the material of unit length and of unit area 
of cross-faction. This is called the specific resistance of that 
material, its^ numerical value depending upon the units used. 
If we puf r in ohms, length in inches, and area in square 
inches, S is in “ohms per inch cubes” but as the resistance 
of such short and thick conductors is usually very low these 
numbers are small decimals, and hence it is customary to 
express specific resistances in microhms (1 microhm ~ 1 
millionth of an ohm, or 1 ohm — 1 million microhms), or in 
absolute units (1 ohm ~ 1 thousand million absolute units). 
Further, the specific resistance of very poor conductors may 
be so enormous that it is conveniently expressed in megohms 
(1 megohm — 1 million ohms). 

In order to determine the specific resistance of a given 
material, it is not necessary to prepare a specimen of unit 
length and unit section and then measure its resistance: it 
is sufficient to measure the resistance, l(*ngth, and cross-section 
of any convenient portion of the substance, and to apply 
the formula. 

Example A copper wire 1 metro long and 0 026 cm. in diameter is 
found to have a resistance of 0-294 ohm. Calculate the specific resistance 

- in microhms per centimetre cube. 

I rA 
Now r s s = ■ 

s = 

A 

0-294 

I 

X (0-7854 X 0-0202) 

100 
0-00000156 ohm per cm. cube 

= 1-56 microhms per cm. cube 

Galvanometer 
It can be shown that lines of force, identical in all respects 

with those possessed by a magnet, can bo produced by an 
electric current without using any iron at all. If a magnet is 
free to move it will, as previously mentioned, always tend to 
place itself at right angles to a conductor carrying a current, 
and this fact connecting electricity and magnetism is usefully 
applied in the simplest typo of galvanometer. 

A ♦galvanometer is a sensitive instrument used to detect 
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electricity. There are various types, and Fig. 55 shows a 
common type, coasisting of a coil of wire mounted vertically 
on a base plate which carries the terminals for connecting to 
the coil, also the levelling screws which are used for levelling 
the instrunifuit so that th(5 compass needle, carried on a pivot 
fixed in the centre of the coil, can be made to rotatb evenly 
over the scale in the compass case with the coil v^rtipal. 

The instrument is set 
with the coil circumference 
lying in a north-south 
dire(‘tion, in which position 
the needle will be pointing 
at right angles to the axis 
of the coil. If a small 
voltage is applied to the 
t(‘rminals of the instrument 
the coil creates a magnetic 
pull on the needle, tending 
to turn it in line with th(^ 
axis of the coil. The needle 
moves in this direction and 
coiiu's to n‘st at a position 
wh(‘re the pull from the earth's magnetism balanceskhe pull 
of the coil. ' 

Ammeter and Voltmeter 
Fig, 56 illustrates an ammeter of the moving iron type. A 

thin soft iron plate is pivoted so that it can move in and out 
of a coil. To this is secured an aluminium pointer, the end of 
which moves over a scale, and connected to the plate is a 
small piston which moves in or out of a small cylindrical tube. 
When no electricity is passing through the coil, the plate is 
so balanced that the needle takes up a zero position on the 
scale. When electricity is passed through the coil a magnetic 
puJl is created on the plate, which causes it to move into the 
coil, the amount of movement depending on the strength of 
the pull, whicli in turn dc^pends on the amount of current 
pavssing through the coil. 

The piston and cylinder form what is known as an “air 
damper” which is inttuided to stop the soft iron plate, and 
consecpiently the needle, from oscillating backwards and for¬ 
wards, and to cause it to take up a dead beat position. This 
instrument can be made to measure either voltage or current, 
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If it is to be used as a voltmeter, the resistance to the coil 
is made high so that the amount of current which will flow 
through the coil will depend purely on the voltage applying 
to the terminals of the instrument. The best voltnu^ters have 
a very high resistance coil. If it is intended to use the instru¬ 
ment as an ammeter, the coil is made with very little resistance 
because an ammeter is inserted in the circuit, the current of 
which it is intended to measure, and must have as little 

Fio. 56. Ammeter Fig. 57. Ammeter 

(Moving Iron Type) (Dynamometer Type) 

resistance as possible so as not to affe(‘t the circuit in which 
it is inserted. 

Fig. 57 shows what is known as a dynamomi‘ter type of 
instrument in which, instead of a soft iron jilate, another coil 
is used and is pivoted and fa.stc‘ned to the needle*; the current 
to be measured is passed through this (;oil, as well as through 
the fixed coils, and this type of in.strument is usually much 
more sensitive and accurate than the moving iron type. 

Alternating Current 
When the straight length of copper wire, Fig. 58, is moved 

up and down between the poles of the horseshoe magnet, it 
will be found that the galvanom(‘ter needle swings from side 
to side of the zero mark. Thus it can be shown that the 
movement of the straight length of wire creates a voltage in 
the wire. This voltage eauyes a current of electricity to flow 
through the connecting wire and the galvanometer, and deflects 
the needle of the galvanometer. 

A similar arrangement is shown in Fig. 59, with the exception 
that there are two differently shaped magnets forming four 
poles 1, 2, 3, and 4. If the straight wire is revolved in a circle 
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as shown, it will again be found that the galvanometer needle 
swings from side to side, and it will be noticed that the amount 
of swing of the needle will dejx^nd ui)on the speed at which the 

Fig. 58. Principle of Induction 

wire is being revolved. Further, it will be seen that the needle 
reaches its limit on one side of the zero mark just as the wire 
is passing the centre of one of the poles, and the limit on the 

Fig. 59. Principle of Alternating Current 

other side of the zero mark is reached as the wire is passing 
the centre of the next pole. 

Now the direction of movement and the amount of move¬ 
ment of the needle dejKuid on the direction and amount of 
current flowing through the galvanometer, which in turn 
depend on the direction and amount of voltage generated in 
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the straight wire. Thus it will be seen that Fig. 60 represents 
a graph of the voltage generated in the straight wire at any 
position of the wire at any particular moment. Imagine the 
wire revolving and starting at a position exactly half-way 
between poles 4 and 1. At this point, as will be seen from the 
graph, there is no voltage generated. As the wire approaches 
position 1 the voltage generated in the wire is increasing 
gradually until at position 1 it reaches a maximum. After 

passing position 1 the voltages generated gradually falls again, 
becoming zero when the wire is half-way between positions 
1 and 2. 

As the wire approac4ies po.sition 2, the voltag(^ gradually 
increases again, but this time the voltage' is in tlui opposite 
direction. After reaching the maximum at position 2, the 
voltage gradually falls to zero, once more at a position half-way 
between positions 2 and 3. 

For the remainder of the journey round the circh*, the 
voltage generated in the wire n‘]>eats the rise and fall and 
reverse rise and fall as it passes j>oles 3 and 4. 

This gradual increase from zero to a maximum, decrease 
to zero, increase again to a maximum in the oj)posite direc¬ 
tion, and decrease to zero is known as one complete “cycle,” 
and this form of voltage is known as an alU',mating voltage. 
The con.sequent current which it causes to flow in any circuit 
coupled to it is known as an alternating current. 

Direct Current 
A voltage can be generated chemically by making u]) a 

combination of elements into the form of a battery. This 
voltage is a steady, unfluctuating voltage, always flowing in 
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one direction, and the current passing through any circuit 
coupled to it would be a steady current, flowing in one direc¬ 
tion only, and would be known as direct current. 

The voltage generated by a wire nwolving past the poles 
of a magnet, as shown in Fig. 01, can be made to cause a 
direct current to flow into a circuit coupled to it (the circuit 

Fig. 61. Pktnciple of Direct-current Generator 

in this cas(' consisting of two pieces of connecting wire and a 
galvanometer) by reversing the connections between the 
straight wire anil tlu^ circuit at the right moment, which is, 
of course, at the moment when the voltage generated in the 

Fig. 62. Direct Current obtained by using Apparatus 

SHOWN IN Fig. 61 

straight wire is passing through the zero point. The reversal 
of connections is done automatically by means of a 
commutator. 

The commutator shown consists of two copper segments 
shaped as indicated, one being connected to each end of the 
straight wire. The commutator revolves with the wire, and 
the connections to the circuit are made by means of carbon 
brushes which arc fixed so that they rest on the revolving 
copper segments. Fig. 62 shows graphically the typo of direct 
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voltage this simple arrangement would generate, and this is 
identical with Fig. 60, except that each second half-cycle of 
Fig. 60 is reversed. 

In an actual direct-current dynamo there arc, of course, 
many more wires in which a voltage is generated and many 
more segments in the commutator, and the resultant voltage 
graph would be something like that shown in Fig. 63—almost 

Zero _ Time 
Axis 

Fig. 63. Dirkct Current normally obtained by Direct- 

current Dynamo 

Zero __Time 
Axis 

Fig. 64. Perfectly Steady Direct Current 

a straight line except for a slight “ripple.” Fig. 64 illustrates 
a perfectly^ steady direct voltage with no ripple. 

Electric Motors 
Alternating-current motors generally have th(‘ advantage 

of simplicity of construction ; direct-cumait motors, on tlu^ 
other hand, have the advantage that th(‘ir sjK^ed can easily 
be varied, they are smooth starting, find are best for drives 
such as a crane, which may require to stfirt figainst a heavy 
load. Direct-current motors can be used from an alternating- 
current supply providing a motor geiKTator, a rotary conver¬ 
tor, or a rectifier is installed to convert the alternating-current 
supply to direct current. 

Fig. 65 shows the general principle of the direct-current 
motor, which is fimdamcntally the same as the direct-current 
generator shown in Fig. 61. The two poles and carcase of the 
motor are made of iron, and these poies are magnetized by 
coils of wire, known as “field coils,” wound on the poles. In 
place of the simple straight wire there are now several wires 
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wound in coils and laid in “slots” of the “armature,” which 
is a cylinder made up of several circular soft iron plates known 
as laminations fastened together and mounted on the motor 
shaft. Also mounted on the shaft is the commutator, the 
various armature coils being connected to the different seg¬ 
ments of the commutator as shown. 

When direct curnmt is passed through the field coils and 
through the armature coils, via the brushes and commutator. 

the field current causes the twn })oles to become powerful 
magnets. These magnets attract a magnetized portion of the 
armature, and the portion of the armature magnetized is 
continually changed by the action of the commutator so that 
the pull is always such as to rotate the armature. 

Alternating-current motors vary in tyi3e and design far more 
than direct-current motors, but the magnetic pull is almost 
invariably the motive power. Use is oftc^n made of the inherent 
reversals in the current to ensure that the pull is always in one 
direction, thus dispensing with the commutator. 

Generators 
Fig. 66 shows the principle of the type of generator usually 

found in a power station. It is rotated at the required speed 
by a 8t(‘am turbine, water turbine, or oil engine. The exciter 
shown on the end of the shaft generates direct current in a 
similar way to that illustrated by Fig. 61, with the exception 
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that the poles are made into magnets by having coils wound 
on them, part of the direct current generated by the exciter 
being passed through these coils via a “field rheostat.” By 
means of the latter, the amount of current passing through the 
“exciter field coils” can be controlled, and thus the strength 
of the magnetism and, consequently, the current output of 
the exciter can be controlled. The two exciter brushes are 
connected to the two “rotor slip rings,” so that direct current 

flows thro*iigh the slip rings and through a winding on the 
rotor. This rotor, which is a cylinder of iron mounted on the 
shaft, thus becomes a powerful rotating magnet. Surrounding 
the rotor is a fixed iron shell in which tliere are slots carrying 
conductor coils, making a similar arrangement to that shown 
in Fig. 59, but here the magnet poles are rotating and the 
conductors are stationary; movement is, however, purely 
relative, and consequently, as in Fig. 59, a voltage is generated 
in the conductors. 

In the modem generator the number of conductors and 
method of connection are arranged so that the voltage 
generated between the two ends of a winding is a standard 
voltage, such as 440 volts,- 6600 volts, or even as much as 
33,000 volts. Further, there are usually three separate wind¬ 
ings placed in the stator slots and spaced so that the magnet 
passes them one after another, the voltage generated in any 
one coil reaching its maximum slightly ahead or behind that 
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in the other two coils. This means 
that there are three separate sup¬ 
plies, the alternating voltage in each 
reaching a maximum at a slightly 
dilTerent time from the voltage in 
the other two. Each supply is 
known as a ‘‘phase” and the 
generator is termed a “ 3-phase ’ 
generator. 

Th(‘ numl)er of complete cycles 
generated p(^r second is governed 
hy the number of revolutions of the 
rotor ])er second. In this country 
the usual practice' is to gtuierate at 
50 cycl(‘S ]K'r second. 

The voltage geiuu'atc'd is con¬ 
trolled by adjusting tht^ field rheo¬ 
stat, which can Ih^ made to function 
automatically. 

Load Chart 
Fig. 07 giv(‘s a load chart which 

is used to show how the load of a 
factory varies between eertain times. 

The load chart shown is typical 
of a small factory working 8.1 hours 
a day; as w'ill be seen, at 8.0 a.m. 
there is a load of 2{K) kW, which 
can be assumed to be due to shop 
lights and essential machines and 
equipiiKuit. As the (*m])loyees com¬ 
mence work tlK‘ load increases 
rapidly, and throughout the morn¬ 
ing keeps at a reasonably steady 
amount, falling between 12.30 p.m. 
and 1.30 p.m. (dinner hour) and 
rising at 1.30 p.m., again falling off 
at 5.30 p.m. It will be appreciated 
that the load chart is an excellent 

Fig. 67. Factory Load 

Chart 

means of ascertaining the reaction 
of employe(‘s to their work at commencing and finishing times, 
as well as at intermediate times. 



CHAPTER Vni 

CHEMISTRY 

Important Definitions 
An ‘‘element” in chemistry is a substance which lias never 
been separated into two or more substances. Examples of 
elements are hydrogen, oxygen, carbon, copper, and iron. 
All substances are considered to be composed of very small 
particles,•called atoms, whioli are regarded as indivisible. A 
molecule consists of a group of atoms,’and forms the smallest 
possible portion of a substance ca])able of independent exist¬ 
ence. For example, a molecule of water is composed of two 
atoms of hydrogen and one atom of oxygen. Tn all gases, the 
same number of molecul(‘s exist per (aibic foot under similar 
conditions of pressure and temperature. 

B}" chemists the elements are diaioted giauTally by writing 
the initial letkT only as a capital. Thus H staiuls for hydro¬ 
gen, 0 for oxygen, C for carbon, one atom of each being 
denoted by the symbol. H2 means two atoms of hydrogen, 
other numbers of atoms being indicated similarly. If the 
weight of an atom of hydrogen be taken as 1, the atomic 
weights of some other ehmumts are as shown in Table 3. 

The constitution of ch(.*mical compounds is indicated by 
their chemical formulae*. Thus the chemical formula of water 
is H2O. This indicates not only that two atoms of H and one 
atom of O are present in the molecule, but that the weights 

Table 3 

ATOMIC OR COMBINING WEIGHTS OF THE PRINCIPAL 
ELEMENTS 

Element Symbol 
Atomic ’ 
Weight I 

Element Symbol 
Atomic 
Weight 

Hydrogen H 1 Molybdenum . Mo 95*8 
Aluminium A1 27 Nickel . Ni 58-6 
Carbon . C 11-97 Nitrogen N 14-01 
Chromium Cr 52-4 Oxygon . 0 15-96 
Copper . Cii 63-2 Phosphorus . P 30-96 
Gold All 196-2 Platinum Pt 194-5 
Iron Fe .56-9 Silicon . Si 28 
Lead Pb 206-4 Tin Sn 117-5 
Manganese Mn 64-8 Tungsten W 183*6 
Mercury. Hg 199*8 Zinc Zn 64-88 

86 
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are in the proportion of two parts of H to sixteen parts of O. 
The molecules of hydrogen, oxygen, and other simple gases 
are each made up of two atoms. Thus, the molecule of hydro¬ 
gen is Hg and of oxygen O.,. The molecule of water vapour, 
HgO, will occupy the same volume as that of a molecule of 
hydrogen, H2. A chemical compound always contains the 
same elements in the same proportion. The atoms are present 
in the molecule ip simj^le whole numbers, no compound ever 
containing a fraction of an atom. 

Chemical equations indicate the way in which the various 
elements react to form compounds. E.g. the ecpiation for the 
formation of water is 

H2 ^ O - H2O 
or, more correctly, as the oxygen molecule contains two atoms, 

2H2 -f‘O2 -2H2O 
Two molecules of hydrogen react with one molecule of 

oxygen to giv^e two molecules of water. 
Since equal volumes of all gases and vapours under the 

same eonclitions of temperature and pressure contain equal 
numbers of molecules, two volumes of hydrogen + one 
volume of oxygen give two volumes of water vapour. 

(Note. As nothing can be destroyed in any chemical 
ojKTation, the weights on the two sides must be equal. The 
gram, or the j)ound avoirdupois, may be used as the unit 
of weight.) 

Chemical Compounds 
Substances in chemi(‘al combination with one another 

cannot be separated by mechanical means, such bodies being 
known as chemical compounds. Water is the commonest 
example of a chemical compound, being composed of definite 
proportions of hydrogen and oxygen chemically united with 
one another. Air is a mixture consisting chiefly of oxygen and 
nitrogen. Many substances possess constituents which are 
able to unite in chemical combination with the oxygen of the 
atmosphere, the process being accompanied by the evolution 

^ of heat and light. This operation is called combustion, and 
substances which are suitable for the supply of heat tc be 
used in commercial operations are called fuels. 

Oxygen. This element is most widely distributed in Nature, 
since 47*29 per cent of the solid crust of the earth, 88*89 
per cent of watex, and 20*8 per cent of air is oxygen. In air 
it exists in a free state, but in limestone, sand, marble, clay. 
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quartz, iron ore, and many other substances it exists in a 
combined state. Oxygen is a colourless, odourless, tasteless 
gas heavier than air (sp. gr. I'lOSO), and slightly soluble in 
water. At a low temperature and a high pressure it is converk'd 
into a liquid. Oxygen boils at -- 183"^ C. 

Hydrogen. Hydrogen does not occur in Nature in a free 
state, but combined with oxygen it forms water, of which it 
constitutes 11*11 per cent. In a combined state it occurs also 
in the bodies of plants and animals, hence, in the volatile 
matter of coal, in petroleum, and in natural gas it constitutes 
almost 25 per cent. Water is one of the products of combus¬ 
tion when a fuel containing h3^drogen fs burned. H\xlrogen is 
a colourless, tasteless, odourless gas, almost insoluble in water, 
and can be converted into a liquid that boils at — 252^^ C. 
It is the lightest substance known, being about one-fiftec'iitli 
as heav3^ as air and one-sixteenth as heavy as oxygen. Its 
specific gravit}^ air standard, is (l*()()9fi. It combines with 
oxygen in the proportion of 1 to 8 to form water. Its great 
tendenc}^ to combine Mith oxygon makes it an intense n'dmang 
agent. 

Nitrogen. This element occurs to a limited extent in nitre 
beds as saltpetre, KNO3, and Chile saltpetre, NaNO^, also in 
organic compounds and in coal. It is an odourless, tasteless, 
colourless gas and constitutes 78 ])er cent of the atmosphere. 
With hydrogen it forms ammonia (NH3), with oxygen a series 
of oxides (NgO, NO, N2O5, and NOg), and with liydrogen 
and oxygen, nitric acid H2O -f N2O5 (2HNO3). It is a very 
inert element and has slight effect in the manufacture of steel. 
Nevertheless, its presence in the air in such large amounts 
makes it an important factor in blast furnace opc^ration. 

Coal 
Coal is the mo.st important of all fuels. Apart from its use 

as a fuel, it is also the raw material for the preparation of 
coal gas, as well as of many by-products, e.g. coke, tar, 
naphtha, benzol, and carbolic acid. Anthracite is the purest 
coal and gives off scarcely any gas or tar when heated; bitu¬ 
minous coal gives off much gas and tar when lieated and 
leaves coke. 

Mobile Liquids 
As the name implies, these change their shape very easily; 

thus chloroform, being very mobile, is used for delicate spirit 
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levels on account of the extreme ease with which the bubble 
can change its position. Other liquids, such^ as cylinder oils, 
treacle, pitch, shoemakers’ wax, are very viscous, but all 
change their shape if given sufficient time. 

The Chemist in Engineering 
The engineer and chemist may be regarded as co-operators 

in attempting to use Nature’s resources to the best advan¬ 
tage in the service of man. The work of the engineer and that 
of the chemist are subject to the same fundamental natural 
laws. Firstly, their materials are drawn from the earth, and, 
secondly, energy, with which they are both closely associated 
ill all its forms, can be regarded as originating from a common 
source, the sun. The formulae used in physical chemistry 
are almost identical with those used by the engineer, the main 
difference being that the physical chemist refers to smaller 
quantities and thinks of atoms and molecules as entities, 
whilst the engineer deals primarily with quantities which can 
be seen and handled. To the layman, the engineer’s work is 
apparent, as its results are enduring. For example, no one 
can fail to observe tlie existence of a ship, a locomotive, an 
aeroplane, or a bridge. On the other hand, the results of 
the chemist’s labours are not so tangible, and their value not 
so readily estimated. Seldom does he produce any tiling that 
can be appreciated by the average individual as a direct and 
valuable contribution to tlu^ betterment of mankind. Never¬ 
theless, ev(*ry engineer is fully cognizant of the invaluable 
aid which he receives from the chemist. Routine work, for 
instance, includes the accurate analysis of metals, indis¬ 
pensable to the engineer and metallurgist alike. 

There arc innumerable examples where the engineer and 
the chemist have co-operated and obtained effective and far- 
reaching results. It will be interesting to discuss some of 
these. 

Off 
A matter of paramount interest to the mechanical engineer 

is that of lubrication, and the selection of a lubricant for a 
particular job is often the determining factor of its success 
or failure. The onus for this selection falls largely within the 
province of the chemist and physicist. For some purposes 
mineral oils are the most suitable; for others, vegetable oils; 
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whilst for a third class, blended oils, or mixtures of mineral 
oil and vegetable oil, are required. When a mineral oil will 
serve the purpose, considerations of economy favour its use. 
Although no economy can result from using an inefficient, 
though cheap, lubricant, the chemist is often able to recom¬ 
mend an oil less costly than has been used, but equally 
suitable for the work. 

The examination of an oil generally includes the following 
determinations— 

Physical 

1. Specific Gravity. 
2. Flash Point. 
3. Viscosity. 
4. Solidifying Point. 

Chemical 

' L Amount and nature of fixed 
oil (usually vegotahlo oil). 

2. Amount of asphaltic matter 
(hituminous substance). 

The specific gravity and flash point indicate in some di'gree 
the origin of the oil, and for many purposes a fairly high flash 
point is essential on account of thc^ fire risk and the heating 
risk which accompany low flash points. The viscosity often 
determines the suitability of the oil for the work to wliich 
it is to be applied; it is also important to know the rate at 
which the viscosity falls with a rise of temperature, as, if the 
viscosity-temperature gradient is too st(M.‘p, the oil might be 
too “thin ” when the working t(*mperature is attained, altliough 
at starting the viscosity might be satisfactory. The converse, 
too, is equally true liecause it is necessary that the oil shall 
not solidify at the lowest temperature to wliich it is likely to 
be exposed ; hence the determination of the solidifying point. 
The content and nature of fatty oil (fixed oil) is of importance 
for many classes of work. Further, if a certain ptTcentage of 
fatty oil is being purchased, considerations of economy necessi¬ 
tate its being true to siiecification and not a mineral oil of, 
perhaps, one-third the value. The amount of asjihaltic matter 
helps to indicate the origin of the oil and the extent of its refine¬ 
ment, but it should be noted that a large conteuit of asphaltic 
matter detracts from the lubricating property of an oil. 

Catting Oils and Emulsions 

Cutting oils and emulsions (sometimes also called com¬ 
pounds, lubricants, or coolants) arc used in the process of 
cutting metal, and may be animal, vegetable, or mineral oils. 
More frequently they are a mixture of such oils. Cutting oils 
are generally used “straight,*’ that is, without admixture of 
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soap and water. The emulsions are formed when soluble oils 
or soluble pastes (compounds) arc mixed with soft water. 

Cutting oils and emulsions are used for the following 
purposes— 

1. To cool the cutting tool and the work. 
2. To lubricate the surface over which thd. chip or work 

will pass. 
3. To produce a smooth finish on the work. 
4. To flush out the cutting area and wash away chips. 
5. To protect the finished product from rust or corrosion. 

Lard oil was formerly the standard for metal cutting in 
machine shops, but pure lard oil is now rarely used. Because 
of its deterioration and loss of cooling capacity after repeated 
use, and because of its high cost, lard oil in recent years has 
been replaced by mineral oil or has been mixed with such oil. 
Mineral oil and “mineralized lard oil” are now employed 
largely in cutting operations which require a high grade of 
lubricating service. 

There are many o})erations, however, in which the need 
for cooling service is paramount. For these and for high-speed 
work, which demands flooded lubrication with a cutting 
medium having k)W viscosity and great cooling power, the 
emulsions made from soluble oils or pastes mixed with soft 
water arc* found eflicient and economical. Soluble oils are 
often prc})ared by dissolving soaj) in a mixture of mineral oil 
and saponifiable oil (animal or vegetable oil which can be 
converted into soap by tlu* action of an alkali). The propor¬ 
tions usually are: soap less than 20 pi*r cent, mineral oil less 
than 70 per cent, and saponifiable oil more than 15 per cent. 
Soluble compounds are prepared on similar lines, except that 
they may contain 10 to 50 jx*r cent of water and are in a 
semi-emulsified condition. 

Electrolysis 
The passage of an electric current through certain liquids, 

mostly solutions, is accompanied by chemical effects. Liquids 
which carry a current are known as electrolytes. Pure water 
is not an electrolyte, but becomes one if a small amount of 
acid or salt is added. The conductors which carry the current 
to and from the electrolyte are called electrodes—that by 
which the current enters the electrol^die is called the anode, 
and the kathode is that by which it leaves. If the electrolyte 
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is water to which has been added a small amount of sul¬ 
phuric acid, hydrogen will be evolved at the kathode and 
oxygen at the anode. Their volumes will be in the proportion, 
of 2 to 1—^the same proportion as that in which they com¬ 
bine to form water. This is explained by Faraday’s Laws, 
which state: (1) The mass of substance liberated oc current 
X time, and (2) the nuisses of different substances liberated 
by a given current in a given time are proportional to the 
chemical equivalents of the substances. 

In view of their significance in the engineering world, it 
will be worth while devoting soi|ie attention to the manufac¬ 
ture of oxygen and hydrogen. 

Oxygen and Hydrogen Production 
The search for a method of producing very pure oxygen 

for ox^-acetylene welding and cutting led to a thorough in¬ 
vestigation of the electrolytic plants available. ]^y systematic 
research and experiment, difficulties were overcome and various 
faults eliminated to produce finally, in 1910, the Knowles cell. 

The demand for pure oxygen was then growing rapidly and 
little attention was paid to the by-product hydrogen. Not 
many years later the situation was reversed, and hydrogen 
was required in large quantities for the rapidly developing 
hydrogenation industries. 

