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PREFACE

This book is intended to provide an intermediate course in Machine Drawing
and Design for students attending Technical Schools and Colleges. The work
included is suitable for students taking Senior Courses in Engineering Drawing
and Advanced Courses in Machine Design ; also for students preparing for Pro-
fessional and University Examinations in Mechanical Engineering. The in-
clusion of representative designs and of standard data will, it is hoped, also
renderthebookoisomourvinehodnughtsmenandothcnenglgedinmginm-
ing practice,

The book is arranged in two parts. InPartIthemoreimpommtdotmlsoi
machinery are described and illustrated, and the principles underlying their
design discussed. Part II is supplementary to the text of Part I, and consists
entirely of exercises in drawing and design, graded in difficulty, together with
representative questions from examination papers. These exercises are intended
mainly for work at home, following a class-room lecture.

Most of the drawings are pictonal, and take the place of models used in earlier
work. As far as practicable, they are so arranged that, although the shape and
function of the object are at once apparent, some expenditure of thought is
needed to produce the drawings required in the exercises: the mere copying of
orthographic views has been avoided wherever possible. Minor dimensions and
details have been omitted deliberately, particularly in the more advanced plates,
to encourage initiative. More difficult orthographic drawings have been included
to give practice in interpretation.

In preparing the text, it has been assumed that the allied subjects of Me-
chanics and Strength of Materials are being studied concurrently, so that the
various formulee used will not be unfamiliar: the inclusion here of definitions
and proofs from Mechanics would extend the book considerably without greatly
increasing its utility. Reference is made in the text to more advanced authori-
tative work to which the student may turn for further information.

The designs included have been selected not necessarily because they axe
the best, but because they are representative of modern and successful practice.
The original designs from which the plates were prepared were invariably too
complicated for the use of students, mdalthonghtheyhawbundmpm
and amended great care has been taken not to sacrifice any important feature,
Nowmmmwmmmuwmmmm~
neither have drawings of assembled engines or machine tools been given: thdse
are best studied in works on general engineering. To thoss Firms, enumerated
m.muwnmnymummmmmmnm
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indebted ; whatever merit the book may possess is due in large measure to their -
assistance and co-operation.

Acknowledgment is made of the courtesy of the Senate of London Uni-
versity, of the Court of Glasgow University, and of the Controller, H.M. Stationery
Office, in permitting the reproduction of questions from Examination Papers,
Thanks are due to'the British Standards Institution for allowing the inclusion
of extracts from their reports, and to the Council of the Institution of Mechanical
Engineers for perniitting the use of material from their Proceedings.

The task of reading the proofs of the book was kindly undertaken by Mr.
E. H. H. Gibbins, B.Sc.: to him, and to many other friends who have supplied
useful information, the author’s best thanks are tendered.

W. A,

1930.

Alphabetical List of Firms who have supphed dealgna and data:—
Mesars. Sir Wm, Arrol & Co., Ltd. - Crane Parts,

» Sir W. G, Armstrong, Whitworth & Co Ltd - Locomotive Parts,

,» Andrew Barclay, Sons, & Co. - - - - Locomotive Parts,

» Beyer, Peacock, & Co., Ltd. - - - - Locomotive Parts.

,» David Brown & Sons (Hudd.), Ltd. - - - Gearing.

,» John Brown & Co. - - - - - - Turbines.

» Cooper Roller Bearings Co. - - - - Bearings.

» Greenwood & Batley, Litd. - - - - ‘Turbines.

» The Hoffmann Mfg. Co. - - - - - Bearings.

» The London, Midland, & Scottish Rly. Co - Bearings. .

» Mirrlees, Bickerton, & Day, Ltd - - - Diesel Engine Parts.

» Michell Bearings, Ltd. - - - - Thrust Bearings.

,» Morris Motors (1926), Ltd - - - Automobile Engine Parts.

» The Unbreakable Pulley n.nd Mﬂlgearing Oo Ltd Bearings and Shaft Fittings,

» Worthington-Simpson, Ltd. - - Steam-engine Parts,

NoTE—The use of Greek letters in the technical press, and in literature dealing with standardized dats
for gearing, hasled the author to include the most common, Theyare: a(alphs), 8 (bEts), ¢ (théis), A (lambda),
= (pi), p (tho), E o (sigma), ¢ (phi), ¥ (psi), » (omega).

NOTE TO FIFTH EDITION

The book has been brought into line with the recommendations of B.S. 308,

xms,mdMﬂmdemmmandmmmmmmduM
W. A,

1947
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INTRODUCTION

MACHINE DRAWING deals with the application of practical geometry
to the representation of machines. By the use of conventions which bave been
found convenient in practice, the ordinary geometrical projections are amended,
and amplified with notes and symbols, to indicate much more than the mere
shape of the machine parts. Using this graphic language, and with the principles
of projection as a basis, the designer of machinery expresses his ideas in a form
intelligible to craftsmen. Two of the many types of drawings are: those which
show the arrangement, or indicate the function, of a machine; and those which
are to be used in the works for the actual manufacture of the parts. It is the
latter that are chiefly discussed herein: they are known as working drawings.

With a view to securing uniformity in Drawing Office practice in Britain,
the British Standards Institution has issued a report (B.S. 308) recommending the
adoption of a number of conventions which were found to be generally accept-
able in engineering works and educational institutions throughout the country.
These conventions are included herein together with others that have become
common in practice, either in this country or in the United States of America.

Drawing Equipment.—The components should be of the best quality
procurable. It is better to build up a set of good instruments by buying a few
pieces at a time rather than to purchase an inferior complete set. For the work
in this book the following equipment is required: it should be regarded as the
minimum,

Drawing Board, 23" X 16°, either battened or three ply. Tee Square, blade
24" long (not recessed into the stock). Set squares, transparent celluloid, 60°~10",
45°-6". Scales, boxwood, of convex section (see below). Compasses, 6%, with
shouldered needle points, pen and pencil points, and lengthening bar. Dividers,
5”, with fine adjustment., Bow Pencil Compasses, 3", with needle point. Pencil
Spring Bows. Protractor, celluloid, semicircular. French curves, one or two of
the oval type. Pencils, 3H, 2H for drawing, H, HB for lettering. Drawing Pins,
Rubber, Paper, &c.

If drawings are to be inked in or traced the following are required in addition:
Spring Bow Pen; Ruling Pen, 44°.

Proportional Compasses will be found useful if much isometric projection
is done.

For machine drawing the scales should have divisions graduated in eighths
and sixteenths. Frequently the only scales available have divisions graduated
in twelfths: these are satisfactory for scales such as §* = 1 foot, butnotﬁnrthose
of { full size.

Tracing.—In a works drawing office | most over the drawing and stretch it
the pencil dra are copied on tracing | rubbing with a chalked cloth. The
cloth in Indian aothzt prints may be | neutralizes the greasy surface of the tracing
made for issue to the shops. The prints are | cloth. Re-pin the tracing cloth and begin
taken off on sensitized paper much in the | tracing at one u; corner, Complete the
same way as photographic prints are taken | work in stages cloth usually stretches
from ‘The technique of tracing | further and it is necessary to work over
unmtbeaphinedﬁullyhm only a few | small areas). Make any erasions with
hints can be given. special rubber. Apply colours on the

. Pin the tracing cloth glossy face upper- | reverse side.




MACHINE DESIGN consists in the application of scientific principles
to the praotica.l constructive art of engineering, with the object of expressing
original ideas in the form of drawings. The designer needs a knowledge of the
subjects of Mechanics, Mechanism, Strength of Materials and Metallurgy; he
mustalsobefamﬂmthhworkshopprocessw—castmg,forgmg machining—
and workshop organization; for production in quantity he must be expert in
allocating tolerances to dimensions and in the use of jigs and fixtures.

The evolution of a design may proceed along the following lines:—

(1) The original or basic idea. (A machine is visualized which will perform
a certain operation.)

(2) The arrangement of the machine in outline.

(3) Preliminary analysis of the forces which will act in the several parts of
the machine.

_ (4) Choice of materials and determination of the proportions of the principal

(5) Preliminary design of the parts of the machine: (a) choice of materials,
(b) determination of processes involved, (¢) modifications based upon practical
experience, and upon the need for production planning,

(6) Preparation of working drawings.

The principles of Mechanism and Mechanics are applied reepectively in (2
and (3), while (4) and (5) involve a knowledge of Materials, Metallurgy, and
Workshop Techniques and Organization.

In dealing with (4), (5), and (6) the designer has to consider many minor factors.

For example, we may suppose that the part is to be a casting.

The casting must be of suitable form, and projecting parts should be slightly
tapered so that the pattern may be withdrawn easily from the mould. Changes
of thickness should be gradual and sharp edges should be avoided. If possible,
large masses and thin parts should not join together. Again, provision for lifting
the casting, or supporting it temporarily, may be necessary.

Further, the designer has to select suitable materials from a large range of
alloys, a few of which are given on p. 220: no less than twenty different materials
are used in a modern turbine.

The proportions arrived at may require serious modification if the cost of the
machine is likely to be prohibitive. The design may be cheapened by substi-
tuting castings in iron for forgings and machined parts, or by the use of fabrication
by welding; by limiting the amounts of expensive metals used; by adopting
standard parts; by eliminating surplus material in every way; and by making
the design suitable for economic production.

Often the designer is in the unhappy position of being unable to state
definitely the loads that the parts of his machine will have to bear; of deal-
ing with stresses too complex for analysis; of using materials which may not
have the properties assigned to them ; and of having to make allowances for such
uncertain effects as those due to corrosion, mishandling, and wear. It is evident,
therefore, that experience, based upon a kmowledge of successful practice, will
usually play the chief part in the shaping of a design.

The student should analyse various designs and assess the many factors
that have made them successful. In all calculations he should put accuracy first,
snsuring that his arithmetical work is cotrect and that kis units are in agyeement:
preventable errors cannot be tolerated in machine design.

‘ ?



PART I

MACHINE DRAWING
PRINCIPLES OF PROJECTION

Orthographic Prejection, — If
lines are drawn to meet a plane from
selected points on the comtour of an
object, the outline given on the plane
is called the prcjection of the object
on the plane, and the lines are known
as projectors. If the projectors are
perpendicular to the plane, an ortho-
graphic projection is the result, as
in fig. 2; if the pro;ectors converge
toapomtfheygvea.perspecﬂve
g;o;ectxon, while if they are parallel

t inclined to the plane they give
an obligque projection. In machine
drawing, orthographic projection is
almost exclusively used, the views
being easily drawn and scaled. They
have the disadvantage, in comparison
with ) views, that they are not
always easily intérpreted, especially
to one untramed in the system. Com-

pare figs. 6 and

'I‘wo pi'lnclpal planes are used in
orthographm projection, one horizontal
and one vertical, intersecting and
‘dividing space up into four angles or
quadrants, numbered as in fig. 3.
The orthographic projections of an
object situated in one of these angles
on the vertical and horizontal planes

ively its elevation and
o show these projections on a
plane surface, the planes are
out, or rabatted, about the line of

ment and cause confusion; 3rd angle
projection is discussed on

1st Angle Projectien.— o
uniformity in Drawing Office practice,
the British Standards Institution has
recommended that 1st Angle Pro-
jection be adopted as the standard.

Fig. 1 shows a bracket in the xst
angle, projected on to the two principal
planes and on to an additional plane
mutu icular to them. Three
- views of the object are thus obtained:
plan, elevation, and end view (or side
elevation). #When the planes are
opened out, the views take the posi-
tions shown .in fig., 4 (drawn to a
the susiliary vertical plane may bo

al may

turned abeout either x,9, or xy,
(fig. 1), sothattheendviewmay

Thelme;ommgthe and eleva-
tion of a point, also a projector,
must be to xy; in fig. 4,

iy
%
1
it
REp
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10 PRINCIPLES OF PROJECTION

3rd Angle Projection.—Here the
planes of projection come between the
?observerangdtheoaectandmthere-
re assumed to transparent—as
also are any auxiliary planes used.
Projections on the planes are viewed
through the planes. The student may
that the planes, fig. 1, are
hinged together, and that after draw-
ing on the planes what is seen by look-
ing through them, the horizontal and
auxiliary vertical planes are
out to coircide with the vertical plane,
The resulting arrangement of views is

that given in fig. 2, in which the plan-

is above the elevation and the end view
is adjacent to the end that it describes.
This system is claimed by those who
favour it to give an observer a clearer
conception of an object than is given
by 1st Angle Projection: the student
can form his own opinion on the rela-
tive merits of the two systems by com-
Ex. 2 on page 8 with Ex. 3 below.
Combination of 1st and 3rd Angle
Projection.—A com; ise between
1st and 3rd Angle Projection is fre-
quently adopted. While the plan is
placed below the elevation, as in 1st
Angle Projection, the end views are
placed adjacent to the ends which they
describe, as required by 3rd Angle
Projection. This combination of sys-
tems is advantageous for drawings of
long objects. As an example, the view
on the end of the connecting rod partly
shown in fig. 4 would be very incon-
veniently situated if at the ex-
treme left-hand end of the complete rod.
Necessity for avoiding Ambiguity
in Projections. — Frequently two
views only are used to describe an
object, particularly if it is a detail or
fragment of a larger piece and requires
separate treatment. If the object is

unsymmetrical and if the views are
not. properly labelled, it is conceivable
that two dissimilar parts may be manu-
factured from the one sketch, accord-
ing as the person interpreting the
drawings is accustomed to the 1st or
3rd Angle system. Take, for example,
the projections given in fig. 3: 1st
Angle interpretation gives an object
as at II, 3rd Angle that shown at III.
The a.mbxgmty may be avoided by
inserting arrows to show the direction
of aspect of the various views.
Desirability of Familiarity with
each System.—Until there is uni-
fonmty of practice by all the important
nations, the student is
advxsed deliberately to make himself
thoroughly familiar with each system.
At present, 1st Angle Projection is
used on the continent of Europe and to -
a large extent throughout Great Britain
and the Empire; on the other hand,
3rd Angle Projection is eommonly
ut North America.
Students showld realize, therefore, much
as they may prefer one system or the
other, that both aye used overseas; and .
that altlmcgh Drawing Office practice
in Great Brilain may be ahgmd with
one or the other, the fact that drawings
from other countries to be used, or
thefactthatdastgn:mbcaalkdforby
other couniries lo a specified sysiom,
leaves the student mo opiion but o be
equally at home wilk eithey 1st or 3rd
Angle Pyojections.
The plates in this book are la.tgely
1.ctorm.l, but the few orthogra)

cate clearly what they represent.

" EXERCISES
3rd angle projection is to be used for the following

Sx) Theblockshowninﬁg 5 has a hole
it, and
fmmthe mend
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12 PRINCIPLES OF PROJECTION

Projection of additional views
from given views.—The majority
of objects dealt with in engineering
drawings can be adequately described
by means of plan, elevation, and end
view (or views). Occasionally, how-
ever, a projection is required on a
plane taken parallel to some important
face so that the true shape of the face
may be shown in the projection. Such
auxiliary projections are readily ob-
tained from a given plan and elevation
by using the fundamental principles of
projection. The student is advised to
regard the orthodox end view as a
special case of the more general aux-
iliary projection.

Auxiliary Projection of a Point.
—Refer to fig. 1, I. The projection of
the point P on the given auxiliary
plane is obtained by dropping a per-
pendicular from the point to the
plane, p, being the projection. When
both horizontal and auxiliary planes
are rabatted to coincide with the ver-
tical plane, the three projections p,
21, P bave the positions shown in
fig. 1, II. The position of the projec-
tion p, is obviously obtained thus:—
draw p,p, perpendicular to #;y, and
make the distance of p, from #y, =
the distance of p from »y. The projec-
tion p, is an auxiliary plan, for it has
been obtained by projection from the
clevation p,. In a similar manner the
projection of a point on any other
auxiliary plane may be obtained from
a given plan and elevation. The
method is important and is based upon

the following fundamental rules:—

(1) The projections of a point are
on a straight line perpendi to the
ground line.

(z) The distances of all plans (or
elevations) of the same point from the
corresponding ground lines are equal.

Auxiliary Projection of a Solid.
—By applying the construction of
fig. 1, II, to selected points on the out-
line of the solid, auxiliary projections
may be obtained almost mechamca.lly,
providing the given plan and elevation
of the solid show also the plan and
elevation of the points chosen: for
although the plan and elevation of a
line may be given, the correspon
projections of a point in the line may
not be at once available—as an ex-
ample, in the line ab, a,b,, fig. 4, the
plan corresponding to the elevation
2, of a point in the line could not be
marked by inspection.

In fig. 2, I, the solid shown has been
projected point by point on to the
given auxiliary plane. The rabatted
view given in fig. 2, II, is readily
obtained by projecting the various
corners of the solid and joining them
in the correct order. The view is an
auxiliary plan.

When #,y, is perpendicular to xy,
auxiliary plan becomes the ord
end view, Hence the projection of an
end view from a given plan and eleva-
tion admils of mo ambiguity if the
principles discussed above are applied
rigorously. The examples given below
are to be treated in this way.

EXERCISES
All to be drawn full sizs

(1) Draw the two views given in fig. 3
and project a plan. Regard the left-hand
view as the elevation. Note: the views
admit of various interpretations; show the
simplest object.

(2) Draw the elevation and plan given
in fig. 4 and project the end view given
when looking om left to right.

(3) A plan and elevation of a regular

hexagonal prism is given in fig. 5. Prolect
an auxiliary plan on #,9,. Then ignore the
original plan, anduaingtheonginalolevs-
tion and the auxiliary plan, project an end
viewfromtheleft along xyy,.

Draw the views in
Téﬁa (a)wa.n end vicwm !oftﬁgo 1i

onthemxixﬂphnonx,y. fa. & view
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14 SECTIONAL VIEWS

Sectional Views.—These are em-
ployed to reveal the shape or construc-
tion of parts not directly visible, the in-
dication of which by dotted lines would
be either inconvenient or confusing,

In preparing sectional views we
imagine the object to be cut by planes,
so that the portion of the object lying
between the observer and the planes
may be removed to reveal some par-
ticular part previously hidden from
view., The following examples illus-
trate the method :—

(1) Bearing Step, fig. 1, I. The
shape of the body of the step may be
shown by taking a section plane as at
I and removing both the plane and
the piece to the front of it, as at II.
The surface actually cut is shown by
fine sloping lines—called cross-hatch-
ing or section lines.

(2) Slide Valve, fig. 2, I. The shape
of the cavity is best shown by sectional
views. Those given are obtained by
dividing the valve symmetrically by
planes perpendicular to the lower
face—Ilongitudinally through the valve
as at II, and transversely as at III.

Conventional Treatment of Sec-
tional Views (se¢ also pages 16-19).—
The rules of orthographic projection
apply to sectional views, which take
the position of the external views they
replace. The trace * of the imaginary
cutting plane is indicated by a thin

long chain line. Where necessary the
section plane is lettered and arrows are
inserted to give the direction of view,
as in fig. 2, II, page 17.

When a sectional view replaces an
exterior view, all outlines visible be-
yond the plane of section must be
shown, as in fig. 1, III; otherwise it
is sufficient to show only the part
sectioned.

A common error with beginners is
the omission of the edges of a hole,
beyond a section plane, when the plane
passes through the hole. The student
should imagine his set square to be cut
through the hole by a section plane,
as in fig. 3: the correct sectional view
is shown.

Sections in metal are invariably
cross-hatched by fine lines evenly
spaced, extending only over the areas
cut by the section plane. The lines
should be spaced by eye and should
always slope at 45°. The spacing is
governed mainly by the extent of the
area to be sectioned. If the lines are
too closely spaced the operation of
sectioning becomes tedious and lengthy ;
for the examples herein a suitable
spacing is from §* to %" with a closer
spacing of about ¢’ for bushes and
other small parts.

Note.~—The appearance of a drawing
is often marred by badly spaced over-
heavy section lines,

EXERCISES

All sxorcises to be drawn full size,
(1) Fig. 4.—Draw a plan and elevation }

of the given object in the direction of the
arrows A and B and project a central

sectional end view in the direction of the |-

arrow C,

Spacing for section linss, about i’

{2) Fig. 6.—Draw the two views given
and add a sectional end olantlonhken
through the bolt holes.

(3) Fig. &—Duwtmmﬁmdm
Project a plan and a sectional end view,

© Ls, the line of intervection of the cutting plane and the pilene of reference.
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16 SECTIONAL VIEWS

Treatment of Composite Objects.
—When a composite object is sec-
tioned, the various parts are dis-
tinguished in the sectional view by a
change in the direction, but not in the
inclination, of the section lines. This
is illustrated in fig. 1, II, which shows
a cross section of the slide in fig. 1, L
‘When it is impossible to avoid the same
direction for section lines in adjacent
parts, a distinction may be made by
varying the spacing of the lines. No
variation should be made in the in-
iclination of the section lines, this being
; always 45°.

Half Sections.—When an object
is symmetrical in form its construction
may be shown more clearly by giving
an exterior view on one side of a centre
line and a sectional view on the other,
asin fig. 1, I. !, This method is widely
adopted to avoia either the construc-
tion of an additional view or the ex-
cessive use of dotted lines. Quarter
sections or fragmentary sections may
be used where half or full sections are
unnecessary, as shown herein.

Staggered Sections.—These are
used where it is desired to show, in
one sectional view, parts which are not
in the same plane. An example is
given in fig, 2. To show both branches
of the object in one sectional view,
planes are taken as at I, to give the
section shown at II. It should be noted
that the lines which would appear in
the section to indicate the corners
produced by the change of planes are

omitted from the view. The traces of
the section planes are indicated at XX

in the plan,

Conventions for Materials.—The
cross-hatching adopted to represent
materials in common use is shown in
fig. 3. It is not customary to rely
solely on these conventions, and when
preparing a working drawing the ma-
terials for the various parts should be
indicated either by notes or by a key
diagram (see page 33).

When drawings are to be coloured,
sectioned parts are tinted more deeply
than external views. The following are
the colours generally adopted :—

Cast lron—Payne’s Grey.

“W.ought .ron—Prussian Blue.

Steel—Purple (Prussian Blue and
Crimson Lake),

Brass and Gunmetal-—Gamboge.

Copper—Crimson Lake with Gam-

ge.

Wood—Burnt Sienna.

Brickwork—Light Crimson Lake.

Concrete and Stone—Light wash of
Gamboge.

Interpretation of Sectional Views.
—Isolated sectional views cre liable
to be misinterpreted, and the student
should endeavour always to visualize
the complete part. Failure to do this:
may result in such grotesque proposals
as that illustrated in fig. 4—a form of

EXERCISES
(r) A part section of a casting and | small pump rod. The gland is fitted with
nozzle piece is shown in fig. §, all hori- | a bush which pesses through to the lower
zontal sections g circular. Draw, full | face of the elliptical flange. The width

the centre line, add the complementary
ouiside balf view, and project a plan.
" (a) Fig. 6 shows a gland.suitable for &
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18 SECTIONAL VIEWS

Conventional Treatment of Webs
and Ribs.—Thin webs and ribs are
largely used to strengthen castings, as
in fig. 1. When a section plane passes
through a web longitudinally, the
section is treated as shown in fig. 1, II,
not as at I, in order to avoid the ap-
pearance of solidity. If for any reason
it is essential to indicate that the sec-
tion plane does pass through the web,
the treatment at III may be adopted.
Webs and ribs are sectioned in the
ordinary way if the section plane cuts
them transversely.

Partsnot Sectioned —Manyfittings
which appear in sectional drawings of
machine parts are better shown by
external views, and it is conventional
practice not fo section the following
parts when their axes or long dimen-
sions lie in the plane of section (or
are parallel to it) :—shafts (unless very

large); bolts; scréws; nuts; rivets;
keys ; cotters ; pins and small cylindrical
parts. The composite drawing, fig. 2,
illustrates the treatment of these parts
in a sectional view: it should be noted
that the shaft is only partly sectioned
to reveal the key and the cotter.

In addition to the foregoing, it is
unusual to section the arms of valve
wheels, pulleys, or flywheels, when the
axes of the arms lie in the plane of
section; nor are the teeth of gear
wheels sectioned (see later illustra-
tious).

Revolved Sections.— These are
often used for rods, brackets, &c., to
avoid the construction of the orthodox
sectional view. Long bars may be
shown broken and the shape of the
section indicated in freehand. Ex-
amples illustrating the use of revolved
sections are given in the figure.

EXERCISES

{1) The object shown in fig. 3 consists
of a cylinder, on an equilateral triangular
base, supported by fhree webs. The
corners of the base are rounded off and
the hole passes ceatrally through both
cylinder and base. Draw a sectional eleva-
tion, the plane of section passing through

the web A ; mendvhwinthedhwﬁonB‘
and a plan.

(2) Draw an elevation of the bracket,
fig. 4, in the direction of the arrow C;-
a sectional end view, in the direction of the
arrow D; and an underpsath view,
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20 LETTERING AND DIMENSIONING

Lettering .—Particular care should
be given to the formation, spacing,
and alignment of letters in the notes
on a drawing. Indifferently formed
lettering is at once noticeable—the
eye being accustomed to perfection in
the type on a printed page—and is
sufficient to spoil the appearance of an
otherwise good drawing.

Titles or main headings should be
printed (or stencilled) in block letters.
Sub-headings and notes may be printed
in script of a simplified form lending
itself to rapid production, as used on
the plates herein. Guide lines should
be drawn for all lettering: lines about
{” apart will give printing large enough
for most purposes, the letters being
extended rather than heightened
where a bolder appearance is desired.

Dimensioning (see also page 22).
—The correct dimensioning of a draw-
ing calls for considerable thought, and
although rules may be given for gene-
ral guidance, proficiency is reached
only after experience both in the pre-
paration and interpretation of working
drawings.

As shown in fig. 5, both dimension
and extension lines should be thin
and continuous, the latter being
broken at the outline of the views.
Dimension figures should be placed in
reasonable positions and so arranged
that they are not crossed by any other
line. Centre lines should not be used
as dimension lines. Arrow heads should
‘be a full 3" long and partly filled in.
The following conventions should be
adopted.

(1) Dimension figures to stand nor-
mal to the dimension lines when read
from the base or right-hand side of the
drawing, and to be inserted in a break
in the dimension line. The method
is {llustrated in fig. 1 (which, however,
is not completely dimensioned); the
arrangement of oblique dimensions
should be noted.

(2) All vulgar fractions to be written
with the line dividing the figures
parallel to the dimension line.*

(3) The decimal point should be
bold, and opposite the middle of the
figure.

(4) All dimensions should be direct,
i.e. they should not involve calcula-
tions.

(5) The diameter of a complete
circle shouid be given in preference 1o
the radius. Diameters of pitch circles
should be followed by the letters P.C.
or P.C.D. If a circular part appears in
one view only, bi* not as 4 circle, the
word “ ciw.” should follow the dimen-
sion, as in fig. 2 (for a square part add
“s5q."" ). Vurious ways of dimensioning
diame‘ers and radii are shown in
figs. 2 and 3.

NoTg, — With certain exceptions, e.g. cylinder

bores, dimensions up to 24 are usually in
inches, ard those ve 24° in feet inches,
Where di. ings are dimensioned wholly in one

unit, the bols in. or mm. be tted
vided a niote is added stating the units for the diaw-
ing.

(6) A taper should be defined as unit
alteration in diameter or thickness of a
part ip a specified length, the latter being
measured along the geometric centre line.
Methods of indicating ta are given in
fig. 4. When the direction of a taper is
not evident from the drawing, it should be
shown by a wedge on the centre line,

(7) Where a dimension on a scale
drawing does not agree with the scaled
distance owing to es Su uent to
the completion of the drawing, it should be
underlined heavily or marked N.T.S.

a Many of the above are included in
g. 5. C

Exercise.—Draw, twice full size, the
views %'rvenin fig. 5 and project a sectional
plan. Without referring to the book insert
;:“ 3 dmd i then thtel:n

om H com e
result y':ut; tha:“:igvon. pee

® This has not been wholly adhered to herein, e.g. the inclined division line has been used freguently

10 save space.
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22 DIMENSIONING

Location and Size Dimensions.
~—A machine part may be regarded
as a connectu{ group of simple geo-
metric solids. It is convenient to dis-
tinguish between dimensions which
specify the size of the separate solids,
and those which locate the relative
positions of these solids. For the
bracket shown in fig. 1, the location
dimensions (L) are given in fig. 3,
and the size dimensions (S) in fig.4:
the two figures should be closely com-
pared. Location dimensions for cylin-
ders and cones should be taken from
the axes, not from the curved surfaces
of the solids.

When an object is to be partly
machined, as is often the case with
castings and forgings, it is essential
that the location dimensions for the
machined surfaces should be referred
to some axis of symmetry or finished

lane surface; not to an edge or sur-
ace on the unmachined part. The
surfaces to be machined on the bracket
in fig. 1 are clearly indicated, and the
co; ding edges are marked f
(sxm:;g finish)* in the projections
given in fig. 2. All the location dimen-
sions, fig. 3, are taken from machined

If an object is not to be machined,
or if no indication is to be given on the
drawing as to which surfaces are to be
machined, the student must select
suitable surfaces or axes of reference
for the location dimensions.

Systems of Dimensioning.—Di-
mensions may be arranged in several
ways, each having some advantage
over the others. Three systems are
illustrated opposite:—

.(x) Dimensions wholly ouiside the
The dimensions

® See aleo p. 33,

without interference. (3) Dimensjons
partly within and parily without the
views, as in fig. 7. By judicious ar-

t the advantages of (1) and
(2) may be combined.

Although no definite rule can be
given, in general the first system
should be adopted.t The shortest
dimension lines should always be
arranged nearest the view.

Relative Importance of Dimen-
sions.—A dimensioned drawing of an
article should be capable of one interpre-
tation o:li It should result in the
duction of exactly similar articles.
xsanj.dealwh.tchisnoteaulya.chieved
indead, strlcth speaking, it is unattain-
able, as the following considerations show.
A dimension given as 2” really means that
the size may lie on either side of 2” within
the customary limits of manufacture. By
accurate working, the resultmg size ma’
lie somewhere between 1-995” and 2-005°.
Hence, the dimensions of one article may
differ from those of another made from
the same drawing; and, although the
differences may be reduced, exact simi-
larity will be always relative and not
absolute. It is true that for a great many
articles the small size differences inevit-
able in manufacture are unimportant;
but it is also true that for many others,

icularly where eability is to
secured, the dxﬂerences must be held
within clooel g:cn limits. This
requu-ement is ca.bed by replamng a

e
whxchthesuemuotbohpt For
example, 2* would be replaced by-::ég
(or by 1997 1,
Thesottlomentoitheulimitmgdlmnn
sions, and their insartion on a drawing,
ge é““y discussed later—see pages 160
167.

Exercises.—The objects shown in figs.
8, 9, and 10 are to be partly machined, as
left teghthlgguﬁubudtba mtobe

Tou W necessary
orthographic views of each object and
insert location and size dimensions as in
figs. 3 and 4.

fhm&-dw&.wmwmwhmmhmmdm

astally ot sight angles to each other.
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24 ISOMETRIC PROJECTION

General.—The majority of machine
parts have their principal axes or
centre lines in three directions at right
angles to one another, i.e. in the direc-
tions of the concurrent edges of a cube.
For such as these, a system of pictorial
projection, called isometric projection,
is particularly suitable. It has been
largely used throughout this book and
its advantages are evident. Space will
not permit of a discussion of the
principles upon which the system is
based ; all that can be given here is a
brief description of a method of pre-
paring isometric drawings.

Isometric projections are often
avoided because of the labour involved
in plotting the ellipses which, in these
views, represent the outlines of circular
parts. 1t will be shown, however, that
by the aid of an isometric scale and a
pair of proportional compasses the
process may be simplified considerably
and the confusion usually associated
with these views avoided.

Projection of a Rectangular Solid.
—Fig. 1 shows the plan of a cube
when a long diagonal of the solid is
vertical: the outline is a regular hexa-
gon. As arranged, lines representing
the edges of the cube are either vertical
or inclined at 30° to the horizental.
The edges of the cube which meet at
‘the upper and lower corners are equally
inclined to the horizontal plane, and
their plans (which are concurrent lines
mecting at 120°) are therefore shortened
to the same extent. If we determine
the amount of this shortening, we
may project any rectangular solid
isometrically, for its edges will be
parallel to the three lines OA, OB, and
OC—called the ssometric axes—and
shortened proportionately. Fig. 2
shows a column base drawn in this
way. The scale for measurements
along the axes is now discussed.

Isometric Scale.—For the method

described here and overleaf, a scale
is required for all measurements along
the axes. Refer again to fig. 1. Join
AC and draw AE and CE at 45° to
AC. The AAEC represents the true
shape of the AADC, and either AE
or EC gives the actual length of the
edges AD or DC. This is the basis of
the isometric scale. All distances set
off along the axes. OA, OB, or OC
should be made shorter in the ratio
AD/AE.

Refer to fig. 3.—Set off AE at 45°
and AD at 30° to a base line AC.
Graduate AE in inches and parts of an
inch, and from each point along AE
draw perpendiculars to AC, thus
dividing AD in a similar way. The
graduations along AD are those for
the isometric scale. Transfer these
divisions to the edge of a bevelled
plain ruler as indicated (mark them
with a knife) and wuse this scale ruley
Jor all measurements along the isometric
axes.

Isometric Projections of Solids not
wholly Rectangular.—One method of
treating these solids is shown in fig. 4,
which gives the isometric projection of a
hexagonal prism. The prism is assumed
to be enclosed in a rectangular frame, so
that the edges of the solid may be located
by reference to the frame. The points
lettered in the figure can be readily
obtained on the isometric frame, and the
figure completed. It is usually necessary
to draw a portion of some orthographic
view of the solid, from which view dis-
tances may be transferred to the isometric
view. Either the orthographic views may
be drawn to the isometric scale and the
distances transferred directly, as has been
done in fig. 4, or they may be drawn to a
natural scale and distances transferred
first to the isometric scale and then to the
drawing. .

Exercises.—Draw isometric views of
the following figures: p. g, figs. 5, 6, and 7;
m.;»iyosandé: p. 15, fig. 4 (omit -
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Projection of Circles on Isometric
Planes.—Any plane parallel to two of
the isometric axes is called an gso-
meliric plane. In fig. 1 the faces of
the cube are taken as isometric planes:
they have been lettered X, Y, and Z
for purposes of reference.

The isometric projection of a circle
is always an ellipse, with major axis
equal in length to the diameter of the
circle. Circles drawn on the faces of
the cube will appear as in fig. 1. When
a machine part is being projected
isometrically it can usually be arranged
so that all circular faces lie in planes
parallel to the planes X, Y, and Z;
hence the ellipses in the majority of
isometric views will be similarly
situated to those in fig. 1.* A method
of drawing these curves will now be
given which requires few construction
lines and is simple and speedy.

Method.—Let it be required to
draw the isometric projection of a
circle of radius R on planes X, Y, and
Z, fig. 1, having its centre at C. In
the foliowing method five points on
each ellipse are located: one at each
end of the major axis, one at each end
of the minor axis, and one other. An
approximate ellipse is then drawn
through these points, using compasses.
The construction is shown separately
and in steps, for each plane, in figs.
2, 3, and 4; except where otherwise
mentioned, the description given ap-
plies to each figure.

. Refer to figs. 1, 2, 3, and 4.——As
stated above, the length of the major
axis AB = 2R ; its direction for plane
X is honzontal for planes Y and Z
inclined at 60° to the horizontal. The
length of the minor axis = 0-58 X
major axis, very nearly.t The major
and minor axes bisect each other at
right angles. Set the index of a pair of
proportional compasses to read o-58
-and retain this setting. Proceed as
follows, using tee square and 30° set
square.

Construction.—Through C draw
the major axis AB, horizontally for
plane X (fig. 2), inclined at 60° to the
horizontal for planes Y and Z (figs.
3 and 4). Set the large end of the pro-
portional com to R, and mark
off CA and CB = R. Without altering
the compasses, set off the small end
spar along CD and CE drawn at right
angles to AB, giving D and E. Along
CF, making 30° with AB, set off the
radius of the circle on the isomelyic
scale (for planes Y and Z, CF is ver-
tical). With centre along BA draw,
by trial, a circular arc to pass through
B and F: draw a similar arc through
A. With centre along ED produced
draw a circular arc to pass through E
and to touch tangentially the first arc:
draw a similar arc through D. This
completes a figure which approximates
closely to the correct ellipse. The
ellipses for the plates in this book were
set out in this way.

Applications —The method is parti-
cularly suitable for the isometric projec-
tion of objects having many circular parts
lying closely together. Fig. 5 shows a
simple machine part drawn in this way.
All the comstruction lines mnecessary arve
shown. The circular outlines have been
taken in planes parallel to plane X (fig. 1),
but they might equally well have been
taken in plane Z, or in plane Y as in fig. 6.
The dotted interior lines in fig. 5 may be
avoided by sectioning the object along
lines parallel to the isometric axes, as in
fig. 6: this method has much to recom-
mend it and has been largely adopted
herein.

Exercises. (1) Taking dimensions from
fig. 6, draw the view given in fig. 5, but
show the right-hand front quarter of the
object removed.

(2) Draw isometric views of the follow-
ing objects: p. 11, figs. 5 and 6; p. 13, fig.
4 P. x5, fig. 5; p. 29, fig. 4; p. 31, fig. 5.

OWMmmdhmuhrobijmmicpmjmmwhtth
Engineering Graphics.

Practical Geometry and
4 Actuslly = major axis + v'3.
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General.—The distorted appearance
of isometric views may be largely
avoided by the use of perspective pro-
jection, which, although commonly
used by architects and artists, has
hitherto been less used by engineers,
mainly because of the labour involved.
This has been much reduced by various
means, and perspective is now more in
favour in engineering drawing offices.
Only a brief account of the method
can be given here.*

In perspective, the projectors con-
verge to a point, and the required view
is given by an imaginary plane in-
serted to cut the converging lines.
Fig. 1 shows: a cubein plan and eleva-
tion; an inclined plane, traces VIH;
and a point of sight, projections s, s,.
Rays from the corners of the cube are
taken to s, s;; their intersections with
VTH give a perspective view of the
cube. The method is illustrated b
the projection of two points only,
and G (projections f, f;, and g, £,),
all essential construction lines being
shown. The completed cube, with its
central axes, A, B and C, is drawn to
a larger scale in fig. 2.

Perspective Scales.—The cube in
fig. 2 differs from an isometric view in
that the edges all have different in-
clinations and lengths. Hence it is not
possible to use three concurrent edges
as axes nor to have a common scale.
An alternativeis to refer to the central
axes, suitably scaled, and to make use
of vanishing pzintsﬁ to WI)ﬁchIf wallel
edges converge (see fig. 4). A
taken infinitely distant, verfical edges
are parallel; the result is the kind of
view favoured by architects.

The projection of the perspective
scales, the divisions of which are not

PERSPECTIVE PROJECTION

method of pmjeﬁoc:inon for F an;lng in
. 1, taking spaced po: on
{lfe central ax?; 1{\0 result is shown
in fig. 2, which gives inch scales, about
half full size.
There is no limit to the variety of
views of tlfze cube, ang hence of dis-
itions of the axes, depending upon
12’12: positions of the plane VITH, and
the viewpoint s, s;. It is necessary
then to select a few standard positions,
and to determine for them the axes,
scales, and vanishing points, for use
in routine work.

Making a Perspective View.—
Fig. 3 shows orthodox views of a
simple bracket to a scale of §. A per-
spective view of this bracket is shown
in fig. 5 to a scale of }. The positions
of the three axes, dotted fig. 3, are
settled arbitrarily. The location of
points in the perspective view is illus-
trated by the treatment of the twin
point P on the curved edge. The dis-
tances a, b and ¢, in fig. 3, are taken
along the scales A, B and C in fig. 5,
and the points P fixed by projection
lines drawn in perspective, i.e. they
converge to vanishing points (which
are not shown). Fewer construction
lines may in fact be used. Alternative
views may be drawn by making other
axes vertical—i.e. by turning fig. 2 into
five other positions,

Mechanical Aids.—The use of
distant vanishing points is not always
eonvemie::;and‘l;.tu}l:rdcanbesavedby
using a drawing cut along arcs
struck from the vanishing points, as
in fig. and by using a tee-square
having a stock giving two-point con-
on the arc. For much routine
combination has obvious

EXERCISES

Answey —(Fig. 4) LCOA = 61°; LBOA

=50°% OVjm11%; OVzy=g” OVom
12°, approx.

(a) Using the data of Ex. 1 construct

ve views of (a) the bracket in

Edszoi' :nd(b),thebnchbonmu 169

® For fuller details the student is referred to the suthor’s Practical Geometry and Enginesring Graphics.
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30 SHADOW LINING

Shade Lines are applied to ortho-
graphic views to give them a more
effective appearance. Contour lines
are selected, as discussed below, and
thickened to indicate that the surfaces
represented by them are in shade, the
general effect being tp show the sides
of the object very much foreshortened
and to convey an impression of solid-
ity. Shaded drawings are largely used
in the technical press, in which one-
view drawings predominate; their
purpose is to assist the general reader
to visualize readily the form of a per-
haps unfamiliar object.®* It is, how-
ever, the exception rather than the
rule for working drawings to be
shadow lined. In the exercises given
herein, shadow lining may be applied
to some of the more advanced work by
way of experiment.

Method.—The object is assumed to
be illuminated by parallel rays of
light emanating from a source situated
to the front and left of the object, the
inclination of the rays being such that
in plan and elevation their projections
make 45° with x#y. One such ray is
shown in fig. 1, together with its pro-
jections. The bracket shown will have
certain surfaces in shade, as indicated
in fig. 1; these surfaces are represented
in plan, elevation, and end view by the
thickened lines in fig. 2 (the direction
of the arrow in the end view being the
direction of the projection of the ray
after rabatment).

The treatment for the cylindrical
bosses, the hole, and the recess in the

base should be noted. The line ab is
not thickened, for it represents the
contour of the curved surface of a
cylinder and this will not appear fore-
shortened: in practice, however, such
lines are made a little heavier for the
sake of uniformity.

Shade lines are always placed so
that their thickness is additional to
the thickness of the part represented,
i.e. they are always placed on the
outside of the outline of a draw-

ing.

‘Conventional Practice. — The
shade-line method illustrated in fig. 2
is not that adopted in modern prac-
tice. It is preferred now to take the
same direction for the projected rays
in all views, as in fig. 3. This conven-
tion makes for simplicity of treatment,
and the various views, regarded singly
and not collectively, lose nothing in
effectiveness. As stated above, lines
representing the contours of cylinders
are half thickened-in, as shown by
ab in fig. 3.

In all views, then, the right-hand
and lower lines are thickened. Shade
lines for circles should lessen gradually
in thickness and terminate on a 45°
diameter. Various examples are illus-
trated in the small drawings in fig. 4.
These should be carefully studied with
a view to accounting satisfactorily for
the shade lines shown. )

In all figures except fig. 5 the thick-
ness of the shade lines has been
exaggerated for purposes of demon-
stration.

EXERCISES

. (1) Copy in lines of uniform thickness,
and to any suitable scale, the small
drawings in fig. 4. Without reference to
the book, insert all necessary shade lines,
Compare results,

(2) Fig. 5 shows a one-view drawing,
ed in the conventional way, of the

cottered connexion shown pictorially on
p. 67 (fig. 3). Using fine lines througmt.
copy the drawing, making the copy twice
the size of the givmdrawin&alnmtm
lines without reference to book. |,
Draw the views required in Exam;
:.E)mds (p. xo)andaddlhadaling.h

® Refer to the excellent drawings in Enginesring and The Bnglacer,
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A Working Drawing is one from
which an object is manufactured. It
must present fully dimensioned views
of the object which admit of no doubt
or ambiguity, and which can be easily
“read " by workmen. Among other in-
formation, the drawing should give:—
the degree of finish for the various
surfaces; tolerances for important
'dimensions ; the materials to be used ;
details of any special operations in-
volved. It should be correlated by
means of notes with any gauges or jigs
that are to be used in the process of
manufacture.

The specimen drawing opposite, of
an eccentric strap, illustrates the
various B.S.I. recommendations for
conventional practice, as set out on
this page and elsewhere,

able fohtl:a“mmm the articlo in large num-
the close specification of limits and ., e, B

dealt with on pp. 16a to 167 .

B.S.I. Conventional Practice.

Sizes of Drawings and Tracings.—
Standard sizes, in inches, are:~—(a) Overall
size: 72 X 40,60 X 40, 53 X 30, 40 X 30,
40 X 27, 40 X 15, 30 X 22, 30 X 20,
27 X 20, 20 X 15, 15 X 10, I3 X B,
10 X 8. (b) Minimum size between
borders: 70 X 38, 58 X 38, 52 X 29,
39 X 29, 39 X 26, 39 X 14, 29 X 21,
29 X 19, 26 X 19, 19 X 14, 14} X o},
124 X 7% 9% X 7% The overall sheet size
should be marked on the drawing.

4 Line Thickness (summarizedQy-Refer
to the various drawings herein. (a) Out-
line, thick; (b) dimension, extension and
projection lines, thin; (c) centre and locus
lines, thin long chain; (d) cross-hatching,
thin; (e¢) adjacent parts, thin short chain;
(f) hidden details, thin short dashes;
{g) section line, thin long chain; (%) boun-
dary line, thick wavy, or short zigzags
joining ruled lines.

Title Block.—This must be placed in
the lower right-hand corner. The drawing
number should also be placed in the

WORKING DRAWINGS

upper left-hand corner, for filing purpos
The arrangement shown opposite is tyj
cal for general engineering drawings a1
should be carefully studied.

Scale of Drawing.—To be shown und
the title. Wherever possible drawings
machine parts should be full size. Thn
ways of stating the scale of a drawing ar
(@) half size, quarter size, eighth size, &c
(b) 6° == 1 foot, 3* = 1 foot, 14* == 1 foo
&c.; (c) 1/2, 1/4, 1/8, &c.

Machining Symbols.—A surface to t
machined is indicated by placing a sma
triangle with a corner touching the su!
face (or linked to it), as shown opposit(
If the machining process is also to b
indicated, a letter symbol should b
placed within the triangle according t
the following code (see symbols in right

hand view). Machining all over is bes
indicated by a note.

B = Bore. LP = Lap.

BR = Broach. LI = Linish.

BF == Buff. M = Mill

B U = Burnish. P = Plane.

D = Drill, PO = Polish,
DB = Diamond bore. R == Ream.

D T = Diamond turn. R G = Rough grind.
F = File, R M = Rough machine
F C == Flamecut. S == Scrape.

G = Grind, S F = Superfinish.
H == Hone. T = Tum,

(If the grade of surface finish is to b«
specified, numbers may be shown abowe
the triangle ‘as recommended in B.S
1134.) :

Abbreviations.—The following are a
few of the abbreviations which may be

General. Materials,
British Standard, B.S. Al
Case Hardened, CH. Cast Iron, C 1.
Centre Line, CL or 0. Mallesble Cast Iron, MCI.
‘Wrought Iron, W I.
Circular Pitch, C P, Caat Steel, C S.
Countersunk, csk. Forged Steel, F S,
, dis. Mild Steel, M 8.
Diametral Pitch, D.P, ° Nickel Steel, Ni 8.
Not to scals, NT'S,  Brass, Br.
Pitch Circle, P C. Gun metal, G M.
Radius, rad or R. Naval Brass, N Br,
-‘Round, rd, s Phosphor Bronse, Phos B,
Standard, std. White Metal, WM,

Abbreviations are not tsed for steel snd
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MACHINE DRAWING AND DESIGN
"RIVETED JOINTS

Rivets are used to connect together
permanently two or more plates or
other pieces of metal. They are
machine-forged with a single head;
when used the head is held in place
and a second head is formed from the
projecting shank, either by hand or
by machine. ~ Wherever possible,
rivets are ‘closed” red hot under
hydraulic pressure.

Forms of Rivet Heads for Boilers
are shown opposite. They have been
standardized (B.S. 425); the pro
tions given are suitable for rivets
4” to 2” in diameter, and are in terms
of the nominal diameter D of the rivet.
The small conical portion under the
head has an angle of 60° in all cases;
it serves to provide a staunch joint.

Rivet s for Structures
(B.S. 275) differ in minor respects
from those shown. The shank is
parallel right to the head, i.e. the small
60° conical portion is omitted. Other-
wise, snap, pan (type 1), and rounded
countersunk heads have the propor-
tions shown. There are in addition
flat countersunk 60° heads; and both
rounded and flat countersunk 45°
heads. One type of standardized pan
head has a slightly tapered end (15°
only) under the head extending for a
distance equal to § D.

Small Rivets.—B.S. 641 gives stan
dardized forms for general purpose
of less than §* diameter. ]p.ll addmon to
snap, pan, and countersunk heads there
' oads for smal rivets are proportionately

or nv are
" larger than those for large rivets. oty
p and Butt Joints.—In lap
riveting, one plate overlaps the other
and the rivets pass through both plates.
In butt riveting, the plates are kept in

EXER
In each exercise give a sectional eleva-
tion through the centres of the rivets, as
in figs. 1 and 2, and a plan showing at
least three rivets in the same row. Show
the rivets in position in the section; omit
the small conical neck.
(1) Make full-size dimensioned drawings
of a single riveted lap joint suitable for two

alignment and a butt strap or cover
plate is placed over the joint and
riveted to each plate: frequently two
straps are used, placed one on each
side of the plates.

Proportions.—In the best class of
work the rivet holes are drilled, and
the operation imposes no limit on their
diameter. If, however, they are
punched, the diameter has a mini-
mum value.

Let f, = crushing stress for punch,
fy=shearing stress for plate, d =
rivet dia.,, and ¢ = plate thickness.
Then for equilibrium:

(Area of punch) x f,
plate section sheared) X

ie. jn. B .f,=m. d t. S
Takingf,==4f,, then d = &.

Hence if d is less than ¢, the punch
will fail by crushing.

In practice, the rivet hole diameter

” d =12vtapprox.* . (1)

The rivet diameter chosen is usually
1x” less than that of the hole for
rivets }* in diameter and upwards.
The rivet is assumed to fill the hole
when * closed ", and the diameter of
the hole is taken for calculations on
the strength of joints,

The distance from centre to centre
of two rivets in the same row, called
the pitch, is determined by consxdu‘- :
ations of strength, as shown later:
minimum value = 2d, this spa.cmgv
permitting the formatm of the heads.
The “ the distance be-
tween the edge of the plate and the
rivet hole, must be cient to pre-
vent the plahe from sphtting at the
edge during punching or A
andmpractweatumadeequal .t

RCISES

(area of

plates éach §° thick; use cup-headed

nwta.pxtchx‘i P
(z Mah dimensioned drawings, half

single riveted butt joint suitable

uveu with and
pitch ,3 ‘strap,

x'thm:(

‘T-Huolnh-ddnd t, such as thoss issued wummmauhm

Eoﬂhipnhal--l-l'i’
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Double- and Triple-riveted Plate
Joints.—The joints shown in figs. 1
and 2 on the previous page are single-
riveted. Double-riveted /ap joints have
two rows of rivets; double-riveted
butt joints have two rows of rivets on
each side of the joint. Similarly, in
triple riveting (see also page 42). three
rows ‘are provided. Quadruple- and
quintuple-riveted joints are also used,
generally only with butt joints.

- The rivets are usually placed zig-
zag, giving what is called diagonal
riveting. In chain riveting the
rivets are arranged directly opposite
each other,

The pitch of the rivets may be
settled by considering the strength of
the joint, as will be discussed later.
In certain classes of work, however,
empirical rules are used for the spac-
ing of the rivets: for example, in boiler
work, rules drawn up by the Board of
Trade or the Boiler Insurance Com-

' panies are generally adopted—(refer
to fig. 3, page 4I).
Riveted Joints for Lancashire and
Cornish Boilers are dealt with in B.S.
537-

. The distance between the rows,
Py, should not be less than 0-6 X pitch
for diagonal riveting, and o8 X pitch

- for chain riveting.

. The plate edges for boilers, tanks,
&c., are usually bevelled to an angle
of 80° to facilitate fullering and
caulking, operations in which the

Standardized |

RIVETED JOINTS

edges are driven in by a blunt tool to
cloge the joint. '

Lap Joints,—Examples of double-
and triple-riveted lap joints are shown
in figs. 1 and 2. In each, the rivet
diameter and plate margin are settled
by the rules given on the previous page.
For boiler joints the pitch P is com-
monly 3d for double, and 3-5d to 44
for triple riveting, where d is the
diameter of the rivet holes. The for-
mation of the head requires that the
least distance between two riyets,
measured centre to centre, ghall not
be less than 24, and this settles the
minimum value of the diagonal pitch
P,, fig. 1;* in practice, however, the
distance between the rows, P,, is made -
not less than 2d.

- In all lap joints the straining forces
in the plates are not in the same plane
and produce a couple, tending to bend
the joint. The same tendency occurs
in butt joints with single straps. The -
bending action may be avoided in butt
joints by using Jwo straps, as in fig. 3.

Butt Joints.— Types of double-
riveted butt joints, each with two
straps, are shown in figs. 3 and 4. The
strap thickness #, varies from o7¢
to 08¢, when # is the plate thickness.
In the arrangement shown in fig. 4 the
pitch of the outer rows is double that
of the inner, and one butt strap- (the
outer strap in a boiler or tank) is
narrower than the other. The advan-

EXERCISES

nearest ¢y’. Dimension
the views.
® A commonly socepted rule, based on Prof.

Pg= 3P + d) + 3.

7 (1) Doubleriveted lap joint for §”
plates, pitch P = 2§*,

Tris eted lap joint for
pit(gpzlg‘;j" lapj {° plates,
) Double-riveted butt

hﬂ'
s, a8 10 5. 4 R F = ¥

th-umbumc-awm
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Strength of Riveted Joints.—
When a rivet is ‘ closed ”, an inde-
terminate stress is set up in the shank
owing to its tendency to shorten on
cooling: this initial stress may be
considerable if the rivet is long. For
this reason rivets in & joint are usually
arranged so that they are subjected
to shearing forces only. Rivets are in
single u::nm when the plates tend to
shear rivets in one plane, . T
and 7;* they are in double Eﬁu‘
when the tendency is to shear them in
two planes, figs. 2 and 8. The rivet
area resisting shear in fig. 8 is twice
that in fig. 7.

Basis of Design.—The resistance
to breaking of the joints shown in
figs. 1 and 2 may be investigated by
considering a *‘ pitch length ** of each
joint, figs. 3 and 4, and equating the
straining force T, carried by the strip,
to the product (stress in material
X area resisting rupture). To each
rivet there is a corresponding plate
section of (P — d)t. Let f, = tensile
stress in the plates, f, = shear stress in
the rivets, and f, = ing stress
between rivet shank and plate.

The joint may fail in the follow-
ng ways: ’
(1) Tearing of plate at rivet hole,
figs. 5 and 6:—
Here T=(P—-d)t.f;, . . (1)
(2) Shearing of rivet:—
In single shear, fig. 7,
T=in.df . . .
t In double shear, fig. 8,
T=2(rx.a.f) . . (2b)
s (3) Deformation under plastic flow,
g. 9:—

v

(2a)

occurs, f,, is
Jected area of the indenting body.

Hence T=d.b.fo. . . (3)

(4) Fracture at margin, fig. 10:—
" As already stated, this does not occur

m=or>d. . . . (4)
Evidently, if the joint is to be
equally strong in isting tearing,
shearing, and ing, equations (1),
(2a) or (2b), and (3) must be sati
Hence for Single Shear
(P—ad).fi=indr f,=d.t.[, (5)
and for Double Shear
(P—ad).fi=in.d>.f,=d.t.f,
From (s),
®—d).fy=1x.d.f,
so that
P=(r.a't.Lflf)+d, . (7)
;ﬁctls: ﬁvm 3:::!: for single riveted
Similarly, for joints in double shear,
P=(ir.a%t.f/f)+d. . (8)

Note.—P must not be made less
than 2d.

(6)

Alternative Basis of —If
the rivets fill the holes when hot, it
has been argued that they cannot

y fill them when cold; and if
the plates muuat sip lightly before the

e plates must slip sli ore
rivets are placed in shear. {'heslipping
is resisted by friction between the

gether when the rivets cool: any such
relative motion would destroy the
staunchness of a pressure joint. In an
alternative method of design, de-
velopededby Bach, the j(;ints are ptr;
portioned Jo prevent slipping —
shearing resistance of the rgets being
neglected. The results, however, do not
differ greatly from those arrived at by
the first-mentioned method.

Exercises.—See page 40.

ommmagxaimmmp.mmmumw.m.

but this is neglected in what
. For
shear,

stearn boilers it is custoenary o allow & rivet in double shesr 0 take caly 1875 the losl allowed In.
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FAILURE
BY
SHEARING
OF_ RIVETS

DEFORMATION OF HOLE FRACTURE AT MARGIN
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Design of Triple-riveted Butt
Joint, Fig. 1.—The determination
of ¢, the plate thickness, for pressure
vessels, is fully discussed on page 42.
The rivet diameter d = 1-2v%¢, and
the thickness of the butt straps
#y = -7t to -8¢. The pitch P is obtained
from equations comspondmg to (7)
and (8) on page 3
s Consider a p:tch length of the joint,

g. 2.
Resistance to tearing between rivet

holes = (P—d)t.f,, . . (1)
Resistance to shearing by the

rivets = 2(3.{x.d*.f,) . (2)
(there being 3 rivets in double shear).

Equating (1) and (2),

P —a).fy=2(3.45.d.f)
and

P=2a(3.n/4.d%¢.[,/f)+d. . (3)

Similarly the general formule for pitch
are:

Double shear—

P=2(N.n/4.d%. folf) +4d,

Single shear—

P = (N.w/s.d%. fulf)) + 4,
where N is the number of rivets in a pitch
length of one plate.

Stress Values.—Working values of
the stresses f, and f; for steel are:—
Plates: f, = 12,000 1b./in.3.

Rivets: single shear, f, = 9500 Ib./in.};
double shear, f, = 8750 Ib./in.3,
Hence f,/f; = 079 for single shear
and o-73 for double shear. e com-
pressive stress f, should not exceed
16,000 1b./in.? for single shear and
21,000 1b./in.% for double shear. For
the joint considered, its value is given
by the equation:
(P—d).f;=3. dt}; . (compare

with (5) on previcus page). . (4)

. ‘Efficiency of the Joint may be de-

RIVETED JOINTS

fined as the ratio, of weakest

| section in a pitch length of joint to the

istrength of the same length of solid
plate. The resistance to fracture of the
solid plateis P. £ . f,, and if equation(3)
is sa , then
Emclmy-(P— $.fe=P.L.1;
_If the pitch is made smaller than that
given by (3), the same expression (5)
holds for efficiency. If, however, the
pitch is increased (andtb.tsisra.re)the
joint will fail by shearing the rivets;
then, the efficiency is the ratio, resis-
tance to shear of rivets to the resis-
tance to tearing of the solid plate, i.e.
Efficiency == 2(3 . 1:/4 dar. )
+-P.¢. . (6)
Alternative Design.—A stronger
joint ‘is given by omitting alternate
rivets from the outer row, as in fig. 3.
For a pitch length of the joint:—
Resistance to between rivet
holes = (P — d)¢. f,, asin (1). (7)
Resistance to shearing by rivets
=2(5.}3.m.40) . . .. (8
Equating (7) and (8),
P=2as.x/4.d%t.£,[f)+d.

This type of joint might fail by the
gla.tet«nngbetwmaninnetmmd
y shearing the outer row of rivets: the
resistance to hﬂm in tbis way is
(=200 fida dv & f) Hequn
*‘2}: °’(p firg A
either P, 2
3‘3 t} an'f‘th
Itiiuuuqto distance Py

EXERCISES

Design the following joiats and prepare
dimensioned drawings joi them, showing
cup-headed rivets. Calculate the efficiancy
of each joint.
le-riveted
A"J&% " ek e doia, asln g 3
(z) Doubh-ﬁvmdhttjoint. as in fig.

3, p- 37, for plates §* thick.

(3) Tﬂpbﬂmdbnttioint. uh%

f
bo:tredueeittos'fotmm
~—(1) 4y =§, d=1}, P=
gaswumt, (z)t,u,\'da
}—9--“"-;0 76_;_0
s o Pt

Pf-t
-‘"!'.

O&hhmm&annt
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Fig 1
TRIPLE RIVETED
BUTT JOINT

Fig.3
TRIPLE_RIVETED
BUTY JOINT
ALTERNATIVE DESIGN

BOT Rules:-

t = 5t(P-d)+8(P-2d)
l?'--ﬂﬂﬂg JY%M?) +20
‘P- + X P+ )

e p:fc/;'l P —J

(s179)
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Thin Cylinders with Riveted
Joints, subjected to internal fluid
pressure, Let p = pressurein b, /in.?;
let D = diameter, L = length, =
thickness, all in inches; let f; = stress
in plate in 1b. /in.%.

Longitudinal Section. Figs. 1
and 2.—The bursting force on this
section is the resultant of the normal
pressure over one-half of the cylinder,
and equals (p. L . D) 1b. Theresistance
to bursting is the product (area of
metal X stress), and equals 2(¢. L.f;) Ib,
Hence, for equilibrium,

p.L.D=20.L.f),
ie. p.D=2z2t.f..- . . .
From which
Si=4.Dx2at .
If, however, the shell is riveted along
this section, the plate area is not
2¢,Lbut2t. L(P — d) + P, wheredis
the dia. of the rivet hole and P is
the pitch. In other words, the plate
area =2.7.L X plate efficiency of joint.
Hence for a riveted longitudinal joint
equation (1) becomes

ﬁ.Daz.t.f} X efficiency. (3)

Circumferential or Ring Section.
Fig.1.—Here the axial bursting force is
the fesultant of the pressure on the end,
and equals }x .D?®.p. The resistance
to rupture is the product (annular area
of shell X stress) == .D.#.f,, Hence

in.D'.p==n.D.t.f,
ie. p.D=gd.fe . (4)

From which

Ji = $.D =+ 4¢ (compare with (2)) (5)
The ring section is thus twice

2 the longitudinal section

(x)

(2) W

RIVETED JOINTS

Joints for Cylindrical Pressure
Vessels: Bollers,* Tanks, &c.
Fig. 3.

Longitudinal Joint.—The type of
joint (i.e.lap or butt, single- or multiple-
riveted) has first to be settled. It
depends largely on the diameter of the
vessel and the working pressure, and
definite rules cannot be given. A joint
efficiency must then be assumed,
based upon the following values:

{® Lap Joints: Single 55%, double

triple 77%.

\ 70%, ,
;B oints: Single 65%. double

utt

‘> 809%, triple 85%, quadruple go%,.

The plate thickness # may be calcu-
lated from (3), taking f; = 12,000 (for
steel), and the rivet diameter, pitch,
&c., may then be determined as on
|_previous pages.

Ring Joint.—This may be made
weaker than the longitudinal joint—
compare (5) with (2). It is usually of
the lap type with rivets equal in dia-
meter to those for the longitudinal
joint.

The pitch may be settled for staunch-
ness and the rivet shearing area
checked. Thus, if P is the “ring
pitch ”, and if there are » rows, the
total number of rivets N=#»n.x.D--P,
The total shear area = N(}=.d®), and
the total resistance to shear ==

. The value of f, given by
equating this resistance to the axial
bursting force #x.DS$.p should not
exceed 9500 Ib.fin3,

Overlapping Joints occur where
longitudinal and joints meet, as
in fig. 3. For lap joints the junction is
'ﬁgm”m:}‘; ; for butt joints as in

. 5. Both are self-explana-
tory and should be carefully studied.

EXERCISES

) A steel cylinder 4’ o” dia. has a

1
EJ itudinal doub}reh:rivehdh:;tt joint, :
. 3, p. 37 e Wor g:emuo
1601 ./ln.g. ¥ suitable plate thick-
ness and design the joint.
(4 ,—f T, b
cylinder in (1) has also a double-
riveted lap circumferential joint. Obtain

Obtain a
nswey. =§, d=13§,
P = 4}, Eff. = 81 per unt)’. ”"—
® The %Mum
wﬂﬁmﬁ%m “h&is.uv.




RIVETED JOINTS

43

L 2
...... 3
; D ial force p E__g
LONGITUDINA '
SECTION I
Fig.1. Total MOLE
, M [
o \\{
(o]
lo 7o)
0 oP
) 10
o D e e e e o] %4
A 000000 r
o gé' ~
(2] O‘b
O Bt
o .
o .
‘ 0
N , |
_F?‘g,4. | LAP ‘Jom'rs‘ « T




“ SCREW THREADS

A Screw Thread is formed by
cutting or rolling a continuous helical
groove on a cylindrical surface. The
threaded portion, or screw, engages
with a corresponding threaded hole in
a nut or other machine part; the two
elements, screw and nut, form what is
called a screw pair. The thread may
be right- or left-handed—figs. 1 and 2.
Multiple threads, fig. 3, are also used:
these are discussed on page 46.

»'The Pitch of a screw thread is de-
fined as the distance measured along
a line parallel to the axis of the screw
between corresponding points on ad-
jacent thread forms in the same axial
plane. The axial advance per revolu-
tion in multiple-threaded screws is
called the lead.

Forms of Screw Threads.—To
permit interchangeability between nuts
and screws of the same nominal
dimensions, screw threads have been
standardized, and the following are the
principal systems in use.

v British Standard Whitworth
Screw Threads (B.S.Whit.). Fig.4.
—This system was introduced by Sir
Joseph Whitworth in 1841. The angle
between the slopes of gbe vees, measured
in an axial plane, is 55° and one-sixth
of the depth of the full vee is rounded
off at top and bottom. The pitch
adopted is based on experience, and
is suitable for both brittle and duc-
tile materials. Details of B.S.Whit.
threads for screws from }” to 6° dia-
meter are given in Table 1 on page 223.
macﬁoe the basic sizes of screw

have to be adjusted to give
clearance for assembly. British Stan-
dards Publication No. 84 includes tables
of dimensions for threads for bolts and
nuts to give three classes of fit: Close,
Medium, and Free. For the purpose of
these * tolerance zones ”’, the crests of
internal threads are slightly flattened.

British Standard Fine Screw
Threads (B.S. Fine).—The pitches
of the Whitworth series are not fine
enough for many pur , and a system
of fine pitches, of the Whitworth form,
has been adopted for screws from }* to
4}" diameter inclusive. Details are
gven in Table 2, page 223.

[}
PO, § ok g Bet

American National Screw Thread.
Fig. 5.*—This thread has an angle of
60° and in the basic form is truncated
at the root and crest by one-eighth of
the full theoretical depth. In practice
this theoretical depth H, for the screw,
is reduced by $H at the crest and by
1H at the root, as shown at the right in
fig. 5; similarly, for the mating nut, H
is reduced by {H at the crest and by
#H at the root. Hence the maximum
depth of engagement is §H.

American National Threads are
divided into two series, Coarse (N.C.)
and Fine (N.F.). Full dimensions are
given in the National Bureau of Stan-
dards Handbook H. 28. Design infor-
mation, for Coarse Threads, is given in
Table 4, page 224.