Description of Electrolytic Cell. A partly-sectioned view of 
a cell is shown in Fig. 08. The block of bells consisting of gas 
collecting chambi^rs DD is suj>ported by lugs resting on tho 
edge of the tank containing the electrolyte, so that all the 
internal parts of the c(‘ll may be nunov'ed in on(^ piece simply 
by disconnecting the copp(T (ronnections and the gas offtake 
pipes. The electrodes BB, alternately positive and nega¬ 
tive, are suspended by the ek^ctrode leads CC from the bells. 
The leads CC pass through steel tubes EE welded into the top 
of the bells and are insulat(‘d therefrom by insulating sleeves 
Ft\ The upper end of each electrode lead carries two nuts 
insulated from the steel tubes by insulating caps on which 
the bottom nuts rest, these nuts carrying the W(*ight of the 
respective electrode. The current is conveyed to the elec¬ 
trodes by nickel-plated coppcT conductors JJ clamped between 
the two nuts. Gas offtake pipes LL, one for each gas, collect 
the gas from the alternate bells, and these pipes in turn are 
coupled to pipes NN which are joined to similar pipes on 
adjacent cells and run along the row of cells. Finely divided 
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electrolyte spray which may be carried by the gases into the 
offtake pipes LL is trapped in these pipes and returned to the 
cell by means of the pipes MM. The electrodes are separated 
by asbestos diaphragms 00 open at their lower ends. A skirt¬ 
ing PP surrounds the entire block of bells and forms a stand 
on which it rests when removed from the tank. 

Fio. 68. Skctional View of Electrolytic Cell 

A A -=• (^'11 tank JJ =» Coi)pcr connections 
hU ^ lilcctrodos K/v « Intcr-ccll connections 
(HI ^ Electrode h'ads LL =» Gas offtake pijjes 
DD Gas colloctinn Iwjils NN =« S-pipos 
EE =• Sealing and safety tubes OO = Asbestos diaphragms 
FF Insulating tubes PP = Skirting 

The theoretical production per 1000 ampere-hours is 
16*25 cu. ft. of hydrogen measured saturated with water 
vapour at 20"^ C. and 760 mni. pressure, so that a cell operated 
at 1000 amperes should produce 16*25 cu. ft. of hydrogen per 
hour, and at 2*0 volts should have an efficiency of 123*1 kWh 
per 1000 cu. ft. 
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Efficiency of Electrolytic Plants 
The most satisfactory definition of efticiency is the actual 

volume of pm'e hydrogen or oxygen produced at a given 
temperature and pressure per kilowatt-hour, measured at the 
battery terminals, or the consumption of electricity in kilo¬ 
watt-hours per unit volume of hydrogen or oxygen produced. 

Fig^ 69. Electrolytic ("ell Installation of I^arge 

Capacity 

The losses which may occur and lower the ojHuating efficiency 
are— 

1. Leakage of electricity. 
2. I^ss of gas through c(‘Il joints. 
3. Low gas purities. 
4. Loss of electrolyte. 
Hydrogen and oxygen find numerous applications in chemi¬ 

cal, metallurgical, and various other industries. Large quan- 
.tities of hydrogen are required for catalytic hydrogenation, 
and the oxygen produced simultaneously is in ever-increasing 
demand. 

The manufacture of electric lamps ni^cessitates the use of 
the purest hydrogen, as both output and quality are directly 
affected. Lamp factory installations differ widely in size and 
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may be composed of a few cells or may produce several 
thousand cubic feet of hydrogen per hour. An example of the 
latter is shown in Fig. 69, consisting of cells which absorb a 
current of 5000 amperes. 

Tube Bending 
For the bending of thin-walled tubes to small or medium 

radii the chemist has produced an alloy of bismuth, lead, tin, 

Fig. 70. ^Iodkrn Aircraft Construction 

All tubes shown in this aircraft nose frame have been bent with a 
bending alloy 

and cadmium, ])Oss(‘ssing j)ropi*rties which make it an ideal 
filler for tube bending. It has an extremely low melting point 
—160° F.—appreciably less than the tenuxTature of boiling 
water. It can be used succi^ssfully in the bending of tubing 
with walls as thin as 0-007 in. to small radii. This filler con¬ 
forms so snugly to the inside of the tube that the latter can 
be bent as though it were a solid bar. Fig. 70 illustrates an 
interesting application of this useful alloy. 

“ Shrink ” Fits 
The production of solid carbon dioxide on a commercial 

scale has drawn thrf attention of engineers to the possibility 
of utilizing its extrenu'ly low temperature, notably in connec¬ 
tion with the production of shrink fits, in whicli the normal 
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procedure of expanding the outer member of two parts to be 
assembled is reversed. Instead, the inner member is cooled 
and contracted by contact with solid carbon dioxide (CO2), 
and, after assembly, is allowed to expand as it rises to 
atmospheric temperature. 
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DIAMETER IN INCHES 
FlO. 71. CONTUACTIONS OBTAINKD WHEN USING SoLID COj 

The method enables fully machined parts to be assembled 
without damage to the finish or abrasion between the con¬ 
tacting surfaces. Moreover, previously heat-treated parts can 
be assembled without disturbance of their crystal structure, 
and the cooling method has much to commend it for shrinking 
on materials, such as cast iron and aluminium, which may 
easily be damaged by overheating. There are also the advan¬ 
tages of the low capital cost of the process and the simplicity 
of the plant required. 

Solid CO2 is a white opaque substance Vhich, under atmos¬ 
pheric conditions, passes directly from the solid to the gaseous 
state. Its most important properties from the engineering 
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standpoint are summarized in Table 4, together with the 
corresponding properties of water ice, for purposes of 
comparison. 

Tabltc 4 

PROPERTIES OF SOLID CARBON DIOXIDE 

Characteristic Solid CO2 Ice 

Temperature - 79° C. (- 110° F.) • O*’ C. (32^^ F.) 

Latent heat . | 
152 kg.-cal. per kg. 
275 B.Th.U. per lb. 

at 32^^ F, 

81 kg.-cal. per kg. 
144 B.Th.U. per lb. 

at 32° F. 

Density (water =1) 1-35 to 1-45 0-9 approx. 

Assuming that the normal workshop temperature is 50° F., 
it is apparent tliat solid CO2 is capable of producing 50° 

110° = 160° of cooling, a temptTature which will produce 

a contraction in mild steel of approximately 
9 . 

10,000 
per 

inch diameter of the object cooled. The curves given in Fig. 
71 show the contractions obtainable for some metals in general 
use, calculated for 150° of cooling. 

H 

Fio. 72. Construction of Shrinking Bath 

Shrinking Bath. The principles and operation of the bath 
can best be imderstood by reference to Fig. 72. An outer 
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shell A surrounds the tank J5, which is insulated with a non¬ 
conducting material against heat leakage into the cooling 
medium. By this means economy in the use of refrigerant is 
secured. The bath is filled with methylated spirits or tri- 
chlorethylene. The latter is more expensive, but has the 
advantages of being non-inflammable and of having a higher 
heat capacity for a given volume; it is also frequently avail¬ 
able in engineering works. A removable partition C separates 
that portion of the bath D into which the work is dipped 
from the part into which the solid CO2 is placed. Slots G 
are provided at the liquid level, ajnd a gap F at the bottom of 
the partition to facilitate circulation of the liquid and conse¬ 
quent rapid heat transfer. The bath is covered with light 
removable lids N to exclude heat and to conserve the liquid 
when the bath is not in active operation. Solid COg placed 
in the tank E quickly cools the whole contents and maintains 
a temperature of minus llO'" F. 



PART II 

WORKSHOP THEORY AND PRACTICE 

CHAPTER IX 

MACHINE DRiWING 

Machine drawing is the application of practical geometry to 
the representation of machines and equipment. It has been 
described as “the language of the workshop,” as by its aid 
it is possible to convey to the mind of a skilled craftsman 
clear and exact information as to the form and dimensions of 
any object to be constructed, however complex and intricate 
that object may be. It is necessary for every craftsman, 
irrespective of the trade which he follows, to understand 
clearly its many conventions, otherwise he will rightly be 
regarded as having only very restricted ability. Accordingly, 
it is profitable for an apprentice to spend a good deal of time 
in the reading of drawings, as wt^ll as in the making of drawings. 

Drawing Equipment 
In order to produce a working drawing the following mini¬ 

mum equipment is required. 
Drawing Board, This should be made of narrow pine 

boarding, closely jointed, and secured by screws to two wooden 
battens or ledges, Fig. 73. In well-made drawing boards, the 
screws pass through slotted metal cups inserted in the ledges, 
a device designed to give some freedom to the serews and 
allow them to slide, thus preventing splitting and warping of 
the board. A straight narrow slip of hard wood is inserted 
in one edge of the board to serve as a guide against which the 
T-square is placed when in use. It projects slightly beyond the 
end of the board to facilitate the moving of the T-square. 
Drawing boards are made in standard sizes. The “Imperial,” 
32 in. by 23 in., and “Half Imperial,” 23 in. by 16 in., are 
convenient sizes for apprentices. 

Drawing Paper. Cartridge paper, with a smooth surface 
and of medium substance, is suitable for drawing in pencil. 

Drawing Pirn, These are used to fasten the paper on to 
the drawing board. They should have smooth, thin, and 

99 
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slightly rounded heads, so as to offer a minimum obstruction 
to the T-square. 

Tee-sqnare, This is usually made of mahogany, with its 
working edges of ebony. The long thin portion B (Fig. 73) 

Fio. 73. Drawing Board and Tek-sqoark 

is called the blade; the shorter and thicker piece H is called 
the haft. The blade is fixed on the top surface of the haft, 
so that the latter shall be level with the surface of the board, 
and not interfere with the sliding of set-squares beyond the 
edge of the board. When in use, the haft is placed in contact 
with the working edge of tlie board, and the edge EE of the 
blade is used as a straight edge in drawing parallel lines across 
the board. 

Pencils. Two pencils are required for drawing, one having 
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harder lead tlian the other. The two degrees of hardness known 
as ‘‘HH” and “H” will generally be found suitable. A fine 
point on the pencil is essential. To obtain this, the wood 
should be cut away with a sharp 
chisel or knife well back from the 
lead, as shown in Fig. 74, and 
the lead pointed by rubbing on a 
fine fiat file. The chisel point 
shown at B is strongcir and more 
durable than the fine conical point 
shown at A, and is well adapted 
for drawing long straight lines. 
The conical })oint will be found 
more conv(‘iiient for marking 
points and ])rinting. 

Stt-sq #(arr.s*. These 
made of homogeneous 

I 
B 

Fig. 74. Du awing Pencils are best 
material, 

such as vulcanite or celluloid, which does not readily change 
shape. Two set-squares are necessary, one having angles of 
45°, the other angles of 60° and 30°. Set-squares are used as 

Fig. 7r>. Method of Testing‘Angles of Set-squares 

straight ('dges to guide the pencil when drawing straight lines 
in certain definite })ositions relative to other lines. 

To Test the Angles. Consider the ri^^ht-angle (Fig. 75). With 
tho T-squaro in position on the board, place tlio set-sqnare against 
the working edge of tlio T-squaro as at B, and draw a line up the 
edge OS. Then rotate tho square in the direction of the arrow so aa 
to bring the edge OS into contact with the T-square, as shown at A. 
If tho right-angle is (iorroct, tho line OS will coincide with the set- 
square in its new position. Should the square in the two positions 
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appear as at C~D, the supposed right-angle is loss than 90°; and 
if as at the angle is greater than 90°. 

Dividers and Compasses. The former are used for setting 
off chords on circular and other curves. Tlic latter are used 
to draw or describe circles. Compasses should be fitted with 
knee-joints, so that the leg points can always be brought 

into position approximately per¬ 
pendicular to the drawing paper 
(Fig. 76). Smaller instruments, 
fitk'd with springs and adjust- 
ingyscrews, are called spring 
bows, and arc used for more 
minute work. 

Protractor. This is a scale of 
degrees and should be made 
in ivory or c(‘lluloid. Large 
circular or semi-circular pro¬ 
tractors (Fig. 77) are generally 
the best. 

Scales. The principal scales 
recpiired may be obtained on 
one rule, which should be 12 in. 
long. The scales should have 
divisions, graduated in eighths 
and sixteenths of an inch. 

Orthographic Projection 
If lines are drawn to meet a 

plane from selected points on 
the contour of an ol)ject, the 

outline given on the plane is called the projection of the object 
on the plane, and the lines are known as projectors. If the 
projectors are perpendicular to the plane, an orthographic 
projection is obtained, as in Fig. 78. In machine drawing, 
orthographic projection is almo.st exclusively used. 

Two principal planes are u.scd in orthographic projection, 
the horizontal and the vertical. The orthographic projections 
of an object situated on the vertical and horizontal planes 
give, respectively, its elevation and plan. 

First Angle Projection 
To secure uniformity of practice, the British Standards 

Institution has recommended that First Angle Projection 

Knee-joints 
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should be adopted as the standard. Fig. 78 shows a 
bracket in the first angle, projected on to the two principal 
planes and on to an additional plane mutually perpendicular 
to them. Three views of the object are thus obtained: front 
elevation, plan, and side elevation (or end elevation). When 
the planes are opened out, the views take the positions shown 
in Fig. 79. 

Fio. 79.' Views of Bkackkt obtained when Planks have 

BEEN Opened Out 

It is a distinctive feature of First Angle Projection that 
each view appears on the side of the object remote from the 
face that it illustrates: e.g. in Fig. 80 the top view or plan 
P is placed beneath the elevation E; the end view A looking 
from the left of the front elevation is placed on the right of 
the front elevation, and*the end view B looking from the right 
is placed on the left of the front elevation. Tlu? American 
method is to use Third Angle Projection, which is the opposite 
of the method described. 

Working Drawings 
The essentials of a working drawing may be stated briefly 

as follows— 
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1. It must be accurate, and since accuracy cannot be 
obtained without neatness it must also be neat. 

2. All the views must be placed so as to be orthographically 
projected the one from the other, thus enabling their mutual 
connection to be traced readily. 

3. Centre lines form an integral part of each view in the 
drawing, and should be drawn with great care so as to be 

B E A 

P 
Fe(j. 80. Fikst AxfJLK Projection 

perfectly straight and square. In laying down the principal 
vertical and horizontal centre lines some care and judgment 
are necessary to arrange them so that the spacing of the views 
may be properly balanced on the paper. 

4. Wherever possible the drawing of any article should be 
made the same size as the articfc itself. In many cases, how¬ 
ever, this will not be possible, and a definite scale will have 
to be adopted, which should be stated on each individual 
drawing. Dimensions, however, must always indicate the full 
size of the object when constructed, no matter what may be 
the scale of the drawing. The hest possible position should 
be found for each dimension, to avoid confusion, and whilst 
the drawing must be fully dimensioned so that no measure¬ 
ment or calculation is required, no dimension should be 
repeated on a second view. This aspect is amplified later, 
but it is convenient to mention here that what would other¬ 
wise be a really ^ood drawing is sometimes spoilt by poor 
dimensioning and lettering. For most beginners much practice 
will bo necessary before proficiency in printing is attained. 

5. In addition to plans and elevations, sectional views must 
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be included wherever necessary, to ensure clarity. In all such 
cases “section’’ lines must be inserted at an angle of 45°, 
the spacing of the lines being dependent upon the nature of 
the object being drawn. 

6. The drawing should give the degree of finish required 
on the article, i.e. state what surfaces should be machined, 
what tolerances are allowed, etc. 

7. A good working drawing leaves nothing of vital impor¬ 
tance to the imagination of the craftsmen working from it. 
It is therefore necessary to include, in addition to the title, 
such explanator}’’ notes and instructions on the drawing as 
will enable this result to be achieved. 

8. A working drawing may be prepared on the unit prin¬ 
ciple, which shows onlj^ one detail per drawing, or it may be 
prepared on the comix)site system, whic h may include a num¬ 
ber of parts, collectively forming a complete item, e.g. a 
valve. For most purposes, otlier than for showing a com])lete 
assembly or sub-assembly, the former system is preferable. 

In a drawing office the pencil drawings are often copied 
on tracing cloth in Indian ink so that “ true-to-scale ” prints 
may be reproduced for issue to the workshops. 

Systems of Dimensioning 
All dimensions should be direct, i.e. they should not involve 

calculations: overall dimensions shoulcl be given. In jig 
manufacture it is advantageous for the dimensions to be taken 
from a fixed location point, thus enabling the operator of a 
jig boring tnachine to make a series of dkect readings on his 
micro-locators. 

Dimensions may be arranged in different ways, each having 
some particular advantage. The three systems illustrated 
arc— 

1. Dimensions wholly outside each view. Fig. 81. The 
dimensions need not be cramped and may be madci prominent. 

2. Dimensions wholly within each view. Fig. 82. Compara¬ 
tively few extension lines are required and the outline of the 
article is shown without interference. 

3. Dimensions partly within and partly outside the view. 
Fig. 83. 

By careful arrangement the advantages of (1) and (2) may 
be combined. Whilst no definite rule can be given, the third 
system should generally be adopted. The shortest dimension 
lines should always be arranged nearest the view. 



ODl 

Ficj. 81. Dimensions wholly outside the View 

Fig. 82. Dimensions Fig. 83. Dimensions partly 

WHOLLY within THE ViEW 'WITHIN AND PARTLY OUTSIDE 

THE View 

Fig. 84. Methods of Indicating Tapers 
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A taper should bo defined as the alteration in diameter or 
thickness of a part per unit length, the latter being measured 
along the geometric centre line. Three methods of indicating 
tapers are given in Fig. 84. When the direction of a taper is 
not clear from the drawing it should be denoted by a wedge 
on the centre line. 

Donats for Draughtsmen—and Would-be Draughtsmen 

1. Don't commence drawing until you have made quite 
certain that you wil,l be able to get all the views required on 
your pajx'r. 

2. Don’t forget the definition of a line—a line has It'iigth, 
but not thickness. 

3. Don't show centre lines by dott(»d lines—they are tedious 
to draw and are liable to be confused with the objen-t. 

4. Don’t mix first angle (British) and third angle (Ameri¬ 
can) projection. 

5. Don’t omit any dimension. 
6. Don’t rejxvat any dimension. 
7. Don’t place dimensions through the dimension lines— 

always on the top at right angl(\s to the lin(‘. 
8. Don't forget that a small part of an object may lx* more 

important than a largf*r one, therefore all dimensions must be 
equally clear. 

9. Don’t “section” a view until you have completed the 
dimensioning—and remember that all section lines must be 
drawn at 45°. 

10. Don’t shade a working drawing. 
11. Don’t omit to state the scale of the drawing. 
12. Don’t imagine that the craftsman knows wliat you have 

in mind. 
13. Don’t fail to show everything which the craftsman 

needs to know. 
14. Don’t forget to include the date on every drawing— 

this information may eventually prove vitally important. 
15. Don’t fail to uphold the hall-mark of good draughts¬ 

manship—this means neatness and accuracy combined with 
completeness and clarity. 

Example 1. An engineering drawing is marie to a scale of J in. to 
1 ft. Find what fraction of full size this represents, i.e. what fraction 
of an inch on the drawing represents 1 in. on the job. 

The quantities mus" be changed into the same units before dividing. 
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Now fin. to 1 ft. moans that 1ft. is shown as jin., i.e. 12 in. are 
shown as J in. 

1 m. will be J in. 12 ~ f x ^ in. 

Thus 1 in. on the job appears as ^ in. on the drawing, or a scale ol 
J In. to 1 ft. = ^ full size. 

Example 2. It is desired to make measurements from a certain 
tlrawing of which the scale is not known. A dimension figured as 
12} in. measures 3in. What is the scale? 

12J in. is shown as 3 in. 

1 in. will be shown by 3fe * ^ * T ll ^ ^ ^ ^ 

the drawing is J full size or 3 in. to 1 ft. 

Example 3. Part of a rock drill piston is shown in Fig. 85, and by 
a tlraiightsinan’s oversight a dimension has been omitted. Assinning 
that all the other figures are correct, ascertain the value of the missing 
dimension “ A.” 

It is evident from the diagram that if the sum of the small digits be 
found, and subtracted from the “overall” distance, this will give the 
value of the missing quantity. 

1 4 j_ 1 j_ 1 
4 + 3i -f 5i + 4 = 10 -f —I—lojln. 

missing dimension = 13J — lOJ == 2J in. 

Example 4. An electric motor and a centrifugal pump, built by 
different makers, are to be assembled on the single bedplate shown in 
Fig. 80, which gives dimensions from centre line to btise. 

(1) Supposing a special bedplate is to be made to suit, find what 
dimension A must bo. 

(2) Supposing that a standard bedplate in which the dimension B 
is If in. be used, find what packing thickness P is required under the 
motor foot ? 

An^. (1) A requires to bo 1§| in., and (2) Packing ^ in. thick may 
be fitted at P. 

Example 5, Fig. 87 shows three views of a cast-iron base. Satisfy 



Fxo. 87. Cast Iron Base 
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yourself that 5^011 understand the drawing clearly by answering each 
of the following questions— 

(1) Why is one view in section? 
(2) Why is the part M not croashatched ? 
(3) Why is the line O dotted? 
(4) Why is the lino K solid? 
(6) What are the sizes of the squares X~Y~Z ? 
(6) What diameter is th© hole in the upper left-hand view? 
(7) What are the following dimensions? 

A = — B = - C -=-- D =-K =- 

F -- M --: .V =- P ^-H =- 

Work to dimensions and do not attempt to “scale*’ the reproduction. 

Example 6. Sev'eral mistakes have beerr purposely made in the 
drawing of the journal bearing illustrated in Fig. 88. Write doivn all 
th© mistakes you can pick out, and, after ten minutes have elapsed 
since you first looked at the drawing, turn to the end of the Appendix 
for the key. If you find that you have discovered all the mistakes, you 
can consider that you are making good progress. 

Freehand Drawing 
To obtain speed both in reading and producing drawings 

much practice and patience are required, but when once the 
art has been acquired it will bring its own satisfaction and 
reward. Practice in freehand drawing, particularly of plans 
and elevations, should be obtained by all young engineers. 
Well-proportioned freehand sketches are frequently in demand, 
and anyone who can readily produce them will find this a 
most valuable asset. 



CHAPTER X 

TESTING OF MATERIALS 

The physical testing of the materials to be used in the manu¬ 
facture of engineering products is essential to the successful 
performance of those products. The materials testing depart¬ 
ment is, therefore, an important section in any works 
organization, and any apprentice who has the good fortune to 
gain experience in it must count himself extremely fortunate. 

Before describing a number of tests it will be helpful for 
certain important definitions to be given. 

Stress 

Stress is the intensity of the force induced between the 
particles of a. strained body. 

Tensile or compressive stress is usually measured in pounds 
per square inch of cross-section. 

Stress = 
load 

cross-sectional area 

Stress is expressed in terms of load j>er unit of area; thus 
if a load of 10 tons be suspended from a bar held vertically, 
having a cross-sectional area of 2 sq. in., the stress in the bar 
will be 5 tons per sq. in. 

Strain 

Strain is the alteration of shape, of whatever kind, produced 
in a body by the application of force. 

Tensile or compressive strain is measured by the increase 
or decrease in length divided by the original length. 

. Strain = i^^^reasc in gauge length 
original gauge length 

In the example given for “stress,*’ if the bar were 20 in. 
long and extended one-hundredth part of an inch under the 
load, the tensile strain would be— 

100 
20 = or 0*05 per cent _4.:_ 

113 
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In this example strain is expressed as a ratio of the extension 
of the bar to its original length, or in terms of percentage of 
elongation. 

Modulus of Elasticity 
Up to a cextain limit, called the elastic limit, extension or 

compression is proportional to the elastic load, or strain is 
proportional to the stress. 

Stress 
Strain ” ^ constant, called the modulus of elasticity, or 

Young’s modulus, and is usually denotejd by the letter E, 

F 

Modulus of elasticity — 
stress ^ a 
strain x 

I 

FI 
ax 

where F = force applied, a ~ area in sq. in., I ^ original 

length, X = increase or decrease in length. 

Factor of Safety 
The factor of safety in a mat<‘rial or structure is the ratio 

of the breaking load to the working load. In practice a 
common figure for a static load is 5. Its vfilue is, however, 
arbitrary, and depends upon the nature and magnitude of the 
loads to which it applies. With material, it takes effect in the 
form of a safe stress which must not be exceeded, and which 
bears a factor of safety ratio to the breaking stress. 

Torque 
The product of a force multiplied by its distance of action 

from an axis is called the torque of the force, c.g. a load of 
50 lb. applied 3 in. from the axis would be expressed as a 
torque of 150 in./lb. Torque is also sometimes called the 
turning moment. 

Tondon 
Torsion is that form of stress which is set up in a body 

when two equal forces tend to rotate it in opposite directions 
around its axis. As there is a tendency for each layer of the 
body to slide on the next, the stress is in the nature of a shear 
stress. 
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Load 
The load upon a specimen is a measure of the external 

force acting upon it without regard to its length or its cross- 
sectional area. 

The load may be in the nature of a “dead” load which is 
steady and non-variable. Alternatively, it may be a “live” 
load, in which it is of the vibrating type, or it may be suddenly 
applied, as in an impact test. 

Brinell Hardness Numeral 
The Brinell hardness n\imeral is a number denoting the 

relative hardness of a material, arrived at by a test devised 
by J. A. Brinell in 1900. 

Fatigue of Material 
The fatigue value of a material is that stress, or range of 

stress, which must not be exceeded when it is subjected to 
repeated or alternating loading conditions if failure is to be 
avoided. 

The fatigue value (sometimes called the endurance) is always 
considerably lower than the ultimate stress of a material. 

Percentage of Elongation 
The percentage of increase in the length of a specimen 

between gauge points, obtained by a measurement of the 
fractured test piece, is known as the percentage of elongation. 

Proof Stress 
Proof stress is that stress in a material which is just sufficient 

to produce a permanent extension corresponding to a specified 
percentage of the original gauge length. Proof stress deter¬ 
minations are usually adopted in the case of materials (such 
as those used in aircraft production) for which there is no 
pronounced yield point. 

Reduction of Area 
Reduction of area is the percentage ^^hich the loss of area, 

at the point of fracture, bears in relation to the original cross- 
sectional area, in a tensile specimen. 

Shear Stress 
Shear stress is the stress induced in a material when it is 

loaded so that there is a tendency for one part to slide on 
the next. 
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Universal Testing Machine 
Fig. 89 shows a vertical single lever type testing raacJiine 

arranged with tools in position for tension, compression, and 

QAOUATED SCALE 
transverse 

SPECIMENS. 

EOlSE PROPELLING 
HANDWHEEL 

STRAINING SCREW 
OPERATED BY 
ROTATINO NOT. 

handwheel WHICH 
CAN BE USED FOR 
LOW CAPACITY 
TESTS 

Fio. 89. Universal Testing Machine 

transverse tests. Separate tools are us(*d for shearing and 
torsion tests. 