Metric Thread (S.1.).—The Sys-
téme Internationale (S.I.) or Metric
Thread is similar to the American
Standard ; it has an angle of 60° and is
truncated. Details are given in B.S,
1095.

British  Association  Screw
Threads (B.A.).—This system is
adopted for small screws — below
{” diameter. The angle of thread is
47-5° and metric dimensions are used.
The theoretical depth is reduced by
268 x pitch at both the crest and the
root, giving an effective thread depth
of -6 x pitch (approx.); the crests are
rounded to a radius of -18 X pitch.
Details of B.A. Threads are given in
Table 3, page 224.

Forms of Screws for Transmit-
ting Power —Two important threads
are shown in figs. 6 and 7: the Square
Thread and the Acme Thread, With
the square thread there is no oblique
pressure tending to burst the nut, and
the bearing surface is large. The Acme
thread is easier to cut and is stronger
at the root; it is sometimes used for
leading sctetvlvls of lathesinthe half n:;:
engaging with it easily. In practice,
depth D is made a little greater than
# x pitch to give clearance, so that the
width R at the root is a little less than
the width C at the crest. Full particu~
lars are given in B.S. 1104,

Exercises.—See page 46. .
in 1864,

In 1013 the American Nations! Screw Thread Commission and
by Institute ‘ o
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Conventional Representation of
Screw Threads.—In drawing screw
threads, the true helical thread forms
are rarely set out accurately, it being
sufficient to show the threads by means
of straiglit lines. The screwed bar in
fig. 1, A, called a stud, is shown with vee
threads joined straight lines accu-
rately spaced. kind of drawing
takes long to produce and it can be
justified only in special circumstances,
e.g. where a drawing has to be inter-
preted by non-technical readers or
where the threads have a special form.
In engineering working drawings no
attempt is made to show ordinary
threads at all, and fig. 1, B, shows the
treatment, for the same stud, recom-
mended by the B.S.I: the threaded
portion is indicated simply by a thin
continuous line. The treatment for a
screwed pipe is given in fig. 2. This is
a conventional practice deliberately
adopted to save time.

The stud in fig. 1, B, is repeated in
fig. 3 toindicate the treatmentnecessary
when it has to be shown in position on a2
composite drawing. The shorter part
screwed to a depth & enters a hole
screwed to a depth b (b being a little

than a to give clearance for the
stud); the hole has been drilled to a
depth ¢ (c being a little greater than b to
give clearance for the tap).

The conventional treatment of in-
ternal threads follows the same prac-
tice, i.e. a full line along the crests of
the threads and a thin line along their

roots.
A com; ise between the full treat-
ment in fig. 1, A, and the extreme con-

vention infig. 1 B isshown in fig. 4. The
threadsareindxcatodbystraxghthnes,
alternately thin and thick, spaced by
eye and i slighﬂytoind.icatethe
takeen mot £ exaggerate the slope. This
not to exaggerate . Thi
method of ing threads has been
largely used throughout this book.

%an uinﬁg;is.&: length of |

Refer to
‘l'a’ble I, P. 223

#(2) Draw, as in ,&s'hn ofa |
saarothreaded. sors, pitch 0 Gia. 5% |

The B.S.I. recommend the ﬁollawhﬁ
conventions for notes on drawings

SCTewWS ;—
For indica left-hand threads the
abbreviation L.H. is to be used. For indi-
tmi:ight-hand threads the abbreviation
not necessary. Hence, 1* B.S.Fine

means a British Standard Fine Thread, 1*
dia., ri
‘Whit.L.
‘Whitworth Thread, 1” dia., left-handed.

Screws of large pitch may be
shown fully, as in fig. 5. The thread
flanks may be sloped at 60° to facilitate
drawing; and, of course, the threads
will be shown by t lines. The
screws in fig. 5a.rela handed. A little
consideration will show that the in-
ternal threads in the sectioned hole
must be shown sloping in the opposite
direction to the external threads on the
screw.

Square Threads may be drawn as
in figs. 7 and 6, these showing respec-
tively a right-handed square-threaded
screw and, in section, the correspond-
ing screwed hole. The construction
should be evident from the figures,
For small screws the construction may
be still further simplified, as shown in

fig. 8.

screw is shown in fig. 9; a
threaded screw is shown in fig. 3, page
It should be noted that for an
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Nuts and Bolt Heads are usually
made in the form of hexagonal or
square prisms with the corners of one
end rounded off, as shown in figs.
and 3. For bolts of the same diameter,
the width W ‘across the flats is the
same for square as for hexagonal nuts,
Proportions of nuts and bolt heads
have been standardized, and Table 6
on page 225, from B.S. 190 and B.S.
1083, gives the principal dimensions for
bolt diameters from }” to 2”. The
dimensions cannot be expressed ex-
actly in terms of the bolt diameter, and
whenever cleavance space is limited the
true dimensions of the nut oy bolt head
should be taken from the table.
The original Whitworth proportions
for nuts and bolt heads are given by
using Col. A in Table 6. Experience has
shown that these sizes can be safely re-
duced, and the proportions given by
using Col. B are now widely adopted.
It will be noted that the reduced sizes
are given by taking those for the next
standard size in the Whitworth list.
Whitworth proportions are, however,
still in use. | .
Thickness of nuts and bolt heads are
as under:
Whitworth (B.S. 190):
thickness of nut = dia. 4 of bolt,
thickness of head = §d.

Machine Bolts (B.S. 1083):
thickness of nut = ¢d.
thickness of head = }d,

Conventional Representation.—
The simplified proportions given in
figs. 4 and 5 may be used for drawings
where the representation of the exact
size of nuts and bolt heads is imma-
terial. It will be seen that the width
across the corners, taken as 2d, is

larger than the actual dimensions given
in Table 6 (for a 1”7 bolt, the sizes are
1-93” in one case and 1-71” in the other,
compared with 2* in the drawing).

The corners of the head and nut are
chamfered at an angle of 30° to the end,
The curves of intersection between the
flat sides and the conical chamfer sur-
face are hyperbolas: it is sufficient,
however, to show the curves as circular
arcs, suitable radii for which are given
in the figure. If the exact sizes for
nuts and bolt heads are taken from the
table, the proportions for the various
radii in figs. 4 and 5 may still be used.
The differences between the views of
the hexagonal head and nut should be
carefully noted.

Conventional proportions for &
square nut are shown in fig. 5. The
cup or round head, fig. 2, may be given
the same proportions as round-
headed screw on page 53.

Tap Bolts and Studs.—Bolts are
widely used to fasten together machine
parts, as in fig. 6. If, however, the
presence of a nut or bolt head on one
side is inadmissible, a tap bolt may be
used, as in fig. 7; the bolt passes clear
through one part and is screwed into
a tapped hole in the other. An un-
desirable feature of the tap bolt
fastening is the tendency to break the
threads in the holes when the bolts are
frequently removed and replaced—
especially when the holes are in cast
iron. This disadvantage is overcome
by the use of studs, fig. 8; the stud is
screwed tightly into one part by means
lc;f 1a. stud-box p(:r:lleenglith a sc:lez

ole passing y it) an
not e\githdra.wn when the nut is re-
moved,

EXERCISES
All to be drawn full size and dimensioned

(1) Draw three views of a hexa
bolt and nut, dia. 1}*, length of

*, length of screw 2{4”. Show the nut
ialf—wayalongthethnad.

(2) Draw three views of a eaded
bolt, dia, 1/, length of shank 5 length

of screw 23°; show a square nut on the
bolt.
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There is a tendency for nuts to
work loose when the bolts to which
they are attached carry varying axial
loads and at the same time are sub-
jected to vibration—e.g. the bolts of
an engine connecting rod. The con-
sequences of any slackening back of
the nuts may be serious, and to guard
against this, various locking arrange-
ments are used. Some of the more
common of these devices will be de-
scribed here; others are illustrated in
the drawings elsewhere.

Locked Nuts.—In this method
two nuts are used. One is screwed
down tightly in the ordinary way.
The threads of this nut will make
contact with the bolt threads as shown
in fig. 2, in which the thread clearance
has been exaggerated. This nut is
then held while the second is screwed
down upon it and tightened almost to
its limit—two spanners being used.
The upper nut is now held while the
lower is turned back as far as possible:
evidently it can turn through a very
small angle only. The threads will now
be in contact as shown in fig. 3; the
nuts are wedged tightly on the screw
and the axial load on the bolt is carried
by the outer nut only.* For economy,
the inner nut is reduced in thickness to
two-thirds that of the standard nut.

The arrangement necessitates the
use of a thin spanner, and as this is not
m: available, the thin nut is often

_the outside. A compromise

is fig. 4, in which each nut is
made the thickness of
an ordinary nut.

The provision ¢f & split pin is an

additional safeguard: to be effective
the pin should bear on the nut,

Castle Nut. Fig.5.—This arrange-
ment is very satisfactory and is widely
used for motor-car and locomotive
work. A number of slots, generally
six, are cut in a cylindrical part pro-
vided above the hexagonal nut, and
the bolt is drilled to take a split pin.
The pin can be inserted through this
hole and through opposite slots at
every 60° of rotation of the nut. The
dimensions of castle nuts have been
standardized and approximate pro-
portions are given in the figure. Refer
also to B.S. 1083.

Slotted Nuts are very commonly
used. These are nuts of standard pro-
portions with six slots across the upper
face, as arranged for castle nuts.

Spring Washer. Fig. 6.—In this
device a spring-steel washer is split
and sprung open. When used under a
nut the elasticity of the flattened
spring keeps the nut tight on the bolt
when the tension in the latter is
diminished from any cause.

Ring or Collar Nut.—For large
nuts, such as those used for marine
oonnecting rods, the arrangement
shown in fig. 7 is uently adopted.
The lower portion of nut is turned
and grooved, and fits into a recess in
the cap. A set screw passing through
the cap bears on the the
groove and prevents rotati An
alternative method is shown in fig. 8,
in which a ring, pinned in position, is
used to take the set scrow.
proportions are given in the
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Screw Heads.— The forms and
proportions of screw heads in common
use are shown in figs. I,ti, and 3c.l Tgese

rtions represent the standard in
gggm for B.S.Whit. and B.S.Fine
screws from §” to 17 in diameter. The
dimensions of the slots in the heads
have been omitted: in making drawings
the student may use his own judgment
as to their sizes. The thread for the
countersunk-headed screw is taken to
the head; for the other screws, it
stops at a distance from the head not
exceeding twice the pitch of the
thread. Standard sizes are given in
B.S. No. 450.

Heads for B.A. screws are similar
to those shown, although some dimen-
sions differ slightly. In addition to the
countersunk, round, and cheese heads,
other forms are used: two of these, the
filister head and the instrument head,
are shown in figs. 4 and 5. Detailed
dimensions of the heads of these and
other screws are given in B.S. No. 57.

Set Screws, fig. 6, are used chiefly
to prsvent relative movement be-
tween two machine parts. They are
invariably of steel, and in the best
practice are case-hardened. In the
standard form the heads are square
and the points flat, both being cham-
fered. There are three standard sizes
of square heads: small, as illustrated
opposite, medium, and large. For a
screw §* diameter the widths across
the flats of the three types are respec-
tively o-5°, 0-563”, and o-75". For de-
tails refer to B.S. No. 451. Headless
set screws, or Grub screws, are used on
moving parts where % projecting head
would be dangerous. . Two types of

grub screw are shown in fig. 7, one with
a conical head and the other with a cup
head. A form of socketed grub screw,
requiring a special wrench, is shown in
fig. 8. Standard sizes of all grub screws
are given in B.S. 768,

Special Bolts. — Many bolts of
special form are shown opposite and
elsewhere in the pages of this book,
The tee-headed bolt, fig. 9, is used
to fasten work to slotted tables or
plates. Coupling bolts are usually
provided with cheese heads as in fig. 10;
the ‘‘ snug " is a pin, screwed or driven
into the bolt, and fitting into a recess
in the coupling to prevent the bolt
from turning.

‘Bolts of Uniform Strength.—In
an ordinary bolt the effect of impul-
sive loads applied axially is concen-
trated on the weakest part of the bolt,
i.e. the cross-sectional areas at the
roots of the threads. These weak
sections are of small length and have
a tendency to fracture if the stress is
high. If, however, a portion of the
unscrewed part is made equal in area
to the area at the root of the threaded
portion, a greater total stretch is
permissible and the bolt is made
both stronger and lighter. The bolt
shown in fig. 11, which is suitable for
the connecting rod shown on page 194,
has a length of 11” reduced and made
equal to the core diameter. To facili-
tate entry into the connecting rod, the
reduced lengths are coned at one end.
A less common alternative is shown in
fig. 12, in which an axial hole is drilled
through the head as far as the threaded

portion,

EXERCISES,
Use the standard proportions for nuds and threads givn on pp. 293 and 225

(1) Draw, size, the view of the
bolt given in fig. 11, and add both a plan
and an end view from r to left. If the

U.T.S. of the material is 40,000 lt)b;éin.’.

what is the maximum safe axial for

the bolt, assuming a factor of safety of 62
- Answer.~126,000 ¥, approx. -

2) A coupling boit 4° dia., screwed
B.é.%vm. th?udfir:‘f‘ the mﬂm in
fig. 12, L being 12”. W views of
theboltanddgmmkn —-—
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Strength of Bolts.—If a bolt is not
initially stressed, the maximum safe
axial load which may be applied to it
is given by the product (cross-sec-
tnona.l area at bottom of thread X per-
missible stress). An average working
stress for steel is 10,000 Ib./in.2.

If, however, a bolt is first tightened up,
the initial stress may be much greater
than the additional stress produced by
a load subsequently applied.* The
initial stress caused by tightening the
nut is indeterminate, and in fixing bolt
diameters under these conditions prac-
tical experience is the only safe guide.

Flanged Joints are used for pipes,
cylinder heads, &c. The total initial
load applied to the bolts must be at
least equal to the internal force tending
to separate the flanges. In design work
it is usual to assume that the greatest
load on the bolts will occur when the
joint is on the point of leaking, and
that they are then called upon to
resist a force equal to the full internal
working pressure acting over the area
of a circle just touching the inner sides
of the bolt holes. (Possible bolt loads
are discussed on pp. 56 and 57.) Values
of f, the maximum permissible root
:hem in the bolts, e&i.re lgwen belatvl:é

are progressiv ower as
bolt diameter d:.mxmsl};es to allow for
the unknown initial stress. Lower
vallies still should be taken in rough
wor]

Plpe Flanges.—These have now

standardized—refer to Tables
7. and 8, pages 226, 227. In all joints
the number of bolts is a multiple of

Bolt dia. in inches ) i 12
Stress f,
for steel

4 and the minimum bolt diameter is
§". For the joint shown in fig. I,
which is suitable for 2” bore C.1. pipes
and a working steam pressure of
150 1b./in.%, we have:—
Assumed Load on Joint

= 150 X }% X (41%)® = 2186 Ib,
Total resistance of Bolts

= 4 X root area of one bolt X f

= 0-8128 f.
Equating these, 0-8128 Jf = 2186.

Hence the bolt stress

f = 2689 1b./in.%,

It will be evident that either fewer
bolts or bolts of smaller diameter could be
used while still keeping the stress within
the safe value of 4000 1b. /in.® given below.

Joints for Cylinder Covers.—Usually
a bolt diameter is first assumed; the
number of bolts is then calculated and the
:gncmg checked. As an example, consider

studs of the cover in fig. 2. The cover
is “* spigoted " into the cylinder and, if the
fit is a good one, it may be assumed that
the steam pressure acts only over the
cross-sectional area of the cylinder. As-
suming studs 1” in dia.:
Load on Cover = area of cylinder X maxi-
mum worhng ressure
= iw(:S}{ X 250
= 67,200 1b
Resistance of Studs = no. of studs X root

area X f =N X 0:554 X 7600.

Equating these:
= 67,200 (76°° X 0°554)
= 16, very 1y.

The distance between the studs
circle arcnmfmeo - 16) = 4,}'

thil
is satisfactory for .

% 1 1} :* 1} 14 13
inlb-ﬂn-‘}mmmmmommssoo 8500 8500

A .toullondfor} 360 800 I500 2950 4200 5400 7300 9000 II,000 I5,000.
EXERCISES ’ '

.S, Whit. threads

(1 If the B.S. eyebolt in fig. 3 is not
) stressed, determine a suitable dia.
o&mwioradhuetlmdofstmmd
petg:re.!uuﬁm,thmdhnmmmdms
ayebolt.uﬁngthoproporﬁomgim

”'

A for
-‘vu-hﬁmn !nr s 80 'h%qd»h.

ﬂmgedjointiotagpet Hng
steam pressure Use Table 7,
P. 226, mch:oofpiﬁpnoﬁ“ ?

) Determine a suitable number of
i’dh.iotthocyﬁnd«mm

king drawing

W ,

gn 3golb '. dn.‘ ‘orking
uap-tmi-d{l’&.ukm
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Loads carried by Bolts of flanged
joints for pipes under fluid pressure,

Bolted flange joints are in such
common use that it is of interest to
consider the factors that govern the
extra loads carried by the bolts (already
tightened up) when fluid pressure is
applied. Itisassumed here that neither
bolts nor jointing materials are strained
beyond the elastic limit, and that there
is negligible springing in the flanges
between the bolt holes: probably
neither assumption is justified. The
treatment, however, gives the order of
load carried by the bolts in various
circumstances, and shows why bolt
failure is a rare occurrence.

The bolted joint may be represented
by the spring arrangement shown dia-
grammatically in fig. 1.

B is a stiff spring representing the
bolts. Let its stiffness * be s,

F is a stiff spring representing the
flanges. Let its stiffness be s,.

J is a weaker spring representing the
joint. Let its stiffness be s,.

For convenience, suppose that only
one spring B is used (in which case it
could be within the springs J and F in
the apparatus).

Now suppose the spring B to be put
in tension by tightening the nuts, so

that F and J are com . This con-
dition represents the joint with
the bolts tightened. It is required to

find the tension in B as the result of
now applying a load W, representing
tshe fluid pressure applied to the joint.

uppose all the spri to an
initial load L, i.e. bI;fl:rgesthe a(xc:lmonal
load W is applied.

Let the application of W cause a
deformation z (see figure); i.e. B
elongates #, and F and J together
elongate x.

Let P represent the added load in B,
and Q the relieved load in F and J,
as in fig. 2.

o o

Y
L+Q

=,
L.
T L0
iL.«ﬁ‘:@-LL"’
Fig 2 W

Hence P4+Q=W. . . . . (1)
waXS'. e e e oo oo (2)

Extension of F §,
== -1 .
Now m. ’ and

Extension of F -4 Extension of J = &,

* Stiffncss is defined as the losd cousing unit deformstion
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(Extmonoi])
-+ Extension of ] = %,

i.e. Extension of J(;i + I) =2z (3)

But Extension of J X s; = Q.
Substitution in (3) gives

= "L""—t . .
Q=%-5 T 4
NowW =P+ Q
=X.5 +*.
From which

z =

S1-52,
s+ &

'+%+%
The added load P = #. s,.
p=_ﬂ_§t__..,

’+s + 5
or in more usable form,
P= w

MDY S
+S.(I+fz)

Evidently, for springs all of the same
proportions and material, P = }W.
For the component parts of a flanged
joint, stressed within the elastic limit,
the stiffness varies directly as the
modulus E, directly as the area 4, and
inversely as the length (or thickness) /.

Using the suffixes f, b, and j for
flange, bolt, and joint, as before, and
assuming values of E and 7 to be the
same for bolts and flanges, then we
have

. (5)

Sk

=% ...
o (6)

-%’xz':. . o (D

and

SR

Applications,—
Ex. 1.—Thin metallic joint, Assume

E’ = 2; -Z = 16 & = 10,

E, 4

Substitution in (6), (7) and (5) gives
P=o1W. )

Ex. 2.—As in Ex. 1, but taking
g.t.=4. Thea P = 022 W.

Ex. 3.—Easily compressible joint.
: -lt = 10; f[ = I10.
a

Substitution gives P = o-5 W.
Ex. 4—As in Ex. 3, but gt = 4.
>

Then P = o7 W.

The student should work out other
combinations.

Conclusion.—The extra load on the
bolts of a flanged joint, due to fluid
pressure applied after tightening-up, is
small when the flange area is large
compared with the bolt area, and the
jointing material is not easily com-
pressible; a reduction in flange area
has the effect of increasing this extra
load.

If, however, an easily compressible
joint is used, the extra load on the
bolts may be an appreciable fraction of
the total load due to fluid pressure.

Reference.—The student is referred
to the Reports of the Pipe Flanges Re-
search Committee of the Inst. Mech. E.
(first report, 1936) for information on
the relative efficacy of jointing ma-
terials, and the general behaviour of
joints under conditions of high tem-
perature and pressure.
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Steel and W.I. Piping.—This may
be (1) solid -drawn, (2) lap-welded,
(3) butt-welded, or (4) riveted. The
bulk of the piping used for pressure
purposes is lap-welded, but for high-
pressure steam solid-drawn piping is
preferable.

If the thickness of the piping is cal-
culated from the usual ** thin cylinder
formula, ¢ = p . d + 2f (vide page 42)
it will be found to be too small to
give the rigidity required for prac-
tical purposes, especially if the
working pressure is low. Empirical

formulze oftheformt-ag;‘f—{-care

therefore used. For example, Board of
Trade rules are:—

For solid-drawn steam pipes
L +or. . . (1)

For welded steam pipes

=_P-d
2 X 4500

British Standard Pipe Threads.
~—These are of the Whitworth form,
and full details of the pitch, length of
thread, &c., are given in Table 5,
page 225. It should be noted that 11
threads per inch are used for all pipes
from 1* to 6° ‘‘ nominal bore . The
outside diameter of a tube corresponds
approximately to the dimensions given
in the table, but the actual bore will
vary with the working pressure and
may not be equal to the nominal bore
given,

Screwed Tubes and Couplers.
Figs. 1 and 2.—The screw thread on
the pipe end may be either parallel to

H +o12°, . (2)

the pipe axis or coned " on the
diameter per inch. of length. The
common form of coupler has a parallel
thread, and is screwed on to a coned
pipe end. The gauge diameter of the
tapered screw and its position are
defined in the table.

Details of tee-pieces, elbows, reducing

ai,ecs, and other fittings, for steel and
.I. screwed piping, are not included here.

The fittings have been standardized, and

?;rtglélalrs are given in Report No. 154 of
e B.S.I.

Screwed-on Flanges for Steam
Pipes.*—A suitable flange for pipes
subjested to steam pressures up to
250 lb./in? is shown in fig. 3. The
flange is first screwed with a
full thread. A portion of the thread
is then cut off to a taper, leaving a
short parallel plain part within the boss.
The dies with which the pipe thread is
cut are ground off to a corresponding
taper. When the flange is in place, the
end of the pipe is expanded into the
recess at the face of the flange. This
type of flange is provided for pipes up
to 10" bore.

A type of flange for steam of a
working pressure of 550 1b./in.® is
shown in fig. 4. The end of the thread
at the face of the flange is sealed by
electric welding. Slight bosses on the

faces are accurately machined
and scraped for a meial to metal joint.
The shanks of the bolts are reduced in
order that the

esigns, figs. 3 and 4, the
is relieved at the

bolt holes by a shallow annular recess.
The design of special joints for the

EXERCISES

(1) Using Table 8, together with the pro-

ions given in fig. 3, prepare, full size, the

llowing dimensioned views of a screwed

flanged joint for a 3” bore steel pipe, work-

ing pressure 250 Ib. /in.%, showing the two
flanges bolted t : elevation, u

half in section through a bolt; end s

© Where is an important factor, sa in navel
R by o i g A gy P B

(2) Prepare views gimilar to those re-
quired in Exercise (1) of the joint shown
in fig. 4. Calculate the stress i
bolts if the joint is on the point of leaking
and the steam is acting over the area of a
circle 5° dia.

Answey.—3200 1. [in.2,

m.ammmum
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very high temperatures and pressures
(930° F., 1850 1b./in.?) now being
adopted has been the subject of much
research and experiment.

Thick Pipes and Cylinders.—
When internal fluid pressure is applied
to a cylinder whose walls are thick in
relation to its diameter, the inner layers
are stressed much more highly than the
outer, and account must be taken of
the maximum stress produced, not the
average over the section (as for thin
cylinders). The following formula * is
obtained by Lamé’s theory:

t=g{'\/g— I}, . (3)

where # == thickness in inches, d =
internal diameter in inches, p = fluid
pressure in 1b./in.?, and f = maximum
saiepnnclpalsness t in 1b./in.3., When
* p represents the fest pressure, f should
not exceed gooo for C.I. and 25,000
for steel castings.

C.I. Pipes and Flanges for Hy-
draulic Power.—Two pressure ranges
are in common use for hydraulic power:
(a) for working pressures from 700 to
goo 1b. /in.%, test pressure 2500 lb./in.?;
(b) for working pressures from goo to
1200 Ib. /in.%, test pressure 3300 Ib. /in.2,
Higher pressures are used for special
purposes.

‘The flanges are elliptical in shape and
require two bolts only. A circular pro-

jection on one flange fits into a recess
in the other and bears against a gutta-
percha ring of tapering section. The
bolts are square-necked and the holes
are square, ample clearance being
allowed between bolt and hole. The
joint permits a certain amount of
flexibility in the pipe line, and this is
probably an important factor in its
success,

Two flange types are shown. Type 2
is more robust in design than Type I,
and is used for larger sizes of pipes.
A stronger coupling results if the
flanges are set well back on the pipe,
as in Type 2 (dimension M).

The pipe thickness may be calculated
from the above formula, and the bolt
diameter settled as on p. 54. The
general proportions, however, are based
largely on successful practice, and they
have been standardized for pipe bores
of 2%, 3%, 4°, 5%, 6", 7, and 8”; detailed
dimensions are given in Table g, p. 228,
reference being made there to the
letters in the drawings. Dimensions
carrying no index letter are common
to all sizes.

A dimensioned drawing of a tee-
plece is given on p. 171: the student
should refer to this drawing, which
shows a slightly different view of the
flanges from that given opposite.

Details of a low-pressure C.I. heat~
ing pipe and socket joint are given on
p.170.

EXERCISES

(Show the ﬂanges bolted together with
the faces 44 apart. Use square-headed
bolts and hexagonal nuts. Dimension the
views.)

(z) Draw, full size, the following views
of the Type 1 ﬂangea shown: elevation,
with the upper half in section through the
bolt holes; plan; end view on the face of
each flange.

(2) Draw, half size, the following views

of the Type 2 flanges shown: elevation,
with the upper half in section through the
bolt holes; plan; end view on the nuts,
(3) Calculate, for the joints shown, (a)
the maximum stress in each of the pupel.
(6) the stress in the boilts, taking test
ofzgoofor'rype:andgaoofct

2.
A’lﬁw o« » s e, 9,
17,610; 2;.671()“%0 7‘2'70 20 Bints ©)

® An alternstive formula deduced from the msximum principal strain is

- 4VEES- )

4 L.o. the circumfersutial or hoop tension at the inner surface: Mhﬁnuﬂdwm
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62 EXPANSION BENDS AND JOINTS

Expansion of Steel and Cast-iron
Pipes.—Some provision must be made
in long pipe lines to accommodate the
alteration in length occasioned by tem-
perature changes. High-pressure steam,
having a temperature of 750° F. and
over, is now in common use: the altera-
tion in length of a steel pipe line 40" 0*
long for a temperature variation of 700°
F.1is 480 X 7°9 X 10~% X 700 = 2:65",
taking 7°9 X 10¢ as the average value
of the coefficient of linear expansion
for steel per degree F. between 50° F.
and 750° F. A common expansion
allowance for C.I. heating mains is 1”
per 40’ 0”: this allows a variation in
temperature of 300° F., taking the co-
efficient of expansion as 6-4 X 1078,
‘The change of length is taken up usually
either by expansion bends, bellows
pieces, or by sliding joints.

Expansion Bends.—Two types are
shown opposite, the *‘ lyre "’ type being

referable to the U. The mean radii
of the bends should not be less than
ir,d, gtvlvlb.e;’e thd is the pipe bore. The
ength of the straight ion @ varies
from d to 2d. ralght pocth

A reaction of considerable magnitude
is produced at the anchorage for an expan-
sion bend, and its value, together with that
of the maximum stress * set up in the
material at the bend, are given by the
following formule:

3
L=cTE, ...

f—ci"—RLi'—E, e o oo (2)

where L = axial change of .length in
inches, f = stress in lb.fin.%, F = anchor-
ing force in pounds, R = mean radius of
bend in inches, d, = outside diameter of
Fipe in inches, E = Young’s modulus in
b./in.%, I = moment of inertia of the pipe
section in inch units.

C and ¢ are constants having the follow-
ing values:

Expansion U bend:
C = 9:425;

Lyre-shaped bend:

¢ == 0°106.

¢ = 00427.

Expansion Joints.—A simple type
of expansion joint is shown opposite.
The sleeve slides in a socket, and leak-
age is prevented by an asbestos-packed
stuffing-box. The sleeve is allowed a
total movement of 2}”, the two stay
bolts being designed to prevent further
withdrawal when the sleeve is still
within the socket §”. The stay bolts
are screwed into projections on flange
A and are riveted over; the keep-nuts
at the other end are secured by §*
split pins. All parts are cast in gun-
metal; the bolts, studs, and nuts are
of steel. Large joints are usually of
CI. or CS. with the sliding parts
bushed with G.M. An example of this

is given on pp. 178 and 179.

e anchoring force necessary for an
expansion joint is indeterminate, and
depends largely upon the alignment of
the pipe line and the manner in which
the joint is packed.

EXERCISES

(1) Draw, half size, the following dimen-
sioned views of the expansion joint given:
elevation, half in section as in figure; plan;
end view from right to left. Show the
sleeve 1’ out and determine suitable
lengths for the gland studs and stay bolts.
Minor dimensions have been omitted pur-
posely in the figure.

Sz) A steam main, 6 nominal bore,
o” long, carries steam at a pressure of

3

*The maximum

¢

450 lb./in.’ and has a temperature varia-
tion o 432' F. Make a scale working
d an bend of the
" type and

Take dy = 64°, R = 30", I =
27 ind, E == 29 x"r fl’g.lin.'. 3"

Answeys. — (@) 1200 . (b) 14,800
. [in.t approx. .

he seduced by putting tension -l -
Dot 1o poned by Bell ths SRpoetes e aming the pipe line i whes 5, preleschly oo et
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64 KNUCKLE JOINTS

Knuckle or Pin Joints are used to
connect two or more rods whose axes
meet in a point, the point of inter-
section being on the axis of the pin.
Typical examples in which knuckle
joints are used as ¢connexions are: ties
for roof trusses; the links of a suspen-
sion chain; machinery parts in which
one rod is to have a small relative
motion about another, e.g. valve rods.

The joint bas many forms, one of
the most common being that shown
in fig. 1. The rod ends are forged to
shape, one being forked and the other
provided with an eye to fit within the
jaws of the fork. The pin of the joint
passes through both eyepiece and fork,
and may be secured either by a collar
and tapered pin (taper }” per foot on
the diameter), fig. 24, or by a thin nut
screwed up to a shoulder on the end
of the pin, fig. 2. The pin is pre-
vented from rotating in the fork by
means of a small stop pin or peg.

In small pin joints one eye of the
forked end is often screwed to take
a thread provided on the end of the
pin: the head of the pin may be of
the countersunk type.

In better-class work the sides of the
fork and eyepiece are machined, the
hole is accurately bored, and the pin
is turned.

Proportions. — These are largely
empirical and are given in figs. 1 and 2,
the unit being the diameter of the rods
to be connected: it is assumed that all
parts are of the same material, wrought
iron or steel. If the joint is accurately
made and is not slack, the pin will be
in a condition of double shear. Let the

joint be subjected to an axial pull P,
and let D = diameter of the rods to be
connected, and D, = diameter of the
pin; let f, and f, be the tensile and
shear tresses.

Then, for the rods,
P=ix.Dr.f,
and, for the pin,
P = 2(jx. D),
Equating these, for uniform
ir. DY, = 2(in . DY)f,,
ie. Dyt = DL, filfe
Assuming f,/f; = o-7, then
Dl. = D! N 1.4’
and D, = 84D approx.

Usually the parts are assembled with
ample clearance, and the pin is sub-
jected therefore to a small bending
moment in addition to the shearing
force. By making the diameter of the
pin equal to that of the rods, asin fig. 1,
a margin of strength is provided to
allow for this additional stress, the
value of which is not readily deter-
mined. (An approximate solution is
given in Machine Design by Unwin and
Mellanby.)

Joint for Three Rods,— The
knuckle connexion is suitable for unit-
ing more than two rods in a common
joint, and fig. 3 shows three rod ends,
two forked and one plain, having a
common pin. The proportions given
in figs. 1 and 2 require a little modi-
fication here; for example, the pin
being longer should be slightly larger
in diameter: the settlement of detailed
dimensions is left as an exercise for the
student (see Ex. 2). ’

EXERCISES

(z) Draw, full size, the following views of
& knuckle joint of the type shown in fig. 1
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68 SHAFTS

bjected ipall -
subjected principally to torsion, usu-
ally in conjunction with bending.
Fig. 1 shows a line shaft S belt-driven
byamotorM.andmsmthngpm
tomnchmetoolszmms pulleys
and belting: the drive to the lathe L

Ehnftdisism lﬁs jgymed by couphngs
an supgorhed

Strength of Circular Shafts.
Let d = diameter of shaft (in.).
T = twisting moment (Ib. in.).
M = bending moment (lb. in.).
N = speed (revs./min.).
Js = maximum shear stress
(b. /in.%).
f = maximum tensile or compres-
sive stress (Ib./in.%).
Shaft subjected to Simple Torsion,
. 23

T=x. d'f;*l‘ . (I)
Shaft subjected to Simple Bend-
ing, figs. 3 and 4:

M=xn.d*.f+32 . (2)
If the shaft is su on both sides

of the load, as is usually the case, the re-
octmn..atthesu must first be found

the greatest moment calcu-
lated.

Shaft subjected to Combined Tor-
sion and Bending, figs. 5 and 6:

Equivalent Twisting Moment,*
u“=Vii+m. o . (3)
so that
VI E M =xd'f, 16, (4)

ForHollowShlftlrophoed'inthe
above by (D¢ — @4) <+ D, where D = ex-
dmmemd-inmﬂdiamzhr.

H.P.=3ax.N.T = (33,000 X 13). (5)
Commonly accepted values for the

[ stresses are: f = 11,000, f, = 9000
Ib./in.2,

Line Shafting —The action

on line shafting due to the hts of

Machine Shops, 150-200 revs./min.
Woodworlnng Shops, 250-300 revs./

M3mwm/m
The distance D, in feet between the
bearmgaisgimbytheempuiml

y = SV .

EXERCJSES
(Take f = 11,000 Ib.[in, f, = 9000 Ib.[in.2.)

(r) Determine the diameter of a solid
circular shaft to transmit a twisting
moment of 113,000 lb. in,

Answer.—4" approx.

(2) Determine the diameter of a solid
circular shaft to withstand a bending
momantofzg.ooolb.in.

Answor—3" approx.

(3) Determine the diameter of a solid
circular shaft to withstand Sofk the twist-

moment of (x) and the bending
moment of (z).
Answer — 4 appros. .

revs, /min., auowing:ﬁcmrot 1'34.
Answer—3§°.
) If the shaft in is replaced
ho&sav th:&uwﬂkfw‘

shaft of
ternal diameter 27, whsthonoapo'uﬂll
ltumm&twtnoom[nﬂn.
Answor.—143 pb.p. appros.

© Guest’s formauls for duotile materials, besed on the theory of greatest shearing strems,
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7 KEYS AND KEYWAYS®

A Key is a piece inserted between a
shaft and a hub, usually in an axial
direction, to prevent relative rotation.
Keys are almost invariably made of
steel. : may be divided into four
classes: (1) sunk, (2) saddle, (3) tan-
gent, (4) round.

Sunk Keys.—Four types are shown
opposite: (a¢) rectangular, (b) gib-
head, (c) feather, and (d) Woodruff.

(a) The rectangular key, fig. 1, is
the most common. It is driven into a
keyway cut half in the shaft and half
in the hub, and should fit neatly at the
sides and tightly at the top and
bottom. Square keys are also used.

- (b) The gib-head key, fig. 2, is the
ordmary rectangular key with a head
formed on one end to facilitate re-
moval.

(c) The feather key is attached to
one member of a pair and permits
relative axial movement. Hence a
working clearance is allowed in the
sliding keyway at the top and the
sides. The feather key is commonly
fitted into a recess cut in the shaft,
fig. 3, and secured by screws. The
above may be either parallel,
or ta in thickness 1 in roo.

(d) The Woodruff key, fig. 7, is a
slice from a bar of segmental cross-
section. It is used in machine tool and
automobile construction. The key fits
a recess milled in the shaft and adjusts
itself to any taper in the keyway of
-the hub. It should not be used'as a
feather. The letters are referred to in
the table on p. 228.

Saddle Keys, figs. 5 and 6, are
suitable for light service. Flat saddle
keys tend to rock on the shaft under
heavy duty and work loose. Hollow
saddle keys hold by friction and are
useful as temporary fastenings.

Tangent Keys are fitted each to with-
stand torsion in one direction only.
Round kay- are of circular section and
fit holes iﬂﬂ in the shaft
and pa.rtly in the hub (refer to pp. 85
and 89g).

Strength of Sunk Keys.—Let
d = diameter of shaft in inches,
I = length, b = breadth, ¢ == thickness
of key, in inches; let f, = shear stress
msha.ita.ndf.=shearstressinkcy.
both in Ib. /in.3,

In practice /= or> 14d.
Turning moment on shaft
=x.d.f,+16. . .
Shearing resistance of key
=1.b.fy=13d.b.5;

(x)

‘Moment of shearing resistance about

shaft axis
n_id(l*d.b.f.). o« .
Equating (1) and (2),
i@.b.fy==x.d.f,+ 16,
From which
b==n.f,.d <+ 12f3.
If f,/fy = 0'8, then b == 0-2094d.

(2)

In practice
b=3d and ¢= §b, approx.
Let f, = crushing stress in Ib.fin.3,
Bearing surface at side of keyway
=§t.1=3%.3.5.0
Equating the crushing resistance to the

shear resistance of the key,

b So=b.1.0p
from which

Jolfy = 3.
Hence, neglecting the resistance due to
radial compression, the stress is
three times as great as the shearing stress.

The wedge action of a well-fitted key,
however, reduces the crushing effect at
the sides considerably, nlthough no relief
xsgwentofeatheninthnway

Spline Shafts are mdely used in
automobile work in place of shafts with
feathers. A spline shaft has a number
of key-like projections integral with it,
equally spaced round the circumference.
These engage with corresponding re-
cesses in a spline hub.

* Various of their keyways, have been standardised mﬁnm&hﬁhw
' R‘q@mu: , are given in Tebles 10 and u.mu%ndzzo .
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Cast-iron Split Muff Coupling.
Fig. 1.—The two shafts to be con-
nected butt at the middle of the
coupling and are firmly gripped when
the halves of the coupling are bolted
together. Keywaysare cut in the shafts
and a parallel key is used. The coup-
lings are recessed for nuts and bolt
heads, clearance being provided around
the nuts for a box spanner. Slight
shoulders are left on the recessed faces
to prevent the bolts from working out-
wards under centrifugal force. The
bolts on each side are inserted from
opposite directions, for convenience
when tightening up. Spring washers
are fitted under the nuts.

Large muff couplings are usually cast
hollow, as shown by the section given

in fig. 2.

Suitable proportions for larger coup-
lings are as follows:

Shaft, odling. = Bl
Dia.  Dis. Length, 'Dis. Length.
3' 7' IO*' i’ 2 ]%'
3*' 8' 12*' *’ 3'

4 9 ¥ ¥ s
4" 101" 151° 1 33

Flanged Coupling. Fig. 3.—The
flanges, usually of C.I., are pressed on
the shafts and keyed from the faces,

the keys having a taper of §* per foot.

COUPLINGS

The machined faces are held together
by steel bolts which are a driving fit
in their holes. Alignment is given,
independently of the bolts, either by
the provision of a turned projection
on one flange which fits into a corre-
sponding recess in the other, as shown,
or by allowing the end of one shaft to
enter for a short distance the coupling
on the other. To guard against accident
the flanges are formed to shroud the
nuts and bolt heads.

Proportions. — The forces which
may act on a coupling, due to errors in
alignment and other causes, are to a
large extent indeterminate, and the
proportions adopted are based on
empirical rules which cover designs
found to be successful in practice. For
shaft diameters from 2 to 6 the pro-
portions given in fig. 3 are suitable:
details of a coupling for a 1§* dia.
shaft are given on p. 109. The numbers
of bolts and their diameters are as
under:

Shaft Dia. 2' 2*’ 3' 3*’ 4' 5' 6'
BoltDia‘ i’ ’l ’l *I i’ Ii’ I*’

No. of
W)t 4 56 60 6

Flanged couplings for heavy duty
are usually of steel and of more robust
design than those shown opposite,

EXERCISES

(x) Draw, full size, the following views
of the assembled muff coupling shown in
fig. 1: elevation, half in section on the
shaft axis; end view, half in section
through a coupling bolt.

(2) Draw, full size, the following views
of a CI. flanged coupling for 2* dia.
shafts, showing the flanges bolted together:
elevation, upper balf in section through a

bolt hole; end view looking on the nuts.
Show standard keys. Dimension
views. -

(3) Make a working drawing of a muff
coupling suitable for shafts 4§* dia., as
in fig. 2. Show three pairs of bolts with
1¥ webs between them.

(4) Make a working drawing of a flanged
coupling suitable for shafts 34* dia.
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Claw Couplings or Clutch. Fig. 1.
—This coupling is designed for dis-
engagement at will. The fast half of
the coupling is pressed on and keyed
to one shaft (B); the other half is
arranged to slide along a feather on the
other shaft (A), the two halves engag-
ing by means of projecting jaws on the
faces. The sliding half is operated by
a lever, the forked end of which fits the
groove around this part of the coupling.

Shaft (A) enters the first half for a
short distance, and is supported by it.
When the sliding half is disengaged,
shaft (A) remains stationary while the
bush of the fast half revolves around
it. The ends of the shafts are arranged
to be §” apart. ;

Dimensions of a coupling suitable
for shafts 2” dia. are given in fig, 1.
For diameters of 3* upwards two
feathers, opposite to each other, are
provided for the sliding half. A lubri-
cator of the Stauffer type (see p. 100)
is usually fitted to supply grease to the
bush.

Compression Coupling. Figs. 2
and 3.—This coupling is an alternative
to the ordinary flanged coupling. It
requires no keys and is easily fitted or
removed. The ends of the shafts enter,
for equal lengths, a steel sleeve
machined externally to a double-
¢onical form. The sleeve is cut through
at six equidistant points on the cir-
cumference, one saw cut running from
end to end, and the others alternately

COUPLINGS

from either end to within 1”7 of the |
opposite end. This sleeve is encased
by cast-iron flange-type couplings, fig.
3, bored to the taper on the sleeve:
when the halves are drawn together
by the coupling bolts, the split sleeve
grips the shaft tightly. Power is thus
transmitted from one shaft to the other
by friction only.

Loose Coupling for Propeller
Shafting.—This is illustrated on p.
175. The outboard shaft of a ship has
to be entered or removed through a
tube of small diameter at the stern.
The first inboard coupling must there-
fore be removable or, as it is called,
“loose ”’. When the vessel is going
astern there is an axial thrust tending
to withdraw the shaft from its coup-
ling, and to prevent this, a keep ring
in halves is fitted at the end of the
shaft.

Flexible Couplings.—These are of
various types, and are designed to per-
mit slight relative motion between co-
axial shafts or to connect shafts which
may become slightly out of line. In
the coupling shown on p. 174, power is
transmitted through driving-pins which
carry leather rings, and a small relative
axial movement is permissible. This
type of coupling is often fitted between
a prime mover and a dynamo. In other
designs the flanges are connected by a
system of leather links; or the bolts are
replaced by bundles of thin steel plates.



COUPLINGS

75

Shaft A enlers
fast half 1I° .

.5

Shaft B enlers fast half

2%; k

beuring

Brass bush I'long
Y thick forming

fOf‘

L‘_—_—W

"
T 2%

S NNNN\N

Ll

\n

+—

2
AN /J%

Xy

PCD—+

2 4 bolts

TI~4%'dia.

NNNNNNNNNNNN

';,a Kf;[,)er % in,

— 54

w' 12" on dia.

'T.

"‘NP“

'




76 COUPLINGS

Universal Coupling or Hooke’s
Joint,—This coupling is used to con-
nect two shafts whose axes intersect
at a small angle, usually less than 30°.
It has a wide application in engineer-
ing, being used for machine tools,
motor-cars, agricultural machinery, &c.

The coupling has many forms. In
fig. 1 the shafts are keyed into similar
forked ends, which engage with pins
arranged on opposite sides of a central
cross piece. As shown in fig. 2, one
pin passes right through the cross
piece and the projections at each end
form the ‘‘ journals ”’ for one forked
end. The short pins are arranged at
right angles to the long pin; they are
driven in, and held either by set screws,
bearing on recessed portions, or by
tapered pins passing through cross
piece and pin. The long pin may be
locked in position in the same way,
but in the smaller sizes it is assumed
to be sufficiently secure without pin-
ning.

Alternative Designs.— Refer to
fig. 3. The arrangement shown is an
improvement on that given in fig. 2.
Four similar pins are screwed into the
forked ends and locked in position by
means of thin check nuts. Plain ends
project into the cross piece and form
trunnion bearings. Thus arranged, the
pins are easily taken out for inspection
or on dismantling.

Refer to p. 176. In the coupling

shown there, the trunnion pins are cast
or forged on the forked ends and fit
into bearings arranged in a split
enveloping ring.

Proportions.—These vary con-
siderably in practice and depend
largely on the form of the coupling.
The dimensions given in figs. 1 and 2
are suitable for a light-duty coupling
for shafts 14" dia. Essential dimen-
sions (A, B, C, E, F, G, H, ]) are also
given in terms of the shaft diameter D.
For better-class couplings, G.M, bushes
should be provided for the pin bearings
and Stauffer type lubricators fitted at
convenient positions. Supporting bear-
ings must always be provided as close
as possible to each side of the coupling,
and the shafts fitted with thrust collars.
Frictional losses are low if the coupling
is well designed and the working angle
small.

Double Hooke’s Joint.—The velo-
city ratio between the shafts is not
uniform,* and may cause vibration
when the coupling is transmitting
power. The variation in velocity ratio
may be eliminated by using two
Hooke's joints, and driving through an
intermediate connecting-shaft. This
connecting-shaft must be equally in-
clined to the two shafts and its own
forks must lie in the same plane. The
arrangement is known as a double
Hooke’s joint.

EXERCISES

(z) Draw, full size, the following views
of the coupling shown in fig. 1: sectional
elevation, taken through the shaft axes;
plan; end view, one half in section through
the journals. Use your own judgment for
proportions, radii, &c., not given. Dimen-
sion the views.

(2) Prepare a working drawing of a
universal coupling similar to that shown
in fig. 1, but with pins arranged as in fig. 3,
to connect two 2§ dia. shafts, Do mot
provide for bushed bearings and omit

‘| ubricators.

© Refer to text-books on * Mechanism ® for sn snalytical diecassion.



COUPLINGS

77

A= 2D

screw

ghalloy groovel

QY

| &

g

.

)




78 BELT PULLEYS

Pulleys are usually made either
wholly of cast iron or with a cast-iron
boss and a steel rim.* They may be in
one piece, or in halves to facilitate
assembly on the shaft. The rim may
be secured to the central boss either
by a web, as in fig. 1, or by radial
arms, as in figs. 2 and 3.

The rim of the pulley is frequently
‘ cambered ”, i.e. the diameter of the
pulley is reduced at the edges: this
has the effect of keeping the belt in
its place on the pulley.t The reduction
in -diameter at the edges of a pulley
12” wide is commonly §*, and pro rata
for smaller widths.

The stress in the pulley rim due to
centrifugal force is given by 12mudjg
1b./in.%, where m is the mass of 1 in.}
of the material (= o0-29 Ib. for C.1.), v
is the rim velocity in ft./sec., and g is
32-2 ft./sec.?. A rim velocity of 100
ft./sec. gives a stress of 1080 lb./in.},
and to this must be added the stress
caused by the pull of the belt and any
stress occasioned by shrinkage in the
casting (an important factor in C.I,
pulleys). This velocity of 100 ft./sec.
is taken as a maximum for all types
of balanced pulleys: for unbalanced C.1.
pulleys 50 ft./sec. is commonly regarded
as a maximum,

Cast-iron Solid Pulleys,—Usually
the diameters d, of the shaft, and D,

of the pulley, are fixed; other propor-
tions depend upon these dimensions,
If D is less than 7°, a solid web is used,
as in fig. 1. For diameters from 7* to
24", 4 arms may be used; from 24° to
60", 6 arms; above 60”, 8 arms. On
the assumption that the driving force
transmitted by the belt {(T, — T,),
refer to fig. 6, p. 69} is in turn trans-
mitted to the boss by all # arms, each
arm may be treated as a cantilever of
elliptical section carrying an end load
of (Ty~— T,)+#, and its propor-
tions obtained as on p. 84; it is'some-
times assumed, however, that the
power is transmitted by only half the
total number of arms at any given
time.

For C.I. pulleys, the outside of the
boss and the inside of the rim are
slightly tapered (}* per foot) to facili-
tate the removal of the pattern from
the mould.

Split Pulleys of the type shown in
fig. 3 have largely superseded other
kinds. The arms are of steel and are
shrunk into the hub or boss; the ends
pass through the steel rim and are
riveted over. The halves of the rim
are secured by butt straps, riveted to
one half and bolted to the other
alternately. The rim is machined
after riveting and the pulley finally
balanced.

EXERCISES
(1) Draw, full size, & sectional eleva- | and end view of a cambered C.I. ,
tion and end view (i.e. a view along | as in fig. 2, taking the following dimen-
thoaxis)oiuc.l.hml:y with a flat | sions: -xS’,l-z’,b-G’,‘b,—&"
rim, as in . I, thofollwin’ h=2" t=} ¢ = §° Dimension
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8o BELT PULLEYS

Fast and Loose Pulleys, fig. 1,
are mounted on a driven shaft when
it is desired to stop and start the shaft
without interfering with the driving
shaft. The fast pulley is keyed, but
the loose pulley revolves idly on the
shaft. To stop the shaft, the belt is
shifted from the fast to the loose
pulley by means of ‘‘ striking gear ”,
a fork engaging with the belt on the
leading side just before it reaches the
pulley. The diameter of the loose
pulley is sometimes made slightly less
than that of the fast pulley to relieve
the belt of its tension. To enable the
belt to mount easily the larger pulley,
one rim is bevelled at the edge, either
as shown in fig. 2 or as in fig. 3.

In fig. 1 end movement of the
pulleys in one direction is prevented
by a steel collar which is secured to
the shaft by a grub screw; the face A
beafs against the supporting bracket
and prevents movement in the opposite
direction. 4

Stepped Pulleys,or Speed Cones,*
fig. 4, are fitted to enable the speeu
ratios of two shafts to be varied ; refer
to fig. 1, p. 69. By shifting the belt
from one pair of pulleys to another,
the speed ratio of the shafts is changed.
The same belt is to be used for all
pairs; hence the diameters of the stéps

must be such that no appreciable
change in length is occasioned. This
condition is satisfied, exactly for
crossed belts and very nearlyt for open
belts, if the sum of the radii of cor-
responding pulleys is constant. If the
speed ratios be denoted by S,, S,, S,...,
the radii of the driving pulleys by
R,;, Ry, Ry, . . ., and the radii of the
driven pulleys by 7,, #, 13, . . ., then the
following equations must be satisfied:

S;=Ry/r, Sy=Ry/rs, Sy=Ry/rs, &c.,
and .
Ry 4 1) = (Ry+13) = (Rg + 1), &c.

Horse - power transmitted by
Belting —If T, and T, are the total
tensions in the tight and slack slides
of a driving belt, the horse-power trans-
mitted is given by horse-power =
{(Ty — T,)xDN} + (33,000 X 12);
horse - power = (Ty;— T,;)V. 60 =
33,000; where T, and T, are in
pounds, D is the pulley diameter in
inches, N the shaft speed in revs./min,,
and V the belt velocity in ft./sec.

The ratio T,/T, lies between 2 and
3. For ordinary belting a safe maxi-
mum stress is 300 1b./in.2. Belt speeds
in machine shops average about 20
ft./sec. At speeds above 40 ft./sec. the
additional tension produced by centri-
fugal force must be taken into account.

EXERCISES

(x) Draw, balf size, an elevation, half in
section, of the pulleys in fig. 1. Keyed to
the same shaft show a speed cone similar
to that in fig. 4 (but suitable for the smaller
shaft); arrange the cone with its large end
6"from the side of the loose pulley and show
it half in section. Dimension the drawing.

(2) If the pulleys are driven by a belt
3§° X 3" and the stresses in the tight and
slack sides are 205 and 80 Ib. /in.}, calculate
the horse-power transmitted at a' velocity
of 20 ft.[sec.

Answey.—4 R.D.

-mmmmwmm-ww The pulleys showa are

suitable for a 6° lathe.

4 The error is nogligible if the distance 4 between the shafts is mm-&u&-m
corresponding pulley dismeters. The length of belt 7 is given approximetely by

{1 = ad + 9@ + 7o) + {(Ry = r0d}s
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Wire Ropes are extensively used
in lifting and transporting appliances,
and their len of service depends
largely upon the design of the pulleys
around which they pass. Much research
work on wire ropes has been carried out
by the Institution of Mechanical En-
gineers,* and the Reports of the Re-
search Committee show that for long
service the pulley diameter must
be as large as possible.

A small increase of pulley diameter
has a beneficial effect on the rope: in-
deed, it may be taken that the addition
of 2 rope circumferences to the diameter
of the pulley will double the life of the

Tope.

?rom the Reports it appears that the
correct pulley diameter is more closely
related to the diameter of the rope than
to the diameter of the wire of which the
rope is made. Many-stranded ropes are
superior to others of the same diameter
with fewer strands, only when the work-
ing conditions are severe.

A generally accepted rule in crane
practice is that the diameter of the
smallest pulley should not be less than
22 rope diameters,t and with a stan-
dard type of rope this gives a pulley
diameter /wire diameter ratio of 330/1.
In the experiments referred to, pulleys
of less than 300 wire diameters were
found to misuse the rope. It would
appear preferable, therefore, to take
a higher ratio, say 500/1, as the
minimum. :

The groove in the pulley should be
machined to a gauge having a radius
equal to, or not less than, that of the
rope, and *‘ flared "’ on tangents to the
rope circle, as in fig. 1. If the rope does

not bear on the bottom of the groove,
lateral crushing occurs and the rope
is injured.

The C.I. pulley shown, fig. 2, has an
oil reservoir incorporated in the body,
three filling plugs being provided. The
proportions of the casting are entirely
empirical and represent good practice.

Telodynamic Transmission is
the transmission of power by wire
ropes. A typical pulley-rim section is
shown in fig. 3; the bottom of the
groove is lined with leather (or with
wood or gutta-percha). The ratio
pulley diameter/wire diameter is large,
frequently 2500/1. The wire velocity
varies from 60 to 100 ft./sec.

Stresses in Wire Ropes.—The total
stress fiy in a wire rope is the sum of the
direct tensile stress f, due to the load, and
the stress due to bending over the pulleys,
fo; the latter is never negliﬁible, and may
e;caugedthe former if the pulley diameter is
small.

Hence S = fo + fo,
ie fu=T/A+¢.E.dD,

where T is the total rope temsion in Ib,,
A is the total sectional area of the wires
in in.%, E is Young’s modulus in Ib./in.%,
d/D is the ratio largest wire diameter/

lley diameter, and ¢ is a constant. E
is about 30,000,000 Ib.[in.%, and ¢ varies
from 0-35 to 1. The stress fi should not
exceed the fatigue limit of the wire. This
limit depends to a great extent on the rope
arrangement, and if reverse bends are
fresent its valuemnot exceed 38,000
b./in.%. Reverse should be avoided,
as they hal;e the life of a :

reverse bend arrangement in

EXERCISE

Draw, half size, views in the directions
A and B of the half crane pulley shown
and dimension them. If the rope 180°
of the pulley and sustains a of
360 Ib,, what is the average pressure on

the bush? If the rope has 6 strands, each
of 6 wires of dia. 0036, calculate fu,
the constant ¢ == 0-35.
Answer.—p == 80 Ib,fin3; fu = 35,200
. lint,

- Proc, 1. Mock, B., 1930, 1024, 1938, 1930, 1038 (Final Report),
¢ On the Manchester Ship Canal Co.’s high-epead crends the ratho Is 35¢
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84 LEVERS AND CRANKS

Linkages.—This name covers the
various mechanisms which are em-
ployed to convert rotary motion into
oscillating or reciprocating motion.
They are usually combinations of
levers, connecting rods, and cranks,
and are applied to machine tools,
pumps, steam-engines, &c. The de-
sign of some of these parts is discussed
here. Inthe four-bar chain or linkage,
fig. 1, a crank A rotates about O and,
by means of the connecting rod B,
causes an arm C to oscillate about Q.
In the slider-crank chain, fig. 2, a
crank A rotates about O and causes
a crosshead C to reciprocate between
guides.

Proportions of Simple Levers
and Cranks.—In what follows all
dimensions are in inches, loads (P)
in Ib., and stresses ( f) in Ib./in.%.

Simple Lever. Fig.3.—A force P,
applied at ‘he end of the lever, pro-
duces on the shaft S a twisting mo-
ment, magnitude P. R, together with
a bending moment, magnitude P. N,
where N is the overhang of the centre
of the lever to the centre of the nearest
bearing. (If the lever is supported
between bearings, the magnitude of
the bending moment is given by the
product of the reaction at a bearing
and the distance of the lever from that
bearing.) The diameter D of the shaft
is settled by applying the formule on

page 68; the proportions of the boss
B, in terms of D, are given in the figure,

The section of the arm at G must be
designed for a bending moment of
magnitude P, L. For light levers the
arm may be elliptical in section, but
for heavily loaded levers the I form,
fig. 4, is preferable, The moment of
resistance of the elliptical section is
given by w.b.A%.f/32, where & and b
are the lengths of the major and minor
axes of the ellipse; usually b = o-4h,
so that the moment of resistance is
n.h%.f/80, and A is given by the formula

P.L=xn.A.fl8o. . . (1)

The dimensions at the small end de-
pend largely upon the manner in which
the load P is applied and definite
rules cannot be given. Suitable pro-
portions in terms of the diameter d
of the pin at the small end are shown
in the figure.

Bell Crank. Fig. 4.—This is a
combination of two cranks, usually at
right angles. The proportions of the
boss B depend on the diameter of the
it is usual to assume that the bending
moment is taken by the flanges only,
i.e. the effect of the web is neglected.
On this assumption the moment of
resistance to bending is given by
(8ange area X depth X stress): hence

P.L‘bo‘oklﬂ . o (2)

EXERCISES

(1) Draw, full size, an elevation of the
lever in fig. 3, showing a turned section,
and an end view. Dimension the drawing.
Take D == 2°,d == 1}*, R = 8", A = 3", and
least depth of lever == 1§°. 1f P = 350 Ib.
and N = 4, calculate the greatost stresses
in the arm and shaft.

Answer.—2000 and 4000 . [in0,

(2) Prepare, full size, 2 working drawing
of the bell crank (fig. 4). Show each arm
broken to reveal the section and shortened
to bring the drawing within the limits of
the paper. If fis not to exceed 2000 1b. fin.3,
calculate the safe load which may be
applied to the end of an arm,

4‘ m.-—389 “s



85

LEVERS AND CRANKS

R CRANK_CHAIN

SLIDE

FOUR BAR CHAIN ...

Secl I/-')-C'

SIMPLE_LEVER.

L _CRANK

EL




86 ENGINE CRANKS

Overhung Crank. Fig. 1.—In the
design shown, all are of steel.
The crank arm is either forced on the
shaft under hydraulic pressure, or
heated and shrunk on, and then
keyed. The crank pin is pressed into
the eye and riveted over. In a light-
duty crank the arm may be of cast
iron, but it should then be webbed to
give a trough-shaped section.

Proportions.—The proportions of
the bosses are fixed by the diameters
d-of the pin and D of the shaft: they
are given in terms of these dimensions.
If the crank pin is proportioned to
give a sufficient bearing surface, it will
usually have an excess of strength,
The length ! = 0-84 to 1-3d. Taking
the latter value, the projected area
= 1-3d%

Hence

the total load P =
1-3d? X safe bearing pressure,

Bearing pressures for cranks of this
type vary considerably in practice
according to the class of work and the

An average range is from 600
to rooo 1b./in.2,

Having obtained d, the pin must be
checked for strength. The bending
moment on the pin = §P./*; in the
equation

P I=n.d%. 1|32

f should not exceed 8000 Ib. /in.3.

The shaft is subjected to combined
bending and torsion, and its diameter
may be calculated as on page 68 for
given maximum values of M and T.
Frequently, however, the diameter is

based on the H.P, to be transmitted.
From the H.P. the mean value of the
twisting moment T is given by the
equation
H.P.=T x ax. N (33,000 X 13)...
Eqn. 5, page 68 . . (1)

In this, T = xD,®. f/16, where D, is
the nominal shaft diameter; f may be
taken as 8oco. Substituting in (1),

H.P. = (8000 .n.D,%(2n.N)
<+ (16. 33,000. 12),

from which
D, = 32VAP.<N.. . (2)

The greatest twisting moment is much
larger than the mean, in some engines
being twice as great. To allow for this
variation and also for bending mo-
ments, the diameter D, in equation (2)
is multiplied by a factor which varies
from 1-34 to 1-49. Taking the lower
value, the diameter required is given by

D = 458VHP.=N.. . (3)

The crank arm is subjected to com-
bined bending and torsion and for the
shape considered the stress analysis is
complex. An approximation is given
by treating the arm as a column
under a load P and a bending moment
P.N, this being the dead centre load-
ing.

is commonly used on small engines
and pumps. The disc is of cast iron

and a surplus weight is
opposiuthoaankpinforbmed

EXERCISES

(z) Draw, half size, two views corre-
sponding to those in fig. 1 of a steel
ovuhun}crank. taking d = 3, D = 4}",
R == 12%, I = 1-3d. Show a 1}* dia.
(B.S.Fine). If P = 7000 1b,, calculate the

and the greatest stress
in the State the maximum horse-
for which the shaft should be used,

at 200 revs./min,

Answer.—600 b, [in.b

s 6
b./in.2 (at inmer root); 200 mpm?”

Answer—1785 Bb.; 595 B.fin..

# For the design shown it would be safer to taks the bending moment as Pe'sl + 1d + 3"k
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Marine Type Cranks. Fig. 1.—
The drawing gives proportions for
steel cranks, forged in one piece, as
used in marine and internal-combus-
tion engines. There are usually more
cranks than one, and a complete shaft
may be either in one piece or in parts
coupled together. Two cranks are
usually arranged at right angles to
each other, and three cranks at 129°
to one another. The diameter of the
shaft is given by

D = cyH.P. =~ N,

where ¢ varies from 4-5 for 3 cranks to
5°1 for 1 crank. The proportions of the
crank arms are settled by empirical
formulze based on successful practice,
the stresses in the arms being too
complex for exact treatment.

The design shown in fig. 1 is not
satisfactory for very large engines, the
cranks of which are invariably built
up. The proportions of large marine
crank sh are usually based upon
rules laid down by the Registry As-
sociations. A typical design is given
on page 173, the arms being shrunk
on to the shafts and crank pins, and

: usually the shafts and pins are
hollow.

An interesting modern design of
crank pin is given on page 157.

Locomotive Crank. Fig. 2.—
Details are given of a balanced loco-

ogether; show 4
dia. (screwed 1§” dia.)

;g: Dimension the drawing.

ENGINE CRANKS

all parts being of steel. The webs are
shrunk on and keyed: for the shaft

= (pin diameter) + 8oo.

The pin and arms of a crank of the
type shown in fig. 1 set up disturbing
forces as they revolve at high speed:
if the total weight of the di parts
is W Ib., and the distance of their
centre of gravity from the shaft axis
is R in,, a centrifugal force of
W.R.w%/12.glb.is produced, & being
the shaft speed in radians/sec.* This
effect is neutralized in the design
shown in fig. 2 by the provision of
balance weights of suitable mass
and displacement, arranged to give
an equal and opposite centrifugal
force.

Actually, not only are the crank pin
and arms balanced by revolving masses,
but also of the connecting rod and
part of reciprocating masses in the
engine, balance weights additional to those
at the crank being provided on the wheels.
The question of cing cannot be dis-
cusse‘a fully here, and the student is
referred to works on the
subject.t

Automobile Crank Shaft.—A de-
sign for a modern automobile engine
is given on page 172. The shaft is a
steel stamping and is forged from a
solid bar of high-grade steel. The
crank arms are not machined and the
journals and crank pins are ground to

® Or WR(asN)* + {12g X (60)*}, whers N is the speed ia revs./min,

+ See Balancing of Engines, Dalby.
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9 ECCENTRICS

An Eccentric is a special crank of
amall radius with & crank pin larger
in diameter than the shaft., The
sheave is virtually the crank pin, and
the strap, which is in two parts,
corresponds to the ordinary rod-end
bearing—see pages 141 and 143. Ec-
centrics are used to convert rotary into
reciprocating motion, but not vice
versa. They are of various types and
are employed to operate valves, pump
plungers, &c.

For small eccentrics the sheave is
often solid, and of steel. For larger
types the sheave is in two parts and is
commonly of cast iron. The straps are
of gunmetal, cast iron, or of cast iron
lined with whitemetal (as discussed

later); cast iron is quite satisfactory,

in practice. A small C.I. strap is shown
on page 33.

The distance between the axes of
the shaft and sheave is known as the
throw, or the radius, or the eccen-
tricity.

Eccentric for Locomotive~—Fig. 1
shows a typical design suitable for the
shaft on page 89. The sheave is in two
parts, the larger of cast iron and the
smaller of steel, held together by
cottered bolts and keyed to the shaft.
The bolts, fig. 3, are a driving fit in the
steel part; the cavity beyond the head
of each bolt is filled with whitemetal,
bhammered in. Two set screws with
bhardened cup-ends are screwed through
the larger part and bite into the shaft.
The cast-iron strap is flanged to keep
\it in position on the sheave, and is in
di.
cra
scale
view ¢
boldi&uthawmmelhuwhﬁg 1to

», Dim.through ai angle of go°, relative

v Then draw, half size, the fol-
of the assembled parts: elova-
iew in the direction of the
ywing the upper half of

halves bolted together. Brass strips
are provided for taking up wear. The
eccentric rod (not shown) is attached
to the strap at A by means of two
bolts fitting into recesses in the strap,
fig. 2.

The actual design has been slightly
simplified for the purpose of providing
the exercise below. For examples,
actually the strap should not be rect-
angular in section but rounded at the
edges: it should also be thickened at
the middle. Lubrication details are
not fully shown on the drawing. Two
lubricating boxes are required, one on
each half-strap; also oil pads should be
provided, fitting in recesses formed in
the lower part of each strap and prees-
ing against the sheave under the action
of light springs.