In any test other than torsion the load is applied to the 
specimen by the downward movement of the straining cross- 
head A, the load being transmitted through the specimen to 
the weighing steelyard, where it is balanced by the poise 
and indicated on the graduated scale. 
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The tensile test piece is positioned between the weighing 
crosshead B and the straining crosshcad A. The specimen 
may be round or rectangular in cross-section, depending on 
the nature of the product being tested. The centre is usually 
reduced in section to form the gauge length. A sharp change 
in section from the parallel portion to the shoulders should 
be avoided, otherwise concentrations of stress occur and a 
brittle material would fracture at an apparently low stress. 

Before the specimen is placed in the machine its diameter 
is measured with a micrometer, and two small “pop” marks 
are made at points corresponding to the gauge length on 
which the extension is to be measured. 

The compression specimen is placed on the beam G, which 
is suspended from the weighing crosshead by means of four 
steel rods. The load on the test piece, produced by the down¬ 
ward movement of the straining crosshead, is thus trans¬ 
mitted direct to the steelyard, where it is balanced and indi¬ 
cated as in the tensile test. 

Similarly, transverse tests can be carried out by supporting 
the transverse specimen on brackets on the beam C and 
applying a load to the middle of its span by means of a presser 
foot attached to the underside of the straining crosshead. 

Hardness Testing 
The best known and most widely used method of specifying 

the hardness of a material is by the use of a Brinell hardness 
numeral. The test takes the form of the application of a 
specified load to a hardened steel ball of standard diameter, 
in order to force it into the material to be tested. The resulting 
indentation is measured, and the surface area of the cavity 
is divided into the load, thus giving the Brinell number of 
hardness. 

The more important applications of the Brinell test to iron 
and steel manufacturers are the following— 

1. For checking the amount of carbon in iron and steel 
during the smelting process. 

#2. For testing the quality of temper. 
3. Fo;r comparing the advantages and disadvantages of 

different methods of heat-treatment. 
4. For determining the effect on the material of different 

processes of manufacture. 
In addition, the Brinell test provides for manufacturers a 

useful means of sorting different materials from a batch, also 
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for testing finished articles, such as rails, plates, gun-barrels, 
steel tyres, gear wheels, forgings, and steel castings. 

Descrijption of the Machine. The construction of the machine 
as shown in Fig. 90 is similar to that of a platform weighing 
machine. The seating A on which the specimen is placed is 
supported by a lever B in the base of the machine by means 
of hardened steel knife-edges and bearings. This lever in 
turn is connected to a transfer lever C, at 
the end of which are tension rods D con¬ 
necting the two steelyards E. Pressure 
apx)lied to the seating A is transmitted by 
means of accurately gauged levers to the 
weighing steelyards, on which the load 
is balanced by means of the proportional 
weights. 

The steel ball through which the load is 
applied is fitted at F. The load is gradu¬ 
ally applied by means of the hand wheel 
G through a worm-drive. The ball can 
quickly be set in contact with the s|x?ci- 
men before making a test by releasing the 
catch*// and turning the screw by means 
of the hand wheel J. 

-—~ 0 

Fio. 91. Measuring 

Brinell Hardness 

Method of Making Test. The specimen is placed on the 
seating A and the ball F brought almost into contact with the 
surface of the specimen by turning the hand wheel J. The 
catch H is replaced in position and the hand wheel G turned a 
few times until the steelyards rise to a horizontal position. 
After the j)rescribed time has elapsed the pressure is released 
by turning the hand whec‘l G in the opposite direction and the 
liiameter of the impression. Fig. 91, is measured by means of 
a special microscope. 

Izod Impact Test 
Differences due to mechanical and heat treatments, not 

indicated by the tensile test, are revealed by the Izod or 
notched bar impact testing machine, Fig. 92. The test piece, 
either 10 mm. square section (Fig. 93) or 0-45 in. diameter, 
is held in a vice, with the bottom of the notch in line 
with the top of the vice. The pendulum is raised to a standard 
height and allowed to strike the specimen on the same side as 
the notch. The striking energy is 120 ft.-lb. The pendulum is 
held in its raised position by means of a spring-loaded trigger. 

5—(T.a47) 
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On release, the penchilum falls and expends some of its energy 
in fracturing the specimen. The residual energy in the pendu¬ 
lum causes it to continue its swing, and in doing so carries 
forward a pointer which indicates on a graduated chart the 

Fig. 92. Izod Impact Trsttno Macjiine 

eitfi 

Fig. 93. British Standard Notched Bar Test Piece 

amount of energy absorbed by the specimen. The main effect 
of the notch is to set Op at its root stresses which are higher 
than the average value, the sharpness of the notch largely 
controlling the test. The effect of a notch is clearly illustrated 
by the ease with which glass will crack when notched with a 
glass cutter. 
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The Izod test serves two purposes— 
1. For brittle materials it gives a guide to the resistance 

against failure where a change in section occurs. In the case 
of mild steel, useful information is revealed by the appearance 
of the fracture. 

2. It measures the resistance of a material to the spread 
of a crack, after it has once formed. A low Izod value indi¬ 
cates that in service there will be a greater chance of final 
failure before the crack is discovered. 

Test Calculations 
In an actual test the two broken ends of the specimen are 

fitted together and the distance between the gauge marks, 
as well as the smallest size of the local neck, is measured. 
The results are calculated as follows—• 

Yield point — 
yield load 

original cross-sectional area 

Ultimate tensile stress (U.T.S.) 

maximum load 

original cross-sectional area 

Elongation, per cent on gauge length 

extension 

original gauge length 

Reduction of area, j)er C(Mit 

original area — final area 

original area 

X 100 

X 100 

Example 1. In a series of tests on samples of flat steel bar, the 
following results were obtained— 

Original dimensions of tost piece . 
Final dimensions at fracture . 
Breaking load . . . . . 
Final extension on 8 in. gauge length 
Load at elastic limit . . . . 
Corresponding extension at elastic limit . 
Diameter of Brinell impression with 

3000 kg. load on 10 mm. ball 
Izod impact value on B.S. 10 mm. test 

piece (read direct from machine) 

1-500 in. X 0-375 in. 
1-03 in. X 0-280 in. 

21-8 tons 
1-61 in. 
6-2 tons 
0-0066 in. 

4-43 mm. 

63 ft.-lb. absorbed energy 
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Calculate (1) the viltimate tensile stress, 
(2) the percentage reduction of area, 
(3) the percentage elongation on 8 in. gauge length, 
(4) the modulus of elasticity, 
(5) the Brinell hardness number, from the expression— 

Brinell No. = —r--^- 
■ni) -- 
— (D- 

where P — load on ball in kilogrammes, 
D ~ diameter of ball in mm. 
5 = diameter of impression ii> mm. 

(1) Ultimate tensile stress = ^ -- 38-7 tons/sq. in. 
area l o x 0-3 io * 

(2) Percentage reduction in area 

original area — final area 
X 100 

original area 

L5 X 0*375- L03 > 0*280 

1*5 X (^375 
0*208 

^ X 100 ~ 47*0 per cent reduction 
0*562o 

X loo 

(3) Percentage elongation 

extension 

original length 
fO - 

1*61 
X 100 = 20*1 ner cent 

(4) Modulus of elasticity = 

load 

st ress area 

strain extension 

gauge length 

13,360 tons/.sq. in. 

0*2 
0*5625 

0*0060 

8 

(5) Brinell hardness No. 
_30^_ 
57r(10~ V loT) - 

3000 

57r(10- V80-38) 

4*432) 

- 184*1 

Modulus of Rupture 
The tran.8ver8e strength of cast iron may be expressed by 

a figure known as the Transverse Rupture Stress, which is the 
maximum stress which would have existed if the material 
had behaved in accordance with the assumptions made in the 
theory of bending. 

/= 
WL 
4Z 

where / = transverse rupture stress 
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W = breaking load in tons 

L = distance between supports in inches 

Z — modulus of section 

Example 2. Calculate the transverse rupture stress for a test bar 
1*18 in. diameter tested on 18 in. centres, the breaking load being 
0*98 f ons. 

In this example 
]V ^ 0-98 tons 
L = 18 in. 

^ 00982 X M83 

, 0-98 X 18 
- X 

1 

0-0982 X M83 
27-4 tons/sq. in. 



CHAPTER XI 

MEASURING TOOLS AND GAUGING 

Modern manufacturing conditions necessitate the use of a 

large variety of measuring tools and gauges. W(i will discuss 

some of the more usual of these. 

Steel Roles 
The twelve-inch steel rule. Fig. 04, and six-inch are the 

Fio. 94. 12 IN. Stekl Rule 

general measuring in.struments used in the engineering work¬ 
shop. The limit of accuracy when the steel rule is used is 

governed by the subdivisions, which are 
usually down to in. and y/,,, in. on 
the English scale, and down to a milli¬ 
metre on the metric scale. Dimensions 
involving greater accuracy than this 
must be measured by other means. 

Depth Gauge 
For cheeking tlu* depth of holes, 

rec{\s.ses, grooves, and irregular parts 
the deptii gaug(‘, Fig. 95, will ])rove 
invaluable. It is frequently fitted with 
either a vernier or micrometer attach¬ 
ment. 

Steel Measuring Tapes 
Where correct measures of long 

lengths are required, nothing gives 
such clo.se results as a stc'el tape. 
Woven tapes will stretch or shrink, and 

Fio. 95. Depth Gauge arc not reliable. 

124 
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Calipers 
Outside calipers, Fig. 96, and inside calipers, Fig. 97, are 

associated with the same standard of accuracy as the rule. 

Shaft sizes, internal holes, etc., are all measured with calipers 
of either the spring or firm joint type when the limit of accuracy 
is, say, to the m^arest one- 
sixty-fourth of an inch. In the 
same way, dividers are used 
in “marking out” under the 
same conditions of accurac3^ 

The Try Square 
This is used for testing 

whether or not two surfaces 
are a('curately at right-angles 
to each other. The best type. 
Fig. 98, is manufactured from 
a single piece of steel, ma¬ 
chined to shape, hardened, 
and accurately ground to size. 

Straight Edges 
These tools are used for 

testing whether or not a 
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surface is flat. The straight edge may be merely a ruler, 
Fig. 99, with its edge accurately machined, or it may be 
of the more elaborate type such as is shown in Fig. 100. 
It is laid along the work in various positions, and if the job is 
perfectly flat no daylight will show between the straight edge 
and the article itself. If daylight does show at any point, then 
the work is not accurate and the straight edge indicates where 
the inaccuracy lies. 

Fio. 99. Straight Edge (Simple Type) 

Fig. 100. Straight Edge ((Iirder Type) 

The Spirit Level 
This is an instniment common to many tnuhvs besides 

engineering. It is essential in all erecting work, also on the 
marking-out table. The type shown in Fig. 101 is fitted with 

Fig. 101. Spirit Level 

a double plumb, the top one being adjustable. Some levels 
are fitted with an additional plumb at right-angles to the 
longitudinal om?, these being particularly advantageous for 
♦^sting work both vertically and horizontally at the same time, 
jthe work is level when the air-bubble in the plumb is exactly 
centred on the centre mark. 

Surface Gauges 
The laying out of work often includes the scribing of lines 

at a given height from some face of the work, or the continua¬ 
tion of lines around the several surfaces. To do this work, an 
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instrument called a surface gauge or scribing block, Fig. 102, 
has been devised for holding the scriber. This consists of a 
heavy base and a pivoted upright, to which is attached a scri¬ 
ber held by a clamp which may be turned through a complete 
revolution. By resting both the surface gauge and the work 
upon a plane surface, Fig. 103, it is possible to set the point 
of the scriber at a given height, and draw lines at this height 
on all faces of the work or 
on any number of pieces 
when duplicate parts are 
being made. 

The use of the surface 
gauge is not confined to 
scribing on vertical surfaces. 
It may be used on other 
surfixces, or also as a height 
gauge, where measurements 
of extreme accuracy are not 
considered. The bent end 
on the scriber permits lines 
to be drawn on horizontal 
surface's, and a groove along 
the base of the gauge makes 
it possible to mark out 
desired distances from the 
radius of a circular piece. 

When using the surface 
gauge the scriber }X)int 
should not pruj(‘ct any 
further than is necessary; 
and as the lines are being drawn the point of the scriber 
should follow the pillar. 

The Trammel 
The trammel, like dividers, is used for marking out circles 

and arcs, and consists of j^wo scribers which are adjustable 
along the length of the connecting bar, as shown in Fig. 104. 
The connecting bar (or beam) usually consists of a round steel 
bar with one side flattened to prevent the scribers rotating. 
Any size of circle or arc can bo drawn by sliding the scriber 
sections until the required distance between them is obtained. 
Fine adjustment is made by means of the knurled nut and 
screw. 

Fkj. 102. Surface Gauce 





MEASURING TOOLS AND GAUGING 129 

The Sine-bar 
The sine-bar is an instrument of simple construction used for 

the measurement of angles when the use of a bevel protractor 
is inconvenient or impracticable. Fig. 105 shows that the 
sine-bar consists merely of a straight edge in which two pins 
or plugs are fitted. The centres of these pins are on the centre 
line of the bar, and to facilitate calculation the distance 

Fig. 105. Sin^e-har Fig. 106. Principle of Sine-bar 

between the pins is usually some even dimension, such as five, 
ten, or fiftei'ii inches. 

A right-angled triangle is shown in Fig. 106. The angle 
to be measured is that marked A ; a is the “opposite side,” 
h the “adjacent side,” and c the hypotenuse. The formula 

represi'iited by sin A — ^ will be familiar to most readers. 

(Sec Chapter I.) To clarify the point, however, if the length 
of a is 8 in, and the length of c is 12 in., then the sine of A 
would be 8 divided by 12 or 0*6667. Once having obtained 
the sine, reference can be made to the sine tables, when it 
will be found that, from this sine, angle A is 41° 49'. 

In applying this simple principle to the sine-bar, the length 
of the hypotenuse of the triangle can be considered as the 
distance between the two pins, and the difference in the 
heights of the pins above the base of the work can be taken 
as the length of the “opposite side.” Suppose we have to 
measure the angle formed between a line on a piece of work 
and a base-line; first, the edge of the sine-bar is placed 
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paraUel with tlie line to be measured (see Fig. 107) and 
measurements of the heights a and b are taken. 

As an example, assume the height of a to be 6*25 in., that 
of b to be 1*25 in., and the distance between the pins on the 
sine-bar 10 in. By subtracting height 6 from height a, we get 

o in., and this figure may be tak(‘n as equivak‘nt to the length 
of the '‘opj)osite side’' of a right-angled triangk*, and the sine 
of the angle A will be the difference in tht‘ two heights, viz. 
5 in., divided by the distance iK'tween the* sine-bar ])ins, which 
is 10 in. Therefore the sine of angle A is -- 0-5, and tlic 
sine tables will show that 0*5 - 30^. 

Vernier 
The Vernier, introduced by Pierre VernicT in 1031, is an 

ingenious dc'vicc; for .subdividing the j)arts of a scale into 

miiiii n n 
■yui||||||||||||u n: mHH: 

Fig. 108. Verxier Scale 8p:t Fio. 100. Vernier Scale 

AT Zero set at 0-78 

divisions too fine to be read by the eye. It consists of a sliding 
piece fitted to a main scale and having a suitable scale engraved 
on it. In Fig- 108 the vernier scale has ten divisions of total 
length equal to nine divisions on the main scale. Each division 
on the vernier is therefore one-tenth shorter than a division 
on the main scale, so that if set with the arrow ojq}osito a 



MEASURING TOOLS AND GAUGING 131 

division on the main scale, the ne^xt two divisions will be one- 
tenth of a division apart, the next pair of divisions two- 
tenths, and so on. To read the instrument, note the division 
on the main scale to the left of the vernier arrow (in Fig. 109 
this is 0-7), then look along the vernier to find a division on 
it exactly opposite a division on the main scale and note the 
vernier division (in the example this is 8). Accordingly, the 
vernier arrow is eight-tcuiths of a main scale division beyond 
the 0*7 mark, and the reading is therefore 0*78. 

Micrometer Calipers 
The limit of accuracy obtained by measuring between con¬ 

tacts depends upon the graduations on the measuring instru¬ 
ment. It is evident that as the fineness of the graduation 
increases, the chances of mistaking one graduation for 
another also increase, so that some other method of deter¬ 
mining extremely accurate measurements must be devised. 
The usual instrument for making such measurements is known 
as a microm(‘t(‘r ealipcT. It combines tlie double contact of 
the slide' calipers with a screw adjustment which may be read 
with gn'at accuracy, and is rt'garded as an indispensable 
measuring instrunu'nt in the workshop to-day. 

How to Read a Micrometer Caliper 
Fig. 110 illustrates a micrometer caliper. The spindle C is 

attaeh('d to the slet've F on the inside. The part of the spindle 
which is eonceah'd within the hub F and sleeve F is threaded 
to fit a nut in the frame A. The frame being held stationary, 
the slei've F is rc'volvi'd by the thumb and finger, and the 
spindle C\ being attached to the sleeve F, revolves with it, 
and move's through the nut in the frame, approaching or 
receding from the anvil B. The article to be measured is 
placed between the anvil B and the spindle C. The measure¬ 
ment of the opening between the anvil and the spindle is 
shown by the lines and figures on the hub F and the sleeve F, 

The pitc'h of the screw threads on the concealed part of the 
spindle is forty to an inch. One complete revolution of the 
spindle therefore^ moves it longitudinally one-fortieth (or 
twenty-five thousandths) of an inch. The hub E is marked 
with forty lint's to the inch, corresponding to the number of 
threads on the spindle. When the eali}x^r is closed, the bevelled 
edge of the slt'evi' F coincides with the lino marked 0 on the 
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hub E, and the 0 line on the sleeve F agrees with the hori¬ 
zontal line on the hub E. Open the caliper by revolving the 
sleeve F one full revolution, or until the 0 line on the sleeve F 
again coincides with the horizontal line on the hub E. The 
distance between the anvil B and the spindle C is then one- 
fortieth (or 0 025) of an inch, and the bevelled edge of the 
sleeve F will coincide with the second vertical line on the 
hub E. Each vertical line on the hub E indicates a distance 

F SLEEVE 

G RATCHET STOP 

Fig. 110. Micrometer C'aeiper 

of one-fortieth of an inch. Every fourth lim^ is made longer 
than the others, and is numbered 0, 1, 2, 3, etc. Each num¬ 
bered line indicates a distance of four times on(*-fortieth of an 
inch, or one-Umth. 

The bevelled edge of the sleiwe F is marked in twenty-five 
divisions, and every fifth line is numben^d, from 0 to 25. 
Rotating the sleeve F from one of th(‘sc marks to the next 
moves the spindle longitudinally one-twenty-fifth of twenty- 
five thousandths, or one-thousandth of an inch. Rotating it 
two divisions indicates two thousandths, etc. Twenty-five 
divisions will indicate a complete revolution, 0 025, or one- 
fortieth of an inch. 

To read the caliper, therefore, multiply the number of ver¬ 
tical divisions visible on the hub E by 25, and add the number 
of divisions on the bevel of the sleeve F from 0 to the line 
which coincides with the horizontal lino on the hub E, For 
example, as the tool is represented in Fig. 110, there arc ton 
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divisions visible on the hub E. Multiply this number by 25, 
and add the number of divisions shown on the bevel of the 
sleeve 0. The micrometer is open two hundred and fifty 
thousandths, i.e. 10 X 25 = 250 plus 0 = 250. 

How to Read a Micrometer (Graduated in 1/10,000 in.) 
To make a micrometer read to one-ten-thousandth of an 

inch it is provided with a vernier which is graduated on the 

Fig. 111. Micrometer Vernier 

In the lower diagram, the sleeve has been 
tnrneU aiul a line on the sle(>ve coincides with 
the fourth line (end of the first division of the 
vernier) and the reudiug is therefore three ten- 
thousjiinlths of an inch. 

O Cl 
SLEEVE 

hub, and this is read in conjunction with the graduation on 
the sleeve. On the hub are griuluatud ten divisions, which 
occupy the same space as nine divisions on the sleeve (Fig. 
111). It will be set'll, therefore, that the difference in width 
between each division on the sleeve and each division on the 
hub is one-tenth of a graduation. As the graduations on the 
sleeve are thousandths, the difference is one-tenth of a 
thousandth. When the graduat-ed line on the sleeve (i.e. the 
thousandth line) does not exactly coincide with the vertical 
line on the hub, it is necessary to note which is the first 
vernier line which coincides exactly with a graduated line on 
the sleeve. If this is the first line, i.e. that line numbered 1, 
add one-tenth to the sleeve reading, if it is the second Ime 
add two-tenths, and so on up to nine-tenths; after that the 
sleeve reading gives the next complete thousandth. Fig. 112 
gives a micrometer reading, without a vernier, of 0-285, whilst 
Fig. 113, with the aid of a vernier* gives a reading of 0-2851. 
Anyone can familiarize himself wdth taking exact measure¬ 
ments afU'r a short practice. 

Micrometer calijier gauges are also designed for internal 
measurements. 

HUB 
OIZ£t^S9Z860 

ttWf- 
o tn 
SLEEVE 

HUB 
0 I ^Clr99i'860 
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Plumb Bobs 
Figs. 114 arid 115 illustrate two different typos of plumb 

bob. Fig. 115 comprises a device for fastening the string 
without a knot to tie or untie, 

Fig. 112. Micrometer 

Reading withoct V’krnier 

Readint?: 0 2lK) 
0O7.'> 
UUIO 

0 2S5 

simply by drawing it into the 

Fig. 11.3. Micrometer 

Headinc; with Vernier 

Roadino:: 0-200 
0 07.'. 
0 010 
0 0(M)1 

0 2s:)i 

Fig. 114 Fio. 115 Fig. 110. Dial. Indicator 

Plumb Bob Pli;mb Hob Fur rhiTkinK of luittonis 
FILLED with coffH, forgInjiJi, dian, uiid material. 

Mercury 

slotted neck at the top after unwinding the rcf|uired length, 
when the bob will hang perfectly true. It is made from solid 
steel, bored and filled with mercury. A noteworthy feature is 
its heaviness in proportion to size, its low centre of gravity, 
small diameter, hardened ami ground points, and knurling on 
the body. 
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Dial Indicators 
The dial indicator, Fig. 116, is found to be an ingenious 

solution to the task of plainly presenting very small differences 
in size to the eye of the observer. The travel of the contact 
point is magnified by simple gearing and transferred to a dial. 
It is a very popular tool, made in many varieties, permitting 
of ready applic^ation to all kinds of fixtures for measuring, 
gauging, and inspection work. 

Inspection 
The gauging by the operator and the subsequent routine 

ins]K‘ction in the workshop of finished and part finished pro¬ 
ducts is closely allied to measuring, and it is appropriate to 
include some reference to this indispensable work, which 
ensures uniformity and intt*rchaygeability. 

Gauge System 
The hdlowing definitions arc highly Important and should 

be (‘ommitted to memory— 
Standard Size.. The nominal dimension under consideration. 
Tolerance. Variations in dime^nsions that will be tolerated 

. for imperfections in workmanship and tools. 
Allowance. The agreed diflerenee between hole and shaft, 

or the agreed difference in the sizes of two })ieces that have to 
fit togetlier, to ensure the d(‘sired quality of fit. 

Limits. This t(‘rm includes both the tolerance and the 
allowance. 

Fig. 117 elucidates the meaning of the foregoing terms. 
Uniformity in the size of holes is the beginning of any 

system of accurate or interehangeablo work, and, as holes are 
usually finished by reamers and other set tools and can by 
such means be duplicated in size with reasonable commercial 
accuracy, it is best to adopt a syvstem which is founded upon 
“hole basis.” In this system provision is made in the size 
of the hole for error in workmanship only, and to obtain the 
quality of fit desired, wliether running, sliding (or push), or 
force fit, Fig. 118, suitable variation is allowed for on the size 
of the shaft or pin which has to go into the hole. It is easier 
in practice to vary the size of the shaft than that of the hole; 
if the system of ‘‘hole basis” is not chosen and preference is 
given to the opposite system, “shaft biisis," then the size of 
the hole must be varied, and this will necessitate the provision 
of an additional reamer or suitable tool for each quality, of fit 
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that may be required for every diameter used. The cost of 
such wearable tools and the added dilticulty of keeping these 
up to standard, entailing considerable trouble and expense, 
is generally decided evidence in favour of “hole basis.” 

y 

Fio. 117. Terms used in OAroiNO 

. r»iicc 

Fio. 118. Hole Basis of Fit 

Having fixed the basis, the next stt‘p is to d(*termine whether 
the manufacturing toleram^es granti^l shall be unilatiTal, 
i.e. on the plus or minus side of the nominal size, or bilateral, 
i.e. on both the plus a7id minus side of the nominal size. 

Nominal Dimension Tolerance 

3 5 
2-25 
1-5 

4-76 

-I 0 01 
- 0 02 
-4- 0 001 
+ 0004 
- 0 000 

Unilrttoral 
typo 

Bilfitoral 
type 
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rf the “unilateral system” is combined with the system of 
“hole basis,” as given in the following example, we have— 

For Holes— 

Low, equals nominal size. 
High, equals nominal size plus manufacturing tolerance. 

For Shafts (running fits) - 

High, ec|ual9 nominal size minus fit allowance. 
Low, equals nominal size minus lit allowance, minus tolerance. 

These allowances will be based on experience and should 
be as liberal as tlu‘ unit of work will allow, so that the com¬ 
ponent involved may be as economically produced as is 
practicable. 

Fio. 119. Tntkrn.vl Limit Gauge 

In supi>ort of tin* unilateral method, it is contended that 
the operator, in the (;ase of holes, deliberately works near the 
low limit, and, with shafts, near the high limit. In workshop 
language this is known as "‘the safe side of the limit,” and 
helps to prove that the nominal size is not obtained by tin' 
bilateral system. Accordingly, tin* limit gauge system r* ' om- 
mend(Hl is one whic^h combines the “hole biisis” with the 
‘ ‘ unilateral system.’’ 

Internal Limit Gauges 
Tin* general method of constnu^tion employed in the manu¬ 

facture of internal limit gauges is that of building up the two 
gauge plugs on a handle, Fig. Ill), with provision for renewal 
or exchange of plugs when worn or otherwise necessary. In 
the larger sizes, where sensitivity in handling may be adversely 
affected by ex(;essive weight, the filugs are of shell form 
secured to an aluminium handle portion. 
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External Limit Gauges 

The provision of a separate extenial limit gauge for each 
and every diameter used, and for each variation in the quality 

Fkj. 120. External Limit Gai oes 

of fit required on such diameter, would often entail an expcaidi- 
ture so heavy as practically to y)rohil)it tlu* installation of a 
full equipment; yet in modern comnuTcial production ellieient 

Fio. 121. Screw Pitch Oaucje 

means of gauging work are irnyKTative, and, to ova‘r(T>me the 
necessity for the multiplicity of i^xtenial limit gauges required, 
the adjustable type^ illustrated in Fig. 120 is frequently us(‘d. 
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Screw Pitch Gauges 
If tlie pitch of a thread is not known, it may be readily deter¬ 

mined by comparison with the standards given on a screw 
pit(;h gauge, Fig. 121. On the 
edge of the thin leaves there are 
teeth corresponding to standard 
thn^ad sections, and by jjlacing 
leaves successively over the 
thretul, one of the leaves will 
coincide or mesh withthe thread, 
w^hen the }>itch can be read from 
the stamping on the leaf. The 
free end of the leaf is made 
narrow% permitting it to be 
iiis(‘rted in a small nut so that 
either outside or inside threads 
may hd compar(*d. 