Proportions.—The diameter of the
sheave, which should be kept as small
as possible to reduce the rubbing
velocity, depends upon the eccen-
tricity and the least permissible thick-
ness of metal in the sheave: the latter
may be kept low when steel is used for
the smaller portion (or the whole) of
the eccentric. The projected area
(diameter x width) of the sheave must
be sufficiently large to give an average
bearing pressure, due to the load on
the strap, of from 8o to 100 lb./in.t.
(Bearing pressures are discussed more
fully in the section on bearings.) The
rules to give a stiff design, and the
strap bolts should be designed to take
the greatest pull in the eccentric rod.

EXERCISE

sheave and strap in section to reveal the
bolts; sectional end view on the shaft
axis, from right to left; an end*view from
left to right. Omit the lubricating box,
but show set screws and cotters in posi-
tion, Dimension the views,
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A cam is a rotating or oscillating
machine part designed to cominunicate
reciprocating or intermittent motion,
often of a comparatively complicated
kind, to another machine part, called
a followcr. Cams may be divided
into two main groups, Disc or Radial
Cams; and Cylindrical Cams. Only the
former are dealt with heré, but the
treatment of the latter presents no
additional difficulties. Other special
types of cam are in use, e.g. conical
and spherical cams. Because almost
any desired motion can: be given to the
follower, cam design is of great im-
portance in mechanical engineering.

of Radial Cams.—The V-
ended follower in fig. 1 is not of prac-
tical importance, but it gives the pitch
curve, from which the working curve
for other cams is obtained. The pitch
curve may be defined as the line which
would give a V-ended follower the
desired motion. In practice, roller-
ended followers, as shown in figs. 2a,
b and ¢, are commonly used. For these,
the working surface usually closely
follows the pitch curve. In fig. 24 the
axis of the follower passes through the
cam axis, but in 2b it is offset. In
fig. 2¢c a groove is used instead of an
edge.

’,gl'he flat-ended or mushroom fol-
lower in fig. 3 has its axis offset a
little from the plane of the cam .in
order to reduce friction between sur-
faces—the contact producing rolling ‘as
well as sliding. Fig. 4 shows an oscil-
lating cam with an involute contour—
see Ex. 5, p. 96.

All the followers except that in fig.
2¢ will require to be spring loaded to
ensure continuous contact.

Cam Displacement Diagrams.—
Fig. 5 shows a radial cam capable of
giving a lift L to a V follower. The
intercepts between the profile and the
bdase circle on the twelve equally
spaced radial lines, are set off in fig. 6
as ordinates from a base line of any

length representing 360°; thisis a cams
displacement diagram. ocon-
verse operation, of being given, or
selecting, the shape of this diagram,
and of translating it into a cam profile,
i$ the usual design problem.

The way in which the follower moves
is of great importance in design, and
displacement diagrams for three kinds
of movement are shown opposite. In
each it is assumed that the lift occurs
during 180° turning of the cam; that
there is then a “‘rest’ or ‘ dwell ”’
period of 60°; and that the follower
returns to its starting point during the
next 120°. These spacings have been
chosen simply to give clear diagrams.

In fig. 6 the diagram has straight
inclined lines,. so that the velocities
during lift and fall are constant (but
not equal).

The diagram in fig. 7 will give
the follower simple harmonic motion
(S.H.M.). For its construction, the
semicircle, radius r = L <+ 2, is divided
equally and perpendiculars are dropped
on to the diameter. The intercepts on
the diameter are the ordinates for the
displacement curve, which is a sine
curve. The radius of the circle is
referred to later as the ‘‘ represesn-
tative crvank’’

The diagram in fig. 8 differs little
from that of fig. 7 but the difference
isim t. F:g 8gives to each move-
ment of the follower, first uniform
acceleration and then uniform retar-
dation. Each curve consists of two
parabolas. The projection of points
will be clear from the figure on the left,
which uses a common method of draw-

lic curves.

In order to make a choice between
these displacement diagrams (and any
others) it is n to construct
eoxmpondmg ams of velocity and
acceleration. From the ration
dia, can be deduced the forces
which the cam will bring into operation,
and which at are often
deciding factors. is fully discussed
on page 94, from which the signi-
ficance of figs. 6, 7 and 8 will beoomc

apparent,
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Displacement, Velocity and Ac-
celeration Diagrams.—As has al-
ready been said, it is necessary to
know the maximum acceleration which
a cam will give a follower in order that
the forces involved may be calculated.

The displacement diagrams of figs.
6, 7 and 8 on the previous page have
been reproduced opposite in figs. 1a,
1b and 1c¢ to a smaller horizontal scale.
Below them have been drawn cor-
responding diagrams for velocity and
acceleration.t The same scale applies
to each set of three. In what follows
the type of motion will be referred to
by its abbreviation (C.V., S.H.M,, or
U.A.R.).

The S.H.M. displacement, velocity,
and acceleration di are all of
the sine curve family. The U.A.R.
displacement parabolas give triangular
velocity, and rectangular acceleration,

i s. Students with a knowledge
of the calculus will recognize that the
f& I curves are thg integral curves of

corresponding fig. 2 curves, and
the fig. 2 curves the integrals of the
fig. 3 curves. Conversely, the fig. 2
curves are the differential curves of the
fig. 1 curves, and the fig. 3 curves the
differentials of the fig. 2 curves.{

The velocity diagram for the C.V.

dotted, giving corresponding changes
in the velocity and acceleration curves.

d* mwamumﬂ%

and

(=*:8). On the other hand, the fotal
abrupt e in acceleration is greater
for U.A.R. than for S.H.M., the ratio
being (8 4 8) : =3,

Re (b): The value of the side thrust
on the follower (except when this is
flat ended) depends on the slope of
the cam profile. The comparative
values of the slopes are given by the
ordinates in the velocity diagrams,t
and maximum values are in the ratio
2:m:4. Hence the thrust is least in
C.V. and greatest in U.A.R.

In practice it is desirable that the
maximum pressure angle 0 should not
ekceed about 30° and in design it is
necessary to find a minimum radius
for the pitch curve to ensure this.

The U.V. cam will first be considered,
see fig. 4. The base circle radius is
R, and the distance AB subtended by
the angle « for the lift period (180°
in this case) is used for the displace-
ment diagram on the right. Ordinates
from this diagram are marked off
radially to give the pitch curve. It
will be seen that the actual pressure
angle is not constant; it is a maximum
at A, and 6 > 0, > 6,.

The value of tan0

given by CV.:SHM.:U.AR.:2:
% : 4. For S.H.M. and U.A.R. profiles
the above formulie may be taken as:

tan® = 360L.k& ’

”(R ; ;2:)“ - B

360L.k_L

and R=i—a—7 - @

mn-’i‘ms.n.u.anduoxu.&n.

hma&lw

Y



CAMS

95

CONSTANT. .
VELOCITY -C.V.

SIMPLE HA!
MOTION -

PN, revampation

ELERATION
-UAR.

ACCELERATION

oy / |
. L' L‘
UN_ A
Bala || | [Est)
VELOCITY. ' LN l
4 \ . /AR
Faze| s | | Fa\sh
: 2

i—\
T

a—




igETE

of a roller end are gener-
pref , but it may be
ial to use off-set, flat-ended, or
oscillating followers.

The radius of a roller should not
exceed the radius of curvature of the
pitch curve, where this is convex other-
wise these convex parts will give errors
in the motion. It is usual to make the
roller radius about half the minimum
cam radius (i.e. one-third of R).

The total load, including inertia
loads, on the working face governs its
width. Contact vary between
wide limits, but for steel, 500 pounds
load per inch width is conservative.

EEEERE, %
3
i

§

Exampls A, Fig. r—Cam speed, 200
r.p.m. Follower motion S.H.M.: rise 24"
for 140°, dwell: Go:. fall 23” for 160°, Max.
pressure angle 30°.

From (4) on p. 94, R is found to be
1:53". This is increased to 1. For R =
13*, (3) on p. 94 gives § = 28°. The roller
ndi}u can I .-:-3;‘say *, giving a

¥

“ tative crank ”’ (see p. 92

and te) has & radius () of 1}".
The time of rise takes (140 - 360)(60 -
i.e. 7+ 60 sec. Hence the
ves at 2x(60 = 7) + 2
radians per sec. (w). Max. vel. is wr =
2-8 f.8.; and max. acc. is w? = 75'6 f.5.8.

In drawing the ,
posed to be fixed while the follower re-

200) sec.,
* crank "’

(1) Complete the profile for Ex. A and
com) y design the cam for a cam shaft
1234 . Width of cam face, 1}”.

(2) Repeat Ex. A for a U.A.R. cam.
Answeys.—R, 2-3°; vel. 3:57 £.8.; acc.
61 f8.8. (See Ex. B.)

(3) Draw the profiles in Ex. B three
times full size. Compare them; also show
the small deviation between each and a
Hﬁbwhichhndmnhtmmdhuent

{4) Complete Ex, C and find a subtable

CAMS

volves about the cam axis in a direction
opposite tc;uthe rotation ‘t,i‘ the cam,
u nired ons. Only
mmﬁm be-gg:n. The work-
curve is tangential to the successive

roller positions.

Example B, Fig. 2—Cam speed, 1000
sm 8°I§ise 1° for go°, fall 1* for 90:.
180°. Maximum ure angle 30°.
Motion (a) S.HM., (b) TIAR. ¥
From (4) on p- o4 R = (a) 1-23", (b)

17"
{® 1”.

as (a) \%", () t". Fig. 2 shows S.H.M.
on the left, U.A.R. on the right, for half
the cam. (The constructions for the points
are those of figs. 1 and 3.)

The calculation of max. vels. and accs.
is left as an exercise. Note: (p.
2b (and z)c) ZI:L té.sA'.R.bva.X:l. S)'!iw
X (4 +=); . 3 c .
U.A.R. = Acc. S.I-‘l.M. X (8 + -} .

Answer—Vel.: S.HM., 873, UAR.,
111 f8.; Acc.: S.HM, 183, U.AR,
1480 f.8.8.

Ezample C, Fig. 3.—Mushroom f{fol-
lower, to rise 3 for go° with U.A.R., to
fall 3”7 for go° with U.A.R., dwell 180°.

On ﬁmﬂ;‘: ;:-t;hlsl'is dra; ogosi

-] e 'wn te.
A straight line representing the flat end
of the follower is carried around the cam
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Fur permissible bearing pressures refey to p. 222 in Appendix

Pedestal Bearings for Rotating
Shafts. Solid Type.—The simplest
kind of shaft bearing is formed by
drilling a hole in a supporting piece to
receive the shaft. If the bearing proper
is to be distinct from the support, the
pedestal design shown in fig. 1 may be
adopted: the proportions of the various
parts are given in terms of the shaft
diameter D. The hole will eventually
wear oval, and to enable adjustment
to be made, the bearing is usually lined
with a thin G.M. bush: the provision
of a new bush restores the bearing to
its original condition. The bush is
usually simply pressed into the hole in
the pedestal. For small bearings fric-
tion alone is relied upon to keep the
bush in position, but set screws or dowel
pins must be fitted to prevent large
bushes from moving.

Split Type.—A more satisfactory
method of taking up wear is by divid-
ing the bearing by a plane containing
the axis of the shaft and normal to the
direction of the load. In fig. 2 the
upper half or cap is secured to the base
or pedestal by means of studs. Align-
ment between the parts is maintained
by a narrow offset A on the line of
division: to ensure that no longiludinal
relative movement occurs, the offset
portion in the cap need not extend the
whole length and may then fit into a
recess arranged in the lower half, Wear
is taken up by removing some of the

metal at B:* the bottom of the
offset at A is usually clear of the
pedestal.

Important bearings are invariably
lined either with whitemetal (cast in
the halves of the bearing and then
machined) or with split gunmetal
lbaushes. Both methods are discussed

ter.

Footstep or Thrust Bearing.—
The ;llmpllsyt}ype éslh;)own in fig. 3 is
suitable o or a slow-running ligh
loaded shaft. If the shaft is ngttz
steel, its end must be fitted with a steel
face. This end is rounded, and is sup-
ported on a cup-shaped steel disc fitting
in the footstep and prevented from
rotating by a steel pin A. The shaft
is guided in a gunmetal bush, pressed
into the pedestal and prevented from
turning by the pin B.

This of bearing has two objec-
tionable features: (1) it is difficult to
lubricate, the oil being thrown out-
wards from the centre by centrifugal -
force; (2) the wear on the disc is not
uniform over its surface, the rubbing
velocity varying from a minimum at
the outer edge to zero at'the centre.

Ball bearings are widely used to
take axial loads applied to small shafts;
and for large shafts the Michell type
:l‘ th:luctadbe;ﬁg ilgo now almost ex-

usively ado, . th bearings are
fully described later.

EXERCISES
The following are all to bs drawn full sise and dimensioned

(1) Draw an elevation, plan, and sec-
tional end view of a bushed pedestal bear-
ing suitable for a shaft 2* .

(2) Draw the following views of the C.I1.

and bearing shown in fig. 2:
elevation (i.e. a view along the shaft axis)
showing a portion of the bracket in i
through a stud, as in figure; an end vi

i

a plan. In the last two, show thé compleis
estal. Assume that the bearing over-
gs the base symmetrically, and use

your own judgment in proportioning

undimensioned 5

® Thin metal etrips called shime are frequently provided initislly at B, g, 2. Wesr mey than be taken wp

by removing one or more of the strips.
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A. Simple Pedestal Bearing or
Lightly loaded that, s show opposite
i load 3 opposite,
;.l;h;ﬂyshaft is carriﬁg ed i;c(l}l.M. ham

or steps, fig. 1, which are su

or housed in a C.I. pedestal, fig. 4. A
boss 6n the upper step
enters a hole in the
cap, figs. 2 and 3, and
preventsrelativemove-
ment: the boss also
serves for the attach-
ment of a Stauffer
grease lubricator of the
kind shown in the
annexed figure. With
the exception of the
central recessed por-
tion, the steps are
machined all over. The
halves butt when in
place; the cap, how-
ever, when pressing on the upper step,
does not bottom in the pedestal.

In order that a design may be com-
petitive commercially all unnecessary

BEARINGS

metal must be eliminated and excessive
machine work avoided. These factors
have been studied closely in the pro-
both parts. a's. oconcmically’ propor:
parts are econ propor-
tioned and require machining only at
the step bearing surfaces, and on the
parts of the cap and pedestal in con-
tact. The base is recessed on the under-
side to produoeda bearing strip which
is finally ground true.
Proportions.—The diameter and
length of the bearing govern all other
dimensions, and for a given diameter
the length depends entirely on the
load carried. For grease-lubricated
bearings a pressure p of 30-50 lb./in.®
of projected area is permissible;* i.e.
¢ = load in pounds <= (length in inches
X diameter in inches). The length may
vary from 1} to 2 X diameter. The
following table gives important dimen-
sions found to be suitable in practice.
(Note.—Suitable brackets for supporting
th.is)pedesta.l are shown on pages 168 and
169).

Dimensions in Inches.
Seepe Axis of Cor- Buse.

Bav | T | pode | Shat Bl Thic Thic.

D. Max. \ | =D I"No. [ Dis. | Centres.| Min. Mz,

14 i 2t 1§ 2 $ 24 ] 13 #

2 * 3 2 2 ) 3 H 2% 1

2% & 3 2% 2 3 4 1% 3 13

3 h 4 | 3 2 | 3 4 | 1% | 2 | 1

8 3 5 8 2 ¥ 6} 1} 4 13
C 4 % 54 4 2 1 6} 13 5 )

3 $ 6} 3 2 1} % 2 7 23

¢ 3 8 6 ¢ | % | % | n st | 2

EXERCISES

(1) Draw, full size, the ing views | moved. Dimension the views and insert

the pedestal bearing shown, with the | finish marks. Omit a lubricator.
various component parts assembled ; eleva- (2) , full size, comploteworhng
tion, half in section through the bolts; end | drawings of a bearing suitable for a 3
view, half in section on the shaft axis; plan, | dia. sbaft, simiilar to the bearing shown
one half showing the cap and steps re- | opposite, with steps 4}* long.

® In the Sellers’ cnst-iron besring for factory sheftiog the bearing pressive » was limited to 23 Ih.finf,
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Ring-oiled Shaft Pedestal. —In
this very satisfactory type of bearing,
lubrication is effected by rings which
hang upon the shaft through gaps
arranged in the upper step, figs. 1 and
2, and which raise oil as they revolve
from an oil-well formed in the lower
part of the pedestal, fig. 4. This system
of lubrication is widely used and should
be adopted in all but the simplest of
shaft bearings. The oil-level indicator
and drain cock usually provided for
bearings of this type have been omitted
to avoid complication. Oil is pre-
vented from creeping along the shaft
by the provision of oil throwers: these
consist of narrow rings, usually of tri-
angular section, secured to the shaft
within the pedestal case.

Details of a ring-oiled Swivel Bear-
ing and Pedestal are given on pp. 188
and 1809,

The proportions are largely empiri-
cal and may be arrived at without much
difficulty by suitably modifying the
dimensions given on p. 100 Higher
pressures and speeds are permissible in
these bearings than in those described
on previous pages. The length of the
stealzvariestmmztos X diameter of
sh

Oil-film Lubrication.—It has been
demonstrated that, providing there is
a finite difference between the radii
of a journal and its bearing, a sepa-
rating oil film can be permanently
maintained on the surfaces.* In the
figure the clearance has been exag-
gerated. Oil entering at A is carried
around by the journal and is com-
pressed as it passes into the wedge-
shaped space. If the speed is great

BEARINGS

enough, the pressure generated will be
sufficient to lift the shaft, thus per-
mitting the formation of a continuous

oil film. The pressure distribution in
the film balances the load, and the only
frictional resistance is that occasioned
by tae molecular shearing action in the
lubricant.

It will be evident, therefore, that if
an adequate supply of lubricant can be
introduced at the point of least pres-
sure, the wear on the bearing should be
negligible. This is the case with well-
designed bearings working under forced
lubrication, wear occurring only on
starting up and slowing down. Modern
practice with these bearings is to reduce
the length, making it equal to the dia-
meter of the shaft; to dispense with
oil grooves; and to operate with just
sufficient oil to keep the temperature
at about 140° F.}

The seizing of bearings depends not
only upon the intensity of pressure but
also on the rate at which the heat
generated by friction can be dissipated.

In Tower’s experiments, under the
most favourable conditions, seizing
occurred at mean pressures of about
600 1b./in.?; this figure has, however,
been greatly exceeded, without seizing,
in more modern researches.}

EXERCISES

ﬂ?”Duw full size, the following views
banng shm, ‘with the various

component assembled: sectional
elevation on the shait axis; end elevation,
one half in section at a ring; plan. Insert
overall dimensions.

1. Mech. 88s. Subseq
. 188s.
m..lu to

e B e e B et e POl 3o

Bearings for Line Shafting *, Pyoc. I. Mech, K., 1929.

Puedu , Proc. 1. Mech, B., 19a9.
:" m»mm"m.z.m&.m In the experiments reported, bearing

mdmwh.'mm
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tammanmoim“‘dtin Burlngd 8. — Cer-
i , copper, and antimony
form b:ty;r surfaces than C.I,
or G.M,, giving a reduction in friction
and wear, They are named after the
inventor of the first successful alloy,
Babbitt. The proportions of Babbitt's
bearings are given as: tin 87 per cent,
copper 7-8 per cent, antimony 5-2 per
cent, but authorities differ as to the
exact proportions. Cheaper alloys of
lead and antimony are now commonly
used, and the name whitemetal (W.M.)
covers all variations.

W.M. is too weak to be used other
than as a lining in steps of C.I. or G.M.
The molten metal is usually poured
into the step around a mandril slightl
smaller than the journal. After cool-
ing, the W.M. is scraped or machined
to size. If a W.M. bearing becomes
overheated the fusible alloy melts and
runs out.

The metal has a tendency to flow
or ‘‘ creep ”’ under pressure, and it is
necessary to anchor the lining to the
step. This is usually effected by the
provision of dovetailed recesses in the
step, as shown opposite. A bearing
pressure of 300 1b./in.? is commonly
adopted.

Turbine Shaft Bearings.— The
dropping of a turbine shaft consequent
upon the overheating and ** ”
of a WM. bearing would probably
have disastrous results on the blading.
For these bearings wide G.M. bearing
strips, about ©0-015 below
the W.M. surface, are provided to
support the shaft in such an emer-
gency. The strips are shown in fig. 2.

BEARINGS

Crank Pin Bearing.—Figs. 3, 4,
and 5 show the construction of a large
whitemetalled bearing suitable for the
crank pin of a land-type steam-engine.
The steps are of C.S. and the dove-
tailed grooves are cast in. The halves
are separated by G.M. liners which
permit adjustment due to wear. Oil
recesses {” deep are cut in the W.M. at
the top and bottom and are connected
to an oil hole by shallow grooves. This
bearing is designed for the large end
of the connecting rod shown on pages
194 and 195, to which reference should
be made. The actual design has been
slightly simplified in fig. 3 to form a
drawing exercise: e.g. the G.M. liners
are not quite as shown (refer to page
104) ; further, the C.S. steps require
cutting away at top and bottom to
clear the connecting bolts.

Railway Carriage Axle Bearing.
—An example of a successful type of
W.M. bearing is given on page 184,
showing the axle bearing of the
L. M. & S. Railway stock. A half-
bearing only is required, and the actual
bearing surface is reduced by easing
away the metal at the sides. The oil is -
conveyed to the bearing by a lubricat-
ing pad, immersed in an oil bath and
gﬁsing on the underside of the axle.

maintenance of a continuous oil

EXERCISE

Draw, ably half size, but if a
limited space is available one-third size,
the following views of the bearing shown
in fig. 3: elevation, taken in direction of
the arrow A, showing the left-hand half in

section on the centre line; plan, showing
the left-hand half in section ox the cenirs

lins; end view, on the joint,
the views,

# % Anti-friction Bearings *, Proc. 1. Mack, K., Fob., 1923 Roller bearings, of course, would have the

advantage at starting.
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Ball Bearings have the following
advantages over plain bearings:—
the coefficient of friction is lower
(» = o0012) and is practically the
same at starting as in motion; heavier
loads and higher speeds are permissible ;
less space is required ; less lubricant is
used; and wear is practically nil. On
the other hand, the first cost is greater,
the bearings cannot be used in halves,
any defects may produce serious con-
sequences, and the bearings are fre-
quently noisy after long use.

Two of the most common of the
many forms of ball bearings are shown
opposite, viz. a journal bearing,
fig. 1, and a thrust bearing, fig. 2.
The races for each are grooved, the
radius of the groove being from
5 per cent to 10 per cent greater than
the radius of the ball. Both balls and
races are of high-carbon chrome steel,
hardened and polished. The balls are
parted to prevent contact friction by
means of cages made of anti-friction
alloy. The journal bearing cage, fig. 1,
is in halyes riveted together, with
radial holes to take the balls. The
balls are introduced as shown in fig. 3;
the race rings are then spaced concen-
trically and the halves of the cage
inserted from each side. In the thrust
bearing cage, fig. 2, the holes are
drilled to a shape which permits the
entry of the balls from one side; the
projecting central ridge is then indented

BEARINGS

and closed over sufficiently to retain the
balls. .

Proportions.—The mannfacture of
ball bearings is a speciality, and the
machine designer usually has only to
select a bearing suitable for the par-
ticular shaft diameter, speed, and
load—the manufacturers giving essen-
tial dimensions as in fig. 1—and to
design a housing for it.

Dimensions of standardized Ball
Bearings and Parallel-Roller Bearings
are given in B.S. 292.

The following formula, due to Good-
man, gives the safe load P for a ball
bearing of given dimensions:

k.m.d®
aD F cd

where D = ball centre diameter in
inches, d = ball diameter in inches,
m = number of balls in bearing,
n == shaft speed in revs./min.

Values of the constants 4 and ¢ are
as under:

P =

Type of Bearing k '3
Radial, flat races - 1,000,000 2000
Radial, hollow races 2,500,000 2000
Thrust, flat races - 500,000 200

200

Thrust, hollow races 1,250,000

In many cases manufacturers quote
higher values for the safe load than
that given by the above formula.

EXERCISE

A location bearing for the end of a shaft
is shown in fig. 4, the pedestal being sym-
metrical about the central section. The
design incorporates the bearing shown in
fig. 1: the inner race is pressed on the
shaft and secured by a check nut, and the
“outer race is held by the spigots of the end
flanges. Draw, full size, the following views

and dimension them: elevation (i.e. a view
along the axis), with cover removed; end
view; sectional end view on shaft axis.
Show a locking for the nut
and provide for a Stauffer lubricator on one
cover. Calculate the safe load for the
shaft, taking a speed of revolution of 1000
revs./min. Refer also lo pages 196 and 197.
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Roller Bearings.—A great variety
of types of roller bearings have been
produced, and advantages have been
claimed for many of them which have
not always been borne out in practice.
The earlier designs, in which long mild-
steel rollers, both ‘cylindrical and ta-
pered, were used, proved unsatisfactory
tader load at high speeds—principally
because it was found impossible to keep
the axes of the rollers parallel to the
shaft axis. Modern practice is to use
short rollers of hardened high-carbon
chrome steel; in the type shown
opposite, the length is made equal to
the diameter.

Roller Journal Bearing. Figs.
1, 2, and 3.—The rollers are solid
cylinders with the ends perpendicular
to the axes. They roll around a grooved
channel in the inner race and are
spaced and kept parallel to the shaft
by means of a cage of substantial pro-
portions. The construction of the cage
should be clear from figs. 2 and 3. The
effect of the rubbing action between the
rollers and the cage is not appreciable.
Both races must be secured longitu-
dinally, and the revolving race (usually
the inner) is an interference fit on the
shaft. The bearing shown will carry
from 50 per cent to 70 per cent more
load than the ball bearing shown on
the previous page, at the same speeds.

Details of standardized Parallel-
Roller Bearings are given in B.S. 292.

Self-aligning Bearing to carry
journal load and end thrust.
Fig. 4.— The complete pedestal is
symmetrical about the central section.
The roller-bearing unit shown in fig. 1
is incorporated in this design but the
outer race is made spherical, exter-
nally, and is free to turn in a shell,
bored spherically and made a sliding
fit in the bore of the pedestal. The
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inner race grips the shaft and is
clamped endways by the flanged
sleeves—upon which the couplings
press. In conjunction with the roller
bearing are mounted two single-thrust
bearings, the stationary races of which
are provided with spherical seatings.
The three bearings swivel about a
common centre. The design is suitable
for use as a marine thrust block, and
the thrust bearings are capable of
taking the following loads:—

Speed,
revs./min.
Safe load, Ib. 3650 2110 1490 1150

Other Types of Roller Bearings.
—The Cooper roller bearing is of the
split type and is illustrated on pp. 190
and 191 ; the design overcomes the dis-
advantage of threading the ordina
kind on the shaft, but at the expe
of split races.

For railway-carriage axles and other
heavy-duty bearings in which an end
thrust as well as a journal load has
to be taken, a design employing short
barrel-shaped rollers, bearing on a
spherical race track, has proved satis-
factory. For details of this bearing,
and for a discussion on anti-friction
bearings in general, the student is re-
ferred to the Proc. I. Mech. E., No. 2,

1925.

100 300 60O 1000 2000
810

Needle-roller Bearings.—These have
latterly been used with some success. As
the name implies, the rollers are needles,
of length often as much as g times the
diameter, not spaced by cages, and not
requiring special races if the rotating g:?
are case hardened and ground. The -
ings are useful where the diameter of the
housing is restricted or where a saving in
weight is essential. They are, however,
more expensive, and offer greater frictional
resistance, than roller bearings of the
ordinary type.

EXERCISE

‘The shaft shown in fig. 4 carries a similar
cou on the right, and the complete
symmetrical about the central

gection. Draw, full size, the following
views of the complete unit: elevation, with
half in section; plan; end view with

near coupling removed. Dimension
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Michell Thrust Bearing.— For
shafts transmitting an axial thrust,
e.g. propeller shafts of ships, the
Michell type of thrust bearing is now
widely used, particularly in naval
vessels. The bearing itself is a
speciality and the mathematical theory
underlying its operation is advanced,
but in view of its importance a simple
design will be dealt with here.*

Lubrication of Flat Surfaces.—An
oil film cannot be maintained between
two perfectly flat and parallel surfaces
which have relative sliding motion
under asteady load. The oil is squeezed
out and the surfaces make physical
contact. If, however, the surfaces are
slightly inclined to each other, as in
the figure below, an oil film can be

A 7777 7 Z . L B
- ——em—

maintained. The moving surface AB
carries oil into the wedge-shaped space,
and a pressure is generated within the
film sufficient to sustain a considerable
load. In the Michel bearing one thrust
surface consists of a number of blocks
which are free to tilt when under load,
the back of each block being cut away,
as shown clearly in fig. 4.

BEARINGS

Michell Bearing Unit.—The bear-
ing unit only is shown opposite; the
housing in which it is held is shown
on pp. 198 and 199. A collar on the
shaft (not shown) bears against four
blocks, one of which is removed in fig.
2, and the axial thrust is transmitted
through these to the shoe, and thence
to the fixed housing. Two shoes are
cut from a complete ring, so that each
is slightly less than a semicircle. Each
block is an easy fit in the grooved
shoe and is prevented from rotating
with the collar by a pin which projects
into a hole in the block. The back of
each block is machined away from a
pivoting edge, CD, displaced a definite
distance from the geometrical centre.
When the shaft is revolving, each block
tilts about this edge until equilibrium
is reached, the fluid pressure in the oil
film between the collar and the blocks
then balancing the load.

The bearing shown is suitable for one
direction of rotation only: for a reverse
direction the blocks would require to
be pivoted to the opposite * hand .
If the shaft is to transmit thrust in both
directions, a similar unit is necessary on
the other side of the collar on the shaft.

The bearing is immersed in an oil-
bath, and oil carried around by the
collar is removed automatically by
scrapers and deflected on to the blocks,

EXERCISES
1) Prepare a working drawing of one | of the com; ete bearing (fig. 2); elevation,
blo(cl. as in fig. 4, twice size. Give (a) | on the b?loch; plan; end glevation,
a view on the working face, (b) a view on | Dimension the shoe only.

the back, (¢) a section on AB, (d) an end
view from the right on a central radial

(z) Draw, full size, the following views

block it would have been
ﬂm-t:zfudx

3) If the limiting bearing pressure is
zoc(: 1b./in.$, calcul:.‘;?the maxgmumthrult
load for the bearing.

Answey.—2430 Ib. .

of great

to produce large s o great

amounting to over 100 tons,
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Involutes.—If a straight line roll
without sliding upon a circle, fig. 1,
the locus of any point on the stralght
line is an involute of the circle.

To Draw the Involute.— Apply a
straight line drawn on tracing-paper over
the base circle (fig. 2); let Q be the gener-
ating point and A the point of contact.
Using a pricker, mark the position of Q.
Then transfer the pricker to A and allow
the line to turn about A until it overlaps
the circle slightly (dotted line), cutting it
at B. Transfer the pricker to B and
revolve the line until it is now tangential
to the circle (chain line). The point Q
bhas now moved to Q,. Mark Q,: in the
same way plot other points and join them
with a fair curve.

Toothed Gearing. — Two plain
wheels A and B, fig. 3, are in contact
and revolve about parallel axes, one
transmitting motion to the other by
friction at the rubbing surfaces. To
g:event slipping at P when power is to

transmitted, grooves may be cut in
the surfaces and projecting strips added
between the grooves, forming the gear
teeth shown in fig. 4. The imaginary
circles in fig. 4 corresponding to A and
B are called the pitch circles of the
gear wheels, and P is called the pitch
point; the pitch of the teeth is defined
on the following page. The height of
a tooth above the pitch surface is
called the addendum ; the depth be-
low, thedodendum,ﬁg 5. The differ-
ence between the addendum of a gear
and the dedendum of its “ mating *
gear is termed the clearance.

The profiles of the teeth will be
correct when the motion transmitted
is the same as that given by the plain
wheels in rolling ¢ontact ; i.e. when the

GEARING

angular velocity ratio is constant. For
this it is necessary, and sufficient, that
the common normal to the teeth pro-
files should always pass through the
pitch point, and this condition is satis-
fied if the profiles are either of involute
or cycloidal * form. For reasons given
later, the involute form is almost ex-
clusively used at the present time, and
only this will be discussed herein,

In involute teeth the path of the
point of contact, called the path of
contact, is a straight line passing
through the pitch point and tangential
to the base circles of the involutes

forming the teeth profiles. In fig. 6
the teeth have contact at Q, and the
locus of Q coincides with normal

NN, and passes through P, the pitch
point. The involute base circles are
tangential to NN, and concentric with
the pitch circles. The angle which NN,
makes with TT,, the common tangent
at P, is called the obligquity or pres-
sure angle ¢ (psi). The points of
tangency, N and N,, are called inter-
ference points: true involute contact
cannot extend beyond them.

To draw involute teeth.— Let the
two pitch circles be given (fig. 6). Through
P, thep:tchpomt draw a line NN, making

e ¢ with the common tangent
’I'T, (¢ = 14§° or 20°).+ Draw circles
concentric with the pitch circles and tan-
gential to NN,;: Utlwsc are the base um
of the mvolules sing tracing-paper,
short portions of involutes to K base
circles. The addendum and dedendum
circles limit the involutes. The flanks of
the teeth within the base circles are not
working and may have any form
which does not interfere with the faces
of the other teeth; usually their profiles

EXERCISE
mpiﬁchcirclaoftwo!eanm 10° and boud.ndngatﬂ enough to include
16" dia. Taking ¢ = determine the | the centres, and show !) that the path of

o(onntoothfoteachgear full size,
the circular pitch = 2-1° (vndthof
tooth 10 "). addendum = 0-66”, deden-
dum o Cut out the teeth in card-

oontactuas
the pitch point (2) thatml:gningand
sliding

contact occur between

® Cycloidal curves ave fully discussed in the suthor’s Practicsl Geomstry and Rnginesring Graphice.
1 1n one of the earliest systems, that of Brown and Sharpe, R.L., U.5.A, ¢ was taken as 144°
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Pitch—Circular, Diametral, Mo-
dule.—The pitch of teeth may be
defined in one of three ways:

(@) Circular Pitch, p, the distance
between similar points on adjacent
teeth, measured along the pitch circle.

() Diametral Pitch, P, the ratio,
number of teeth/pitch diameter in
inches, i.e. the number of teeth per
inch of diameter.

(¢) Module Pitch, m, the ratio,
pitch diameter in inches/the number of
teeth; i.e. the reciprocal of P. Thus
m = 1/P.

The diametral pitch is now widely
used, especially for machine-cut gears:
calculations of pitch circle diameter do
not involve the quantity =, and for
many pitches this diameter (and hence
the distance between shaft centres) is
in round figures. Metric module
pitch—the ratio, pitch diameter in
mallimetyes fnumber of teeth—is almost
exclusively used in Continental prac-
tice.

If D = pitch circle diameter, and
T = number of teeth, then in symbols:

P=TD or D=T/P,. . . (1)
m=DT or D=Txm. . . (2)

The following relationships between
the pitches should be noted:

Circular pitch p = = . D/T.

Hence
PpXP=mn N )]
or
p=nP=nxm . . (4)

Tooth Proportions. —For sfan-
dard teeth the addendum is made
equal to the module m, and the deden-
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dum is made equal {0 the addendum
plus clearance c. .
The valueof ¢ = p/20 = (r® X m)/20
= 0°x57m or o157/P.
For stubd teeth the addendum and
dedendum are reduced (see page 116).

Pressure Angle ¢ (psi).—The pro-
portions for standard teeth are used in
conjunction with pressure angles of
either 143° or 20°: the latter angle is
lr:"ow favoured for reasons dis

ter.

To draw a Gear Wheel.—Let the
number of teeth T = 48; diametral
pitch P = 3. From relationships (1)
1o (4) the following may be written
down:—pitch diameter D = 48 = 3
= 16"; module m = addendum A
= §* = 0-3333"; clearance ¢ = o157
+ P = 0'0523"; dedendum B =A + ¢
= 0-3857"; whole depth=A + B
= 0'719"; circular pitch p = n/P =
1-047”; outside diameter = D + 2m
= 16:666”; root diameter = D — 2B
= 15'23". This is the gear shown
opposite.

Approximate Construction for In-
volute Profiles.*—For gears of 30 teeth
and more, the involute curve may be
represented by a circular arc, radius D/8.
The centres for the arcs are located as
follows—refer to figs. 1 and 2. Draw the
pitch circle and off divisions = §
circular pitch. Join one point Q to the
pitch-circle centre C, and upon as
diameter describe a semicircle. ith Q
as centre, and radius D/8, describe an arc
cutting the semicircle in O, This point O
is one of the required centres. Evidentl
the other centres lie on a circle through
concentric with the pitch circle. The
arcs are limited by the addendum and
dedendum, and stren ing fillets are
provided at the roots: radii of fillets =
widest part of tooth space =+ 7.

EXERCISE

Draw, half size, the following views of
the cast-steel spur wheel shown in figs.
2 and 3: elevation of complete wheel
omitting the teeth but inserting pitch,
addendum and dedendum circles; sectional

?la.n on XCY. Then draw, twice full size,

our or five teeth as in fig. 1: use the
given above and

approximate
confirm it by *p.lotting the correct involute.

Take ¢ = 14

© Used by Messrs: Brown and Sharpe for involute teeth, pressure angle 144°.
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Pinion and Wheel.—Involute gears
will work correctly together if their
teeth have the same pitch and the
same pressure angle. Iig. 1 shows to
scale a pinion A, of 30 teeth, and a
wheel B, of 45 teeth, P = 2, ¢ = 144°.
The teeth in contact are shown to a
larger scale in fig. 2. (As already
stated, the teeth cannot have involute
contact beyond the points of tangency
N and N,. The length of the path of
contact cannot be greater than the
length of NN,;, and the limiting ad-
denda circles are those which pass
through N and N,.)

The leading dimensions of the gears
are obtained as on page 114:—Cir-
cular pitch = 1-5708%; addendum =
0'5%; clearance = 0-0785"; dedendum

= 0'5785"; pitch diameters, wheel
224"; pinion 15"; centre distance
= 184*. The gear ratio =

speed B/speed A = 30/45 = 2/3.

Racks.—A rack may be regarded
as a wheel of infinitely large radius:
hence the teeth have straight sides
normal to the path -of contact (i.e.
inclined at ¢o° — ¢ to the pitch line
of the rack). Fig. 3 shows a 15-tooth
pinion, ¢ = 20° in gear with a rack.

Interference between Involute
Teeth.—When a pinion of few teeth
engages with a large wheel, inter-
ference may occur between the faces
of the wheel teeth and the flanks of
the pinion teeth: interference occurs
when a true involute pinion having
less than 32 teeth (¢ = 144°) engages
with a rack.* Interference may be
avoided by (a) shortening the adden-
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dum, (%) increasing ¢, (¢) correcting
the addendum.

A pressure angle of 20° is now widely
used and is the standard recommended
by the B.S.I. It gives a thicker root to
the tooth and eliminates interference in
many cases. In fig. 3 the faces of the
rack teeth have practically no inter-
ference with the flanks of the pmlon
teeth. Complete freedom from inter-
ference in cases is given by adopt-
ing either (2) or (c) together with (2).

In the D B S. system ¢ both (b) and (¢)
are the standard depth of tooth is
retained, but the disposition of the adden-
dum and dedendum relative to the pitch
circle is altered. The pitch addendum
and wheel dedendum are altered by equal
amounts, in increments of 0.0z X module.
In corrected addendum systems the width
;)t tooth, mtn:sured tl):r the 'tg line, is no
onger half the circul itch, being greater
for%;re pinion and less fgr the wh:gl

In the Sellers and Logue systems the
addendum and dedendum are reduced,
giving what are known as stub teeth.
Figs. 4, 5, and 6 show a comparison be-
tween Brown and Sharpe, Sellers, and
Logue teeth for the same diametral pitch.
In the Fellows stub-tooth system two
pitches are used: the pitch diameter is
reckoned from one pitch, and the tooth
proportions from another.

Advantages of Involute Teeth
over those of other shapes.—(1) The
face and flank form one continuous
curve (which may be readily ground);
a.l? the pressure angle is constant; (3)

gears having the same pxtch and
pressure angle will work together; (4)
lf the pitch circles do not exactly touch,
the velocity ratio remains constant and
the gears work equally well together.

EXERCISES

inl{t) , full size, teeth profiles of the
owing gears showing a few of the teeth
in mesh, a8 in fig. 2: (a) pinion 34 teeth,
wheel 60 teeth, P =3, ¢ = 14§°; (b)
7teeth,wheel 30 teeth, P = 2,

(z)Dn.w.fundn about 6 teeth for

-mmmwummwmm
ﬁmthh.Mm"m'

e oAy = Ry Sy

’

8-tooth pinion, P 1}, ¢ = .

%d!on tracing-pap:h port?m: e
2 ”

S5 ot el . e

ference
Repeat Exercise with *
m«gla)lhowthttintermro)e M

& correction is made.
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Strength of Gear Teeth.—If the
speed of a gear wheel and the power
transmitted are known, the force
exerted at the pitch circle—called the
tangent line load—may be calcu-
lated: see (5) opposite. A standard
formula, due to Lewis,* connecting
stress, dimensions, and tangent line
load, is based on the assumption that
the load transmitted by a gear is
taken by one tooth at its outer edge
—an extreme condition that rarely
obtains with machine-cut gears.

Lewis Formula.—Let F = tangent
line load in Ib., f = permissible work-
ing stress ai the root of the tooth in
1b./in.%, P = diametral pitch, b = face
breadth in inches, T = number of
teetb in the gear.

Then

F=n.0.f.9+P, . . (1)
where the value of y, called the tooth
factor, is given by the following:

For a pressure angle of 143°,

y=o0124§— (0648 = T). . (2)

For a pressure angle of 20°,

y=o0154 — (0912 = T). . (3)
The value of f is reduced as the speed
increases to allow for unknown impact
loads, and it is taken as the product
of the static stress f, (i.e. the stress at
the elastic limit for the material) and
a factor C known as the speed co-
efficient. In the Barth formula, C is
based on the velocity V of the pitch
line; if V is in ft./min.,

C = 600 = (600 + V).

The modified Lewis formula then
becomes:

L Y A )

the portion within the bracket being
common %0 both wheel and pinion.
The face breadth & varies from 3 to
4p—i.e. from 3n/P to 4x/P.

Values usually taken for f;, in

GEARING

1b./in8%, are: nickel chrome steel
(100 tons/in.* U.T.S.), 55,000; nickel
chrome steel (60 tons/in®* U.T.S.),
33,000; 0-5 per cent C. steel, 27,000 ; cast
steel, 20,000 ; cast iron, 6000 ; phosphor
bronze, 12,000; raw hide, 3000.

. The Power Transmitted by a gear
in ft. lb./min. is the product of the
tangent line load F in lb. and the
velocity V of the pitch circle in ft. /min,
Hence.

H.P. transmitted = F, V - 33,000. . (5)

Surface Stresses.—The surface of a
tooth may be destroyed by crushing or
flaking if the compressive stress along the
line of contact is excessive. The com-
putation of this stress is, however, beyond
the scope of this book.

Worked Example.—A steel pinion of
15 teeth, speed 400 revs./min., engages
with a cast-steel wheel of 6o teeth: P = 2,
¥ = 20°, face breadth == 4}*. Find the
horse-power which may be safely trans-
mitted by each gear.

Pitch diameters: pinion = 74", wheel = 30”.

Pitch line veloaty V = x. 7}. 400 + 12
= 785-7 ft./min.

Tooth factors:

¥ (pinion)=0-154— (0912 +15)=0093;

¥ (wheel) =o0-154— (0-912 +-60)=0-139.
Quantity within brackets in equation (4)

= [900 .22 45)
~ |600 + 786 7 z}_3°6‘
Tangent line loads:

F (pinion) = 306 X 27,000 X 0-093
F (wheel) = 306 X 20,000 X 0-139
= 8494 1b.
Hence h.p. pinlon=7700 X 7857 +33,000
= 183.3;
h.p. wheel=28494 X 785-7+33,000
= 202-2.

Note.—The ?bove methzg %f c:.lhcu:a;ion
has been ely supersed: e
timoimfmulewhic{ukei:{-o
account other factors—e.g. surfdace stress,
fatigue, relative curvature: the student is
referred to B.S.I. publication No. 436.

EXERCISE

The gear shown is to transmit 60 h.p.
at a speed of 60 revs./min. If the wheel
isdﬂvenbyauolidsteelpinionofum

o

27 bore, obtain the
pinion and make a working drawing of the

two gears in mesh. Determine the assumed
value of the static stress f; for wheel and
pinipn. Take ¢ = 20°

Aumw.——f‘. wheel, 19,100; f;, pinion,
22,370 bb.[in.S,

® Proc. Philadelphia Enginsering Chéb, 1893,
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Helical Gears have been evolved
from stepped gears, which consist of
a number of identical spur wheels
arranged side by side with the teeth
slightly displaced relatively to each
other, as in fig. 1. With stepped gears
the phases of engagement overlap one
another: when two teeth are in contact
at the pitch line, other pairs are making
approach and recess contact. In helical
gears the teeth appear as a series of
continuous helices, as in fig. 2, and the
line of contact extends diagonally
across the tooth face. As engagement
occurs, pitch line contact starts at one
end of a tooth and extends continuously
across the tooth to the other end.
Hence the load is never concentrated
wholly at the outer edge of a tooth, as
in straight gears, and the teeth are
correspondingly stronger.

When a stngle helical gear is used,
the obliquity of the teeth produces an
axial thrust. This disadvantage is over-
come by using double helical gears,
as shown in figs. 4 and 6, in which equal
gears of opposite ‘‘ hand "’ are arranged
side by side, either in one piece or
separately. Double helical gears are
widely used for the transmission of
power at high speeds because of their
smoothness of action and wearing
qualities.

Proportions.—All sections of a
helical gear taken perpendicular to the
axis are similar: the involute tooth
profiles are drawn as for spur gears.
A pressure angle () of 20° is almost
universal for helical gears. The teeth
are usually of the stub type, common
proportions being: addendum o-88/P,
dedendum 1-05/P. The spiral angle
o (sigma), fig. 3, the angle between the
belix and the axis, is frequently 224°
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(although for marine turbine reduction
gears 30° is used). For continuity of
action the face breadth b should be at
least = L /T, where L = axial advance
of a helix in one revolution, fig. 3, and
T = number of teeth. This ratio L/T
= ¢ cotc, where p = circular pitch;
forL = nD/tane, sothatL/T = (xD/T).
cote = p cote. Hence when o = 22§°,
b =or> 2:414 p; commonly b = 2:5p.

A Double Helical Pinion of 15
teeth, 3P, is shown to scale in fig. 6.
The half end view is drawn in the usual
manner and the elevation projected
from it. It is usually sufficient in the
elevation to draw lines representing
the tops and roots of the teeth, and to
regard them as straight lines, not as
helices. Here L ===.5/tan22§° =
37°92”. An axial movement of 24"
(the length of one gear) represents a
rotation of (24% -+ 37-92)360° = 24-3°.
Hence the outlines of the same tooth
(for the single gear) at its ends will
appear in the positions A and A,
respectively, fig. 5. The projection of
the elevation of the tooth should be
clear from fig. 5, and the complete
elevation in fig. 6 involves a repetition
of this for each tooth. There is, of
course, no need actually to draw the
dotted tooth profile.

If for any reason it is desired to plot
the various helices accurately, points on
the curves may be obtained by dividing
up the axial and circular displacements,
and projecting as shown by the dotted
lines in fig. 5: the points lie very closely
to the straight line aa,.

Correction for In ~—When
& pinion has less than 15 teeth it is neces-
sary to correct the tooth profile to avoid
interference, as discussed on p. 116.

EXERCISES

(1) Draw full-size views, as in fig. 6,
of a double helical wheel of 30 t to
engage with the pinion shown; the helices
must be of the opposite hand.

(2) A double helical 1E:i.nion for a shaft

a'du haszxteeth,smspdnlanglesf
corresponding to those in fig. 6. views
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Bevel Gearing is used for the
direct transmission of power between
shafts whose axes intersect. The angle
between the axes, X,* fig. 1, is com-
monly 90°, but it may have any value
up to 180° (measured in the manner
shown). The pitch surfaces are parts
of cones having a common apex at the

oint of intersection of the shaft axes.

he teeth may be supposed formed on
these imaginary pitch cones by cut-
ting grooves and adding strips between
them, along straight lines radiating
from the common apex. The base
circle of the pitch cone is taken as the
pitch circle of the gear. The angles
6, and 6, fig. 1, are respectively the
pitch angles of the pinion and wheel.
The addendum and dedendum are
measured at the lavge ends of the leeth,
and the face width is measured along
a generator of the pitch cone.

The profiles of the teeth are set out
on the surfaces of conical rims, shown
shaded in fig. 2.t These normal or
back cones have the same bases as
the pitch cones, but corresponding
generators are perpendicular to each
other: e.g. ZADC + £BDC = 9o°. In
order to trace the teeth, the shaded
surfaces must first be developed, i.e.
laid out in a plane, and then, in effect,
wrapped again round the respective
cones with the teeth profiles marked
upon them. The process is not difficult,
for only the piteh circles need be
developed (by drawing arcs, such as
DE drawn from centre B with radius
BD) and one or two teeth drawn upon
them as for spur gearing.

To draw a Bevel Wheel.—The
student is advised to dvaw the example
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given as he reads the text. ‘The wheel
shown, fig. 3, is one of two identi-
cal wheels for shafts at right angles,
ie. 0, =0, =45": such wheels are
known as mitre wheels. The wheel
has 21 teeth, 2 diametral pitch; hence
the diameter of the pitch circle is

103",

Begin with the elevation. Draw CD,
the pitch circle diameter, AO the axis, and
the outlines CAD and CBD of the pitch
and normal cones. With centre B and
radius BD describe the arc DE, represent-
ing a part of the developed pitch circle.
On DE draw the profiles of a few teeth
(P = 2), exactly as on p. 115. The
addendum and dedendum circles settle
the face and root points, f and #, and the
complete tooth is given in section by
joining rA and fA and marking off the
face distance along DA.

Now advance the plan. With centre O
draw the six circles representing the pitch,
addendum, and dedendum circles for both
ends of the teeth. Mark off radial centre
lines for the teeth, and transfer the dis-
tances q, b, ¢ from a developed tooth, as
shown for one tooth. Complete the plan
as shown on the left: straight lines are
radial from O and the curves are approxi-
mate arcs.

The completion of the elevation, shown
on the left, is a simple matter of projection,
using the plan and the sectional elevation.

The dimensions given are all that are
essential, but usually either the face and
root angles, ¢ and p, or the angles a and B
are marked on a working drawing. (Refer
also to p. 185, on which are shown two

unequal bevel gears.)

The spur wheel of which DE is the
pitch circle is known as the virtual
spur gear; it is used in strength cal-
culations on bevel wheels.

EXERCISE
Draw, half size, the following views of | elevation, showing the vertical wheel and

as in | half the horizontal wheel in section; a

complete plan. Calculaie ¢ and p.

@ The following Greek lotters are used on this page: X sigma, ¢ thits, ¢ phi, p rho, « alpha, 8 bits.

surfaces but
mnhom )
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In worm gearing the threads of a
revolving screw press against teeth cut
on the face of a wheel, fig. 3, and cause
it to rotate: the axes of the worm
and wheel are usually at right angles.
The ordinary type of worm is straight-
sided on an axial section, and the
thread proportions are those of a stan-
dard rack tooth, as shown in fig. 4:
on a central section the wheel teeth
are of involute form.

Refer to figs. 1 and 2. The lead L
of a worm is the axial advance of a
thread per revolution. The lead angle
A (lambda) is the inclination of the
pitch helix to a plane perpendicular to
the worm axis. Hence tani =L +
n.d, where d is the pitch diameter
of the worm. For high efficiency d
should be small and A large: maximum
efficiency is given when A = 45° approx.
‘When A exceeds 9°, however, the drive
is reversible: hence irreversible gears
are relatively inefficient.

Conventional Representation of
Worm Gearing.—The accurate pro-
jection of the wheel teeth is a laborious
operation, and it is sufficient to show
a central section of part of the wheel,
and to indicate the pitch and other
circles by broken lines, as opposite.
The true section of the worm in the
end views is not plotted. Frequently,
in practice, the worm and wheel are
shown as blanks, as on pp. 196 and
197.

In fig. 4 the helical outlines of the
worm threads have been plotted for
the lower half, and the construction for
one helix is shown. In fig. 5 straight
lines have been used for the worm
threads.

Proportions, Materials, &c. Re-
fer to fig. 4.—The gear shown has a

GEARING

velocity-ratio (R) of 20, and centre
distance (C) of 12”. Values A == 17°
and ¢ = 2 have been chosen arbitrarily.
The remaining proportions are arrived
atthus: teethinwheel, T=R.¢=40;
pitch diameter of worm, d = 2C -
(1 + R tan2) = 3-38”; pitch diameter
of wheel, D = 2C — d = 20-62"; pitch
of teeth, p = =D = T = 1-62”; ad-
denda, A = a = 0:3183p = o-51"; de-
denda, B=5b =0-3683p = 0-59";* over-
all diameter of wheel =D + 3A =
22°15",

The worm is usually of steel, case-
hardened and ground. The wheel rim
should be of G.M. or Phos.B., mounted
on a C.I. centre. A suitable housing for
the gear in fig. 5 is shown on pp. I96
and 197. The axial thrust on the worm
is usually taken by ball thrust bearings,
but if the thrust is small it may be
carried by the radial of ball bear-
ing as on p. 196+ It should be noted
that the shaft is unnecessarily weakened
by reducing the diameter at the ends,
as in fig. 5: the form indicated on p.
196 is preferable.

Interference.—When A exceeds 20°
interference may occur on the leaving
side of the rim if a small pressure angle,
e.g. 144°, is used: for this, and for other
manufacturing reasoms, larger pressure
angles (up to 30°) are adopted. As in
spur gearing, undercutting may be avoided
by adjusting the addenda and dedenda;
the example shown in fig. 5 illustrates
the effect of this adjustment.

Special Worm Forms.{ — Patented
worm gears giving high efficiencies are now
largely used. The worms are sometimes
shaPed like an hour-glass to fit the wheel
and are known as globoidal, encircling, or
Hindley-type worms. In all good d
the line of contact should be approx. al,
so that a lubricating film may be main-
tained between the threads and wheel teeth,

EXERCISES

(1) Set out, half size, views, in the manner
shown in fig. 4, of the given double-threaded
worm and wheel

(2) Draw, full.du, views, in the manner

shown in fig. s, of the following worm and

wheel. Worm: tri'ple thread, right-

hmld;ed. gitchdi’u. zt. lu%:‘i:l, pﬂ:nn
20° length 43”". :

:esth. width 27, leu% thickness 1°, 4

@ For triple- snd quadruplesthreaded worms it is the practics in U.8.A. t0 make A = @ = <2860 atd B w=

b == 3329,

4 Proc, 1. Mech. E., 1936, ** Worm Gear Contacts ¥, Abbott.
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Valves are used to check or control
the flow of fluids through pipes or
cylinders. They may be divided into
three classes: (a) valves which rotate
in opening, e.g. flap and throttle valves;
(b) valves which rise and fall perpen-
dicularly to their seats, e.g. lift valves
for pumps; (¢) valves which slide over
their seatings, e.g. sluice valves, engine
slide valves. Each class may be sub-
divided into types that are operated
by the action of the fluid, and types
that are controlled by hand or by some
mechanism. Valves and their casings
have many forms and only a few repre-
sentative examples can be discussed
here.

In all valves the design must be such
that they are tight when closed and
offer the minimum resistance to the
flow of fluid when open. Automatic
valves should close promptly; they are
often assisted to do so by springs. The
clear area through the valve seating is
determined by assuming a limiting
speed for the fluid ; for water, a velocity
of 3 ft./sec. is usual. If Q is the quan-
tity flowing through the wvalve in
ft.3/sec., and V is the velocity in
ft./sec., then the area A in ft.? is given

by A = Q/V.

Low-pressure Flap Valve.—The
drawing shows, in section, a simple flap
valve and its C.I. casing or box, suit-
able for a working pressure of 501b. /in.%,
The valve is operated by the fluid and
permits flow in one direction only, from

VALVES

left to right: areversal closes the valve.

The seating consists of a projecting
annulus cast around one of the branch
openings and accessible for machining
through the opening at the top of the
casing. For the design shown, the
casing should be arranged with the
branches horizontal, so that the un-
loaded valve bears with a slight pres-
sure on the seat, which is inclined to
the vertical. The flap, shown sepa-
rately to a larger scale, is a C.I. disc,
stiffened by means of ribs, and faced
with leather. The leather disc is
secured to the flap by an iron ring and
four iron bolts, the ends of the bolts
being slightly riveted over to prevent
the nuts from working loose. The
projecting pins at the top of the disc
drop into supports cast on the side of
the box, ample clearance being pro-
vided around the pins.

A flat supporting surface is usually
cast on the underside of the casing:
this has been omitted here to give a
simplified design. For services where
it is vital that the valve should func-
tion properly, e.g. the water-cooling
system of an oil-engine, glass obser-
vation panels are often provided at
the side of the valve box.

This type of valve is cheap, durable,
and requires little attention in use.

Butterfly Valves are formed by
placing two flap valves edge to edge
over adjacent seatings. Usually the
flaps are arranged horizontally.

EXERCISES

(1) Draw, half size, the following views
of the flap valve, showing the cover bolted
in position: elevation, with the left-hand
portion in section to reveal the valve; plan,
showing the front half of the cover removed ;
sectional end view on valve face with valve

semoved. Insert all necessary dimensions

and indicate those surfaces that require
machining. Use your own judgment in
determining the exact positions of thecover
bolts and in settling minor dimensions.

(2) Prepare working drawings of a flap
valve similar to that shown but suitable
for a 3}’ bore pipe line,
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Lift Valves for Pumps.—The draw-
ing shows a common type of pump
valve consisting of three thin discs,
of diminishing diameter upwards. The
discs are located by a central stud
screwed into the valve seat, and their
lift is limited by a guard secured to the
stud. A lLight spring, housed within the
guard, presses on the discs and ensures
their prompt return to the seating dur-
ing reflux. The seating is a ribbed
casting, ground on its upper or working
face, and threaded externally to suit a
screwed hole in the pump chamber.
Usually the screwed parts are tapered
to ensure tightness. The nut is sawn
partly through and closed slightly by
hammering before use to prevent its
slackening back under vibration. The
spring and discs are of phosphor bronze ;
all other parts are of gunmetal.

Non-return Lift Valve and Box.—
Another type of lift valve is shown with
its box or casing in the figure opposite.
The valve is arranged with its axis
vertical so that its weight always tends
to close it. The seating is a G.M. bush
pressed into the C.I. casing and rolled
into the dovetailed recess before being
finally machined.* The valve is guided
in the bush by three ribs or feathers
undercut at the top as shown in the
pictorial view, and its lift is limited
by a projection from the cover. The
ribs are sometimes given a slight twist,
so that each surge of fluid past the

VALVES

valve turns it and compels it to seat
itself in a new position, thus making the
wear uniform. The face of the valve and
of the valve seating are inclined at 45°
to the axis. The width of the seating
varies from %" in small valves to &*
in large valves: the area of the seating
should be such that the maximum load
on the valve does not produce a greater
crushing stress than 2000 lb./in.* (for
G.M.).

Feed Check Valves for boilers are
commonly of the type shown, but with
these a screwed spindle is usually pro-
vided in the cover for regulating the
lift of the valve or closing it altogether:
they are then called screw-down non-
return valves. Boiler-feed valves are
usually of gunmetal or cast steel.

Screw-down Stop Valve and Box.
—An example of this type of valve is
shown on pp. 180 and 181. The valve
is lifted by a screwed spindle, the en-
larged end of which enters a slot in the
valve. The method of guiding the valve
should be noted.

Lift of Valves,—If D = diameter of
valve seating, and L = lift of valve,
the area of the waterway around the
circumference =x.D.L. For this to
equal the area through the seating
(3.7.D?%) the lift L must equal }D.
Evidently the lift may be reduced by
arranging the seating to accommodate
more than one valve,

EXERCISES

(1) Draw, full size, the following views
of the pump valve shown: elevation, half
in section; plan, one half on the seating.
Dimension the views. Calculate the clear
area through the seating and compare it
with the waterway when the discs are
touching the guard.

(2) Draw, half size, the following views
of the complete valve and box shown:

elevation, with the left-hand in
section (do not section the valve); end
view from left to right; plan with cover
removed. Insert all necessary dimensions
and machining marks. Note: certain
details (e.g. number of cover studs) and
Momuwmhftfwthemt

® As an aiternative the bush may be secured by a screw, entered from the cuteide,
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Slide Valves.—The drawings show
a simple of valve used to control
the flow of steam to the cylinder of an
engine. The valve is of D section. The
flanged face of the valve slides over a
plane seating on the cylinder, in which
are cut three rectangular ports or
openings. The outer ports lead to the
ends of the cylinder, and the middle
port leads either to the atmosphere
or to a condenser. When the valve is
placed centrally over the ports it
covers them completely (usually), as in
fig. 1. Movement of the valve from
the central position permits steam to
pass through the uncovered opening
to one end of the cylinder, The valve
is made to reciprocate by gear actuated
by the engine crank, and its motions
and proportions are so arranged that
whilst steam is passing through one
outer port to one side of the piston in
the cylinder, steam from the other side
is returning through the other outer
port and is passing to the middle or
exhaust port via the cavity in the
valve. Fig. 2 shows the valve in one
of its extreme positions.*

The amount by which the valve
overlaps the steam ports in its mid
position is called the lap: L, fig. 1, is
the ‘“steam " lap and / the *‘ exhaust *’
lap. The latter may be negative, i.e.
the edge of the valve may fall short
of the edge of the port. The amount
of opening to steam when the piston
ilse:; the end of its stroke is called the

The Locomotive Slide Valve
shown partly sectioned in fig. 3 is
made of high-grade C.I. and is ma-
chined on the working face and its
edges, and at the ends of the trough.
The valve is located between two steel

VALVES

yoke pieces: these bear on the ma-
chined sides of the valve and are
screwed on to the valve rod. Projec-
tions on the yoke pieces fit into the
machined ends of the trough in the
valve, The valve is free to move trans-
versely between the yoke pieces and
to take a close bearing on the seat
under the pressure exerted by the
steam on its back.

The port areas are settled by allow-
ing steam speeds varying from 8o to
110 ft./sec. The length of each port is
limited to about the diameter of the
cylinder.

The frictional resistance to the
motion of a large valve pressed om its
seating by high-pressure steam may
be considerable, and for this and other
reasons valves of the piston type are
usually fitted to H.P. cylinders. A
piston valve is shown on page 187,
this being suitable for the cylinder
shown on page 147.

A Locomotive Regulating Valve
of the sliding type is shown on pages
132 and 183. It is fixed in the dome
of the boiler and controls the steam
supply to the engine. Two valves are
used, one sliding over the other. The
outer or ‘‘ pilot *’ valve is relieved at
the back and is easily moved under
steam pressure. A small displacement
of the pilot valve permits steam to
pass to the pipe through a small port
in both valves: this steam exerts a
pressure on the inner face of the main
valve, thus partly relieving the load
upon it and rendering its movement
relatively easy. The drawings will
repay a careful study and the student
is advised to cut the sections out in
cardboard.

EXERCISE

Draw, half size, the following views of
the slide valve shown, with yoke pieces

and rod (broken) in position: elevation in

direction of arrow C, half in section; end

view, half in section on the rod axis; plan;
underneath view. Insert machine marks
and all necessary dimensions.

® The invention of this type of valve is credited to Murdoch, James Watt’s assistant.
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A piston is a cylindrical piece
which reciprocates in a hollow cylinder,
being moved by the fluid entering the
cylinder. A piston rod connects the
piston to mechanism outside the
cylinder. When the fluid acts on each
side of the piston leakage is prevented,
where the rod passes through the
cylinder end, by means of a stuffing
box or gland (see page 139). In single-
acting engines the piston rod may be
dispensed with and a trunk piston
used. In simple pumps an enlarged
rod or plunger is used in lieu of a
piston. Pump pistons are commonly
called buckets.

Leakage of fluid past the piston may
be prevented by fitting split metal
rings into grooves in the piston. Each
ring is machined to a diameter
slightly larger than the cylinder bore,
and a gap is cut across it; the ends are
then drawn together and the outside
diameter machined to the exact bore.
When the rings are sprung into posi-
tion they exert a constant pressure on
the cylinder walls.

Pistons for Locomotives were at
one time invariably made of C.I.
They are now often made of steel,
either cast or pressed, to reduce
weight. Fig. 1 shows a C.I. piston of
the single-disc type, suitable for a
moderate pressure and speed. The
rings are of C.I. and are located by
pegs or dowels to prevent the joints
from working into line. The piston
boss is bored to fit a coned end on the
piston rod and is secured by a cottered
nut.* The taper on the rod varies

PISTONS

from 1 in 6 to 1 in 8, on the diameter:}
a smaller taper renders difficult the
removal of the piston, and a

taper unduly reduces the diameter of
the rod. The complicated form of the
piston prevents any exact theoretical
estimation of its strength, and em-
piriia.lmlesarela.rgelyusedindesign
WOrK.

Pistons for Oil-engines are of
various types. That shown in fig. 2 is
suitable for a marine Diesel engine,
4-stroke crosshead type, stroke 38,
developing 200 h.p. per cylinder
when running at 125 revs./min. The
piston rod terminates in a flange to
which the piston is secured by steel
studs. These studs are proportioned
to take the maximum inertia load of
the piston, the tensile load which they
carry during the suction stroke being
difficult to estimate.

The high temperature range to
which the piston is subjected makes
its design a problem mainly for the
metallurgist. The modern tendency is
to eliminate str ing ribs and
to allow the fullest possible freedom
for expansion and contraction (see
also remarks on page 136). Both
piston and rings are of special C.I.
The piston is water-cooled, but details
of the gear have been omitted in the
sketch. Piston clearances (measured
on the diameter) are o-1” at the top
and o-02” at the bottom. Eight rings
are provided, each cut diagonally; the
upper two are located in position.

A Trunk Piston for a Diesel engine
is described on page 136.

EXERCISES

(1) Draw, half size, the following views
of the piston in fig. 1 with the rod end in
ition, and dimension them: elevation,
in section; end view (on the nut).
Devise a dowel arrangement for locating
the rings. If the unbalanced on
the piston is 150 Ib. /in.$, what is the direct
stress at the root of the threads?
Answer.—7690 Ib. [in.2.

views of the ‘Dissel engine pist

ews of the e s
dimension them: elevation, hn.ll.(n::::ction:
underneath view (i.e. on the rod), one half
showing the rod removed. the
number of studs by assuming a maximum
inertia load of 15,000 Ib. and using a stress.
value of about 4000 1b. /in.2.

® Amsrican practice is to rivet over the rod end, thereby dispensing with cotter and projecting end.