For precision w'ork a roll(*r 
thread gauge, Fig. 122, is used. 

Feeler Gauge 
The feeler gauge, Fig. 123, 

consists of a series of tempered 

Fia. 122. Roller Thread 

Gauge 

st^iC‘l blades of varying thicknes.ses, which may be used singly 
or ill combination. Tin* blades fold into a metal case, and each 

Fio. 123. Feeler Gauge 
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blade is engraved with a number denoting the thickness in 
thousandths of an inch. It is extensively used by inspection 
staff and others engaged on assembly work. 

Care of Gauges 
Gauges and measuring instruments require to be handled 

with the greatest care. They should always be thoroughly 

Fio. 124. Apphkn’tk'k Fittkr (UiKCKixt; thk 
Mkasi^kkmiont of a LEmjTH (Jacoe 

cleaned and put away after being used. PrefiTably they should 
be placed in fitted drawers or cabinets to avoid th(*ir coming 
into contact with each other. 

It is customary for an oj>erator to use one set of gauges and 
the inspector another set. In all ca.ses periodic checks, Fig. 
124, must be marie and the readings systematically recorded 
on gauge history cards. 



CHAPTER XII 

JOINERY AND PATTERN^lAKING 

Joinery and pattenimaking are two distinctly different 
trades, both higldy skilled. They are similar in the fact that 
the joiner and the patternmaker both work with wood and 
mainly use similar tools, but their technique has little in 
common. 

In the engineering profession the patternmaker is recognized 
as one of its most highly skilled craftsmen. Not only is he 
skilled in the handling of his various tools, but much more so 
in his ability to read drawings and to set out in full size any 
given views, or additional view's, which may be necessary to 
enable him to prepare a pattern or a corebox. Moreover, in 
making his patterns, he must understand clearly the processes 
involved in the foundry in the manufacture of castings. 

Almost everyone w'ill find a fascination in w'orking with wood 
tools, so much so that it is taken for granted that all w’ho 
read this book wull already have acquired an intelligent grasp 
of the more ehunentary woodw'orking operations, leaving us 
space in this chapter to talk about other items of special 
interest. 

Characteristics of Timber 
Particulars of the principal woods used by engineers are 

given in Table 5 (pp. 146-7). As will be seen, some of the^e 
have other interesting uses. The following are used more 
than others and are deserving of further consideration. 

Ash, a straight-grained, tough, and elastic wood, is largely 
used where sudden shocks have to be resisted, as in the 
handles of tools, shafts of carriages, and the framing and other 
portions of agricultural machinery, w'hen such are not made 
of metal. 

Beech takes a srtiooth surface and is very compact in its 
grain. It is largely used for joiners’ tools, and is the best 
substitute for hornbeam in making the cogs of mortise wheels. 

Boxwood is exceptionally hard and heavy, and takes a very 
smooth surface. It is of bright yellow colour, and is used for 
sheaves of pulley-blocks, bearings in machinery, small rollers, 
etc. 

141 
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Elm is valuable on account of its durability when con¬ 
stantly wet, and is used for piles, floats of paddle-wheels, 
etc. 

Fir and pine are extensively used for various purposes, 
because they are cheap, easy to work, and possess consider¬ 
able strength. White or yellow pine is much used for pattern¬ 
making. 

Hornbeam is a hard, compact wood chiefly used for cogs of 
mortise wheels and for brake linings of cranes, or for an}'^ other 
purpose where hard wear is involved. 

Lignum-vitae is an extremely hard* wood of very high 
specific gravity, being one and one-third times the weight of 
the same volume of water. It is very valuable for bearings of 
machinery which are under water. It is also used for sheaves 
of pulley blocks, and for other purposes where great hardness 
and strength are required. 

Mahogany is a durable, strong, straight-grained wood, and 
is less liable to crack or twist in seasoning than almost any 
other wood. It is used to a considerable extent by pattern¬ 
makers for light patterns. 

Oak is one of the strongest and most durable of woods. It 
is tough and straight-grained, and is durable in either a wet 
or dry situation. It is good for framing or for bearings of 
machinery. English oak is considercKl the best. 

Teak is a very strong and durable wood, possessing con¬ 
siderable tpughness. It is also valuable on account of the 
small amount of shrinkage which takes place with scjusoning. 
The oil which this woofl contains prev(mts the rusting of bolts 
or other steel parts which may be used in framing it. 

Woodworker's Bench 
A typical bench u.sed by a woodworker is given in Fig. 125. 

A good l>ench is a real nece.ssity and preferably should be 
fitted with a vice such as that shown in Figs. 120 and 127. 

Hand Tools 
A description of some of the tools used by the apprentice 

employed in a wood working,.shop will be useful. 
A jack plane, illustrated in Fig. 128, is used for roughly 

planing material. Its length varies from 14 in. to 20 in., 
with irons 2 in. to 2| in. wide. 

A smoothing plane is shown in Fig. 129 and, as the name 
implies, is used for smoothing surfaces after they have been 



Fio. 126. Patternmaker’s Vice Fi«. 127. Patterni^laker’s Vice 

Tln' ond j.’iwH uro l)rou«lit into use bv Adjuatod to hold box forms and frames, 
unlocking a lever and turning vice. 

Fio. 128. Jack Plane 
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prepared with a jack plane. The width of iron varies from 
If in. to 2 Jin., the smaller size being best suited for appren¬ 
tices. In all planes the pitch of the iron Viaries accorcling to 
the hardness or softness of the wood for which it is intended, 
but generally spcivking a low-pitched iron is best for beginners. 

Fig. 129. Smoothing 
Plank 

Fig. 130. Wood Mallet 

Fig. 130 illustrates a beechwood mallet, made in various 
sizes. 

Saws arc divided into a numlxT of clas.si^s according to their 

Fig. 131. Hand Saw 

design and system of teeth. A hand saw is illustrated in Fig. 
131. It ranges from 20 in. to 26 in. in length, the })lade is of 
steel, and the teeth are six and a half to the inch and J in. 
deep. A tenon saw is illustrated in Fig. 132. It is manufac¬ 
tured with a 8ti?el or brass back, according to the quality. 
The thickness of the blades and the spacing of the teeth vary. 
The blade is held tightly by the metal back, the j)roce8s of 
fixing being as follows: The back is bent slightly in its length 
and closed over the handle end of the blade. The remainder 
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of the blade is pressed into position, and the back sprung 
straight and closed over the steel. The natural tendency for 
the back to spring again into a curved shape holds the blade 
rigid and in constant tension. The use of this saw is restricted 
to light cross cutting and wide shoulders. It is not used for 
tenons, as the name would imply. The saw shown in Fig. 133 

Fir,. 133. Patternmaker’s Saw 

EDOKi) Chisel Chisel 

Chisel 

is known as a patternmaker’s saw and is used for curved 
work. 

The firmer chisel, Fig. 134, is so called because it is the 
firmest type of paring chisel. Firmer chisels are made of 
well-tempt^red sk*el, in. to IJ in. wide, and are used for 
general chisel work where striking with a mallet is not neces¬ 
sary. All chisels are made with either square or bevelled edges, 
the latter (Fig. 135) being an advantage in both dovetailing 
and bevelled work where a square chisel edge could not enter 
the corner. Mortise chisels are illustrated in Fig. 136, the 
sizes ranging upwards from J in. in sixteenths. Their use is 
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restricted to mortising, i.e. the operation of preparing the 
receptacle or cavity to receive a tenon or mortise lock. 

Fig. 137 illustrates a firmer gouge. These arc made from 
Jin. to liin. in width and of varying curvature. Firmer 
gouges are ground and sharpened on the outside face, thus 
enabling a cut to bo made square with the face of an object 

Fio. 139. Dowel Bit Fia. 140. Gimlet 

or moulding. Firmer gouges are especially useful for recessing 
work. 

Fig. 138 illustrates a ratchet brace. The ratchet attachment 
allows the tool to be used in a corner, where an ordinary brace 
could not be used. For comparatively shallow boring, centre 
bits are used, but for deep boring a centre bit would ‘‘drift” 
if bored to any depth, and a dowel or twist bit, Fig. 139, is 
used. 

A gimlet, Fig. 140, is u.sed for boring holes to receive 
screws. 

A mitre block is shown in Fig. 141. It is nuKle of beech 
and is used when cutting butt or mitre joints. 

The spokeshave, Fig. 142, is a useful tool for fine work. 
More usually it is made in metal, but also in boxwood and 
beech wood. 

The sash cramp, Fig. *143, is used for cramping up joints 
and framing, and should preferably be made in metal. 

The adjustable bevel, Fig. 144, is used for setting out 
angles and testing bevelled edges. 

A marking gauge, shown in Fig. 145, is used for gauging 
material previous to planing, also for the production of lines 
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Fio. 144. Adjustaui.k Bevel Fig. 145. Marking Gauge 
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parallel to an edge from which the gauge is operated. The 
marking point consists of a small round piece of steel filed 
tOjSi sharp point. Bniss strips are sometimes cut into the face 
pfl the stock to luld to its wearing qualities. 

There are many other well-known tools used by the wood¬ 
worker, some of wliich, including the hammer, the screw¬ 
driver, and the hand drill (see Chapter XVITl) are common to 
other trades. 

Use, Adjustment, and Care of Hand Tools 
Chisels, gouges, planes, and similar tools require periodical 

adjustment, such as grinding and sharpening, to ensure their 
most effective use. When not in use it is (\ssential that th(‘V 
be placed on the bench or in the tool box on strips of baize 
in such a position as to ensure their cutting edges being 
preserved. 

Woodwork Joints 
There are many types of woodwork joints, some of the best 

known being as follows— 
1. Butt joints, Fig. 146, for (‘<jm])aratively rough work. 
2. Dovetail, Fig. 147, for cabinet making. 
3. Mortise and tenon, Fig. 148, used for table's, chairs, and 

doors. 
4. Halved joint, Fig. 149, for light framing. 
5. Half cut-through. Fig. 150, which is very convenic'nt for 

drawers and storage rack partitions. 
6. Tongue and groove, Fig. 151, fc^r floor boards, and par¬ 

titioning in shops and ofliices. 
7. Mitre joints. Fig. 152, for picture framing, headings, and 

stiffeners. 

Nails, Screws, and Glue 
Nails are used in the building industry for rough work such 

as the manufacture of packing cas(*s. Scrc'ws and glue are 
extensively used in patternmaking, as w(4l as in the cabinet¬ 
making industry. 

Woodworking Machinery 
The machinery usually corapri.scs bandsaws, both small and 

large, circular saws for cross cutting and dimension work, 
planing and thicknessing machines, sandpaper wlu'els, and 
lathes for turning and shaping. Universal milling machines, 
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Fio. 146. Butt Joints 

Fio. 147. Dovetail Joints Fig. 148. Mortise 
AND Tenon Joint 

Fig. 149. Halved Joint Fig. 150. Half Cut> 
TttROUGH Joint 

Fig. 151. Tongue and Fig. 152. Mitre Joints 

Groove Joint 
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Fig. 153, are useful for joinery and patternmaking alike, and 
eliminate much intricate hand work. Woodworking machines 
run at speeds as high as 24,000 revs, jxt min. and the greatest 
care is necessary when operating them. 

Fio. 153. Universal Wood Milling Machine 

Factors in Pattenunaking Determined by Foundry Practice 
Contraction Allowances, Patterns are made slightly larger 

than the actual finished casting size, this being known as 
the contraction size. It varies with different metals. For 
brass it is one-seventieth larger, for iron one one-hundred-and- 
twentieth larger, but this depends on th^ size of the castings 
and the method of moulding. For instance, large castings often 
gain in thickness, smaller castings gain due to rapping, which 
makes the mould slightly larger. To overcome this it is l>est 
to make one casting and have it tried over, altering the pattern 
or the method of moulding where necessary. 
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Contraction must always be taken into account, because 
when the metal cools there is a general reduction in size. 

For all ordinary measurements a standard rule is used, 
but for laying out or for working patterns, or any part of a 
pattern or corebox, a shrinkage rule should be used, the 
reason being that when a mould made from the wooden pat¬ 
tern in the sand is filled with molten metal, its temperature is 
very high, and as it cools and solidifies it contracts. Accord¬ 
ingly, to compensate for this, the patternmaker must add to 
the size of the pattern, and in order that this may be done 
and exact relations be maintained for all dimensions, a shrink¬ 
age rule is used. This rule is graduated like an ordinary rule, 
but if the two are compared the shrinkage rule will be found 
to be longer. 

The usual contraction allowances of various materials for 
each foot in length are given in Table 6. It will be seen that 
the contraction of different metals in the moulds varies greatly. 
For steel, the contraction being about J in. to each foot, the 
rule in reality would be 12^ in. long, the additional length 
gradually being gained in the length of the rule. 

Table 6 

CONTRACTION ALLOWANCES 

In large cylinders . 
In. 

• A In zinc . 
In. 

• A 
In small cylinders . • A In lead . • A 
In beams and girders iV> In tin . • i 
In thick brass A In coppea- A 
In thin brass • A In bismuth A 
In co-st-iron pipe • i In malleable iron . • i 
In steel. . i In aluminium • i 

Draw Allowances. Draw allowances may be put at J in. to 
the foot. A taper is necessary to enable t'' ' jTc: ttTii td leave 
the mould with ease and to avoid breiiking tnc sand by too 
much rapping. 

Function of Loose Pieces. The function of a loose piece, 
such as a boss, on a pattern is to enable the pattern to be 
drawn away from the mould, the loose piece being left in the 
mould and drawn out afterwards into the space caused by 
the removal of the body of the pattern. This method is used 
in cases where small projections will not '‘mould” and a core 
is not considered advisable. 
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Warping and Shrinkage 
Wood has a tendency to warp, twist, and shrink. Warping 

and twisting can be overcome by using seasoned timber. 
Shrinkage across the grain can be partially counteracted in 
certain cases by allowing small amounts in the width of the 
job in its initial stages. 

Application of Cores and Construction of Coreboxes 
The application of cores in pattcTnmaking is a complicated 

process, but may be briefly described in the following manner. 

Fig. 154. Method of Construction of Bush Pattern 

Where parts of the pattern are difficult to draw, such as in 
the case of a long bush, a core would be employed to take out 
the hole down the centre. Generally speaking, cores form the 
inside sl^pe, or enable a portion of the outside shape, which 
would not otherwise “mould,” to drawn. 

Principles o! Construction of Tsrpical Patterns 
Consider a pattern for a piston hoop casting which when 

cast will be machined to finished drawing size and parted off 
into rings. One method of construction of the pattern is to 
build up with segments, say about 1 in. thick, Fig. 154, each 
joint being glue'J and screwed. When the pattern has been 
built up to the required size it is turned in the lathe, Fig. 155, 
by the patternmaker to the correct diameter, both outside 
and inside. Then the pattern is given two or three coats of 
spirit varnish to make it smooth, so that it wall draw out of 
the sand. 

Metal Patterns 
Many young engineers think only of wood in connection 

with patterns, not realizing that a pattern is often made of 
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metal, warranting its higher cost not merely because it is 
more durable than wood, but because faster production and 
“cleaner” castings can be obtained. A metal pattern also 
minimizes the delays and errors which frequently occur when 
a wooden pattern is used beyond its fair life. 

Fig. 155. Facing Pattern in Wood Lathe 

Even where a comparatively small number of castings may 
be required, a metal pattern is sometime.s preferable because it 
maintains accurac}" during periods when the pattern is stored. 
Moreover, cores can be eliminated by making a “shell” pat¬ 
tern in metal, which if made in wood must, by reason of its 
light section, be too weak to hold up to the ramming of a 
mould. 

It will be readily appreciated that metal patterns require to 

be made in the machine and fitting shops, often involving 
grades of staff other than patU'rnmakers. 



CHAPTER XIII 

MOULDING AND CASTING 

Classification of Foundries 
Although the foundry is generally regarded as tlu' basis of 
many branches of engineering, it is only within the past few 
years that it has received the close attention which its impor¬ 
tance justifies. It used to be referred to frequently as the 

Fio. 156. Apprentick MorLUER Pbeparino Mould 
FOR Hydraulic Press Tool 

“Cinderella” of engineering workshops, but nowadays its 
materials and processes are given the same scientific study as 
is applied to other branches of engineering. 

’Modem foundry practice and the progress of repetition 
production have divided foundries into several groups. These 
may be termed the general jobbing foundry, the repetition or 
mass production foundry, the high-duty and special alloy 
foundry, and the steel foundry. In this country there are 
hundreds of general jobbing foundries, some large and many 
quite small, but they all have to produce good castings in 
l^n competition if they wish to exist. Indeed, hand moulding, 
Fig. 166, with which the jobbing foundry is largely concerned, 
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requires a high degree of manual skill and careful thought in 
the planning of each individual job. 

Hand Tools 
By comparison with other trades the moulder requires few 

hand tools. The more common ones are illustrated in Fig. 157, 
and fire used for the following purposes— 

Cleaner: Boss Tool. Patching, smoothing, and removing loose 
sand. 

Trowel. Smoothing joints and heavy patching. 
Pipe Sleeker. Sleeking curved surfaces after blacking. 
Heart aiul Square. Patching and smoothing. 
Peg Baynmer. Ramming round and over pattern. 
Flat Bayntner. Final ramming. 
Belloirs. Blowing out mould. 
Biddle. Distributing facing sand over pattern. 

Ladles 
Fig. 158 shows a ladle with a double shank, one end of which 

is forked, w liilst Fig. 159 shows a t^'pe of geared ladle. Some¬ 
times an enclosed t^q)e is preferred as it retains the heat in the 
molten metal. 

The Cupola 
The cupola, Fig. 160, is a cylindrical furnace used for the 

melting of pig iron and scrap. It is lined with refractory 
materials and (ios(‘d at the bottom, on wiiich a bed of coke is 
placed. Alternate layers of coke and charge, usually con¬ 
sisting of pig and scrap together with limestone to flux the 
impurities, are charged until the cupola is full. It isjit from 
the breast plate by means of wood, the combustion being 
maintained by means of a blower. The drops of molten metal 
trickle dowm through the varipus strata and collect near the 
bottom of the hearth, wiiere a “tap hole” is provided to draw 
off the molten metal as required. There is also a second hole 
some distance above the tap hole which is used for the removal 
of slag and is called the “slag hole.” 

In designing a cupola, the first consideration after ascer¬ 
taining the required output is the diameter, as this directly 
affects the melting rate. This can be based on an output of 
10 lb. of iron per square inch cross-sectional area at the 
tuyeres. 



Fio. 157. Moxjldbbs* Hand Tools 
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The height should be sufficient, within reason, for the 
descending charges to abstract the useful heat from the 
ascending gases, and is usually from four to five times the 
diameter. 

The tuyere arrangememt may vary considerably, but the 
best results arc obtained from two or more rows with a total 

Fig. 158. Hand Ladle with Double Shank 

Fig. 159. Cuane Ladle with Worm and Bevel Gearing 

area of one-fifth to one-seventh of the cross-sectional area of 
the furnace. 

Well capacity depends upon the size of castings generally 
made. For continuous tapping or where a receiver is used, 
the distance from the bottom to the lower tuyeres may be 
only a few inches, but where a considerable weight of metal 
must be held in the furnace for one tapping, this distance 
may be 2 ft, or 3 ft. To allow for the coke in the well the 
capacity should be based on a figure of approximately 2 cwt. 
of metal jx^r cubic foot. • 

The blower capacity should be based on an air supply of 



Fig. 160. Section through Cupola 

specification, and as cheaply as possible, i.e. by using a high 
proportion of scrap. A certain jxjrcontfige of pig iron must be 
added to make up the silicon and manganese losses and to keep 
the sulphur and phosphorus from increasing, but when the 
casting analysis has to be within narrow limits, a higher 
proportion is used-owing to the variation in the scrap analysis. 

There are several other types of furnace, and these do the 
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melting in the horizontal position. They are rotating or semi- 
rotating furnaces and are fired with pulverized fuel. They are 
fitted with volumetric blowers, and both air and fuel deliveries 
are controlled by variable speed motors. 

Although the thermal efficiency of an average cupola is 
only 25 per cent, its popularity is due to its simpler and easier 
working as compared with the horizontal types of furnace. 

For melting non-ferrous alloys it is usual to employ an 
oil-fired furnace of the tilting type. 

Approximate pouring temperatures of various metals are 
given in Table 7. 

Table 7 

POURING TEMPERATURES 

Material 1 Temp. ° C. 

Iron —General. 1300 
Stool—General 1500 
Aluminium 690 
Brass—Yellow 1060 
Bronze—Gun-metal 1200 
Copper . . . . 1150 

Moulding Sands 
Moulding sands may be divided into two classes, natural and 

synthetic. Natural moulding sands are those which have been 
obtained from the ground, and to which nothing has been 
addea to make them suitable for moulding purposes. 

The basic requirements of a moulding sand are— 
1. Refractoriness to withstand the heat of the metal. This 

is mainly provided by the silica grains which form the major 
constituent of natural moulding sand. Silica has a melting 
temperature of 1600° C. I i 

2. Cohesion or “bond’' to hold together the silica grains, 
which in themselves have no power of cohesion. This is 
provided by the alumina or clay portion of the sand. 

3. Porosity to allow the escape of gases from the mould when 
cast. This is governed by the shape and size of the silica 
grains and is lowered by the presence of the clay. 

Pacing sands are prepared, firstly, by milling to mix the 
ingredients thoroughly and obtain the required strength; 
secondly, by disintegration which breaks up the sand into a 
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fine silky condition, suitable for immediate use. Excessive 
milling has the effect of increasing the strength and reducing 
permeability; therefore a compromise has to be effected 
between these two properties. 

A suitable check can be kept on the sands by the use of 
standard sand testing apparatus, by which the compres¬ 
sion strength, permeability, and moisture are quickly and 
accurately determined. 

The smoothness and surface appearance of castings are 
much improved by the apj)lication of a ‘‘facing*’ to the sur¬ 
face of the mould. For steel, a silica wdsh is ap])lied, whilst, for 
iron, plumbago or a conippsition of ground coke or cliarcoal, 
etc., is use3. Vlour is the usual facing for brass. 

The cheapest form of moulding is the ‘grc'cn ’* sand method, 
in which the moulds are ca.st with the sand in a moist condi¬ 
tion, and this method should be adopted whenever suitable. 
Its use is limited by the size and thickness of the casting. 

Large castings of a circular nature, es^x'dally where only 
one is required to be made, are most (economically manufac¬ 
tured by the use of loam moulds. For this method a pattiTii 
is not needed, the mould and cores being sw(*pt in loam 
by strickles attachcxl to a central spindle. When dried 
these moulds are very strong and, at the same time, very 
permeable. 

Facing sand mixtures differ for each t>'pe of moulding. For 
green sanfl the mixture consists of old and new sand and 
coal dust,' the latter lx?ing added to impart a smooth blue 
skin to the coating. Such a mixture would be unsuitable for 
a dry sand mould as it would crumble, too (‘asily after drying. 
Therefore, a much .stronger facing sand, containing more new 
sand, must be u.sed for dry .sand work. 

A dry sand mould mu.st be coated with a “facing” to 
produce a good skin on the (coating. Without this facing 
the casting would not strip well and the face would be very 
rough. 

Monlding Techmane 
Operations preliminary Ux the actual moulding are indicated 

by the corebox, core iron, core, and pattern shown respec¬ 
tively in Fig.s. 161 to 164. The moulding opc^rations are 
indicated in Figs. 165 to 168. The valve casting which is 
produced is given in Fig. 169; after fettling it is as shown 
in Fig. 170. 
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The most usual method of forming a mould is to place a 
suitable box around the pattern on a board, and ram up (Fig. 
165), but this is not always the most convenient. The box 
may be unwieldy for turning over, the pattern may be of such 
a shapci that it has not a flat surface to contact the board, or 
a suitable box may not be available. In such circumstances 
the pattern may be “bedded in” either in a box or on the 

Fir.. 1()1. CORKBOX IN. 
Halves 

Fio. 162. Core 
Iron 

Fio. 163. Core 

foundry floor, when th(‘ patti^rn sho^' 
soft bed of sand until the joint co» 
or the floor level. Sand should * 

pattern and the joint made good 
part. 

When several castings are i 
irregular joint, it may be quie^ 
This is a replica of the top hai 
in strong sand and dried, or 
as plaster of Paris or sulphur. 
(Fig. 171), upon which to st; 
the bottom half mould. On 
oddside, the joint requin^s litt 

When the moulding of a patt. 
top part it is often advisable to i 
tion tn be lifted, and ram to the 



Fig. 165. Fi>at Ramming 

Bottom Portion of Mould 

Fig. 166. Boti'om oh 

“Drag” Portion of Mould 

SHOWING Cork in Position 
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ramming and removing the top, this portion or “drawback’’ 
can be lifted away separately. This is the simplest form of 
drawback. Sometimes it has to be moved away from the 
pattern horizontally, the sand at the back of it being cut 
aww to facilitate removal. 
X/Open sand moulding is adopted for cheapness as no top part 
is used. It is, therefore, limited to castings where the top 

Showing Pattern In Mooco 

F>mirhep Casting 

Fig, 171. TvrieAL “Oddside'’ Mould 

surface is of no importance, as, for example, floor plates, core 
irons, and castings such as piston ring barrels and piston valve 
liners, where the top is only used to hold it in the lathe. 

Gates and Risers 

The number, size, and shape of dovm runners and ingates 
should be determined by the shape and dimensions of the 
casting (see Fig. 169). As the size of the casting increases it 
is better to use a number of small runners instead of one large 
one, as this reduces the danger of slag entering the mould. On 
thin castings a number of ingates will spread the metal better 
and break off more easily than a single ingate. Certain types 
of thin castings are better run on top of the casting with a 
wedge-shaped runner through which the head pressure can be 
increased by raising the lip of the ladle when pouring. This 
type will break off without affecting the appearance of the 
casting. Other t3rpcs of castings lend themselves to the 
method of pouring directly on top. 
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Small castings can be successfully poured on top or at the 
joint, but large castings must be poured at the bottom to 
ensure a satisfactory casting after machining. Moulds with 
cores should be poured rather slowly to enable the gas^s to 
escape easily, but castings with a large surface of the plate 
type are better poured at a quick rate to prevent the top 
being pulled in. 