4+ Jumes Watt used s taper of 1 in s,
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Pistons for Marine Engines are
usually of steel (cast or forged) and
conical in form: strength and rigidity
together with lightness are aimed at.
In a compound or triple-expansion
engine the cylinders are of the same
height and the piston rods of the same
length: hence pistons for the one
engine are made equally deep, both
overall and at the rim. The depth is
settled for the L.P. cylinder, allowing
a slope at the underside of the piston
of about 1 in 3. The piston rods are
usually identical in size: the piston
bosses, therefors, are the same in bore
and depth.

The spring rings of the H.P. piston,
fig. 1, are usually of the ** restricted **
type, of C.I. or Phos.B., fitted one on
each side of a solid C.I. restraining
ring. The latter limits the outward
movement of the spring rings; when
they become slightly worn they fit
the cylinder closely and are pre-
vented from expanding further by the
shoulders on the restraining ring.
High-pressure steam acting behind
unrestricted rings would exert an
undesirable force on the cylinder
walls. Above the rings, secured to the
piston by steel studs, 1s the junk ring,*
either of steel or C.I. Thus arranged,
the rings may be replaced without
disturbing the piston.

The L.P. piston, fig. 2, carries one
broad ring only, of C.I., kept pressed
against the cylinder walls by springs;
the springs are housed in pockets
formed in the piston body and press
radially oun the ring.

Many sp: arrangements have been
evolved with the object of relieving the
piston of any reaction, so that the ring
may '‘ float "’ in its groove, but space will
not permit of a discussion of these.

PISTONS

Leakage past the opening in the ring
is prevented by a tongue-piece, fitted
as shown in the small figure.

The piston-rod ends are coned and
vided with collars (or shoulders). e
piston bosses are bored io fit the cones,
but at the same time are kept just clear
of the collars. The piston-rod nut, and
the junk ring studs and nuts, must
all be prevented from working loose. In
the figure the former is locked by a thin
steel plate, in turn secured to the piston
by square-necked studs with castle nuts.
The junk ring studs have square necks
and castle nuts. Tapped holes must be
made for lifting the piston and rings.
Gear for forcing the rod from the boss is
shown in the small sketch.

Proportions. — As the result of
long experience, the principal dimen-
sions of pistons of this type are practi-
cally standardized and are detailed
in many marine engineering pocket-
books.t The depth at the rim is com-
monly made equal to the diameter of
the rod (for which see page 138). The
thickness of the coned portion of the
piston is given by the following for-
mula (for C.S,):

thickness at rim = 0-003DV'% + 0-15°,
thickness at boss = 0-005DV/'? + 0267,

where D = cylinder diameter in inches,
p = pressure on piston in lb./in.2 If
P is the boiler pressure, » may be
taken as -5P for H.P.,, -25P for LP.,
and -19P for L.P.

Hollow Pistons are largely used for
stationary engines, being stronger than
the single-disc type: an example is given
on p. 186. The core supports leave holes
in the base of the piston, and these are
afterwards screwed and plugged.

EXERCISES ’

Show each piston complete with fittings
and with the rod end in position. Insert
all nec dimensions: some of these are
purposely omitted in the drawings given.

() H.P, Piston.—Draw, half size, an
elevation, half in section, and a half plan
with a portion of the junk ring removed.

Take dimensions of the boss from fig. 2.
Show all necessary lifting holes.

(2) L.P. Piston.—Draw, quarter size, a
half-gectional elevation and a plan:
in the latter show a o of the junk

e

ﬁngremovedtorehrg ot
separal , to a er ), 8
jomtix?gering.

® Pistons were originally packed arcund with junk (hemp and tallow) kept in place by a junk ring: the

name has persisted.
4 Refer to Seaton and Rounthwaits's Pechet Book.



PISTONS—MARINE STEAM ENGINE 135

8-l'dia studs
(sq necked) with

castle huls —

§'studs Sso
necked) wilh
castle nuls

PART SEC4TIOIN
AT XY
H.RPISTON

MARINE TYPE

HALF SECTION

% :
JUNK RING 8" f‘:4 - - =9%0do- — — -

| REMOVED rig 2 LR PISTON MARINE TYPE




136

Trunk Piston for Diesel Engine.
—Here piston rods and crossheads are
dispensed with. Conditions of service
for all Diesel engine pistons are severe.
The large quantities of heat transmitted
cause high temperature stresses in the
metal, and the construction of a suitable
piston is a problem for the metallurgist
rather than the designer. The same
remark applies equally to liners and
cylinder heads. Cast iron is generally
used for these parts, special irons hav-
ing been produced to withstand the
high temperatures without cracking.
Aluminium alloys are, however, being
successfully used for pistons, and a
design is given on p. 201.

Any abrupt variation in the surface con-
tour of a casting results in a loose arrange-
ment of crystals, which group themselves
along lines at right angles to the surface.
Repeated heating tends to break down the
cohesion of these loose crystals and cause
cracking. Hence in Diesel engine pistons
it is essential to avoid all sharp angles in
the design as cast. Any necessary ribs or
webs should join the main casting in fillets
of large radius.

In the design shown,* the piston is
provided with a loose top A secured
to the body C by six square-necked
studs. Fracture of such a top is un-
likely; should it occur the cost of
renewal is small. The central space in
the loose top is packed with asbestos,
retained by a brass cover-plate B; by
this means the underside of the piston
is kept relatively cool and oil splashed
upon it is not carbonized.

PISTONS

The body of the piston is parallel, but
the top tapers slightly to allow for
expansion. Six C.I. rings of square
section are provided. The bottom ring
is recessed on the face and acts as a
scraper for oil, drain holes (not shown)
into the interior being provided at the
bottom of its groove. The gudgeon
pin E is of nickel steel, hardened and
ground ; it is a driving fit in the piston
and is secured by two steel cotters
D, these in turn being held by set
screws. The set screws must be locked
in position, and the design of a suitable
device is left as an exercise for the
student.

Proportions. — These are based
almost entirely upon experiment and
successful practice. The piston shown
is suitable for a stationary four-stroke
engine developing 8o h.p. per cylinder
at a speed of 240 revs./min. Similar
designs are used for cylinders up to
20" dia.; above this size pistons are
usually cooled, by oil or water. The
thickness of the crown increases rapidly
with the diameter and varies from
1}” for 10" dia. to 44" for 24" dia.
The following proportions are typical,
D being the diameter of the cylinder :—
Thickness of piston at bottom of rings
0-075D; length below rings 1-3D to
1-6D; distance above rings = thick
ness of crown; thickness of skirt
003D ; ring section o-03D; gudgeon
pin diameter o-4D, bearing length
o:sD. The axis of the pin is arranged
at, or a little above, the centre of the
part below the rings.

»

EXERCISES

(1) Draw, quarter size, the following
undimensioned views of the complete
i , with the component parts as-
sembled: sectional elevation on axis of
pin; external elevation on end of pin;
i plan, one half on the top of the
piston body and the other through the
pin axis. Use your own judgment for the

the
piston

proportions of details not dimensioned and
design a locking device for the cotter set
SCrews.

, half size, working drawings
of a solid piston (1.e. without a loose top)
suitable for a cylinder 10” bare. Adhere
to the form and given here
but delete all webes. 5 rings.

® The original design has been simplifind sotnewhst to provids the drawings shown: e.g. in the e
is recessed to clear the Jower of the is i
e e o e ot s o
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Piston Rods are subjected princi-
pally to two ssts of forces, (1) the
pressure load on the piston, (2) the
inertia forces produced by the recipro-
cating masses: at the dead centres,
where the piston load is usually a
maximum, these forces are in oppo-
sition. The stress in the body of the
rod is alternately tensile and com-
pressive, and in design work it is
usual to base the diameter of the rod
on the max. piston load, using a low
value for the working stress—for steel,
from 2000 to 4000 lb.[/in2* The
screwed end of the rod is in temsion
only and a stress value of 7000 to 8oco
1b./in.? is permissible. If the diameter
of the screw is based on this value and
a taper of 1 in 6 allowed where the
piston fits the rod, the body of the
rod will usually be found sufficiently
strong. The diameter of Diesel engine
piston rods (where used) is approx.
o-3 of the cylinder bore.

The rod ends are provided either with
collars or shoulders. These are left just
clear of the piston so that excessive
tightening of the nut would bring them
into contact and prevent a split piston.
‘When the rod is machined after wear the
taper is not encroached upon.

Stuffing Boxes are necessary to
preveni leakage of the working fluid
where the rod passes tbrough the
cylinder end. Fig. 1 shows the sim-
plest type of box, in which soft pack-
ingt is compressed in an annular space
around the rod by a gland drawn
inwards by nuts and studs. The
proportions vary considerably and the
following can be regarded only as a
mgh guide; d is the diameter of the

PISTON RODS—STUFFING BOXES

D=125d +06"; L,=d+ 1%
L,=o05L; S = 0ad + 0:2";
P = 2d + 11%; T = 1-25S;

= 1-95d + 1"

The depth of the packing space L,
should properly be based on the fluid
pressure, and Unwin’s rule, for steam, is

L, = {d(#$ + 100) + 170} + 08",

where p is the steam pressure in Ib. fin.2

Usually a neck ring is fitted to the box
and a bush to the gland, both of G.M.,,
as in fig. 2. These can be renewed chea.ply
after wear. When the piston rod ends are
larger than the working part of the rod
the bushes must be split longitudinally.
The length of the neck ring

N = o5d + 0'3’,
and the thickness of either bush
¢ =o005d + o1".

Metallic Packing is now largely
used for piston rods. In the design
shown in fig. 5 whitemetal half-rings
W of wedge section, separated by gun-
metal rings R and carried in a cage C,
are forced against the rod by the pres-
sure of the gland G, acting through a
ring of special soft packing S and a
keep ring K. The soft packing is usually
impregnated with a lubncatmg sub-
stance. Details of the rings are shown
in figs. 3 and 4. Two screwed holes
%” dia. are provided in each ring
for its withdrawal. The whitemetal
rings are cut along a diameter; }*
dia. screwed dowels in one ring enter

the lifting holes in the other and keep
the divisions of adjacent rings out of
line. In many designs springs are
employed to glve the necessary axial
tal rings.

pressure on the me

EXERCISES

(1) A piston rod 2° dia.
the end of a C.I. cylinder ;’ thick, wore1
ing pressure 100 lb./in.®. Draw a sectional
elevation and end view, full size, of a suit-
able projecting stuffing box and C.I. gland,

with G.M. neck ring and bush. Thickness
of stuffing-box metal #*.

(2) The gland G for the metallic pack-

* The Rankine-Gordon strut formula m

more rational to base the ptopuﬁom on the

ing in fig. 5 is circular, dia. 9}°, and is
secured by three 17 studs. w the
following views, fulluze,andd:mension
them: elevation, half in section on the
a:dsandhal!ontheoutsideo!theﬁngn
end view, half on the gland and half show-
ing the keep plate removed.

mu&mmmwumm

*smmﬁemmmbmmmmnmmmumm

is used for water.
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Connecting Rods are subjected to
both axial and transverse forces: the
former are due to the piston load and
the longitudinal inertia effect; the
latter to the transverse component of
the inertia of the rod itself. The effect
of journal friction (which is to divert
the line of thrust from the centre line
of the rod) has been ignored here. The
piston load and the acceleration of the
moving masses vary during the stroke,
and the determination of the position
when the straining forces are most
detrimental to the rod, also the subse-
quent calculation of the range of stress,
are problems of some complexity.

Rods for high-speed engines are made
of I section to give greater resistance
to bending in the plane of oscillation
and to reduce weight. In engines run-
ning at moderate speeds the rods are
circular. The ends of the rod, usually
called the ‘“ big *” and ‘“ small ’ ends,
have a variety of forms dependent on
the type of bearing used at the crank
and crosshead. Theratio L : R (fig. 1)
varies from 43 to 6.

Diesel Engine Connecting Rod.—
The drawings show particulars of a steel
rod for a 4-stroke engine developing
8o b.h.p. per cylinder at 240 revs./min.,
stroke 19”. A suitable piston (16”
dia.) for this engine is shown on
P. 137. The rod is circular and parallel,
and is 44 cranks long. The upper
bearing is of Phos.B., the lower one
of WM. in C.S. steps. Thin liners are
provided under the tee end for com-
greeswn adjustment, and between the

ig-end steps to take up wear. Oil is
forced through the crank into the big-

CONNECTING RODS

end bearing; it enters staggered cir-
cumferential oil grooves, and then
passes through a hole in the rod to the
gudgeon-pin bearing.

An alternative design of connecting
rod is given on p. 200,

Proportions.—The diameter of the
rod is first settled by empirical rules
and then checked for strength. A
common proportion for the diameter
(the mean diameter if the rod is
tapered) is 028D, where D is the
cylinder bore.

The greatest axial force on the rod
is compressive, and may be assumed
to be due to a piston load of 500
Ib./in.* acting during a crank rotation
of 30° from the top dead centre. If
A is the piston area in in.3, and 6 the
obhqmty of the rod, the axial force
F * = 500A < cos0 lb. Hence the
dxrectoompresswestressf = F = area
of rod. To this must be added the stress
Jy due to bending: its maximum value
occurs when the crank and connecting
rod are at right angles (see next page) R
but for a crank angle of 30°, f;
taken at approximately half fie calcu-
lated maximum value. The resultant
stressf = f, + fy: thova,luoofjshould
not exceed gooo 1b./in.

Of the tensile load applied to the
bolts, that part due to piston friction
(which may be considerable) is difficult
to estimate. In practice the least dia-
meter of the big-end bolts is about
o~llzD: the sm -et:lcll bolts sho'}xm
as large as space will permit.

a maximum piston load of 500 Ib./in.%,
the bearing pressure at the small end
should not exeeed 2000 lb./in 3,

EXERCISES

(1) Draw, quarter size, the following
views of the gonn rod shown:
vation in direction A with the left-hand

(z) Taking a re of

on of end in section, as in | the preuutuonud:end.
4; view in direction B; views on both | is the safe tensile load for the small
end caps. Arrange the axis of the rod | end?
ma:“'ny' U gthemtjl:l;mentin 4 —6 . fin.?
awing. Use your own ju nswers.—6570; 1970; 1014 Ib.[in.®;
ioning undimensioned d In- | 18,600 b,
sert princi; .
.lt mlrﬁnu;:m h‘;mudﬁ of mdth-nhumibmn.nd timix
thin o0 ABout 1h,000 To e For Sl Clacmicn robe b Purdare Do Brgins Do ®
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Locomotive Connecting Rods are
steel forgings of rectangular or I sec-
tion, usually about six cranks in length.
In the design shown the rod is of uni-
form width and flange thickness, but
the depth decreases towards the small
end. The bearings are secured to the
ends of the rod by steel straps, adjust-
ment for wear being given by cotter
and wedge. The strap bolts are slightly
tapered to ensure a good fit and to
facilitate removal. The small-end steps
are of G.M.; those for the large end
are of G.M. with whitemetal pads;
full details of the large-end bearing are
given on p.192.. The cotters bear on
the ends of the rod and on the steel
wedges: they are clear of the straps.
The small end is frequently forged
solid, as shown in the small sketch,
and fitted either with a G:M. bush or
with steps adjustable for wear as shown
on p. 195

Proportions.—The dimensions of the
rod are based upon empirical rules and
are checked ﬁnaﬁ{ for strength. To the
stresses produced by the axial loads must
be added those resulting from the trans-
verse inertia forces. It is usual to deter-
mine both stresses when the crank and
rod are at right angles: the inertia of the
reciprocating parts is then sufficiently
small to be neglected. Let R = crank
radius in feet; L = length of rod (centre
to centre) in feet; N = crank speed in
revs./min.; w = density of material in
Ib. /in3,

It may be shown that for a rod of uni-
form section the bending moment is a
maximum at a section (S) of the rod about
o-4L from the crank-pin axis.* The value
of this maximum bending moment is:

CONNECTING RODS

Mmax. = (0.00314 AN’L*Rw)1b. in., . (1)
_wh.ere A is the sectional area of the rod in
in

If the rod is not uniform, the value of
Mmax. is given, less accurately, by sub-
stituting A,,, the mean sectional area of the
rod, for A in (1).

Hence the stress f; due to bending is
approx.:

Jo = (Mmax. + Z)Ib.fin%F . . (2)

where Z is the modulus in in.? of the
section S.

The axial force (F) on the rod depends on
the effective steam pressure 1b. [in.?)
in the cylinder, and on the obliquity @8
of the rod. The former must be either
estimated or taken from an indicator dia-
gram. For a cylinder D” dia. the axial
force is:

F=g}r.D% p = cosflb. . . (3)

Hence the stress f; (or f,), due to the axial
load, at section S, is:
Ji=F=Abfiny .. . (4)

where A, is the area in in.® of section S.

The resultant stress f=fp +/;. The
stress is alternately temsile and compres-
sive and the range is therefore 2f. For
locomotive rods f may be 7000 Ib.[in.5,

The proportions of the ends are largely
governed by the size of the bearings. In
settling the latter, pressures of 3000-4000
Ib./in.®* for the small end and 1000-1500
for the large end are common. The strap
is in tension and is usually weakest at the
bolts; the bolts are in double shear; apd
the cotter is in com; on: the stresses
in these should not be excessive (see
Exercise 2).

Details of a connecting rod suitable
for a slow-speed stationary engine
are given on pp. 194 and 195,

EXERCISES

(1) Draw, half size, the following dimen-
sioned views of the small end and ieann g:
elevation, upper half in section; plan; end
view from right to left.

(2) If the axial loud on the rod is 29,270
1b., calculate the stresses in the followi
g:u: (a) smallest section of rod, (b)

ts, (c) straps (at bolt holes), (d) cotter;
also late the bearing pressure at the
small énd.

Answeys.—(a) 4940, (b) 4940, (¢) 5400,
(@) 9760; 3070 B.[in.t.

It
and

(3) The rod shown is suitable for a
cylinder 174" dia. X 26° stroke, speed
. If the ive steam
pressure when rod and crank are at right
angles is 120 Ib./in.3, calculate the maxi-
mum stress in the rod. Assume that the
section (S) at which the bending moment
is greatest is 5”7 deep.
Answer.—fy -= 2850,

6580 Ib. fin.. fo=373, f=

uluz_lﬁntthtwmdtho&d'bmdhudl. Refer to Machine Dasign by Unwin
+ For & solid circular steel rod dia. D; this gives /s = 0007 N'L'R + ;.
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The crosshead of an engine is a
sliding piece which connects the ends
of the piston and connecting rods. A
great variety of designs have been
evolved and two of the principal types
are included herein: the locomotive and
the marine. In all designs the crosshead
must provide (@) a rigid connexion for
the piston-rod end, (b) a journal for the
small-end bearing of the connecting
rod, and (¢) bearing surfaces to suit
the guides between which it recipro-
cates. The bearing surfaces are usually
plane and may be provided on the
crosshead itself or on slide blocks
attached to it. They are made of large
area to reduce the bearing pressure,
which varies in practice from 30 to
100 lb./in %,

By applying the triangle of forces to
the crosshead (the three forces being
the piston load P, the thrust F in the
connecting rod, and the reaction R at
the guide) the force on the guide is
given by P tan6, where 6 is the obli-
quity of the connecting rod. For
double-acting engines this force acts
chiefly in one direction for the same
way of rotation of the crank. Hence
engines which are to revolve mostly in
one direction may have small guide
areas for the reverse motion.

Crosshead for Locomotive.—An
elevation and end view of a crosshead
and its guides are shown in fig. 1.

ENGINE CROSSHEADS

of the two slide blocks, or shoes, and
the crosshead pin.

The shoes fit over dovetailed circular
projections on the crosshead. They are
first placed in position transversely and
tutiied into alignment about the central
boss. The piston-rod end is coned and
cottered in the socket; the axial posi-
tion of the cotter hole is indicated in
fig. 4, but actually the cotter is in-
clined at 30° to the horizontal, as in
fig. 1. The crosshead pin is tapered
whete it passes through the cheeks of
the crosshead, and keyed at the large
end.

The crosshead is a steel casting and
the shoes are of C.I. with faces lined
with W.M. The pin and all other parts
are of steel. Lubricating and other fit-
tings have been omitted to simplify
the drawings.

Proportions. — The form of the
crosshead is complicated, and the only
parts which can be proportioned by
calculation are the guide blocks, piston-
rod socket, and crosshead pin. In
determining the guide-block areas it is
usually assumed that the maximum
load on the guides = P = #, where P
is the maximum piston load and »
the ratio length of comnecting rod/
radius of crank. The socket joint may
be dealt with as on p. 66. The cross-
head pin is in double shear and will be
found usually to be amply strong if
proportioned to give a reasonable bear-
ing area.

Marine-type Crosshead.—This is
fully illustrated on p. 193.

end view from right to left. Use your own
where dimensions are omitted.

(2) If the rod sustain a thrust of
30,0001b,, (@ pressure

the socket (i.e. at the cotter hole),
) fnmereete) 455, () Tro0n o) Fabo
B.fin$ (eppros.). '
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Steam-engine Cylinders.—These
are invariably castings, either in iron
or steel. of various forms, the essen-
tials in each being the barrel, in which
the piston slides, the valve chest, and
the supporting brackets. Passages are
formed in the casting to convey steam
from the valve chest to the cylinder
and from the cylinder to the exhaust.
The casting is somewhat complicated,
even for small cylinders, and its design
is governed by such factors as the type
of valve used (flat, piston, or poppet),
the relative positions of steam inlet
and exhaust outlet, and positions of
supports. Large cylinders are usually
steam jacketed and fitted with liners.

Single C.1. Cylinders.—For agiven
horse-power, the dia. D and the length
of stroke L are settled by the for-
mula, horse-power = p,,.L.A.N/33,000,
where p,, = mean effective pressure
during the stroke (which must be
estimated*), L = stroke in feet, A =
cylinder area in inf=}r.D3 N =
number of working strokes/min. A
value for D or L must be chosen
arbitrarily, there being no standard
relationship between them.

The barrel must be made thick
enough to give a sound and rigid cast-
ing and to admit of reboring after wear:
if these requirements are met it will
usually be over strong to resist the
steam pressure. An empirical rule for
the thickness of C.I. cylinders without
liners, due to Unwin, is

¢ = 0-00015D(p + 55) + 05,
where ¢ = thickness in inches and

CYLINDERS

¢ = steam pressure in 1lb./in3. The
thickness of the cylinder flanges == 1-3¢,
and the thickness of the metal in the
valve chest and passages = 0-7.

The mean velocity v of the steam
through the passages is given approxi-
mately by v = VA/a, where V = mean
piston speed in ft./sec., A = cylinder
area, and a = port area, both in in.3.
The area a should be such that the
velocity v does not exceed 110 ft./sec.

Cylinder for Locomotive, — The
drawings show details of a C.I. loco-
motive cylinder, bore 184, stroke 267,
working steam pressure 160 lb./in.%,
fitted with a piston valve. Fig. ris a
longitudinal section and figs. 2 and 3
are transverse sections to a smaller
scale. It will be evident that additional
sections are required to describe the
cylinder completely. The original
design has been simplified somewhat
by the omission of by-pass valves and
passages, webs, &c.

The valve chest is fitted with liners
pressed into place and held by the
end covers (not shown): details of the
piston valve and liners are given on
p- 187, Steam is admitted between the
piston heads, and exhaust passages lead
from the ends and join in a common
outlet. The cylinder covers are of
dished form and follow the contour of
the piston. They are usually webbed
for strength. Brackets are cast on the
cylinder for side attachment to the
engine frame.

C.J. Cylinder for Vertical High-
speed Engine.—This is shown on pp.
210 and 211. It should be referred to and

compared with the design opposite,

EXERCISE

Draw, quarter size, a longitudinal section
of the cﬁmdcr with its piston and valve, as
ahownbu fig. 1, adopting t'llxe dm:ensions

iven but using your own judgment in pro-
glortianing and arranging undimensioned
generally. Use the following data.
istcn: least thickness 1§°, rings 1* X §°.

of

Covers: thickness,outer §’, inner1”; secured
tocylinder by §” studs; clearanceat ends §”,
Valve chest: metal §* thick, steam

14’ wide. Details of the valve are given
on p. 179. Find by calculation a suitable
number of cylinder cover studs,

'Mh-’{i&!&!}-»wt-mmu-h&mv-w
sxpamwion. v
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De Laval Turbine.—In this turbine
jets of steam from nozzles arranged in
the casing are directed against a ring
of crescent-shaped blades fixed to the
rim of a single wheel designed to re-
volve at high speed. The steam expands
freely in the nozzles, where its heat
energy is converted into kinetic energy,
and is delivered at low pressure but
high velocity against one side of the
ring of blades, as in fig. 1, the steam
passing to exhaust at the other. In
its passage across the concave faces of
the blades the velocity of the steam,
relative to the blades, remains almost
constant in magnitude, and the action
on the wheel is one of pure impulse.

Construction,—The wheel shown is
designed to develop 30 h.p. at a speed
of 20,000 revs./min. This speed of
rotation gives rise to high stresses in
the wheel, both radial and tangential,
which in practice are allowed to reach
a maximum total of about 11 tons/in.5.
The thickness ¢ of the wheel at radius
7 is given by the equation # = C -
where C is a constant and % == 2 for
De Laval wheels. Any surplus material
at the rim increases the disruptive
forces without adding to the strength
of the wheel: hence the section is kept
as light as possible towards the rim.
A reduction in thickness is made just
under the rim so that in the event of
the speed becoming excessive the por-
tion beyond the reduced section would
fly off in pieces; the unbalanced wheel

TURBINES

are a press fit in the slots. The bulbs
are very slightly riveted over in fixing,
but not so much as to prevent the
blades from being driven out for re-
placement. There is very little axial
thrust on the blades, the inlet and out-
let angles being equal. The rectangular
portions at the blade tips form an

The bush, fig. 5, fits an enlarged
tapered portion on the spindle, fig. 3,
and is secured to it by a central rivet.
The wheel hub is bored to fit the bush,
also slightly tapered, and is secured by
the circular nut shown, the end collar
of the bush fitting the recessed portion
at the end of the hub.

The spindle is thin enough to be
flexible, and is run much above its
critical speed. On starting, the wheel
runs unsteadily ; it runs true after the
critical speed has been passed. So
designed, the wheel may be run at high
speeds without vibration. The torque
is transmitted through single-reduction
double helical gearing, the driven shaft
running at 2000 revs, /min.

Materials .—These are all of the highest
possible grade. The wheel is of nickel
chrome steel heat treated, and the blades
are of stainless steel. The spindle is of
06 per cent C steel, and all other parts
are of mild steel.

Units~De Laval turbines are made
in standard sizes, the smallest giving
5 bh.p. at 30,000 revs./min., and the
largest 600 b.h.p. at 9500 revs./min.: the
respective mean blade speeds are 515 and
1550 ft./sec. When using dry saturated
steam at 200 1b./in.? and exhausting to &
27° vacuum, the steam consumption of the
smallest unit is 33-9 Ib. per b.h.p. per hr.,
and of the largest 11-8 Ib. per b.h.p. perbr,

EXERCISE
Draw, full size, the views of the to those in 2 three
blank position on its bush and mﬂlpﬁm oS
spindle: elevation, half in section on the dlmnliuminmmi-
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Combined Impulse Turbines.—
When the energy of a steam jet is
used in one impulse stage only, as in
the De Laval turbine, it is not easy to
convert all the available energy of the
steam into useful work; further, for
maximum efficiency in a single stage,
an exceptionally high blade speed is
required. For these reasons turbines
are ‘‘ compounded ”, and the energy
of the steam is extracted in stages at
a slower blade speed.

Impulse Type Turbine.—B.H.P.
2400; speed 2650 revs.[min.; initial
steam pressuve 200 Ib. [in.2.

The expansion of the steam is carried
out in eight stages, the impulse wheels
being keyed to a common shaft. Each
wheel reyolves in a separate chamber
formed by fixed diaphragms which
partition off the turbine casing, the
shaft passing through glands in the
diaphragms. Inclined nozzles are

ed in the diaphragms; in its
passage through them the steam falls
in pressure and gains in velocity, and
is redirected on to the blades of the
next wheel. There is no appreciable
change of pressure as the steam passes
through the blades of any one wheel:
hence the pressure is uniform through-
out each chamber, and there is no
axial steam thrust on the wheel discs.
The first-stage wheel has two rows of
blades; a row of fixed blades is ar-
ranged between them to redirect the
steam on to the second moving row.
This stage is typical of the Curtis tur-
bine, being compounded for velocity.*
The nozzles for the first-stage wheel

TURBINES

are arranged in the turbine casing and
are controlled by valves.

Impulse Wheels and Shaft.—
Eight forged-steel wheels are pressed
on the shaft, four from each end, over
feather keys. To facilitate assembly
the shaft is stepped and successive
feathers are reduced in width. The
shaft steps and wheel bores are tapered
I in 48 on the dia. for fitting, and
circular nuts screwed on each end of
the shaft lock the wheels in position.
Each wheel is serrated on one hub
face to make a steam - tight joint
against the plane face of the next
wheel. Grooves as in fig. 2 are cut in
the hubs of all wheels except the first
for the insertion of gland strips (see
later). Three §” dia. tapped holes
(not shown) are provided in each
disc near the boss for withdrawing
the wheel from the shaft and for
equalizing the steam pressure on each
side. All wheel rims except the first
are identical.

The blades are of stainless steel,
machined from the solid bar and polished.
The roots are enlarged to provide the
correct blade spacing and dovetailed to
fit the groove in the rim. They are entered
through ‘A i lga ‘:d the T;imtiwhiclix ge
su juen U N e O (]
bl:;:gpus {hfonﬁﬁ a sh.roudingw ring and
are riveted over. The principal details
of the blades for the first and second stages
are given in figs. 2 and 3, there being 250,
286, and 290 blades respectively in the
first, second, and third moving rows.

6;4uwbadsmcmsmmbkdcdi¢..
36”.

EXERCISE

Draw, half size, the following views of
the first- and second-stage wheels in posi-
tion on the shaft, showing the shaft broken
at the left of the second wheel and at the
right of the nut: sectional elevation
through the feathers and shaft axis, show-
ing that part of the discs below the hubs
broken off; end elevation on the nut,
showing about uarter of the wheei.
Omit the blades in the end view.

.
mb’l:hmﬁud.
propes.

o5 epanner ma in (b B peovided with
ng a
locking plate, fitting a shallow ve in the
wheel and secured to the nut
necked stud: the design of this 1s left as an
exercise for the student. Size of feathers:
ﬁﬁt mg;: 4&';( x'Ux §*; second p

3 X 14" X §. Use your own judg-
ment where dimensions are omitted.

e e e ety e e Dy
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Diaphragms for Combined Im-
pulse Turbine (see also page 154).—
As stated on page 150, the turbine
casing is partitioned off into eight
compartments by C.I. diaphragms,
seven of which are required. Details of
the second-stage diaphragm (i.e. be-
tween the 1st and 2nd wheels) are
shown opposite and on page 155.

Each diaphragm is split along a
diameter. The joint between the
halves is spigoted and grooved, as
shown in fig. 3. The small sections in
fig. 2 show that each half has a spigot
on one side and a recess on the other.
A semicircular groove §* dia. is
cut centrally along both spigots and
recesses for the insertion of packing.
When the halves are in position they
butt at the joint and the packing pre-
vents steam leakage from one side to
the other. Pins are arranged along the
groove to prevent movement of the
packing, but these have been omitted
in the drawing.

The diaphragms are subjected to an
axial load due to the difference in
steam pressures on opposite sides—
i.e. the difference between the steam
pressure in adjacent compartments.
They are made slightly conical in
form for rigidity, as shown in the sec-
tional view, fig. 1; it should be noted
that in this view lines beyond the
settion itself have been omitted to
avoid confusion.

The outer periphery enters a groove
a little wider than itself in the turbine
caging, and bears against the side of
the groove in the direction of the steam
flow, The clearance between the rim
and the groove is taken up by six
brass fitting strips secured to the dia-

TURBINES

Nozzles. — Each diaphragm con-
tains 50 nozzles on a pitch circle
3’-0” dia. The nozzle plates are of
stainless steel, o-116” thick, bent to
the shape shown on page 155. They
are cast in position in the C.I. dia-
phragm so that the upper and lower
edges of the plates are firmly em-
bedded in the surrounding metal. This
is shown more clearly on page 155.

Special fitting strips of steel are
required where the joint of the dia-
phragm cuts the nozzle plates, but
these, together with the temporary
lugs cast on the halves of the dia-
phragm to facilitate machining, have
been omitted from the drawings
shown.

Glands.—The inner periphery of
the diaphragm is provided with glands
of the labyrinth type which almost
touch the shaft. The flanged packing
ring is of C.1. and is split on a diameter:
the halves are secured to the diaphragm
with steel bolts fitted with naval brass
nuts. Grooves §* square in section are
cut in the shaft and in the bore of the
ring—which is }” clear of the shaft. In
these grooves are driven brass * strips
which are afterwards turned to a
sharp edge—as shown to a larger scale
on page 155. The tips of the brass
rings are o-01* thick and are given a
clearance of o0-025". If contact takes
place between the rings and the shaft
no damage will result, as the ring tips
wear away easily to a clearance. The
labyrinth arrangement effectively pre-
vents undue steam leakage between
the shaft and the digphragms, and
avoids the friction losses of the rubbing
or contact type of gland.

Exercises.—See page 154.

® Zinc, 30 per cent; coppet, 70 per cent.
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Details of Diaphragms and
Blades.—The drawings given opposite
refer to the second-stage diaphragm of
the Impulse-type Turbine, and amplify
those shown on the previous page. In
the half-section given in fig. 2, lines
beyond the actual section have been
omitted for clearness. Fig. 4 shows
the labyrinth packing to a larger scale.