A “riser” may be placed on a casting for sev'eral reasons. 
On thick castings, or where there are unequal sections, risers 
are necessary to compensate for- liquid shrinkage, whilst on 
large surfaces they help to reduce the pressure on the mould. 
Castings which, owing to their shapti and thickness, are 
difficult to nm, should be provided with risers to allow an 
easy exit for the gases. Such risers used on thin work should 
be of small diameter and are termed “whistlers.” When used 
for this purpose they should be left open, but on thicker 
castings an open riser would cause a suction of air through 
the pores of the sand into the mould cavity, and this would 
tend to disturb the surface of the mould. 

Coremakmg 
Both natural and oil sand mixtures may be used for cores. 

The former is the cheaper, but certain advantages are obtained 
by the use of oil sand, e.g. less venting is required as it is 
more permeable; the cores arc stronger when dried, which 
is especiallv beneficial for small intricate cores; and when 
cast the oH sand cores collapse more readily. Oil sand con¬ 
sists of sea sand, mixed with a binder of oil—usually linseed 
to give dry strength, dextrine for green strength—and water. 

To strengthen the cores for handling in the “green” state, 
and to withstand the pre.ssure of metal when cast, core irons 
made of steel or cast iron should be embedded in the core 
during the ramming operation. Where cores are so positioned 
that they must be crushed by contracting metal, the irons 
must be a little shorter than the core to avoid a tear in the 
casting. This especially applies to aluminium and steel. 

Loam cores are used principally for castings such as pipes 
and hydraulic cylinders. For straight cores a perforated barrel 
is used for support. This is revolved on two trestles, whilst 
alternate layers of straw or wood wool rope and loam are 
worked on to it. The diameter and shape are formed by a 
board set at the correct distance from the barrel and against 
which the core is turned. 
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Core-drying ovens may be heated with coke, coal, or gas, 
suitable burners taking the place of the firebox when gas is 
used. 

Primary Considerations 
For a moulding box to be correctly suited to^a particular 

pattern there should be just sufficient room between the 
pattern and the box for quick, easy ramming, and this space 
should be greater for hand ramming than for machine jolting. 
Over the bottom of the pattern there must be sufficient thick¬ 
ness of sand to allow for a ramming density which will avoid 
‘‘scabbing,” a defect which is usually found on horizontal faces. 
Except on small sizes, there are bars across the bottom of the 
box for support. 

For flat top work, the top half box must contain bars, 
several inches apart, to hold the sand and resist the upward 
pressure of the metal, and where part of the pattern must be 
moulded in the top th(‘ bars must be shaped or a “riser” 
fastened to the top. This is simply a frame which has the 
effect of increasing the depth of tlie outside of the top box, 
but not of the bars. 

A “snap flask” is a hinged wooden moulding box, used for 
very light castings, which can be removed from the mould 
before pouring. Thus any number of moulds can be made 
without the expense of metal boxes. 

“Lifters” are used only in top or middle parts to carry the 
sand. “Sprigs” are used chiefly for strengthening pockets of 
sand and corners, also for fastening cores in the mould. 

Degree of Ramming 
Great care has to be taken in the ramming and strengthening 

of “pockets” or projecting parts of the mould almost sur¬ 
rounded by metal. If rammed too hard the sand will “scab,” 
and if too soft it will break away. They may require 
strengthening also with irons and must be well vented. 

The degree of ramming needed to produce sound castings 
varies considerably for different types, and where a high 
density is demanded for heavy work the mould must be well 
vented to avoid blowholes and scabs. The sand forming the 
face of the mould must be strong enough to withstand the 
wash of the metal, and for this purpose a specially prepared 
facing sand is used, but the remainder of the mould can be 
filled with the weaker floor sand. 
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When cores are inserted there are three main considera¬ 
tions: (1) The vents must be clear so that the gases can 
escape freely. (2) Precautions must be taken to prevent the 
metal from running round the “print” and choking the vent. 
(3) Movement of the core during casting must be avoided 
and chaplet^ ma}' be necessary for this purpose. 

Fig. 172. Sand Blast Installation 

If the ve nts are not cl(‘ar, or become choke'd, the easting 
will cont&in blowholes; also th(‘re is personal danger, as the 
metal may f>e violently ejected from the mould. 

The main moulding (Icfects which may be pre.sent in a 
casting are blowhol(*s, scabs, draw's, sand and slag inclusions, 
crushes, mis-matching, dropped! tops, mis-runs, and run-outs. 

The causes to which these defects caTi be attributed may be 
summarized thus: Too high moisture, insuflicient venting, 
bad feeding, careless finishing, wTong size of runners, loose 
fitting boxes, badly mixed sand, incorrect ramming, and 
wrong positioning and size of ingates. 

Foundry Mechanization 
Within the last few ycafs considerable advances have been 

made in the mechanization of foundries, particularly those 
where repetition work is pc^rformed. The assistance of. 
mechanical equipment has been applied in the following 
ways— 
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Preparation of sand and placing it at suitable points for 
use. 

Ramming of the sand into the mould. 
Accurate withdrawal of the pattern. 
Moulding by pneumatic turnover moulding machines. 

Fettling 
Fettling may be carried out by hand or with pneumatic 

tools, the latter being preferable for large castings. Grindstones 

are also extensively used. For removing runners a machine 
is used. 

Sand Blasting 
Sand and. shot blasting are carried out to remove loose 

scale and to improve the surfoce of the casting in readiness 

for paint, enamel, or oth(T finish. Fig. 172 shows such a plant 
arranged for dealing with household baths. 



CHAPTER XIV 

SMITHING AND FOKGIXG 

In most trades mechanical appliances and new tools are 
continually being brought to the service of the craftsman, 
but the smith is still largely dependent upon the hammer and 
anvil. Beyond these he must rely on sound judgment and 
craft knowledge learned by imitation and patient observation. 
Indeed, whenever the work of the smitli iH'comes mechanized 
and his skill as a craftsman is eliminated, it is customary for 
other grades of labour, generally semi-skilled, to take over the 
work. 

Steam and Air Hammers 
One of the first duties usually given to an apprentice in a 

smithy is to drive a steam or air hammer (Fig. 173). Driving 
a hammer is a task which recpiires great care and attention, 
not only to avoid accidents but in order to become proficient. 
When a boy is employed in this capacity, he must be on the 
alert and ready to stop at a w'ord or signal from the smith. 
A hammer driver often has a few minutes to spare between the 
heats (15 min. per hour is the average working time of a 
hammer), and although he will have other work to do this 
provides an opportunity for him to do some cleaning up. A 
clean and*tidy hammer w'ill alwtays reflect creditably on the 
individual in charge. 

Local conditions usually decide w'hetluT st(*am or /lir shall 
be used, and although st<^am is usually the ch(»a])er, compressed 
air is, to-day, often preferred. The? control of a hammer is 
briefly as follows— 

When the hand-lever is raised to its highest position the 
tup rises smoothly to the top of its stroke and remains there 
(“Hold-up”). If the “stop” is then swung into position arid 
the hand-lever pushed down slowly until it rests on the stop, 
the tup comes down slowly and grips the work between the 
palletts as in a vice (“Hold-dowrn”). Notches in the quadrant 
hold the hand-lever in these positions. 

A single blow is obtained by moving the hand-lever from 
“Hold-up” to “Hold-down,” and the length of stroke and 
force of these hand-worked single blows can be regulated as 
required by the extent and Bjiced of the hand-lever movements. 

170 
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If the stop is dropped and the hand-lever moved down 
beyond the “Not working’’ position, the tup commences to 
strike automatic blows—at first, light, dead blows with short 
strokes, and then,.as the hand-lever is further depressed, light, 
swinging blows, which are vfTy useful for finishing the forging. 

Fio. 173. Stkam or Air Hammer 

With the hand-lever in its lowest position, full force, full- 
stroke automatic blows are obtained. 

In a small hammer the anvil block is cast with the base¬ 
plate and standard in one piege, whereas in the larger sizes 
it is a se]mrate casting weighing about ten times the nominal 
size of the hammer. In all sizes the anvil block is usually 
placed at an angle of 45® to the centre line of the hammer. 
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to enable long bars and forgings to bo worked in either direc¬ 
tion across the palletts. 

The tools used in conjunction with a hammer are shown 
in Fig. 174, 

Fio. 174. Tools for use with Steam and Air Hammers 

A, B, C, D =* Plain spring swagtjs for K — Spring necking tools 
j round Iron or steel L « Nobblers or flatting tools 

E, F =*,Top swages >/ « Hot cutb'rs or knives 
Gf H =* Bottom swages N *» (’old cutters 

J « Ring for dropping over O =» Veo tools for shouldering, etc. 
anvil pallett for holding 
single bottom swages 

JDrop Hammers 
In repetition work, when large quantities of any particular 

article are required, and when it is essential that they should 
be uniform in size and shape, the drop hammer has no equal 
from the point of view of satisfactory production or of 
economy. The dies required for use with the drop hammer 
are a quite expensive item and will scarcely justify manu¬ 
facture for a limited number of stampings. 

Hand Tools and Equipment 
Smithes Anvil and Stand. The anvil. Fig. 175, is made of 

wrought iron and is faced with steel. Its distinctive features 
are the pike, horn, or beak; the chopping step, or block, or 



SMITHING AND FORGING 173 

table, which is left soft for cutting on; the face, which is 
hardened and slightly rounded; the tail, which has a square 
and perhaps a round hole in it and is flat. The square hole 
is for bottom tools, and the round hole is for use when 

Fio. 17.5. Smith’s Anvil 

FlO. 176. SW AGE-BLOCK 

punching small holes. The stand is of cast iron, and the 
complete anvil usually weighs 3 to 4 cwt. 

Swage^block. A cast iron swage-block is a particularly 
useful tool in a smithy. From the illustration, Fig. 176, it 
will be seen that the holes in the block vary in size as well as 
shape, being round, square, and rectangular. The indentations 
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round the sides also vary in size and shape, being half-round, 
half-hexagonal, and V-shape. 

Smithes Bake. This is used for pulling the fuel over the 
work in the fire (see Fig. 177). 

Tongs. Tongs are essential tools for a smith. Some of 
those in general use are illustrated in Fig. 178. As will be 

Mouth Tongs Square Mouth Tongs 

Side Mouth Tongs 

Open Mouth Tongs 

Hollow Bit Tongs 

Flat Mouth Tongs 

Double Hollow Bit Tongs 

* Fig. 178. Smith’s Tongs 

Round Mouth Tongs 

Rivet Tongs, 

seen, many different shapes are made to suit the work in hand. 
This is important, as unless the tongs are made to hold the 
work securely an accident is likely to occur. Close-mouthed 
tongs are used for holding small sizes of round or square bar, 
and are sometimes called flat bills. Hollow-bit tongs are used 
for holding round bar and bolts, and arc sometimes called 
round bits. 

Swages. These are rounding tools and have different 
radii. Fig. 179 shows an apprentice smith using a top swage. 

Top Bottom Fullers. The.sc are used in conjunction 
with each other for putting hollows or necks in the work. 
Fig. 180 shows a top fuller. A bottom fuller has a shank for 
fitting into the anvil. 

Flatters. A flatter. Fig. 181, is used for bringing work to 
a smooth flat surface. 

Ck>ld Sett. A cold sett. Fig. 182 is used for cutting cold 



Fig. 180 
Top Fuller 

Fig. 181 
Flatter 

Fig. 182 
Cold Sett 
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metal, and is thicker than a hot sett. The cutting angle is 
60®, whereas with the hot sett the angle is much sharper. 

Hardie or Anvil Cutter. Where there is no steam hammer 
the hardie is used for cutting off pieces of round or flat bar 
whether hot or cold, the hardie fitting into the square hole in 
the tail of the anvil. The bar is laid across the e'dge of the 

Fio. 183. Cutting a Bar on thk .Anvil by means of 

A “Hardie’* 

hardie and is struck with a heavy hand hammer (See 
Fig. 183.) The bar is then reversed and the process repeated 
until the bar can be broken off with a slight tap. 

Smithes Hearth. To ensure good work the fire of a smith’s 
hearth ipust receive constant attention. Before lighting, it 
should be cleared of fine ash and sulphurous slag, the slice 
(or smith’s shovel) being used for this purpose. New fuel 
should be^ banked up at the back, to be drawn over with the 
rake as required. Coke breeze, of walnut size, washed, 
screened, and picked, is generally accepted by engineers as 
the best and most economical fuel for use in the smithy. 

The fire should never be allowed to become “thin.” Forced 
draught, known as the blast, increases the amount of oxygen, 
which combines with the fuel, causing it to give up heat more 
rapidly than under normal conditions. The blast is generally 
produced by a circular fan or a blower. If there is insufficient 
fuel to combine with all the oxygen, an excessive amount of 
scale (iron oxide) is formed on the metal. The smith calls 
such an oxidizing fire a “thin” fire. 

Forging 
By the act of “forging” is meant the shaping of one or 

more solid pieces of iron or steel, according to specified 
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requirements, by heating and then hammering* pressing, 
bending, or welding. When the word is used as a noun, it 
serves to denote the finished article; for instance, a connect¬ 
ing rod when forged or finished is known as a “forging.” 

Contraction or Shrinkage 
The difiference in the length of a piece of iron or steel when 

hot and the same piece when cold ip termed the contraction or 
the shrinkage. This difference between the two conditions 
has to be reckoned with when making any forging to a dead 
length. When hot, a rod or bar should be from in. to J in. 
longer to the foot than the finished dimension when cold. 

Amount of ** Stock 
To ascertain the length of square or rectangular stock 

required for a forging of entirely different shape, the volume 
of the finished work must be calculated from the drawing 
dimensions. A piece of material of the same volume can then 
be cut from the bar. 

Le^ad wire should be used for determining the length of 
stock required for intricate curves. The curve should first 
be drawn full size and the wire bent to the drawing. When 
straightened, it will form a measure with which to cut off 
the steel. 

Drawing Down or Cogging 
This should always be carried out on the pike of the anvil. 

The curved top face will act as a large fuller, squeezing and 
pushing the plastic metal along the bar towards the end. 
To appreciate this, the embryo craftsman should perform the 
experiment of pointing one end of a piece of rod on the anvil 
face, and the other on the pike, and time the two operations. 
The piece should also be measured both before and after 
pointing. 

Round points are made in two stages. First they are drawn 
down square, and then the corners are rounded off on the 
anvil face. To attempt to make a point round without the 
first stage would result in the metal “piping,” i.e, a hollow 
point would be formed due to the outside layers of metal 
being stretched more than the inner ones. 

It will be useful for an apprentice to practise making a 
round taper pin with true taper, say out of round bar f in. 
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diameter, 4 in. long, drawn down to point, with 
the hand hammer alone. At first sight this would appear to 
be a very easy task, but it is less simple than it looks. It is 
indeed this type of work, and, of course, other more difficult 
work, which makes the smith a key grade in the engineering 
industry. 

Upsetting 
This operation is the opposite of “drawing down” and 

increases the cross-.sectional area of the metal. The work is 
held horizontally in tongs and the (;nd hammered whilst hot. 
If the rod is long, tongs can be dispensed with, the hot end 
being thickened by repeated blows on the anvil face whilst the 
rod is held vertically. 

Upsetting or “jumping” is necessary before smith welding, 
and is a preliminary operation to the forming of a head. 

Bending 
Steel bar of round section may readily be bent over the 

pike of the anvil (Figs. 184 and 185). Reasonable care must 
be taken during this operation to avoid damage to the surface 
by the hammer. 

Fullering 
The term “fullering” is given to the act of shouldering 

down a* piece of material preparatory to cogging or reducing 
it to a smaller size. If, for instance, a 3 in. round bar is to 
be forged down at a certain place to IJ in. diameter, the bar 
should be fullered all round at the point where the reducing 
process is to end. This must be done before the drawing out 
or cogging is begun, as a much better shoulder will always 
be secured by this means than would be the case if it were 
attempted by forging only. Fullering also implies forging, 
drawing, or spreading the material in one particular way, by 
using a fuller or piece of round bar. 

Fullering changes the direction of the fibres without cutting 
into and severing them. The continuity of the fibres would 
be broken if the sharp edge of a “hardie” were used instead. 

It should be noted that the action of a fuller is similar to 
that of the pike of an anvil. The convexity of their surfaces 
results in the metal being stretched and pushed along the bar, 
thus reducing it in section. 
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Swaging 
Swaging is the process of finishing work of large diameter 

to circular form. Swages, like fullers, are in pairs, the interior 
surfaces being either concave or vee-shaped. The operation 
must be performed with care to avoid a drawing down action 

Fio. 184. Bending the End of a Piece of Bar over the 

Pike of the Anvil to form a Hook 

and a reduction in the diameter of the bar. Swages are 
approximately two-thirds of a semi-circle, so that the edges 
of a pair are always well clear when rounding a piece of steel. 

Flatting 
Plat surfaces are finished with “flatters,” Fig. 186, which 

may regarded as flat swages. Flat faced hammers (sett 
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hammers) are also used for setting down square shoulders, and 
for corners which cannot be formed effectively with ordinary 
hand hammers. 

Drifting 
This term implies the expanding or opening of existing 

holes to a larger size by inserting and forcing a taper drift. 

Fig. 186. Drawing Down a Piece of Round Rar 

Jumping 
The operation of jumping is performed with a view to 

enlarging the section, or, in other words, increasing the width, 
thickness or diameter, and at the same time reducing the 
length. 

Malleable 
The word “malleable” implies that the material is capable" 

of being forged or worked into any shape by hammering, 
pressing, bending, twisting, or other similar operation. 

Forging Machinei 
There are many varieties of forging machines on the market, 

all of which tend to eliminate much of the hand skill of the 
smith and, at the same time, considerably cheapen manufac¬ 
ture. For instance, it does not pay to set a smith to make 
ordinary bolts for stock. They can be made so quickly, as 
well as more uniformly, in bolt-making machines, in large or 
small lots of stock sizes, that bolts in any quantity can be 
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manufactured much more cheaply than they can be made 
by a smith. 

It is now common practice to utilize an oxy-acetylene 
cutting machine for the preliminary profiling of a billet. The 
billet is subsequently placed in the 'smith’s fire and then 
‘'opened out” to its correct shape. This method is of great 
importance inasmuch as it is possible to use a much smaller 
section with correspondingly less scrap than would otherwise 
be the case. 



CHAPTER XV 

SHEET METAL WORK 

Sheet metal work is generally regarded as the working of 
metah from 10-gauge (0-128 in.) down to 30-gauge (0-0124 in.), 
with hand tools and simple machines into various forms by 

p. 

3 
Fig, 187. Plan” and Elevation 

OF Cone 

cutting, forming into shape?, 
and joining. There are two 
types of craftsm(?n involved, 
the tinsmith and the sheet 
metal worker, and both are in 
great demand in the engineer¬ 
ing industry. 

Geometric Development 
Anyone who wishes to attain 

I)rolieiency in sheet metal work 
must have geometrical ten¬ 
dencies because sheet metal 
w'ork is applied geometry 
much more than any other 
metal-working trade. The 
motor vehicle and aircraft 
industries demand a high pro¬ 
portion of sheet metal workers. 
In particular, the building of 
the modern airframe requires 
great skill, and the work in¬ 
volved is a sheer delight to 
the sheet metal worker. 

Before the object to be made 
can be folded or modelled into 

shape its development must be drawn, either on paper and 
transferred to the metal or on the metal direct. In particu¬ 
lar, the development of conical surfaces is frequently neces¬ 
sary in sheet metal work.' Lantern and lamp tops, for instance, 
may be complete cones of comparatively short taper, whilst 
spouts of funnels, handles of scoops and vessels are generally 
truncated and of longer taper. With both it is necessary for 
special constructions to be adopted for their development, 
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and it is important that these methods should be completely 
familiar to the beginner. 

As an example, Fig. 187 shows the plan and elevation of a 
cone. Its development is obtained by taking the slant height 
or cone generator as radius, and striking the arc ae. The length 
of this arc = ird = circumference of base. Any simple method 
may be applied to measure off this distance. Join cc, and the 
sector cae is the development 
required. 

Another method is to draw 
the plan or half plan (see dotted 
lines) and divide it into a num¬ 
ber of equal parts, say twelve. 
Step oft' these with dividers 
along the arc, and join 12 to c. 

When a truncated portion of 
a cone is required, a second arc 
is drawn concentric with the 
first at a distance away from it 
equal to the slant height of the 
object. 

Where desired, the angle 0 
may be calculated from the proportional rule— 
Dovelopincnt Radius : Base Radius :: Base Anglo ; Angle Required 

= ac : ad :: 360° : 0° 

Fia. 188. Wire and Plate 

Gauge 

In the example we have, 6 in. : 2 in. :: 360° : 0° 

/. 0° = 120° 

which can be marked, off with a protractor and the sector 
drawn. 

Thickness Gauging 
Graduated rules cannot be used successfully, either directly 

or with the aid of calipers, for measuring the thickness of a 
sheet of metal or the diameter of a thin wire. To determine 
these accurately, '‘contact” measurement is the only system 
possible, and for this purpose wire and plate gauges, Fig. 188, 
are used. There arc many different wire gauge standards, and 
consequently some confusion arises amongst those outside the 
metal-working trades. 

Tools and Equipment 
The tools used for working sheet metal may be divided 

into two distinct groups, i.e. cutting tools and forming tools. 

7-(T.247) 
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Cutting Tools. Guillotines, shears and nibblers are all 
extensively used by the tinsmith and sheet metal worker. 

GuiUotines. Guillotines are usually treadle-operated, but 
may also be designed for hand operation or power drive. An 
example of the fost-named tyj)e is given in Fig. 189. All 

Fig. 189. Tkeadlk-opkhatkd Guillotine 

except the power-driven type are fitted with a long s*traight 
blade and are used for making straight cuts up to approxi¬ 
mately 5 ft. in length on metal not exceeding 14-gauge 
thickness. 

Snips. Several types of snips or shears are used, e.g. 
straight snips, Fig. 190, which are for straight cuts, also for 
cutting outside curves ; Jbcnt snips, Fig. 191, int^mded for 
cutting internal curves; ^and universal snips, Fig. 192, as the 
name implies, intended for universal use, the blades being 
thin and “backed off’' to allow the metal an easy passage over 
them. 
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Hand-lever and Rotary Shears. Hand-lever shears are light, 
toggle-jointed, bench shearing machines for cutting metal up 
to 10-gauge thickness, this gauge being rather too heavy for 
the use of snips. Rotary shears, Fig. 193, consist of two 
hardened steel wheels attached to gear shafts, arranged with 
the cutting edges slightly overlapping, thus producing a 

Fio. 190. Straioht Bi..aded Snips 

Fuj. 191. Bent Snips 

shearing action which will cut up to 12-gauge. It is possible 
for any length, size, and shape to be cut, but the width of 
the work is limited by the distance from the wheels to the 
frame, this space being known as the '‘throat.” In the machine 
illustrated the bow is specially designed to swivel to one side, 
so that circles may be continually cut without altering the 
cutters in any way. 

Nibbling Machines. For metal from 16-gauge to 10-gauge 
thickness a power-driven nibbling machine is often used, this 
consisting of a small punch and die which produces a straight¬ 
sided hole. They are invaluable when cutting stencils. 

Forming Tools. Machines. Bending, folding, swaging, 
wiring, closing, and allied operations are carried out on 
machines wherever practicable, thus facilitating production. 
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Fig. 194 shows a imivorsal swaging, wiring, jonnying, and 
closing machine, whilst Fig. 195 shows a few of the numerous 
sections that can be produced by such a macliine. 

Harid Tools, The hand tools generally used for shaping 
sheet metal are hammers, mallets, and bench tools of the anvil 
type, over which the material is formed to shape. They are 

Fig. 19.3. Rotary Siikaus 

The lowtT illustration shows a few of the hluipes that ran be cut 
on this machine. 

known as stakes, and are usually named after their particu¬ 
lar use or objects which they resemble. Tlujy are the distinc¬ 
tive tools of the sheet metal worker and are usually mild steel 
forgings, faced with cast steel. Stakes are provided with 
tajxjred square shanks which fit into square holes cut4n the 
bench, or sometimes they arc made to fit in the end of a 
mandrel. 

Hatchet Stake. This is used for bending an edge to an 
acute angle (Fig. 196). The face varies in length, one about 
8 in. long and weighing 9 lb. being the most suitable for the 
beginner. 

Half-moon Stake. Fig. 197 shows the use of this appliance 
when “throwing up” or flanging an edge on a circular piece 
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r 

L 
Fio. 194. Univ'ERSAL Swaging, Wiring, Jennying and 

Closing Machine 

Fig. 10;>. TyncAL Sections produced by Universal 

Machine shown in Fig. 194 

PfcADt.t> Cfc»C. 

TwAM<»mO Am CftGC ON A 

HATCHCT 9TAHt. 

Fig. 196. Hatchet Stake 
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of metal preparatory to wiring the bottom of a can. /The 
edge is an arc of a circle, and the weight recommended for 
such a stake is 4 lb. 

Fig. 200. Forming Wired Edge with Paning Hammer 

Fig. 201. Method of Manufacture of Cylindrical Vessel 

Rowvd Bottom Stake, After an edge has been “thrown up” 
on a half-moon stake, the material will probably be buckled. 
It can be straightened by gentle hammering on a round bottom 
stake, and the edge “set down ” to sharpen the comer as shown 
in Fig. 198. 
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Qreashig Irmi. This tool, weighing 8 lb. to 10 lb., is shown 
in IMg. 199, its use being to form a bead on a piece of flat 
sheet. Care must be taken to ensure that the hne of the bead 

and the groove in the creas- 
coincide before 

the wire is struck and im- 
X pressed into the metal. A 

/ "a wired edge can also be 
h A folded by placing in a suit- 
i 4^ crease, and the fold 

Fi(}. 203. Wing Compasses 

1/ Fig. 204. Pliers 

n 
closed with a mallet or 

I paning hammer (Fig. 200). 

Approved Operations 

yT Typical methods adopted 
/ file manufacture of an 

(H!_\ open cylindrical vessel are 
I shown in Fig. 201. The 

y processes involved should 
be carefully followed and 
every effort made to pro- 

Fio. 202. Method of a satisfactory finish. 
MANUPAcrruRE OF Funnel Fig. 202 shows a small 

funnel, and it will be good 
practice to produce one. The diagram gives some guidance in 
the development of the two cones, and further help will be 
obtained by reference again to Fig. 187. 

Wing compasses, Fig. 203, and pliers, Fig. 204, will prove 
essential tools when making this class of article. 
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The Stove 
There are several designs of small gas-heated stoves suitable 

for heating the usual type of straight pattern soldering bit. 
Alternatively, the electric soldering iron is sometimes preferred 
for certain classes of light work. 

Soldering 
The technical process of joining metal to metal by solders 

is known to most people, but the physical and chemical aspects 
appear to have received less attention, and it will be worth 
while to outline certain features. 

A little water on a clean surface will spread itself out 
indefinitely and wet the siirbice, but if the surface is greasy 
the water will form i^ito globules. The surface tension or 
strain in its “skin,"' together with the cohesion of its particles, 
is sufficient to overcome the forces of gravity and adhesion, 
which tend to draw every particle of each drop downwards 
and flatten the globule. 

Similarly if a bead of hot solder is dropped on a piece of 
hot metal whi(;h is not chemically clean, it will retain a globu¬ 
lar form and will be surrounded by a solid skin of its own 
oxides. The film on the metallic surface, usually an oxide, is 
of sufficient thickness to prevent the metals from adhering 
and forming an alloy. 

The removal or dissolving of this film by means of a flux, 
in order to leave the base metal chemically clean during the 
joining process, has always presented a problem to sheet metal 
workers and chemists. 

Flaxes. Soldering fluxes may be divided into two classes: 
(1) Those wliich prevent the oxidation of a clean or bright 
metallic surface during soldering, and (2) those which actually 
serve as cleaning agents. Examples of class (1) arc resin, 
tallow, and palm oil; of class (2) hydrochloric acid, ammonium 
chloride, and zinc chloride. 

Soldering fluxes should not bo used indiscriminately, but 
should be selected to suit the nature of the work. Some firms 
use one particular flux for most metals and alloys, which 
practice is quite wrong. If iron, stt^el (tinned, terne or stain¬ 
less), brass, copper, monel metal, or nickel is to be soldered, 
zinc chloride, resin, or ammonium chloride may be used 
satisfactorily. For zinc and galvanized materials hydro¬ 
chloric acid is a suitable flux. 

Tinplate. Tinplate is the name given to sheet iron which 
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has been co<ated with tin to protect it against rust. It is used 
for nearly all soldered work, being the easiest metal to join 
by this means and, as tin is the main constituent of tinman’s 
solder, the solder alloys with the tin coating and makes a 
neat, somid joint. Tin is a useful metal for culinary purposes 
because contact with it does not contaminate food. 

In most soft-soldering operations the solder flows with the 
point of the soldering bit. Hence, the operation is facilitated 
by tilting the product to be soldered in the direction in which 
the "‘bit” is travelling. In other words, all soft soldering 
should be dowiihill and not uphill.* The observance of this 
fact is the secret of success. 

Important Note : Correct heat-treatment of liglit alloy rivets sliortly 
before use is essential. 

CUP HUD DOMt COUNICPSUNH DOMt COUNTCftSUHH 
PPi-FOOMtO 

Fig, 205. E.\;.4Mpi4E3 ob' Good Riveting 

Brazing 
Brazing or hard soldering is the process of joining metals 

by means of a fusible alloy at a temjx^rature above red heat. 
This alloy is called “spelter,” and is composed of copper and 
zinc in varying proportions. If a higher proportion of copper 
is used a higher fusing temperature is required, but the 
resulting joint is stronger. ISpeIter for brazing brass must 
contain a considerably greater percentage of zinc than the 
base metal to enable the solder to fuse at a lower temperature 
without danger of melting the work at the joints. 

The only flux used for brazing is borax, which is perfect 
in its action. It dissolves oxides on the surface of metals and 
changes them into borates. Whilst at a red heat the borax 
vitrifies and, forming a glassy film over the metal, prevents 
the further access of atmospheric oxygen. 

Light Alloy Riveting 
The sheet metal worker does a good deal of riveting in 

preference to soldering. Light pneumatic riveting tools are 
largely used, and much j)ractice is required before proficiency 
is attained. Fig. 205 shows three types of good riveting, and 
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Fig. 206 gives ten examples of bad riveting. Much useful 
information will be gained by a careful study of these 
diagrams. 

In metal aircraft construction riveting must be of the 
highest quality, any one of the faults shown in Fig. 206 
necessitating the removal of the faulty rivet or damaged 
member. During riveting operations it is customary to use 
special types of spring clips to hold the two pieces together 
temporarily. 

Fig. 206. Examples of 3ad Riveting 

Trade Tests 
Figs. 207, 20S, and 200 provide three examples of trade 

tests in sheet metal work arranged in order of increasing 
dilHculty. After suitable preliminary training, the beginner 
should attempt each one in turn. Si.x hours is a fair time to 
allow for each article. 

Aluminium 
With the rapid development of the aircraft and motor-car 

industries, aluminium has become the most widely used of 
all non-ferrous metals. It is used on aircraft mainly for engine 
cowlings, fairings, oil tanks, and petrol tanks. Its compara- 
tive lightness (specific gravity 2*58) makes it especially useful 
for components liable to small mechanical strain, its tensile 
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Material * . . M.S. sheet 9r 194' 10 S.W.G. M.S. wire. 
General Tolerances. ± 0*030* 
Main Object of Test- Accuracy in setting out anti fonnlng, ntjatness and strength In 

scams, swage, double edge and wlrctl base. Well run soldered 
scams. liuck of distortion in completed test. 

P"iG. 207. Sheet Mf:tal Test No. 1, Conical Funnel 
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1 Had. Knock-up ILid. J 

Seams | 
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[Iroovod Seam Wired Edge ! i 

i" 1 4' 1 3" L - A'. _L_ ! 1 ••'’sj. 1^' i 3' 

Material . Iron sheet lOf' X 13r. No. 12 S.W, .0. M.S. wire. 18 No. 8 
bhipk iron rlvet«. 

Oenoral Tolcraiires. :i- O OSO* 
Main Objiu't of Test. Accuraey in setting out aiul forming. Neatness and strength of 

seams and riveting. Trntli of plain surface,s. Lack of distortion 
in completed test. 

Fiu. 208. SiiKKT Mktal Test No. 2, Cowl 
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L SNAP HD RIVETS 

A B c D E F G H 
Swage 

J 
Grooved 

Seam 

K 
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04' 24' 44' 1* 34' 54' 4A' . 1' 4' 54* 19 ft' r 

Material . . M.S. sheet, 18'' x 114*. No. 10 8.W.G. M.S. wire. 
General Tolerances. ± 0 030*. Rivets equally spaced within 0 015*. 
Main Object of Test. Accuracy in setting o«it and forming, neatness and strength in 

seams, swage, wired edge, riveted flange and bottom fastening. 
Lack of distortion in completed test. 

Fio. 209. Sheet Metal Test No, 3, Circular Container 
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strength being only 9 tons per square inch. The metal “work- 
hardens,” and if the detail has to undergo much stretching 
it is advisable to anneal it when the material becomes hard, 
thus preventing the development of cracks. 

The panels on high-class motor bodies are made of alu¬ 
minium for several reasons. It lightens the body and thus 
gives the high “power-to-weight” ratio necessary for efficient 
piTformance ; it gives ease of working as well as good surface 
finish ; and, when scoured with a wire brush, a good base is 
provided for the heavy cellulose coating which is able to hold 
tenaciously to the scoured surface. Further, as aluminium is 
rustless it is also durable, and the stripping of paintwork, due 
to rust forming underneath, is avoided. 

Duralumin 
Duralumin (called dural in the trade) is used almost exclu¬ 

sively for aircraft work, such as engine cowlings, fairings, 
fuselage and plane skins, and oil and petrol tanks. It is a 
light alloy of comparatively high tensile strength, about 
18 tons per square inch, and is somewhat hard and brittle. 
For this reason duralumin must be annealed before bending 
or shaping is undertaken. As the metal '‘age-hardens” 
rapidly, annealing should be carried out at least every two 
hours, or more frequently if the work entails hammering and 
stretching, otherwise cracks and splits will appear and the 
work will be useless. 



CHAPTER XVI 

PLATING, RIVETING, AND WELDING 

Boilermaking 
The operations of plating, riveting, and welding are performed 
by three grades of craftsmen who work at the trade of boiler¬ 
making. There are other sections of this important engineer¬ 
ing trade, such as flanging and pressing, angle smithing, 
oxy-acetylene cutting, platd levelling, caulking, testing, 
punching, and shearing. The term*‘‘boilermaker,” which is 
used to describe men who perform any of these operations, 
gives a very inadequate idea of the work actually done. A 
boilermaker is a builder of any vessels or structures made in 
mild steel, such as ships, bridges, steel-framed buildings, 
power stations, steel chimneys, storage tanks, boilers and 
pressure vessels, gas holders, gas mains, oil and water pipe 
lines, concrete mixing plants, etc. The trade of boilermaking 
is one of the most interesting in the engineering world, not 
only because of the variety of work involved, but also because 
of the pleasure derived by actually nuikiiuj unit parts from the 
raw material and assembling the units to form highly com¬ 
plicated and intricate designs. 

Each branch of the trade has its own interest, but most 
individuals prefer the plating section where the actual making 
and building are done. Special qualities of int(*llig(mce, fore¬ 
sight, and imagination are required by the plater, because he 
is required to translate the draughtsman’s design into reality. 

The other sections of the trade have become specialized, but 
in all of them a high standard of .skill is necessary. In the limited 
space at our disposal it will be best to confine ourselves to 
representative operations with which the apprentice in the 
boilermaking trade will almost certainly be confronted. 

Tools and Equipment 
The tools and equipment required cover a fairly wide range. 

8o far as measuring tools are concerned these are common to 
many other trades, the only difference being that the boiler¬ 
maker requires them to be of sturdy construction. The plater’s 
levelling block is indispensable, and should measure about 
7 ft. by 4 ft. by 6 in. thick. It should be made in cast iron 

198 
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and rest on stands so that the top is 2 ft. 4 in. from ground 
level. Fig. 210 illustrates some of the hand tools used by 
various grades in the boilermaking trade. 

Fig. 210. Boilermakei^s’ Tools 

(a) Dividers {d) H.-iiid hammer 
(b) Centre punch {e) Double-faced hammer 
(c) Wire cleanin« brush (/) ('ros.s ])anc hammer 

ig) Riveting hammer 

Marking Out 
It will be readily appreciated that considerable marking 

out is required. Fig. 211 repre.sents a plater and his helper 
holding a lino taut over the middle of a steel plate, while 
the plater pi(‘ks up the line with a thumb and feger of his 
free hand and then allows it to strike sharply and vertically 
on to the plate. The line has been previously whitened or 
chalked, and the action of striking the line, provided it is 
held taut and picked up vertically, results in a perfectly straight 
white line being marked on the middle of the plate. 

The operation shown in Fig. 211 is usually one of a series 
of o|)erations which are necessary for the “marking off'* or 
“squaring off” of a rectangular plate. A steel plate may be 
ordered from the rolling mills, say, 3 ft. by 2 ft. 6 in. by J in. 
thick, but invariably the plate will be supplied by the makers 
J in. to J in. longer and wider than ordered, and not per¬ 
fectly rectangular in shape. Consequently, in the x^h^te shop 
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it is necessary to carry out a simple geometrical operation 
known as “squaring off,” so that the plate may be sheared 
or planed to the correct size. 

Crotchet cotton No. 20 is suitable for use as a chalk lino, 
being w^ound on a bobbin made from two brass hollowed 
discs 2i in. diametiT by in. thick, riveted together. 

Fig. 211. Marking a Line on a Plate witji a Chai.k Line 

Levelling a Buckled Plate (Cold) 
After a plate has been rolled hot to its corrc^ct thickness at 

the rolling mills, it is allowed to cool gradually. During the 
process of cooling, the air in contact with its top and bottom 
surfaces causes the plate to contract unequally, resulting in 
uneven buckles in the surface of the plate. If the plate is to 
form part of a bent or cylindrical surhice, the presence of 
buckle.s is not important, as the pressure of the bending rolls 
on the surface of the plate will remove them. If, liowever, 
the plate is required to form a plane surface, such as the side 
of a rectangular tank, the buckles must be removed by the 
process called “levelling.” 

This process is best XKjrformed in plate straightening rolls 
or mangles, but when these are not available it must be done 
by hand. 

Two general conditions may exist in buckled plates, one in 
which the central portion is bent^ the other in which the outer 
edges are bent. Local kinks may also occur along the edges, 
and this is the tyx>e indicated in Fig. 212. 

, The working tools required are a cast-iron levelling block 
and concave-faced striking hammers weighing from 7 lb. to 
10 lb., this weight being dependent on the thickness of plate to 
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be levelled. The concave-faced hammer is required to obviate ^ 
bruising the surface of the plate unduly. One, two, or more 
operators may be required, according to the size of the plat^. 

The buckle shown in the illustration is due to the concave 
underneath side contracting during cooling more than the 
convex top side ; the buckle is held in place by tight metal 
on its borders. Hammering of this tight portion on both sides 

Fio. 212. Levelling a Plate which is Buckled (Cold) 

of the plate will gradually stretch the metal and reduce the 
size of buckle. Care must be taken in hammering not to create 
fresh buckles, and much experience is necessary before perfec-, 
tion is reached in this class of work. The flat or slightly con¬ 
cave surface of the hammer must be brought down level on 
to the plate to avoid unsightly indentations in the plate sur¬ 
face. When the plate levelling is^ approaching completion a 
straight edge should be tried on the surflice of the plate, to 
indicate where the final hammer blows should be struck. 

Bending Angle Iron, when Hot 
The tools required to perform this operation are : (1) a rever¬ 

beratory furnace in which to heat the angle, (2) a cast iron 
block perforated with holes for fastening and levering purposes, 
(3) a cast iron or mild steel bending block shaped to the correct 
contour of the finished angle, (4) a lever bar and tongs for 
use in holding and forcing the angle up to the bending block, 
(5) suitable clips, wedges, and fastening appliances, (6) 
striking hammers and flatters. 

It will bo noticed in Fig. 213 that the ends of ^ the steel 
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angle have been bent to the correct curvature before bending 
the main portion of the angle. This precaution must be taken 
because it is found very ditticult to bend the ends of steel 
angle correctly after the rest is bent, particularly if the angle 
is of heavy section material. 

The angle is heated in the furnace to a temperature of 
1100^ to 1150*^ C., and in the meantime all the requisite tools 

Fig. 213. Bending Angle Ikon (when Hot) 

are .collected and placed in eonvenic'nt positions, to avoid 
unnecessary delay when the angle is suniciently heated. The 
angle is then withdrawn from the furnace, using tongs and 
porter bars for carrying to the bending block. The front end 

.of the angle is quickly clamped to the bending block by means 
of pins, {packings, and wedges. One or more strikers commence 
to lever and bend the angle to the block, while the angle- 
smith knocks out all puckering which forms on the top face 
or web, at tlie same timg hammering the bent surface or 
flange closely up to the block. While still hot the angle is 
closed up to the top and side surfaces of the blinding block 
by the striker or strikers hammering on to a flatter held by 
the angle-smith. The angle is then placed on a level block 
and checked by means of gauges and a set-square, adjustments 
being made where necessary. If the radius of the bcint angle 
is small and the section heavy, it may l>e found necessary to 
have more than one “heat” owing to the amount of puckering 
which will take place on the top face of the angle. 

Bending the Ends o! Plates 
Bending the ends of plates may bo a complete operation in 

itself when a short curvature or flange is required, but 
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generally it forms a part of the operation of bending a rect¬ 
angular plate to form a cylinder. 

Owing to the setting apart of the centres of the two bottom 
rolls in a set of bending rolls, Fig. 216, it is impossible to bend 
the ends of bent plates in the rolls. Consequently it is neces- 

HOi.U><NG A 
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Fig. 210. Diagkam of Plate Bending Rolls 

sary to bend three or four inches of the plate before rolling 
up complete. 

Fig. 214 shows the plate turned over on to one of the rolls, 
and the curvature formed on the plate with a striking hammer. 
Plates up to I in. thick may be bent cold by this method, but 
thicker plates require to be heated and hammered to shape 
in a liollow block, as shown by Fig. 215, a cui^ved faced flatter 
being used to avoid indentations in the surface of the plate. 

Rolling a Cylinder 
Sets of rolls for bending cylinders may be vertical or hori¬ 

zontal (Fig. 216). They are driven by gearing fitted with 
reversing apparatus, and are usually arranged so that one 
housing may be removed to allow the rolled cylinder to be 
withdrawn. 

A parallel line is marked near to one edge of the plate, 
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which is placed in the rolls, and observations are taken to 
ensure that the line is set parallel with the edge of the rolls. 
The rolls are brought up closely to the surface of the plate 
by setting the gearing in motion, and a small curvature im¬ 
parted to the plate. The plate is then passed forward and 
backward, and the curvature gracfually increased untfl the 
complete cylinder is formed. One housing of the rolls is then 
removed and the cylinder withdrawn. 

The expert operator may be able to bend a cylinder made of 

SNAP FLUSH OP ROUNDED PAN SHALLOW COUNTER' 
HEAD COUNTERSUNK HD. HEAD SUNK SNAP HEAD 

Fio. 217. Finished Rivet Heads 

thin material by one passage through the rolls, but this is not 
advisable with thick plates owing to the tension and com¬ 
pression set up in the material on the convex and concave 
sides of the plate. It needs to be pointed out that a plate 
bends exactly on its neutral axis, or centre of thickness, and 
for this reason the length of plate required is alw^ays obtained 
from the neutral axis. 

Hand Riveting 
Handtriveting is usually performed by a *‘set” of riveters, 

i.e. one riveter, one holder-up, and one apprentice riveter. 
The tools and equipment required are riveting hammers, 
rivet snap, holding-up dolly or hammer (for taking the blow), 
and rivet hearth for heating the rivet. The hi'arth may be 
coke-fired or electrically heated. 

The rivet hole is in larger in diameter than the 
diameter of the rivet, which should be sufficiently long to 
fill the rivet hole completely and form the rivet head. Fig. 217. 

The work to be riveted is placed in .a suitable position, and 
the requisite tools and rivets obtained. The rivet is then 
heated to a bright orange colour, is withdrawm from the rivet 
hearth and the scale knocked off, and is inserted in the rivet 
hole. The holder-up places the dolly on the rivet heiul while 
the riveter, standing on the opposite side of the work, pro¬ 
ceeds to form a roughly conical headed rivet with a riveting 
hammer. He takes up the rivet snap with one hand, and 
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proceeds to form the cup head of the rivet by hammering on 
the head of the rivet snap with a riveting hammer. During 
the whole of this time the holder-up, by means of the dolly, 
is pressing the head of the rivet closely up to his side of the 
work (Fig. 218). The complete operation must be performed 
very quickly, as it is essential to finish off the snapping of 
the rivet head while the rivet is stiU hot. Although pneumatic 
riveting hammers have replaced 
hand riveting tools on most repeti¬ 
tion work, the operation is still 
j)erformed by the skilled riveter. 
Cold riveting is confined to high- 
class structural work, but is not 
used for vessels subject to internal 
pressure. 

Fullering and Caulking 
All steam-tight work must be 

“caulked” after riveting, as the 
riveted joints cannot be made per¬ 
fectly tight by riveting only. Water 
or steam undcT pressure will force 
a passage through the most minute 
opening. When the methods of 
fullering and caulking are properly 
carried out, perfect steam-tight 
and water-tight joints are ensured. 

The o])erations of fullering and caulking may be performed 
by hand tools, but tools driven by compressed air may be 
used, the latter undoubtedly giving the best results owing to 
the numerous and heavy blows which can be struck. 

The method consists of hammering up the edge of the plate 
to form a tight joint to the adjacent plate. 

The caulking tool, Fig. 219, is narrower than the fullering 
tool. Fig. 220. The caulking tool must bo used with extreme 
care as it tends to act as a wedge and force the joint open. It 
is not used on the best types of work. The fullering tool should 
be roughly as deep as the plate which is to be fullered—^it will 
then burr up practically the full thickness of the plate. The 
width of both tools is approximately | in. When preparing 
the joint for fullering, the outer edge of the plate should be 
planed back to an angle of approximately 75^^. 

The operations of caulking and fullering by hand are per- 

Fig. 218. Hand 
Riveting 
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formed by holding the tool up to the work with the left hand, 
and striking the head of the tool with a hand hammer held 
in the right hand, the tool being moved forward at each blow 
approximately two-thirds of its width. This procedure must 
be repeated at least once to obtain a satisfactory joint. 

Welding Techniaue 
Welding practice has made rapid strides and has permitted 

many changes in design. With the best class of work it is 
customary for the design staff to state clearly, cither on the 
drawing or in the manufacturing specification, the type of 
weld, the number of runs, the electrode, etc., to be used. 

Fio. 219. C.\ULKiNG Fiq. 220. Fijllkrixq 

Oxy-acetylene Welding 
High-pressure oxy-acetylene equipment, using dissolved 

acetylene, consists of the following— 
1. Supply of acetylenes in cylinders. 
2. Supply of oxyg(‘n in cylinders. 
3. BlOw'pipe, witli nece.ssary nozzles. 
4. Acetylene pressure regulator. 
5. Ox^tgen pressure regulator. 
G. Two lengths of rubber canvas hose. 
7. Set of k(^y.s and spaiiTUirs. 

8. Welding goggles and spark lighter. 
9. Welding rods. 

10. Welding fluxes. 
11. Oxygen cylinder stand (or truck for accommodating 

complete plant). 
Items 1 to 6 are illustrated in Fig. 221. 
It is necessary to work methodically, in all welding opera¬ 

tions. The work must be prepared carefully beforehand to 
free it from scale, rust, paint, and grease, and particular atten¬ 
tion given to the adjustment of pressures, correct size of nozzle, 
and diameter of welding rods. 

Leftward Welding. Leftward welding is used on steel for 
flanged edge welds, for unbevellcd steel plates up to J in., and 
for bevelled plates up to in. It is also the method usually 
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adopted for cast iron and non-ferrous metals. When the job 
has been suitably arranged, the weld is commenctjd on the 
right-hand end of the joint, and welding proceeds towards the 
left. The blowpipe is given a forward motion, with a slight 
sideways movement just suflicient to maintain both edges 
melting at the desired rate, and the welding wire is moved 
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progressively along the weld seam. These movements are 
illustrated in Fig. 222. The sidewaj^s motion of the blowpipe 
should be restricted to a minimum. 

Rightward Welding. Rightward welding is only recom¬ 
mended for steel plates which exceed in. thickness. Plate 

Fig. 22^. Leftward Method 

OF Welding 

Fig. 223. Rightward Method 

OF Welding 

edges from in. to in* inclusive need not bo bevelled. 
Plates over in. in thickness should be bevelled to 30°. 
The weld is commenced on the left-hand end of the joint, the 
wire is given a circular forward action, and the blowpipe moved 
steadily along the weld seam towards the right. It is quicker 
than the leftward method and consumes less gas, while the 
V-angle is smaller, less welding rod is required, and there is 
less distortion. Fig. 223 shows the arrangement of the blow¬ 
pipe and welding rod. 

The t3^ of edge preparation recommended for sheet copper 
is given in Fig. 224. For thin sheet copper having a maximum 
thickness of 18 S.W.G., it is advisable to form a flash or 
flange, the height of which is about twice the thickness of 
the metal being welded. The flange should have a square 
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comer, as otherwise it will be impossible to obtain a fiat sheet 
after welding. 

Electric Arc Welding 
The equipment required for electric arc welding consists of 

the following: A low voltage direct-current generator and 

Fig. 224. Edge Preparation for Copper Underhand Welding 

welding current regulator, insulated flexible cable, insulated 
electrode holder, electrodes, eye and. face sliield, leather 
gloves and apron, wire brush, chipping hammer, and steel 
plate or strip for welding. 

The preparatory work consists of connecting the positive 
and negative terminals to the electrode and the material to 
be welded, regulating thp welding current, inserting the elec¬ 
trode in the holder, thoroughly cleaning the material with a 
wire brush, and putting on protective clothing. 

Having placed the electrode in the holder, the operator 
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should take the eye shield in the left hand and the electrode 
holder in the right hand. He should stand or sit in such a 
position that his right hand is free to guide the delicate move¬ 
ment of the electrode. 

The electric arc is struck by lightly touching the work with 
the tip of the electrode and then withdrawing the electrode 

about J in. As the tip of the electrode melts, the arc is main¬ 
tained by constantly feeding down to J in. from the work, 
at the same time guiding the electrode with a weaving motion 
from side to side, and so filling up the vee-shaped joint, 
Fig. 225, previously prepared. After each electrode length has 
been deposited, the weld should be thoroughly cleaned by 
chipping and brushing off the protective coating of slag which 
forms on the weld metal. 

Two joints are illustrated in Fig. 226, but in actual prac¬ 
tice there are many different joints. The methods of welding 
also vary to suit the class of material, the typci of joints, and 
the position of the weld. * 

The question of distortion is of extreme importance from 
the welder’s point of view. Distortion depends on the amount 
of heat put into the work, and naturally this heat should be 
confined as far as possible to the weld-seam itself. 
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Fig. 227. Conical 

Pedestal 

Fig. 228. Plate Sizes for Conical 

Pedestal 
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Economic Use of Material 
It is important to note that one or more extra joints will 

sometimes result in a smaller quantity of material being used. 
In Fig. 187, Chapter XV, we have shown the development 
required in the construction of a cone. Fig. 227 shows a 
pedestal which involves the same kind of development. If 
the pedestal is manufactured from one piece of material it 
requires a plate 6 ft. 9 in. X 3 ft. If, however, it is made from 
two pieces of equal size, with butt-welded joints, the amount 
of material required is only 6 ft. Gin. X 2 ft. 9 in., giving 
a saving in material of 12 per cent. Jf three pieces of equal 
size are used the pedestal can be made from a plate measuring 
6 ft. 3 in. X 2 ft. 7J in., which is only 80 per cent of the first- 
mentioned plate. Fig. 228 helps to clarify the position. 

In practice, it will always be a case of which is the cheaper— 
the larger sheet of steel plate or the extra labour cost. 

Repair of Broken or Worn Components 
The building up of worn parts, or repairing of broken parts, 

by the oxy-acetylenc or the electric arc processes of welding 
has earned great favour, and much money can be saved in this 
way. Each case must be taken on its merits. It is sometimes 
a sounder proposition to manufacture a new article than to 
repair an old one. Much depends on the circumstances. When 
dealing with broken or flawed castings it is necessary to pre¬ 
heat the component to avoid cracking and distortion during 
welding operations. 



CHAPTER XVII 

MACHINING 

Elements of Machines 

It is appropriate to note first that the mechanical elements 
arc six in number and that they fail into two groups— 

L Lever. Pulley. Wheel and Axle. 
2. Inclined plane. Wedge. Screw. 
All machines, no matter how complicated, are combina¬ 

tions of two or more of these elements. 
Machines, or machine tools as they are properly described in 

the trade, occupy a place of first importance in the engineering 
industry. The variety of machine tools on the market to-day is 
almost unlimited, but the principal types used in the machine 
shop and the operations they perform are given below— 

Typo of Machine 
Tool 

Operations Performed 

Duillino 
(See Fig. 232) 

Grin DING 
(See Fig. 233) 

Milling 
(See Fig. 234) 

Planing 
(See Fig. 236) 

Shaping 
(See Fig. 236) 

Slotting 
(See'Fig. 237) 

Turning 
(See Figs. 238, 

239, 240, 
241, and 242) 

Drilling, boring, countersinking, reamering, and 
tapping. 

Machining horizontal and vertical flat surfaces, 
al^ cylindrical surfaces on internal and external 
diameters. 

Horizontal. Machining flat, formed and sunken 
horizontal surfaces. 

Vertical. Machining vertical surfaces to profile 
and vertical parallel surfaces. 

Universal. Machining recesses and keyways. 
Machining horizontally and vertically to 
irregular profile. Machining worms and gears. 
Machining flutes in twist drills and taps. 

Machining horizontal, vertical and inclined flat 
surfaces, also T-slots and grooves. 

Machining horizontal, vertical and inclined flat 
surfaces, also radial surfaces (with special 
attachment). 

Machining flat vertical surfaces, keyways and 
serrations. 

Machining cylindrical surfaces on details held 
between centres or in a chuck. Machining flat 
and inclined surfaces. Machining cylindrical 
surfaces or irregular profile with a form tool. 
Parting off. Thread cutting—internal and 
external. Drilling and reamering. Boring. 

.213 
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It will be appreciated that eacih distinctive type is divided 
into many different classes. 

Drilling 
Holes in metal are required as follows—■ 
1. Roughly for the quick removal of material and to facili¬ 

tate the entry of other tools such as chisels, hack saws, and 
files. 

2. Fairly accurately for the admittance of riv^ets, bolts, and 
studs, and preparatory to screwing with taps; alternatively, 
to give access to other parts 'or to lighten a component. 

Fig. 229. Morse Twist Drile, with Paraelei. Shank 

Fro. 230. Morse Twist J>rill, with Taper Shank 

Fio. 231. Morse Twist Drill, with Square Taper Shank 

3. \^ery accurakdy where diameters have to be within close 
limits. 

The cutting tools used are called drills, of 'which there are 
many kinds, each having its own particular use. The opera¬ 
tion of drilling may be performed with hand appliances, a 
drilling machine, or in a lathe. When a lathe is used this 
operation is referred to as boring. 

The drill is one of the most widely used tools in all 
engineering workshops. 

Twist Drills. The best known are as follows : (1) the straight 
shank, which has the shank parallel and of th(j same diameter 
as the size of the drill'(Fig. 229); (2) the taper shank, the 
shank being a standard Morse taper, varying in nuniber of 
taper to correspond with the diameter of the drill (Fig. 230); 
(3) the square taper shank to fit a ratchet brace (Fig. 231). 

The most important features in the use of drills are 
the speed (revolutions of spindle per minuti^) and the feed 
(penetration of drill per revolution), especially^the former. 
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Small diameter drills require to be run at high speed, more 
drills being broken owing to the neglect of this factor than for 
any other reason. In some instances, such as when using hand 
drills and small drills in braces, these speeds cannot be 

Fia. 232. Sensitiv^e Drilling Machine for General Work 

obtained, but for all accurate and production work correct 
speeds are essential. 

Sensitive Drilling Machines. A sensitive drilling machine 
is a drilling machine in which the drill pressure is obtained 
by hand through a short lever. Fig. 232 illustrates a sensitive 
drilling machine for general work. 

High-speed Drilling Machines. The ver}^ small diameter 
holes requited in some classes of work make it necessary to run 
the drills at speeds as high as 10,000 revs, per min. The 

8-(T.247) 
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balancing of the spindles and pulleys for these high speeds is 
extremely important, and adequate lul)rication of the spindle 
is essential. 

Radial Drilling Machines. In the construction of modern 
radial drilling machines, the latest practice of direct drive 
and the use of high-tensile steels and alloys are incorporated. 

Fia. 234. Ai’rRKNTicK FrrrKu anp Tcunkh Milling 

Groovk on Hkads of Set Screws 

Jig Drilling. Jigs are used more exti^nsively in drilling than 
in any other machining operation, enabling large quantities 
of interchangeable details to be produced in the minimum 
time. For accurate work drilling jigs should be made on a 
jig boring machine, which is a machine expressly designed for 
precision work. 

Lathes 
The centre lathe, Fig. 238, at one time pre-eminent, is now 

used for little else but toolroom work, millwi'ights’ mainten¬ 
ance work, and small-quantity commercial work. At the same 
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time, its value as a training ground cannot be over-estimated 
and the apprentice should, wherever circumstances permit, 
satisfy himself that he is at least capable of producing on a 
centre lathe such items as are illustrated in Figs. 239 and 240. 
Although for certain classes of work the capstan lathe. Fig. 241, 
has much to commend it, the turret lathe. Fig. 242, is to-day 
generally considered as the backbone of modern engineering 
production. 

Fio. 236. Shaping Machine 

Difference between Capstan and Turret Lathe 
The beginner is usually at a loss to differentiate between 

a capstan lathe and a turret lathe. In principle and design 
the capstan lathe and the turret lathe are almost identical, 
yet the latter lias a structural difference which gives it a 
measure of superiority over the former. 

The capstan rest, Fig. 243, or tool head of the capstan 
lathe, is mounted on a short slide which is in turn fitted to a 
suitable base, the latter being arranged to fix to the lathe bed 
in the required working position. 
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This type of constniction results in a unit having a compara¬ 
tively short working stroke, which allows for rapid manipula¬ 
tion, especially as tlu* capstan head rotates automatically at 
the c‘nd of the withdrawal of the stroke, and so presents a 
new tool or holder to the work with a minimum of lost time. 
It should be noted that when nearing the end of its stroke, 
the c()ns(‘(|uent overhang of the cutting tool becomes quite 

Fig. 238. Apphkxtice Ti rner Cutting Sqi'Are Thread 

ON Centre Lathe 

considerabh*, and this is responsible for a certain loss of 
eflicieney. Another disa-dvantage, and one which is directly 
attributable to this method of sliding the turret beyond its 
base slide, is the dilliculty encountered in keeping diameters 
parallel over anytliing but the shortest lengths, owing to the 
constantly changing weight borne by tlie cutting tool as the 
overhang occurs. 

The turret lathe has none of these defects. The turret saddle, 
Fig. 244, which carries the hexagon tool head of the turret 
lathe, slides directly on the lathe bed, thus giving a longi¬ 
tudinal freedom of movement limited only by the length of 
the lathe bed. 
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G I II ' J t K ! L j M ! X I V 
r r i r > r I r , a* ' a- i r 

i t I i ! ; 

Material . . M.S. l)ar I'or H'(li'ameter, lOJ* f 0 long. 
(General TolemiiroH. ± OOIO" 
Main Object of Test. GixkI condition centres. Parailelisin of diameter F, with tool 

llnisli. 
Time Allowed . 3 hours. 

Fia. 239. TuRNixa Ti:.st Xo. 1, Stki’I’kd Shaft 

A B C J) E I F G H 
Thread Diameter Diameter 
r Jis.F. 2" r : o()()2' r ir v i" LODor 2r 

f (» oofr 0 

Material . . M.H, hexagon'bright bar 0-71(r across flats. 
Quantity . . 6 off. 
General Tolerances, -i: 0 010'' 
Main Object of Test. Correct setting of tnachlne, and goo^l t(X)l finish on fill machined 

surfaces. 

Fio. 240. Tcbning Test No. 2, 

Whitwoiith Hexagon Bolt 
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ON M L KJI H E F 6 
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Fig. 241. Capstan Lathe 

Syinbol | Description j j Syiubol j Description 

A Turret feed handle .V Forward and reverse clutch 
li Water tank O Speed clutch 
C Traverse control P Oil level indicator 
J) Ttirret stops Q Traverse feed gear 
E Turret look R dear guard 
F Turret Automatic turret lever 
(V Saddle quick release T Apron hand wheel 
IJ Front and rear tool posts V Cross feed hand wheel 
I Pilot bar V Index lock 
J Water feed W Index dial 
K Chuck X Aprou 
L Chuck splasher shield Y Rack 
M Inspection plug Z Gear box 
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Grinding Machines 
The progress of grinding practice and grinding machines 

has been very rapid. The usual limits of accuracy for mass 

Fk;. 242. CoMnivATioN Ti urkt Lathi-; 

Fio. 243. Capstan Rest 

production grinding is one ten-thousandth part of an inch 
(O'OOOl). An imi)ortant feature of grinding practice lies in a 
correct knowledge of the abrasive wheels, the most up-to-date 
grinding machine giving poor resxilts if us(*d with the wrong 
type of wheel. Fig. 233 illustrates the grinding section of a 
machine shop. 
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Universal Grinding Machines. Universal grinding machine? 
are special types of machines built for use as either internal 
or external cylindrical grinders. 

244. Tourkt Saddle 

ANGLE. 

Fig. 245. Single Point Cutting Tool Angles 

Cutting Tool Characteristics 
Fig. 245 defines the recognized terms associated with single 

point cutting tools, and it is necessary to memorize these 
terms. Fig. 246 illustrates representative t\T)es of cutting 
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tools. Tungst«en carbide tips should only be fitted where 
modern machines running at high speed are involved, other¬ 
wise there is nothing to be gained. When located and fixed 
in the toolholder it is important that the overhang of the tool 
should be as little as possible, otherwise vibration will be set 
up, ^v^th resultant poor machining finish and tool breakages. 

In using carbide-tipjx‘d tools and cutters it must be remem¬ 
bered that whilst the material is extremely hard, it is of low 

I CranV.*^ RoutiJ 5, Straicht Too! for Th**!!!* 9 L»^:ht Turnin>j and 
Turning and Facing f< runt ««n<l Heavy- Facini; Tf>ol 
Tixd dut) Turiuns 10 rr.inked Kiiifo Tool lor 

S Cranked IJglil Turning 6 Sid** rmimg or Knife lhavy-duty Turning. 
and Facing Tool Tool 11 (’ornenng or U*x'«iMlDg 

3 Round Nobo Tiirmng 7 Ijjrht Turning and T<hvI 
and Facing Tool Kacing To<>l 12 n**a\> -duly Facing 

4 Purtinp and (irooMng 8 Plain Turning and Tool 
Tool Rccewng Tool 

Fio. 246. Representativk Types of Cuttini; Tools 

tensile strength; although tungskm carbide will cut at very 
high speeds, and is remarkably durable wh(*n usc*d under 
proper conditions, its cutting cflgo is rapidly (h‘stroyed by 
vibratiofi. To obtain the best results certain conditions are 
es.sential, and these may be summarized as ffillows— 

1. The main spindle bearings must be entirely free from lift 
or end movement. 

2. The machine and work must be frc(^ from vibration. 
3. The driving Vxdt or motor must deliver ample power 

without slip in belt or clutch. 
4. The feed must be steady. 
5. The tool must be rigidly supported close to the cutting 

edge and the maximum shank section should be used whenever 
possible. 

The most economical spt^ods and feeds at which various 
metals can be cut by carbide tools can be determined only 
when all factors are known. Generally speaking, a high speed 
with a moderate feed will give tlu; best results. Fig. 247 is a 
tjrpical example of a cast iron component machined with 
carbide-tipped tools. 
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Grinding Cutting Tools 

a silvery edge will develop 
round the tool point, and it will be necessary to remove just 
enough metal to restore a keen cutting edge. The removal of 
a few thousandths of an inch is usually sufficient, but these 
lew thousandths must be removed all along the flank of the 
tool, retaimng the original clearance angle. The grinding 
should always be done wet. using a moderate pressure and a 

Kici . 247. Cast Iuon Composkst maoion-kd with Carbide-tipprd 
'i'oOLS 

Mattyhl; ('ast in.n I SO Briiirll hartli)cs.s 

"" «">• Kf-hing- 

cuts Dor inch 
Inxiiicnon time re,luce,i by (j;, |>,.r cc„t liy substitutiii« nirbide-Upped 

tools lor liiKli-spccd steel tools previously used ^ ^ 

copious supply of watiT. To be a.ble to place the tool against 
the wdieid, remove to examine, and replace if nece^arv 
mpiires confidence and skill. The frequmit nibbling away of 
he edge, a inistake often made by the beginner, can be over- 

conic on y by jiracdical exiK-rience. which develops hand 
control. Cracks are formed on the tip of a tool that has been 
overheated during grinding. 

Belt Drives 

Whilst it ean be said that individual motor drive is by far 
the best practice, it does not follow that the drive should 
always be by means of gears and not belts. There is often 
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much to be said for the latter, esix'cially at liigli speeds, 
because there is less friction. 

The tension or pull of a driving belt is determined by the 
degree of friction, or the grip with which it bears on the pulley 
over which it op^'rates. This grip is mainly governed by the 
tightness of the belt, its nature, its condition and thickness, 
and by the arc of contact which it makes with the pulleys. 

DRIVEP 

' -' 

FlU. 248. COKKKCT Mktiiop of Hklt Drivk 

F'lO. 249. IXCORUKf’T MkTIIOI) of BkLT I)JiIVK 

In Fig. 248 the lower portion of the belt transmits the* power 
and, because the upjKT part of the belt sags a little, the arcs 
of contact are increased. This results in maximum elliciency 
in pulling power, other factors being equal. In Fig. 249 the 
above conditions are reversed. The upper half of the belt 
takes the drive and the lower half sags away, decreasing the 
arcs of contact. 

Choice of Machine 
So far no reference has been made in this book to the eco¬ 

nomics of the workshop. Normally the a])j)rentice is hardly 
concerned with them dirc‘ctly, but his emy)Ioyer cannot afford 
to neglect them for one single moment. Tools and equipment 
of all kinds are very costly indeed, and an employee should 
always treat them just as though he had purchased them for 
his own use and out of his own pocket. 

It will not therefore be out of place to make brief reference 
to the economics to be observed when an employer is con¬ 
sidering the purchase of a new machine. 

In choosing the machine by which an article is to be made, 
the decisive factor is which typo will produce the required 
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nuiuher of articles of the required finish for the least cost. 
E\ ('r\i;hing must he examined from this point of view. 

For instance, one may have to decide whether to use a 
eapstan latiie or a (*entrc lathe for the production of an article. 
A eapstan lathe has to have its set-up of tools and it then only 
re(juir(:‘s the setting up of the work piece. It will not require 
such a highly skilled opcTator «as a centre lathe if the setting 
up of the tools is done by a skilled craftsman who can attend 
to a group of machines. A centre lathe requires to be set up 
for each operation, although the fixing of a single tool is a 
short op(‘ration anil the question of a separate setter-up will 
not usually arise. Centre lathes and eapstan lathes will do 
work to the sami' degria' of aeeuraey. Thus costs must be 
obtained and eompariMl for each machiiK' to cover the follow¬ 
ing ]ioints— 

1. The cost of labour for each machine—different types. 
2. The cost of tools on each machine for the number of 

article's reeiuinxl. 
3. The cost of overhead expenses, which may be different 

for th(‘ two machine's. 
4. The cost of the machine and the' depreciation to be 

allowi'd. It will be se*en therefe)re that for a given quantity 
of article's a definite I'ost eom]iarison can be made. 

In com])aring the merits of turning or grinding a similar 
analysis requires to be made. Hewe, however, the question of 
finish also arises. Cenerall}^ a better finish is obtained by 
grinding than by turning, but this is not always so, as rough 
grinding may give a worse finish than fine turning. The costs 
will tlu'refbre be atfecte'd by the finish required. On an external 
diameter a ci'iitreless grinder will most likely prove cheaper 
wIk'ii fairly Iarg(' numbers are required. For extremely fine 
finishes, rough grinding and fine grinding will have to be done. 
An alternative is turning and fine grinding, or turning and 
thi'ii high-speed diamond turning. 

Again, it is often problematical whether to use a milling 
machine or a jilaning machine. The former involves the 
machining of one item at a time, against a multiple number 
will'll the latter is used. On the other hand, the planing 
machine, like the slotti'r and the shaper, cuts on one stroke 
only, whereas the milling macliinc cutter is cutting continu¬ 
ously. There is much choice, and many factors of cost may be 
obtained and compared. Accordingly, the choice of machine 
will finallj^ bo determined on the cost as aifected by quantity 
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and/or finish required. It is the clear duty of every ein])loyee, 
no matter how humble his position, to become ‘‘ cost-minded.’’ 
His livelihood depends on the efficiency of the firm which 
employs him. 

Care of Machine 
The first time one takes charge of a machine tool, whether 

it be a sensitive drilling machine, screwing macliine, small 
shaping or milling machine, or especially a lathe, one does 
it with a feeling of pride. It is the WTiter’s impression that it 
provides a real thrill and one which is^never forgotten. The 
best way to maintain this pride in one’s work is to keep the 
machine in a clean and workmanlike condition. Swarf and 
dirt are the machine’s worst enemies and no opportunity 
should be missed in tidying uj). There is but one proviso, 
and this is that all cleaning, adjustments, and measuring 
should invariably be made wdien the machine is not in motion. 
Familiarity may breed contempt—and that is just how 
accidents occur! 



CHAPTER XVIII 

FITTING AND ASSEMBLY 

Type of Craftsman 
The work of the fitter and his close associates, the assembler 
and the erector, is the culmination of all engineering opera¬ 
tions. On completion of their work there are normally only 
such operations as painting to be done. 

The fitter is required to use a large variety of hand tools, 
and the test of his craftsmanship is undoubtedly his ability 
to ])roduce true surfaces. This is (‘Specially true of the tool¬ 
room fitter, who is n^quinnl to make dies, press tools, profile 
and other tyjies of gauges, as well as jigs and fixtures. He is 
recognized throughout the engineering industr\’ as possessmg a 
high d(‘gree of skill, and is usually paid a tool-room differential, 
which is an amount in excess of the normal rate of his grade. 

The assembler is generally one who is required to fasten 
small parts bjgcther to form a complete unit, e.g. a car¬ 
burettor or a magneto. Alternatively, an assembler may be 
engaged on what are known as sub-assemblies, e.g. the main 
plane or the tail unit of an airplane. An erector is similar to 
an assembler except that he works on larger and heavier 
units, e.g. the erection of a locomotive or an electric travelling 
crane. 

All three grades of craftsmen will find it necessary to use, 
at one time or another, most, if not all, of the measuring tools 
described in Chapter XI. 

Modern machine tools used in conjunction with jigs and 
fixtures, and combined with a system of accurate gauging, 
have eliminated much of the work which used to be done by 
the fitter. Indeed, it can be said that if a comparatively 
large amoimt of fitting is still necessary it is a reflection on 
the efficiency of the factory. In other words, details coming 
from the machines should generally be ready for assembly or 
erection (whichever term is the more appropriate) Muthout any 
chipping, filing, scraping, or allied operations being necessary. 

Marking Out 
The fitter who is capable of marking out all types of com¬ 

ponents preparatory to machining operations is always 

231 
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respected for his knowledge. Tlie skill required lies in the 
ability to read drawings and, by working to the drawing 
dimensions, to giv’e unmistakable guidanee to mac'hinists and 

Fio. 251. V'lOK Stand 

other operators, by inse rting scribing lines inters])ers(Hl witli 
light centre dots on the surfaces to In^ maehitu cl. The sur¬ 
face of a marking-out table, two types of whicli, A and B, are 
given in Fig. 2i30, must be within OOOl in. per foot margin 
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of error, otherwise it will prove unsatisfactory. Ribs must be 
provided underneath to give rigidity. 

Vices 
For the fitter who is not normally engaged on marking-out 

operations the first essential is a good vice and vice stand, 

Front View 
Ficj. 252. 

Back View 
HivfiKn Pipe Vice 

Fig. 251, which combine strength with rigidity. The vice 
stand is a decided improvement on a bench as it ensures a 
tidier shop. The }>arallel 
or engineer's vice can be 
recommended for all 
gen(*ral engineering bench 
w'ork. Its great advantage 
is the grip alfordc'd over 
the whole area of the jaw. 
Some bench vices are 
arranged so that the jaw Fio. 253. Hand Vice 

wliich forms part of the 
body of the vice can be swivelled, and tapered work held 
quite rigidly. 

Pipe Vice. The pi])e vice is iKsed for holding round section 
tubes and nu'tals. A vertical pipe vice, in which the screw is 
vertical and the movable jaw works in a vertical direction, 
is shown in Fig. 252. 

Hand Vice. If an article is too small to be conveniently 
held in a benc h vice, and it requires the same manipulation 
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as if held in the hand, a hand vice is usi'd. There are many 
varieties, a representative type being showni in Fig. 253. 

Vice Clamps. All work which requires a good finish must 
be gripjK^d in a vice bed ween pieces of shei4 metal. Such 
pieces are bent to the shape of the vice jaw and are called 
clamps or “clams.*’ They prevent the chequ(*red serrations 
of the jaws biting into the metal being worked. The clamps 
should be slightly narrow(*r than the width of the jaws, and 
no sharp corners should be allowed to overhang, otluTwise 
accidents such as torn fingers will result. 

straight Pani‘ (*n>ss Pano Khoting IlaimiuT 

P'iCr. 204. PjNgineeus’ Hand Hammkks 

Clamps are made from iron, co])per. lead, brass, or sheet 
aluminium. Sheet copper, 12 to 14 gauge, has much to com¬ 
mend it for general use, but, for heavy work in a leg viet', 
lead clamps | in. thick are more siiitabl(\ 

Engineer's Hammer 
Three types of engine<‘r*s hamm(*r an‘ shown in Fig. 254. 

For general use a hammer should weigh about li lb., but it is 
sometimes made smaller and lighter for special classes of work. 

Chipping and Filing 
The hand chisel and the file are valuable tools, whether for 

reduction in size, alteration in Bha|K‘, or for assfunbling 
different parts. In the up-to-date workshop, howevtT, th(‘y 
have l)een largely displaced owing to the great(*r accuracy 
obtainable by the use of mo(h*rn machine tools, and by tlu^ 
adoption of portable pneumatic and electric tools ; in outdoor 
erection and general maint<*nan<a; work they still find constant 
employment. As it is much easier to remove metal with a 
chisel than with a file, the former has preference in. surface 
work, and a skilful eraftsmg-n will work very near to the 
required distance with the chisel before resorting to the file. 

Types of Chisels 
The most usual shapes of chisel, Fig. 255, are as follows— 
1. Round-nose, for cutting grooves. 
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2. Flat, for surfacing and cutting off. 
3. Cross-cut, for roughing and grooving. 
A chisel with a blunt end is a useful tool for loosening 

nuts, and an extra long chisel is advantageous where access 
is difficult and the usual length is not sufficient. 

Technique of Chipping 
Holding the Chisel. Much practice is needed to use a chisel 

properly. Small chisels should be held between the thumb 
and two fing(‘rs, but an easy hold is quite sufficient. Chisels 
of ordinar}' size reejuire to be 
fully grasp(‘d, though a tight grip 
is nev'er necessary, as it tires the 
muscles rajadly and intcTferes 
with good guidance. 

Th(^ angle at which the chisel 
is held (Fig. 2.)6) must be varied 
ac'cording to the amount of 
pcTietration, the angle being re- 
duc(‘d if tex) much digging-in has 
develo}x.‘d. Soft matcTials require 
the most carc', as the edge of the 
chisel is ground to a keencT angle 
than for harder material and is 
liable to penetrate^ too fw. 2r)r). Types of Chtsels 

Proenutions in Chipping. The jp Kouiui-noso (2) Fiat (3) cross-cut 

edges of some metals are liable 
to break off if the' cliisc'l moves towards them, and therefore 
chipping should bo done inwardly or diagonally. 

When chipping a large surface it is best to cut a number 
of narrow grooves across the surfaee of the metal, these 
grooves being uniform in depth, about an inch apart and 
three-eighths of an inch wide. After this preparation the 
nu'tal is chi]>jKKl away between the grooves, a ffat chisel 
being used for the purjx)se, and is tested with a straight 
edge for flatness. 

Chisel Top. A precaution frequently overlooked is to ensure 
that the shape of the chisel head is kept neat. A ragged top, 
which may develop after many blows, may break off and the 
sharp bits be driven into the hand, or a small particle may 
fly into the eye. Occasional rounding off on the grindstone 
is very necessary, and this is time well spent. After all, pre¬ 
vention is better than cure! 
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Types of Files 
Files are probably the most common tools used by the 

fitter and erector. They fulfil the same purpose to them as 
the plane dcK's to the craftsman working in wood. 

There are many ditfiTcnt type.s of files. They are classified 
according to their section (i.e. the shapj of the end of the tile 

Fio. 2.'>0. CiiippiNc; 
SfioMjng the correct angle at which the chisel slionhi be held 

if cut through), the length of the tool, and the spacing and 
depth of the cutting t<H*th. 

The cuts given to file.s are named as follows— 

Type of Cut 
Rou^fh cut 
Middle cut 
Bastard cut 
Second cut 
Smooth cut 
Dead smooth cut 

Tc»cth per Inch 
14 to 22 
i6 to 2() 
22 to 32 
28 to 42 
r>0 to 05 
70 to 110 

In addition to flat files it is necessary to have a selection 
in various length.s of half-round, round, square, cotter, and 
three-square files (Fig. 257). 

Nearly all files can be obtained either “single cut,“ the 
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angle of tlie cuts l)(‘ing about 15®, or ‘‘double cut,’’ which 
have two sets of cuts crossing each other at an angle. The 
angles of the cuts vary considerably, but, as an instance, on a 
bastard 12 in. file the* angles would be 40® and 20® respectiv^ely. 

There arc two normal shapes of files, '' taper ” and “parallel.” 
The })a.rallel ty])(‘ is usually slightly tapered in thickness, 

'SQ^JARE rHQEE-SQUARE ROUND HALF-ROUND 

FLAT COTTER 

Fa;. 2.>7. Tve?:s of Files 

wliilst the tajKT file is ta]>(Tcd down its complete length. All 
grad(‘s can be* obtaiiu'd with one edgi^ (piite smooth and free 
from teeth. 

Care o! Files 
Files should be kept apart to ]>r(‘serve the faces and should 

not have otlua* tools ]>laced with them. Files are made of 
ca.st stt'cl and are (‘xtremely hard. If other hard material 
comes into rapid contact with them the U'cth edges will break 
off and the cutting property will be destro\^ed. Files should 
never Ix' allowed to get ru.sty—if they are being put away for 
a wliile th(*v sliouM lx* greased, and before being returned to 
use should be washed with petrol. It is important that the 
file handle should have a well-rounded or globular end, not 
tending to Ix^ pointed, as the latter shape presses into the palm 
and makes it ache. 

Technique o! Filing 
It is important that the vice should be level with the elbow 

80 that the movement of the file will be horizontal. The 
best position in which to stand when filing is to have the left 
foot well advanced, and the file handle in the palm of the right 
hand (Fig. 258). 
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Flat filing is not easy, as the beginner soon discovers. Much 
practice is needed, but if a seesaw or rocking action is avoided, 
the art of filing will become second nature. 

Draw-filing is invaluable in sonu' classes of fitting, as it not 
only produces flat surfaces without much diffieiilty but lays 
a grain along the metal, good for certain sliding fits or for 

Fio. 25S. Filing 

Showing the correct grip and iMtoitlon (fcc also Fig. 251) 

faciliUiting pfilishing when this is desired. The file should be 
laid at right angles acro.ss the work, and graspi*d by handle 
and tip to propel it backwards and forwards. 

When smooth files are u.sed on metals of a fibrous nature 
they are inclined to clog badly, and if tlu^ tool is not ck^ared 
of thi.s clogging, the work will become badly scratched. The 
tool for cleaning files is calked the “file brush.” , 

Fressore and Speed. A fairly heavy pressure on the file will 
u.sually be found adv^antageous, but tlu^ .sj>eed of filing is also 
a matter of con.siderablc importance. Slow strokes of the file 
will cause the teeth to slip over the surface ()f the work 
instead of biting into it, and some of the energy put into the 
stroke will be lost in useless friction. To achieve efficiency in 
filing the aim should be a steady continuous pressure on the 
forward strokes, combined with a regular rhythmic working 
speed. 

A file will only cut one way, i.e. forward, and should not 
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be scraped over the work on the return stroke. Failure to 
push the handle well on to the tang of the file may result in 
the handle suddenly coming off' during the return stroke, and 
the tang lacerating the centre of the right hand. The file 
should be pushed forward and pressed downward at the same 
time, the left hand maintaining an equal downward pressure 

flat 

Fi(}. 259. Typical Scrapers 

at tlie other end of the file. On the return the pressure may 
be relaxed, or the file may be lifted altogether. 

Scraping 
To produce dead-fiat surfaces the file is not sufficient and 

use must be made of the “scrajx'r’^ 259), the flat type 
generally being made from a worn file. 

Tlie majority of work re(|uiring hand-scraping to-day occurs 
in the production of machine tools for high-class work, also 
surface plates for toolmakers and markers off. Scraping is a 
fine art and considerable practice will bo required before 
proficiency is attained. 

Spanners 
There are many kinds of spanners, each one having its own 

particular use. Fig. 2G0 shows a single-ended spanner, and 
Fig. 261 a double-ended spanner. In each case the openings 
are inclined at 15° so as to make them conveniently effective 
in the most confined places. Fig. 262 shows an adjustable 
wrench, whilst Fig. 263 shows two popular forms of box 
spanner. 

It is nece.ssary to treat all spanners with care and ensure 
that the jaws do not get worn or strained, otherwise they will 
be a constant source of trouble in slipping off the nut. 
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Fig. 260. SixoLE-ENnEO Spanxer 

Fig. 261. DouBLE-EXDEn Spanner 

Fig. 262. Adjustable Wrench 

Fio. 263. Typical Box Spanners 
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Hand Tools for Making Screw Threads 
For rods above ^ in. diameter, stocks and dies are used for 

cutting external threads. Fig. 264 shows the common type of 
die and stock used. The die is made in two halves, each half 

Fig. 264. Stock and Die 

TAPER PLUO BOJroMINCf 

Fig, 265. Hand Taps 

being fitted into the stock by ‘‘vee” shaped grooves. Adjust¬ 
ment is obtained by turning tlie bolt in the stock backwards 
or forwards with a “tommy bar.” 

A solid hexagon die nut is often used for correcting bruised 
threads on studs and bolts. It can be operated within confined 
spaces where stocks and dies cannot reach and is indispensable 
in millwrights' shops and garages. ^ 

Taking Threads 
The tools used for screwing internal threads are called 

taps, Fig. 265, which are held and turned by some form of 
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Fig- 266. For each size of screw thread, taps are 
made in sets of three, i.e. taper, plug (sometimes called 
mtermediate or second), and bottoming. 

Stocks and tap wrenches are made of mild steel and their 

working parts are case-hardened to resist wear. Taps and dies 
are made of high grade cast steel hardened and tempered. 

Hand Drills 

Fig. 267 illustrates the hand drill, a particularly useful tool 
for the fitter, irrespective of whether he is engaged on machine 
tools, instrument making, aircraft components, or general 
work. The beginner should make his own drill stand. 
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Hack Saw 
There are various types of hack saw to be obtained, but 

for prefcTcnre it should be adjustable for length as shown in 
Fig. 268, an<l it should also pennit of the blade being used at 
diffenuit angles relative to the frame. 

Trade Tests 
Figs. 260, 270 and 271 give three tests in })rogre.ssive 

order of difticulty. Six liours for each is considered to be a 

Fi(?. 2(jS. Hack Saw, with Adjustable Frame 

reasonable linuN on the assiiinjdion that no work is carried 
out on the thickness of the ])lates. In due course, one 
should endeavour to obtain ex}H*rienee in the making of 
various tyix's of jigs. 

Assembly and Erection 
As much practice' as ])ossil)le should be obtained in the 

making and titting of sunken, fiat and other types of keys to 
shafts and couplings, the fitting of taper pins, dow'el pins, 
pe'gs and grub screws, and the making of shims and paper 
joint washers. It is iin]K)rtant also for the beginner to become 
proficient in cutting oihvays and removing broken screws, 
locating pegs, etc., also to be able to dovetail a new tooth 
into a rack for a temporary repair. Experience should be 
gained in the usi* of the correct tools for dismantling and 
re-assembling, proceeding with the scraping of machine 
beds and slides, fitting strips, adjusting and aligning, 
great care being taken to attain to a high standard of 
aecuracy, and to maintain this with an increasing speed 
of opc^ration. 

In assembly and erection work, Fig. 272, it will be found 
extremely helpful to develop the habit of learning the correct 
names of component parts of the different mechanisms wdth 
which one becomes associated. 
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--A-1 

CQ 

X. 

( k_ r ^ 
1_ 

A U ! and 1) ! 
1 005' I li'izO ()06' To be alike Size 1' - O005' 

E 
r i 0 005' 

K i G 
i' 10005' I r Drilled 

Material . , M-S. PlaUi J' or ft' thick, 1 off 2' square 1 0 015': 1 off 1 
square l 0015'. 

Quantify . . I off each iilece. 
General Toloranros. l 0 010'. 
Main Object of Tost. Htralglitness ami squareness of all Oled surfaces, fit of both 

piercs in all ]K>sitions (including reversed). 
Time Allowed . 6 hours. 

JVotf.—No work to Iks done on thickness of plate. 

Kio. 269. P'iTTixo Tkst No. I, Hux k and Squakk 



A 

2* 

I I , I I I I i ! i 
i\ I C I) I E I E I (1 i\ 1 J ! K ! L I M 

I i ' I 1 (’hnifr. ' An^ilo Ang 
0 7:>' r 1', odl’?* 2' r ± o (M)5' o-nns' o-37(r ' s^' i 

± 0 005' , i (>•002'' i , -t O-OOO’ I O-OOa' i at 10° I 10' 
I I j i I ; - 0-(K)5' - 0-000' 45^ 

Material . . M.S. 1' x T x 2*' L 0 015' long. M.S. I' x g' x 2^ ± 
0 015' long. 

Quantity . . 1 off Mork. 1 off. cotter. 
Oeueral Tolerances. DiiiKMislons d 0 010' Angles i 1° (but angles L and M must 

bo alike). 
Main Object of Test. Elatnesa of top face of block, flatness and SQuarencss of top end 

of cotter, sh.ape and flt of cotter in block to diniensions given. 
Time Allowed . 0 hours. 

Fio. 270. FiiTiNO Tkst No. 2, Taper Cotter and Block 



Materuil . . H.M.S. 21' ^ V f-o oao' ^ 0 01 .V I off. :r x 8' x a' 4- 
0 030' 0 015' I off, 4 HcrewH J' U.-’S-K. rfMiiitiTMunk lirad 8' 
loiisf. 

Quantity . . 1 ofT. 
Genf?ral Tolerances, -h 0-010' 
Slain Object of Test. Accuracy in marking out, drlllirifr, tappirur, and coiintcrsinkinK, 

truth and fhitrieaH of lllcd siirfaccrt, accuracy of fitting of slide 
in first and als<> reversed iK)«itiot»s. 

Time Allowed . 6 hours. 
AV>te.—To be a Roml sliding fit and not to ailinlt a 0002' feeler 

gauge at any point. 

Fig. 271. Fitting Te.st No. 3, Sligf: and Hkst 
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Testing 
With many engineering products it is the accepted practice 

for a number of erectors to be allocated to the Test Depart¬ 
ment, this department being distinctly separate from the 
Materials Testing Department, described in Chapter X. In 
the Test Department the finished product is put through 

Fia. 272. Afpkkntick Fittku Ovkrhaulino a 

Hoilku Cl rate (Ik ar Box 

rigorous running tests, and adjustments made as found 
necessary. To gain such experience will be an asset to the 
apprentice. 

Allied Trades 
The elc>ctrical fitter. Fig. 273, is mainly concerned with the 

fitting and assembly of electrical etjuipmeiit. Such w^ork is 
usually of a mechanical character and the principles already 
discussed apply equally to this class of work. The electrician, 
Fig. 274, is more concerned with wiring problems—often, of 
course, highly intricate—otherwise his practical skill is not 
taxed so highly as that of the average fitter, or electrical 
fitter. 

The coppersmith is sometimes called upon to do certain 
classes of sheet metal wofk, but is largely employed on copper 

9~(T.a47) 



:K%iy:^jwiii^niiiiw I pi—I.Hill ^ 

Fio. 273. Electuical Frn'KR an'd AppHF:NTi(’f: Hepaihlvo 

THE Control (Jkar on a Thaveuskr 

Pia. 274. Electrician and AppRENnins Electrician Workino 

ON A Mains Distribution EoAwtk 
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and steel pipes (Fig. 275). Pipework involves the bending of 
pipes to templets and the malang of coned and flanged joints, 
also brazing and oxy-acetylene welding. It is an inti^esting 
trade, involving many diverse operations, but few copper¬ 
smiths are required in comparison with each of the other 

Fio. 27.5. Example of Coppersmith’s Craft 

trades described in this book. There is, however, important 
work for the coppersmith on any type of equipment which 
involves hydraulic, pneumatic, or lubrication systems, e.g. 
aircraft controls, machine tools, and internal combustion 
engines. 

Remember always that a job worth doing is worth doing 
well. If it is not worth doing, then clearly time and money 
should not bo wasted on it. 





APPENDIX 
In the Engineering Industry, apprenticeship normally covers 
a period of five years and terminates when the age of 21 years 
is reached. 

It is not uncominjon for apprentices to become proficient in 
at least two allied trades. There is everything to commend it. 

DiAoitAM 1. Skillkd Tracks in the Engineering Industry 

An apprenti(‘e trainee will gain much pndiminary experience 
in a Works Training School, two of the more important sections 
being those of Machining anti Fitting (see Diagraims 2 and 3 
respectively). 

He shoultl remembiT that, during his period of apprentice¬ 
ship, he is laying the foundations on which his future career 
will depend. The more thoroughly he applies himself to 
obtaining the widest possible knowledge and intelligent under¬ 
standing of the various methods and principles involved, 
the better fitted will he make himself for one of the many 
appointments which arc always available in the engineering 
profession for the “right'’ man (see Diagram 4). 
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A Hf-ad Foreman will normally bo too old for trausfor 
to tho Managerial Staff, whlrh roquIrcH long yoars ot 
»()fclanzcd training, fk-iierally. the [wwltlon which h»; 
could l>e ofTofod would not be commouauratc with tlv; 
salary ho in already receiving. He will, howevitr, have, 
many oppf>rtimltie‘» of promotion to a larg»’r .shoj), 
involving, in some iiwtances, the control of more tlian 
1000 n n. 

tMRORTANT NOTE 

Promotion it not automatic, 
it is strictly dependent upon 
the ability of the individual. 

WORKS MANAGER 

HIGHER 
PROMOTION 

Diaobam 4. Chart showino Normal Linb of Promotion 



Key to Mistakes made in the Drawing of 
A Simple Journal Bearing, Fig. 88, Page 111 

Error Error Marks 
No. Allocated 

1 Front Elevation (should be End Elevation) not pro¬ 
jected ........ 1 

2 Scale should be J Full Size ..... 1 

3 I in. diameter bolt but only i in. diameter hole in 
view marked End Elevation .... 1 

4 Nut and bolt shown out of centre in view marked 
Front Elevation ...... 1 

5 Angle of eountersiiik for oil hole not given . . 1 

() Oil hole dimensioned as J in. diameter but drawn 
square ... ..... 2 

7 R.H. bolt in view marked Plan shown in full . . 2 

8 Overall dimension 24 in. incorrect (view marked End 
Elevation) ....... 2 

9 Dimension l,Hn. (view marked Plan), arrow leaves ^ 
this unplaced ....... 2 

10 All views incorrectly titled ..... 2 

11 Oil hole does not reach bearing hole, i.e. it is shown as 
a blind hole ....... 3 

12 Bearing not located on the plate .... 3 

13 Hole for shaft given as IJin. radius (view marked 
Plan) instead of 1 in. diameter ... 3 

14 Bevel (view marked Plan) not shown in view marked 
End Elevation ..... 3 

15 Dimension in. instead of 1J in., also incorrect length 
(view marked Plan) ...... 3 

16 Material not quoted ...... 4 

17 No chamfer shown on nuts .... 4 

18 Nut and bolt wrongly projected in view marked 
Front Elevation ...... 4 
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Error Error Marks 
No, Allocated 

19 Thickness of plate should be given directly and hot 
by difference ....... 4 

20 No ari*o\v3 on 21 in. width dimension (view marked 
End Elevation) ...... 4 

21 Pitch of bolt centres not given . . .5 

22 Section sliown in view marked Front Elevation not 
required ....... 5 

23 No screw thread .shown above nut on R.H. bolt . 5 

24 21 in. o/d of bearing (view marked Plan) should be 
dimensioned as radius ..... 5 

25 View marked Front Elevation has no centre lines . 5 

Total . . . .75 
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Absolute pressure, 39 
-temperature, 28, 41 
Acceleration, 14 
Accumulator, the liydraulic, 68 
Action of the siphon, 66 
Adiabatic expansion, 43 
Air compressors, 44 
-hammers, 170 
Allowances, contraction, ir)2 
--, draw, 153 
Alloy steels, 54 
Alloys, non*ferroiLS, 57 
Alternating current, 78 
Ahmiinium, 53, 193 
Ammeter, 77 
Annealing, 59 
Anvil cutter, 176 
App**ndix, 251 
Application of heat to gases, 37 
-- . - to solids, 35 
Area of fillet, 10 
— , reduction of, 1 15 
Assc'inbly and erection, 243 
Atmosj)heric pressure, 38 
Average speed, 13 

Barometeu, pririciple of, 38 
Bearing bronzes, 57 
Bell metal, 57 
Belt drives, 227 
Bending, 178 
-angle iron, when hot, 201 
—- the ends of plates, 202 
Board, drawing, 99 
Boilonnaking, 198 
Boyle’s law. 41 
Brazing, 192 
Brinell hardness numeral, 115 
Bronze coinage, 57 
Bronzes, bearing, 57 

Caliper gauge, micrometer, 133 
-, how to read a micrometer, 

131 
Calipers, 125 
--.micrometer, 131 
Capstan lathe, 219 
Carbon, 53, 54 
Ca»o hardening, 59 

Cast iron, 56 
Caulking, 205 
Centre of gravity, 16 
Charles’s law, 41 
Chemical compounds, 87 
Chemist, the, in engineering, 89 
Chimney draught, 42 
Chipping, 234 
——, precautions in, 235 
--, technique of, 235 
(’hisel top, 235 
Chisels, types of, 234 
Chromium, 53, 54 
Circle relations, 4 
Clearance voliune, 47 
Coal, 88 
Cogging, or drawing down, 177 
Coinage, bronze, 57 
Cold sett, 174 
Combustion, 35 
- engine, internal, 34 
Coinpavsses, 102 
(’ompounds, chemical, 87 
CompresscHl air, oil imd moisture 

in. 48 
Comluction, 33 
Constants, useful, 65 
Contraction, 177 
-allowances, 152 
Controlled atmosphere furnaces, 61 
(k>nveetion, 34 
Conversion of water to steam, 28 
Coremaking, 166 
Cores, application of, and con¬ 

struction of coreboxes, 154 
Creasing iron, 190 
Cubical expansion, coetliciont of, 

32 
Cupola, the, 157 
Current, alternating, 78 
-, direct, 80 
-direction, 74 
Cutting oils and emulsions, 90 
-tool characteristics, 225 
-tools, 184 

Definitions, important, 86 

Depth gauge, 124 
Dial indicators, 135 

267 
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Dimonsioaing, systems of, 106 
Direct current, 80 
Dissipation of frictional heat, 37 
Dividers, 102 
Division of labour, cisterns, etc., 4 ' 
Don’ts for draughtsmen—tind , 

would-be draughtsmen, 108 
Draught, chimney, 42 j 
Draw allowances, 153 ! 
Drawing board, 99 ' 
- down or cogging, 177 i 
-- equipment, 99 
-.freehand, 112 j 

—-— paper, 99 
-pins, 99 
Drawings, working, 104 i 
Drifting, 180 
Drilling, 214 
-machines, 21.5 
Drop hammers, 172 i 

Duralumin, 197 1 

ErFicres’CV, mechanical, 21 i 

Electrical and mechanical units of ! 
power and work, relation- ; 
ship between, 72 j 

-power, 72 i 
Electric arc welding, 209 | 
-motors, 82 ' 
Electrolysis, 91 
Electrolytic cell, description of, i 

92 
-plants,* efhcioncy of, 94 i 
Elements, irfiportant, 51 
Elongation, percentage of, 115 j 
Emulsions and oils, cutting, 90 ! 
Elnergy, conservation of, 19 i 
-, work, and power, 18 
Engineer’s hammer, 234 j 
Equilibrium diagrams, 58 
Erection and assembly, 243 ' 
Exhausting plant, pneumatic, 49 
Expansion, ratio of. 43 
External limit gauges, 138 

Factor of safety. 114 
Factors in pattemmaking doter- 

mined by foundry pra<itico, 152 
Fatigue of material. 115 
Feeler gauge, 139 
Fettling, 169 
Files, care of, 237 
-, t3q>o8 of, 236 
Filing, technique of, 237 

First angle projection. 102 
Fits, “shrink,’* 95 
Flatters, 174 
Elatting, 179 
Fluid pressure, transmission of, 

68 
Fluids, properties of, 64 
Fluxes, 191 
Force, 14 
Forces, triangle of, 14 
Forging, 176 
—— im\chinos, 180 
Forming tools, 185 
Foundrielj, chissifieation of, 156 
Freehand thawing, 112 
Friction, 20 
-, coefliciont of, 20 
-, laws of, for dry surfaces, 20 
Frictional heat, dissipation of, 37 
Fullering, 178, 205 
Fullers, top and bottom, 174 
Furnaces, controlled atmosphere, 

61 

Galvan'omktkh, 76 
(las compressors, 44 
Gases, application of boat to. 37 
-, properties of, 40 
Gas-lired stilt bath furnaces, 63 
Gatos and risers, 165 
Gauge, depth, 124 
— fooler, 139 
-, micrometer caliper, 133 
-system, 135 
Gauging, thit;knoss, 183 
Gauges, care of, 140 
-, external limit, 138 
-, intt^rnal limit, 137 
-» pressure and vtvcuura, 39 
-, screw pitch, 139 
-, surface, 126 
Geared crane ladles, 157 
CJenerators, 83 
Geometric development, 182 
Gravity, centre of, 10 
Grinding cutting tools, 227 
•——• machines, 224 
Guillotines, 184 
Gun-metal, 57 

Hack saw, 243 
Half-moon stake, 186 
Hammers, drop, 172 
-, steam and air, 170 
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Hand drills, 242 
-ladles, 157 
-lever shears, 185 
-riveting, 204 
-tools for making screw 

threads, 241 
-——^ uso, lidjustnient and 

care of, 150 
-vice, 233 
Hardening, 59 
-, liquid, 61 
Hardio or anvil cutter, 170 
Hardness tost, 117 
•-testing, 117 
Hatchet stake, 180 
Heat and work, relation between, 

30 
-, latent, 31 
-, sensible, 31 
-— , specific, 31 
-, transfer of, 33 
- -treatment furnaces, 00 
High temperature meas\ireinent, 

28 
Horse-power, 72 
Hydraulic acciunulator, the, 68 
-equipmont, extcnsi\ e use of, 

04 
-presses, tyjies of, 09 
Hydrogen, 88 
-production, 92 

Impact test, Izod, 119 
Inspection, 135 
Internal combustion engine, 34 
-limit gauges, 137 
Iron ores, 51 
Isothermal expansion, 43 
Izod impact test, 119 

Jack plane, 142 
Jig drilling, 217 
“Jumping,” 180 

Kinetic energy, 23 

Labour, cisterns, etc., div'ision 
of, 4 

Ladles, hand, 157 
Latent heat, 31 

Lathes, 217 
Laws of friction for dry surfaces, 

20 
I-eftward welding, 200 

Level, the spirit, 126 
Levelling a buckled plate (cold), 

200 
Light alloy riveting, 192 
Limits, 135 
Linear expansion, coefficient of, 

32 
Liquid hardening, 61 
Liquids, mobile, 88 
Load chart, 85 

"Machine, care of, 230 
--, choice of, 228 
-, moulding, 169 
Machinery, woodworking, 150 
Machines, elements of, 213 
Malleable, 180 
Manganese, 53, 54 
Marking out, 199, 231 
Material, fatigue of, 115 
Measiu-ing tapes, steel, 124 
Mechanical and electrical units of 

power and work, relation¬ 
ship between, 72 

-efticiency, 21 
Mensuration prohleiTflf, 5 
Mental calculations, importance 

of, 1 
Metal, bell, 57 
-, giHi-, 57 
-y>attern8, 154 
Metric equivalents, 2 
Micrometer caliper gauge, 133 
--^ how to read a, 131 

--calipers, 131 
Mobile liquids, 88 
Moduliis of elasticity, 114 
- of rupture, 122 
Moistim) and oil in compressed 

air, 48 
Molybdenum, 55 
Moments, 16 
-, principle of, 16 
Motion, transmission of, 24 
Motors, electric, 82 
Moulding machine, 160 
-sands, 161 
-technique, 162 

Nibbling machines, 185 
Nickel, 55 
Nitrogen, 88 
Non-ferrous alloys, 57 
Normalizing, 69 
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Ohm's law, 74 
Oil, 89 

-and moisture in compressed 
air, 48 

Oils and emulsions, cutting, 90 
Orthographic projection, 102 
Oxy-acetylene welding, 200 
Oxygen, 87 
- production, 92 

Paper, drawing, 99 

Pascal’s law, 08 
Patternmaking, factors in, deter¬ 

mined by foundry practice, 152 
Patterns, metal, 154 
-, principles of construction of 

typical, 154 
Pencils, 100 
Percentage, 4 
-- of elongation, 115 
Phosphorus, 52 
Pins, drawing, 90 
Pipe vice, 233 
Plumb bobs, 134 
Pneumatic exhausting plant, 49 
-plant, ^4 
Power, electrical, 72 
-, horsiv, 72 

-, work, and energy, 18 
Pressure, atmospheric, 38 
-gauges, 39 
-• of the air, 39 
Principle of barometer, 38 
-of mciments, 10 
Principles of construction of tj'pi- 

cal patterns, 154 
Projection, first angle, 102 
-, orthographic, 102 
Proof stress, 115 
Proportion, 3 
Protractor, 102 

Radial drilling machines, 217 
Radiation, 33 
Ramming, degree of, 167 

Ratio, 3 
Relation between heat and work, 

30 
Relation^ip between mechanical 

and electrical units of power 
and work, 72 

Repair of broken or worn com- 
^nents, 212 

RMistanoe, 75 

I Rightward welding, 208 
{ Riveting, hand, 204 
1 -, light alloy, 192 

Rolling a cylinder, 203 
I Rotary shears, 185 
■ Round bottom stake, 189 

Rules, steel, 124 

Rupture, mo<lulus of, 122 

Safety, factor of, 114 
Sait bath furnat’es, gas-fired, 63 
Sand blasting, 169 
-Saws, 144 
Scales,, 102 
Scraping, 239 
Screw ja<‘k8, 21 
-piU'h gauges, 139 
-threails, hand tools for mak¬ 

ing. 241 
S€>nsiblo heat, 31 
Sensitive drilling machines, 215 
Set-squares, lUl 
Shear stress, 115 
Shears, hand-lever and rotary, 185 
Shrinkage, 154, 177 
“Shrink” fits, 95 
Shrinking bath, 97 
Silicon, 53, 55 
Sine-bar, tlio, 129 
Siphon, action of the, 66 

; Smith’s anvil, 172 
-hearth, 176 
-Hike, 174 
Smoothing piano, 142 
Snips, 184 
Softening, 59 
Soldering, 191 
Solirls, application of heat to, 35 
Spanners, 239 

j SpcHufic heat, 31 
' Speed, average, 13 
j Spirit level, tlio, 126 

< Square root, 3 
I Steam hammers, 170 
1-, total heat of, 29 
i Steel, composition of, 53 
i -, heat-treatment of, 59 
I -measuring tapes, 124 
1-rulc», 124 
j “Stock,” amount of, 177 

j Stove, the, 191 
I Straight edges, 125 

I Strain, 113 

I Stress, 113 



INDEX 261 

Stress, proof, 116 
-, shear, 115 
Sulphur, 51 
Superficial expansion, coefficient 

of, 32 
Surface gauges, 126 
Swage-block, 173 
Swages, 174 
Swaging, 179 

Tapping threads, 241 
Teclmique of chipping, 235 
- of filing, 237 
Tee-sqiiaro, 100 
Tonij»eratiire, absolute, 28, 41 
-, measurement of high, 28 
Tempering, 59 
Test calculations, 121 
-, Izod impact, 119 
Testing, 247 
-, linrdness, 117 
-- ma<*hine, universal, 110 
Tests, trade, 193, 243 
Thermometer, the, 27 
Thickness gauging, 183 
Timl>er, eharactoristics of, 141 
Tinplate, 191 
Toloran(*e, 135 
Tongs, 174 
Tools, eutting, 184 

-, fonning, 185 
—., haml. 142, 157, 180 
Top and bottom fullers, 174 
Torque, 114 
Torsion, 114 
Total heat of steam, 29 
Trammel, the, 127 
Transfer of heat, 33 
Transmission of fluid pressure, 

08 
Transmission of motion, 24 
Triangle of forces, 14 
Trigonometrical ratios, 11 
Trigonometry, 11 
Try square, the, 125 

Tube bending, 95 
Turret lathe, 219 
Twist drills, 214 
Type of craftsman, 231 
Types of chisels, 234 
-of files, 236 ^ 
-of hydraulic presses, 69 
Typical patterns, principles of 

construction of, 154 

Units of power and work, me- 

elianieal and electrical 
relationship between, 72, 

-, self-contained, 71 
Universal grinding machines, 225 
-- testing machine, 116 , 
“Upsetting,” 178 
Useful cunstnnts, 65 

Vacci'm gauges, 39 
Vanadium, 55 
Velocity, 13 
Vernier, 130 
Vice clamps, 234 
Vices, 233 
Voltmeter, 77 

Warping, 154 
Water, 65 
-, exceptional behaviour of, 29 

- to steam, conversion of, 28 
Welding, electric arc, 209 

, leftward. 206 
- - , oxy-acetylene, 206 
-, rightward, 208 

ttvhnique, 206 
Weston’s differential pulley 

blocks, 22 
Woodworker's bench, 142 
Woodworking machinery, 150 
Woodwork joints, 150 

Work and heat, relation between, 
30 

-, power, and energy, 18 
Working drawings, 104 