Nozzle Plates.— A nozzle plate
(fig. 1) for the diaphragm is cut from
a flat sheet of stainless steel o-116"
thick and bent over a cylindrical block
1}” rad. to the form shown in fig. 5.
The series of 50 plates is then cast in
the C.I. diaphragm by a special pro-
cess, the dotted lines in fig. 2 showing
the embedded plate. The exposed area
of plate forming the nozzle is defined
by chain lines in fig. 1. A developed
or expanded section at the pitch line
of the second-stage nozzle plates and
impulse blades is given in fig. 5.

The nozzle plates of all diaphragms
appear as in fig. 5 (on the pitch line), but,
as stated earlier, the radial width of the

openings is increased for successive stages
and longer blades are fitted to the wheels;
e.g. the nozzle of the la.st stage is 24"
wide at the throat and 3” wide at the inlet.
The method of locating the centre of the
arc and of setting out the nozzle plates
should be clear from fig. 5.

Blades.—The entrance and exit
angles of the arc at the front of the
blades are determined from a velocity

TURBINES

diagram for the steam and blade. The
wheels revolve at 2650 revs./min.,
giving a blade speed at the pitch line
U = 416 ft./sec. The steam is directed
on to the blades at an angle a& = 12°,
and its velocity V will be taken here
as 850 ft./sec.* The velocity of the
steam relative to the blade, R, is ob-
tained by setting out the velocity
diagram as in fig. 3. The theoretical
blade angle at entrance is given by 0.}

The speed of the steam as it passes
across the blade surface is reduced by
about 28 per cent by friction, but it
will be assumed here that there is no
loss and that the exit velocity » of
the steam relative to the blade is equal
to R. The exit angle ¢ of the blades
should be such that the steam leaves
in an axial direction to enter the
nozzles of the next diaphragm without
shock. In the figure ¢ has been made
equal to 6, and the smaller triangle
gives the velocity diagram at the exit
side: U is the blade velocity, r the
velocity of the steam relative to the
blades (taken = R), and v the final
absolute velocity of the steam. The
direction of the steam at exit is given

by B.

Actually the blades are not quite
symmetrical and lie at a slight angle
axially as in fig. 3, p. 151. The radius
of the arc of the working face is given
by b + (cose + cos¢), where b = width
of blade, §.

EXERCISES

(1) Draw, quarter size, the following
views of the second-atage diaphragm
arranged as on the pmmms age but show-
ing the gland removed: elevation, as in
fig. 2, 153. end eleva.tlon showing the
lower in section; tglete plan on
the joint. Fully dnnenston e drawings.

(2) Draw, full size, an elevation, sec-
tional end view, and Ean of the lower half
only of the gland, showing one bolt in

ition. Dimension the views completely.

(3) Using the data given, draw the

ty diagram and determine 8, as in

* Maximum efficiency is given when U = §V cos e,
important to make the blade enttance angle = ¢, but better results are

Q'Rw.tom 'b’et;elgc;’d

ma.ﬁ ¢=20—3° and r =R,
w ‘the s iagram and measure
B. Then set out, full size, an expanded
v:ewofthenozzlesandbhdesumﬁg 5,
but showing the blades at their correct
angle. Thickness of blades 0-21”.,

Answey.—0 = 23°, B = 87° appros.

(4) Draw, full size, a section af the

nossie of the diaphragm, amﬁg 2,
the details gwen in figs. 1 5“::5
projection tha.tthe radius

of the wioel is infinitely large.
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The designer can rarely consider only
the scientific aspect of design:
economics of production are often all-
important. Hence the student should
continually attempt the interesting
task of changng a design to effect a
reduction in cost.

Economical specialist production in
quantity is desirable for export trade
in such a competitive industry as
engineering; for a piece of machinery
can be manufactured in many countries
in a general way for about the same
cost. If, however, it is produced in
quantity in a country well adapted for
its manufacture, then its production
elsewhere, especially if the demand for

i

FACTORS INFLUENCING DESIGN

Progress in design is the result of
three insistent demands: from com-
merce, a reduction in price; from ser-
vice, a reduction in operating troubles;
{rom science, a reduction in energy
osses.

1. Economical Proportions.

These are achieved by allowing high
stress values—which can only be
adopted if loads are known exactly
and a precise stress analysis is possible.
In the simple designs analysed in this
book (e.g. the cottered joint on p. 67),
it has been assumed that the stress is
uniform over the section. This is often

i

.==’-1-—-‘ — |
Fig.1. 1

it there is small, is only possible behind
a protective tariff—which raises its
cost to users in that country.

The factors making for cheap pro-
duction and satisfactory service may
be grouped as under:—

(1) The article mus# be economically
ioned.

(2) Materials and methods of fabri-
cation must be the cheapest ble.

(3) Hand prooesses should be re-
duced to a

(4) The deslgn should be planned for

(5) Standardxzed parts should be
(6) Interchangeabdityofparushonld
be arranged.

not the case; and the lack of unifor-
mity is particularly important when
parts are subjected to cyclic stress
variations.

Styess Concentration. — The effects
of a notch or a hole in a circular shaft
sub]ected to simple tension are in-
dicated by the stress in fig. 1.
The important point is that the maxi-
mumstressvaluo:shlghetthanthc
mean; and unless this maximum falls
below the elastic limit, local yielding
will result. Similar stress concentra-
tion is produced at sharp fillets. Hence

manydeslgnwhmhxghcydxcstreu
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ways and holes should, wherever
possible, be avoided.* (The student
should realize that where an analysis
along these lines of a successful design
would indicate failure, the explanation
is probably that local yielding has per-
mitted a complete redistribution of
stress.) Fillets of large radius are very
desirable in crankshafts, but often
cannot be adopted in the usual design
without unduly lengthening the shaft.
By using internal fillets, however, a
very satisfactory arrangement results.
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cast jron, which is cheap, is only
acceptable if the operation of casting
results in the cheapest satisfactory
article. Actually, the dearer material,
steel, in plates and sections fabricated
by welding, is being widely used in lieu
of many castings because the finished
product is cheaper. Expensive machine
tool work on castings can often be
avoided by the use of welded steelwork.
The designer must therefore acquaint
himself with the general technique and
relative cost of production, not only by

[ S S

Y,

Fig. 2 shows the modification possible
and is taken from modern practice in
oil-engine design.

Overstressing, i.e. the deliberate
stressing of material beyond its elastic
limit, is often adopted with safety.
Crane hooks of standard design, for
example, are overstressed under the
proof load.t

2. Cheap Materials and Methods
of Fabrication.

These are interlinked: for example,

d
'
'
: —_—
i
'\Infer'nal foerr:il
Fillets Fillets

Fig. 2.

simple casting, forging and machining,
but by welding, stamping, extruding
and die casting. The student might
with advantage investigate the pos-
sibility of using welded designs for
many of the machine parts described
in this book; in this he should bear in
mind two points: {(a) that a welded
job is usually only worth while if for
the same strength it is lighter than
the corresponding forging or casting;
(b) that bending, for plates, is cheaper
than welding.

® “ Tha Relation of Fatigue to Modern Engine Design *, by Burn, The Enginesr, 3. 7. 1938,
¢ Design of Crane Hooks , Prec. I. Mech. B., 1934.
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3. Hand Processes.

The elimination of hand processes
usually results in a cheaper and a
better engineering job. By applying
the principles of kinematic design in
engineering, much hand fitting and
maladjustment may be avoided. An
important proposition concerning coup-
lings states that if the constraints be-
tween two members exceed six, the
members will suffer unnecessary elastic
deformation. These principles have
been exploited in the design of scientific
instruments with admirable results.
Space does not permit a discussion of
kinematic principles here, and the
student should refer not only to
standard textbooks but particularly to
the reference given.*

4. Planning for Production,

For commercial success in the pro-
duction of an article on a repetitive
basis, e.g. a motor-car engne, 1t is just
as important that it be manufactured
in the most economical way as that it
be scientifically designed. The designer
must not only settle its proportions for
the specified duty, but he must in-
corporate features which will tend to-
wards cheapening the cost of produc-
tion: he must plan its production.

A study of the commoner types of
jigs and fixtures used to facilitate ma-
chining operations is obviously neces-
sary before special provision can be
made for their application in the design
of a machine part. But apart from the
study of the advanced technique in-
volved here, the student can constantly

features that will cheapen production.
For example: holes, all of uniform
diameter, and lying on a circle, will
obviate drill changes and permit the
use of a rotating jig—compare fig. 1b
with fig. 14; seatings giving three-

FACTORS INFLUENCING DESIGN

point rather than area contact make
easier fitting—compare fig. 2b with
fig. 2a; facings brought out from their
normal position make machining sim-
pler, i.e. (b) and (c) are preferable to
(a), fig. 3; and so on. Other examples
will be recognized in practice: small
connecting rods are finished with the
rod and cap in one piece, being after-
wards separated, for cheapness; gear
wheels are commonly designed so that
all teeth may be finish ground ; a bear-
ing of the type shown in fig. 4 is better
if arranged as at (b) rather than (a),
on account of the difficulty of gauging
the internal bore.

The application of welding processes,
in conjunction with the use of smtable
jigs and fixtures, offers much scope for
cheap and reliable production: e.g. in
the manufacture of very large stators
for electric generators, this method of
fabrication has been employed with
most satisfactory results and the com-
plete elimination of all major machining
operations.

The keen student will enjoy making
a revision of his drawings with points
such as the above in mind.

5 and 6. Standard Parts:
changeability.

Large numbers of components are
now standardized. The designer must
familiarize himself with the specifica-
tions of the British Standards Institu-
tion and use standard components
wherever possible. Further, other parts
must be completely specified on the
working drawing as regards finish and
limits of accuracy. The settlement of
limits and tolerances is discussed on
the pages which follow, This section is
extremely important; and the student
should always question the adequacy
of a drawing on which dimensions are
given without tolerances.

Inter-

EXERCISES

1) A casting of symmetrical design is (2) The brackets shown on pp. 168, 169
o Ty & the principal dimensions | aad 203 lend themaslves to labricatien
are given for general ance . welding. ternative 3
adglﬂgningweldedsteel.w will be | adopting the best construction for the
equally rigid and sati , to replace | purpose of fabrication by welding.
the cbof:ing Use bent material wherever
possible.

® ¢ Kinematic Design in Engineering ', Prof. Pollard, Pyac. I. Mech. B., 1933,
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LIMITS AND TOLERANCES

The dimensions given in the various
drawings throughout this book have
been shown usually as integers and
fractions, e.g. 244", 104", and not often
as decimals. This has been done for
the sake of simplicity and clearness;
and although drawings of engineering
parts are still dimensioned in this way,
there are many others for which some-
thing more is required—and it is this
requirement which will be discussed
here,

Interchangeability.—Where an en-
gineering article is being produced in
quantity, it is usually necessary to en-
sure that the mating parts, taken at
random, can be assembled without
further fitting and machining. This
requirement applies also to replace-
ments. As an example, a new connect-
ing rod for the engine of a motor car
must give the same clearances and fits
as the one it replaces; and a replace
engine must fit into the position of the
old one.

To ensure this interchangeability it
becomes necessary to specify the
dimensions of the parts closely by
means of limits. As an example, a
dimension of 2 may be shown as
:Zgi, indicating that the actual size
must lie between these extreme limits.
The difference between such high and
low limits of size is called the tolerance,
which is the permissible variation
selected as being sufficient to cover all
reasonable imperfections of workman-
ship.

The use of limits is a step to be taken
with a full appreciation of the conse-
quences; for tolerances may involve
the use of jigs, and hence may in-
crease the manufacturing time and cost
of an article if few of it are required.
In quantity production, however, the
additional cost of jigs to give fine
tolerances has to be balanced against
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the time and money saved by straight-
forward assembly (or replacement
during service). The assessment is a
complex one involving many factors,
Drawings of even high-grade com-
ponents which are required in small
quantities are often given without
limits because it is known that a cer-
tain grade of accuracy will be attained
normally in the Firm'’s workshops, the
‘ run-of-shop ”’ accuracy.

To illustrate the point, holes drilled
(without jigs) in metal are found usually
to be slightly larger than the drill, because
of the difficulty of grinding the cutting end
centrally; further, their centres will
usually not coincide exactly with the
theoretical positions, ‘because the drill
will wander slightly. By inspection and
measurement it is possible to determine
the extreme divergences which obtain in
the shops for holes of various sizes, and
over a period of manufacture. In well-
equipped shops and with skilled workmen,
the sizes of small drilled holes up to }*
diameter may be larger by amounts not
exceeding -005"; and the sizes of 1* holes
by amounts not greater than -020”; simi-
larly, their positions will deviate from the
required positions by amounts up to but
not exceeding -010”. If, therefore, such
errors are within the limits of accuracy
permissible for the component being
manufactured, then there may be no need
to give limiting dimensions; but if quan-
tity production and interchangeability are
required, then full and proper tolerancing
is necessary.

A decision to introduce limits to a
dimension, and the settiement of the
tolerances to be adopted for correct
functioning, require from the designer
not only a knowledge of the results of
successful practice but familiarity with
workshop processes and methods. Con-
sider, for example, the pair of flanges
shown in fig. 1. By i limiting
dimensions for the bolt holes and the .
coupling bolts, it would not be impos-
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sible to ensure that any two flanges
and any bolts could be assembled with
the certainty that the bolts when in-
serted consecutively would be push
fits in the holes. To achieve this, how-
ever, the tolerances would have to be
so small as to make the cost of manu-
facture quite prohibitive; and the

AN\ 777
=¥ 3
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Fig. 1

usual practice is to leave the flange
holes small and to use a reamer to give
the finished sizes after the coupling
halves have been assembled on the
shaft. Many similar considerations
apply when limiting dimensions are to
be provided.

Limiting Dimensions: Conven-
tional Practice.—It is recommended
that limiting dimensions should be
shown with the maximum and mini-
mum dim,nsions above and below the

+00,
dimension line, thus <—3;£-> with the
2.
larger dimension above the line.

1t is often the practice to show a
basic dimension, together with a
tolerance expressed in decimals; ancd
the tolerance may be given on one side
of a basic dimension (umilateral), or
on each side (bilateral), thus:

Unilateral 2998 T ‘°°5; Bilateral
3 +- 003

— 002"

For working drawings, the limits
should be preferably shown thus:
g%, rather than 2-998 '_‘_'o'°°5, 80

(z178)
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that the workman is not involved
in any calculation.

The letters H and L, standing for
‘“high ”” and ‘low ", are often used
to prefix limiting dimensions, thus:
H. 3-003
L. 2-998°
unless their insertion carries some
additional information. In some sys-
tems the use of H and L means that
in no circumstances must the actual
dimensions fall outside these limits;
whereas the absence of H and L indi-
cates only that the grade of fit must
be adhered to and that a slight varia-
tion in basic size is permissible—a
variation which obviously would not
permit universal interchangeability.

The letters are superfluous

Holes and Shafts.—In most en-
gineering products there are both plain
and screwed cylindrical parts which
have to fit one within the other, e.g. a
shaft within a hole, with appropriate
tolerances for correct functional oper-
ation; these cases are perhaps the
commonest for the application of
limiting dimensions. Plain cylindrical
forms only will be considered here, and
in what follows reference has been
made freely to British Standard 164,
to which the student should later refer.
(Limits for B.S. Screw Threads are
dealt with in B.S. 84.)

The conventional method of showing
tolerance zones for a hole and shaft
are given in fig. 2, page 162 which is
self-explanatory. A dimension of par-
ticular importance is that called the
allowance, This is a prescribed dif-
ference between the high limit for the
shaft and the low limit for the hole; it
may be positive or negative according
as the shaft is to be free or fixed in the
hole.

The smallest hole and largest shaft
condition, often referred to as the
“ maximum metal* condition, is a

vital factor for interchangeability. It

6
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will be seen that: maximum clearance
— minimum clearance (or allowance)
== tolerance on shaft + tolerance on
hole. The design procedure is to
settle the maximum and minimum
clearances, and to apportion the aggre-
gate tolerance thus given between the

LIMITS AND TOLERANCES

a hole may be shown in various ways.,
In one, the hole may be regarded as
being constant in chamcter while the
various fits are obtained by changing
the diameter of the shaft, as in
fig. 3. This method, called the Hole
Basis, is that used in the construction

TOLERANCE ZONE FOR HOLE

TOLERANCE ZONE FOR Sy#‘l‘

NANC

P4

H LIMIT FOR HOLE
L LiMIT FOR HOLE

—\

LIMIT FOR SNA
LIMIT FOR SHAFT

.

Fig. 2

mating components. The magnitude
of these tolerances must then be com-
pared with the known performances of
the machine tools to be used for the

HOLE BASIS

/772

000000000007

RUNNING  SLIDING FORCE
Fig. 3
work and against the accuracy re-
quired in the manufacture of the

gauges for inspecting the work.
The kind of fit between a shaft and

of the British Standard Tables. Con-
versely, the shaft may be regarded as
the constant member and the hole
made the variant; this is called the
Shaft Basis, and is not recommended
as a British Standard—although it
sometimes has to be used.

The application of the Unilateral
System of dimensioning with the Hole
Basis, which is the recommended com-
bination, requires that the lower limit
of the hole becomes the basic size of
the hole. ’

For a normal running shaft in a
11” hole, suitable limiting dimensions
would be:

Hole: ::gn or 1257t °'°°m
1-2482 . <+ o
Shaft 1247 or 1-2482 ' .0013.

The low limit for the hole is the
basic dimension, 1-25”. The high limit
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for the shaft is 1-2482, so that the

the minimum clearance. The maximum
clearance may evidently be as much

LIMITS AND TOLERANCES

allowance is ‘0018; this represents

as I'2512 — 1:247 = *0042.

Selection of Limits for Holes and
Shafts.

Holes.—It has been stated that only
the unilateral system, with the hole

163
Table B .. «o +-0006
Table U .. «. 40012
‘TableV .. .. +-0024
Table W .. .. 4-0048

Only Table U will be considered
further here.

Shafts.—The basic diameter of a
shaft for a given hole will be varied to
give the kind of fit required, which may
range from clearance to interference.
In B.S. 164, 14 classes of shaft dimen-

HOLES

H = High limit of tolerance.
L = Low limit of tolerance.

TOLERANCE UNIT = 0001 INCH.

UNILATERAL HOLES.
Nominal (In which the Low Limt of the Hole is Nominal Size.)
Sizes.
B u v w

Inches H L H L H L H L

0to0-29 | +0-3 0 +0-6 0 +1-2 0 +2:4 0
0:3t0059 | +04 0 +0-8 0 +1-6 0 +3-2 0
0-6to 099 | -+0-6 0 +1-0 (1} +2-0 0 -+4-0 0
1-0to 149 | 4+0-6 0 +1-2 0 +2-4 0 +4-8 0

Fig. 4

basis, is recommended as British Stan-
dard practice. The hole basis implies
that the hole is to be constant in basic
size and that any variation in * allow-
ance " is to be made on the shaft.
This does not mean, however, that for
all classes of work a hole with a given
basic diameter is to have a certain
universal tolerance. The B.S. table of
Limits for Holes, an extract of which
is given above (fig. 4), shows four
standards for hole tolerances, described
by the letters B, U, V and W.

Table B gives tolerances for work of
a precise nature ; table U is for general
engineering practice; and tables V and
W give more liberal tolerances for
rougher engineering work.

As an example, for a 1* hole, the

tolerances would be:

sions are standardized, and these,
taken with a U hole (see fig. 4), will
give the following classes of fits,

from a ‘‘ heavy drive " to a ‘' coarse
clearance ” (fig. 5).
Desig-
nation.  Description of fit. Class of fit.
UF  Heavy drive
UE Light drive } Interference
BD Heavy keying

C  Medium keying "
UB  Light keying Transition
UK Push
UL  Slide or Easy push
UP  Easy slide or Close

running

UM  Close running (1
U Close running (2 Clearance.
U. running
US  Slack running
UT  Extra slack
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TOLERANCES

SHAFTS

H = Hagh limit of tolerance.
L = Low hnut of tolerance.

TOLERANCE UNIT == 0-001 INCH.

Nominal Sizes. F E D (o] B K L
Inches, H L H L H L H L H L H L H L
0to 0:20 |+ 1-2|40-9] 4 0-9|+0-6/+ 0-6|+0-3|40-4|4+0-1{4-03]| 0 |4+0-1|—0- 0 [—-03

03 to 0-50 |4 1-6]4 1-2{+1-2(+0-8/+0-8{+0-4/40-6{40-2(+0-4f 0 {+0-2(—0-2 0 [—0O-
06 to 0-99  |+2-0]+41-5{+1-8{+1-0{4 1-0{ -+ 0-5{ 4 0-7|4+-0-2{4-0-5] 0 |+0-2(—0-3] O |—0O-
10to 1-49 |4 2:4/41-8/41-8/-+1-2]41:2| 40 +0-9'+0'3 +06 0 |40-3—03 0 |—~O
Nominal Sizes. P M Q R S T TT
Inches H|{L|H|L|H|L|H|L|H|L|H|L]|H L
0to 0-29 |—0-2{—0-5/—0-3{—0-6/—0-8|—0-9| — 0-9|— 1-5|—1-5| — 24| — 24|~ 36| — 3-6| ~ 6

0310059 |—02—06/—04—0-8~—06—1-2—1-2-—2:0] — 2-0| ~ 32| —3-2| — 48] — 4-8] — B

0-8 to 0-99 |—0O 3|—0-8{—0-8{— 1-0]—0-8| — 1-5| — 15|~ 2-5|— 2- 5| — 4-0| — 4-0| — 6-0] — 6-0] — 10~

1-0t0 1-49 |—0-8{—0-9{~0-6/—1-2{—0-9| — 1-8/ — 18| — 3:0] — 3-0| — 4+8| — 48] ~ 72| -~ 7-2] — 12¢

Fig. 6

Illustrations, for Holes and Shafts.

The table (fig. 6) gives extracts
from B.S. 164 (Limits for Holes and
Shafts) for shafts up to 1-49” diameter.
The full table goes up to diameters
of 25-29".

gate the variation in allowances which ¢
the use of these tables will give.

Let us consider a 1* hole. From the
U table the tolerance is -+-0o12.

The diameter of a ** heavy drive
shaft, table F, will lie between 1-0024
and 1-0018. Hence the allowance, or

The student would do well to investi-

L]
UNIT +001

maximum interference (between H

-

SHAFTS

2__|l F
HOLE -iDc
n

—

Fig.7
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limit for shaft and L limit for hole), is
*0024; the minimum interference is
*0006.

Similarly, the diameter of an ‘‘ easy
slide ”’ shaft, table P, will lie be-
tween -9997 and -9g9r. Hence the
‘ allowance ’*, or minimum clearance, is
+0003 ; the maximum clearance is -0021.

The allowances for each class of fit
should be similarly deduced and given
careful consideration. If, for the slid-
ing fits, the student can actually handle
examples of shafts and holes, he will
gain a better appreciation of the effect
of the tolerances given.

The tolerance zones can be well
illustrated graphically by a chart such
as that shown in fig. 7, which has been
prepared for a range of sizes from 0-6”
to 0-99”, from fig. 6.

Departure from Tolerance Tables.
—It is often necessary to give special limits,
e.g. smaller tolerances for larger shafts,
than those given in the standard tables.
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ample, the U tolerance on a 12”7 diameter
hole is +-0034”. If it is permissible for a
cross-section to be oval, or irregularly
shaped, then providing its outline lies
wholly between two concentric circles of
12" and 12'0034" diameter, or if longi-
tudinal inaccuracies are unimportant pro-
viding they lie between two concentric
cylinders of these diameters, no other
limiting dimensions are required. There
may be cases, however, where circularity
and parallelism are vitally important and
where close limits must be imposed. The
designer has always to keep in mind the
fact that very fine tolerances for circu-
larity or parallelism involve problems in
gauge manufacture and in measurement
which cannot be considered apart, or
relegated to the jig and tool and inspection
departments.

Eccentricity.—If a shaft is stepped,
and if it is important that its parts should
be coaxial to fine limits, then it will be
necessary to define the permissible eccen-
tricity of ome cylinder relatie to the
other (fig. 8).

Fig.

This may be done by taking values from
adjacent columns which will give the
tolerances required. Some engineering
firms find the B Hole tolerances too fine
for their requirements and adopt some-
thing lying between the U and the B
figures. Again, other firms do not work
to closer differences between limits than
0002, and they “round up ' the B.S.
recommended figures.

Circularity and Parallelism.—Un-
less otherwise specified, it has to be as-
sumed that the limiting dimensions for
shafts and holes cover the requirements
for circularity and parallelism. For ex-

For example, if A is chosen as the datum
cylinder, and if an eccentricity tolerance
of +001” is required for the cylinder B,
then B may have 1ts axis anywhere on the
surface of a small cylinder C of radius
001”7 (or, in an end view, B may have its
centre anywhere on circle C of radius
‘001”).

The shaft diameters will also have linits
assigned to them; and the student should
pursue the implications of assigning am
eccentricity tolerance in combination with
the usual size tolerances.

In practice designers avoid, if they can,
double fit parts involving the concen-
tricity of cylinders.
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The Dimensioning of Lengths.—
In the dimensioning of lengths care must
be taken not to duplicate tolerances.
Decisions must be taken as to which
lengths require limiting dimensions
(fig. 9).

For example, in the simple part
shown, separate dimensions A, B and

-—C—'I'—B———’L—A""
D

Fig. 9

C would, if in round figures, often be
summarized by the insertion of D, to
give the workman the overall size of
the piece. This is not permissible if
tolerances are inserted; then, one of
the four dimensions is superfluous. It
must be decided, therefore, which of
the lengths are sufficiently important
from functional considerations to re-
ceive tolerances. Suppose each of A,
B and C must be held to within +-003”,

© ¢ @
© © @

Fig. 10

then clearly D is relatively unimpor-
tant and must not be toleranced; its
length may, in fact, vary between
=-009”.

The Tolerancing of Positions.—

Location dimensions have been briefly
discussed earlier in the book (see p. 22).

LIMITS AND TOLERANCES

Where tolerances are to be assigned, it
is vital, in all dimensioning, to select
datum or locating surfaces, and to
refer all dimensions to these surfaces.
The surfaces chosen should be identical,
whether the problem is viewed from the
functional, dimensional or measure-
ment aspect. Dimensions on compan-
ion parts should be given from the
same selected datum surface.

Positional dimensioning is some-
times simplified by specifying, on the
drawing, the sequence of production
operations.

The *‘chain dimensioning "’ (with
tolerances) of holes may lead to two
interpretations: one, in which it is
assumed that the tolerances are taken
on either side of a geometrical centre
line ; the other, in which it is assumed
that the tolerances apply to the various
possible holes and thus become cumu-
lative (fig. 10). To avoid this, each
position should be dimensioned from
a datum point or surface.

There are at present no British
Standard conventions to cover posi-
tional tolerancing, and practice is not
uniform.

Preservation of Balance in Toler-
ancing.—It will be obvious from what
has been said that the designer should
use tolerances only where they are
essential, and it should be his first con-
cern then to give them the greatest
values consistent with the correct
functioning of the component. Small
tolerances will produce interchange-
able components, but it may be at too
high a cost.

It has been mentioned earlier that
the settlement of final tolerances re-
quires a thorough knowledge not only
of the operating requirements of the
machine part under design, but also of
the workshop processes and final gaug-
ing necessary for its production. This
knowledge, which must be largely
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based upon the results of successful
practice, is accumulated by, and inter-
changed between, many industrial con-
cerns; it is the result of experience,
and it is not readily acquired during a
student’s college course.

Having settled the tolerances per-
missible, then comes the problem,
largely geometrical, of their portrayal
on a working drawing in such a way as
to leave no possible ambiguity in the
mind of the producer of the require-
ments of the designer. A completely
dimensioned working drawing ought
to mean one thing only.

Unfortunately, a drawing completely
dimensioned in this way might contain
such a mass of symbols and tolerances
as to overwhelm the workman who has
to use it. It would be costly to produce,
and the assimilation of its full meaning

167

would take up time in the shops and
hence again add to the cost. Itis neces-
sary, therefore, that the draughtsman
should preserve a sense of balance and
should know when to stop short of the
ideal for the sake of simplicity and
cheapness. To this end, close co-opera-
tion with the production departments
is essential at all times.

Exercises.—A great many of the
examples in this book can be toler-
anced on the lines indicated here, and
the student should prepare complete
working drawings of a few selected
components referring to the layout
shown on p. 33. It is suggested that
tolerances should be provided, to begin
with. lor the components shown by the
drawings on the following pages: 65,
67, 73, 77, 101, 176, 186, 190,

Note.—A discussion on Drawing Office Practice in relation to Interchangeable
Components appears in the Proc, I. Mech. E., 1945.



PART 1II

EXERCISES, SUPPLEMENTARY TO PART I, AND QUESTIONS
FROM PAST EXAMINATION PAPERS

The exercises have been arranged as far as possible in order of increasing difficulty
and with some regard to the sequence of the work in Part I The time required to
complete each exercise 1s stated after the question for the general guidance of the

student
CAST-IRON BRACKET

The wall bracket shown 1s suitable for supporting the pedestals shown on pp
101 and 103 Draw, half size, the following views and dimension them* elevation,
in direction A, mntroducing turned sections, plan, in direction C, end elevation, 1n
direction B, [1§ hr]
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CAST-IRON BRACKET
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Y holes

cm

! machined

12,
NI
54

recessed |» [*92~
'"

1 |

7 ~ O

© y 4 5/ AR
—31’77;0 A machined

Z

The side wall bracket shown above is also suitable for supporting the pedestals
on pp. 101 and 103. The only surfaces to be machined are the seating for the pedestal
and the back of the bracket. Prepare, half size, a completely dimensioned working
drawing of the bracket, giving the following views: front elevation; end view;
plan; sectional end view through the middle. Use third angle projection. In-
dicate the surfaces to be machined. [2 hr.]

(8178) o



170 LOW-PRESSURE HEATING PIPES AND BEND

warkm_q_/zressure - up fo 100-0" head
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The drawing shows a 2* bore C.I. return bend, with piping, suitable for convey-
ing water at low pressure. The joints for the pipe ends are of the spigot and
socket type, the annular space between the pipe and socket being filled with a
suitable packing (e.g. gasket and lead).

Draw, full size, the following views and dimension them: elevation, showing
the upper half of the bend in section; end view from right to left; end view
from left to right. Show the pipes broken, as in drawing. [1} hr.]




C.I. HYDRAULIC POWER TEE PIECE 171

00 Ib/sg.inch b
lest pressure 3300 b/s.inc T *]
these dimensions =) y&:}%
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/°~ AR DB , DETAIL OF

RECESS

The drawing shows a standard tee piece for

hydraulic power, working pressure 1200 Ib./in.%.
The dimensions of the flanges have been taken from Table g, p. 228. Draw,
half size, the following views and dimension them: sectional elevation on a
plane containing centre lines X and Y; sectional end view on a plane con-
taining Y and Z; plan. Show the horizontal branch broken to shorten the draw-
ing. Insert small radii at such places as R, [2{ h1.]




172 AUTOMOBILE CRANK SHAFT
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The drawing shows a conventional method of treating irregular crank arms,
and provides a test in dimensioning. Draw, half size, the elevation given and pro-
ject end views from A and C and a view from left to right. Insert dimensions
(which are in millimetres). [2 hr.)




MARINE CRANK SHAFT 173
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DETAIL OF COUPLING BOLT

The drawing shows one unit of a marine crank shaft of the built-up type.
All parts are of steel, machined all over The shafts and pin are shrunk into the
arms, round keys being afterwards forced 1n (or screwed 1n) for additional security.
The complete crank shaft consists of three units as shown, with cranks at 120°.

Draw, to a scale of 17 = 1 foot, an elevation and plan of the umt crank,
showing the adjacent shafts attached but broken off. Then project an end view
of the complete crank shaft. Dimension the views, Calculate the horse-power of
the engine for which the shaft is suitable. Speed 75 revs./min. (see p. 88).
Answey. 2780 h.p. [2 hr.]




174 CAST-IRON FLEXIBLE COUPLING
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(See also p. 74-) In the coupling shown, power is transmitted from one flange
to the other by steel driving pins carrying ring-shaped leather cushions. Draw,
half size, the following dimensioned views: sectional elevation of the assembled
coupling through one of the pins, and an end elevation. [x} hr.]
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MARINE LOOSE COUPLING 175

&-24 bolls
22% PCD

(See also p. 74.) In the coupling shown, torsion is transmitted through four
steel keys. The ring prevents the withdrawal of the shaft from the loose coupling.
The shafts, keys, ring and bolts are of steel; the loose coupling of wrought iron,

Draw, quarter size, the following dimensioned views: elevation, upper half
in section on the shaft axis; end view on the face of the loose coupling. Show
a plug screwed into the end of the larger shaft. [2 hr.]




176 UNIVERSAL JOINT
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GENERAL  ARRANGEMENT
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Draw, full size, the following dimensioned views of the assembled coupling:
elevation in direction A; end view in direction B with left fork and plate removed,
end view in direction C. [2} hr.]
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Draw, half size, the following views of the crane hook, and dimension them:

elevation, partly in section, as shown; complete end elevation (from left to right),
one half showing the side plate removed to reveal the crosshead. [3 hr.]




178 CAST-IRON EXPANSION JOINT
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The drawings show the component parts of a C.I. expansion joint for a 5-in.
bore steam main, working pressure 150 1b.[in.8. The sleeve slides in the socket
and the joint is asbestos packed. The complete withdrawal of the sleeve is pre-
vented by stay bolts which pass through holes in the lugs cast on the slesve
and socket. G.M. bushes are fitted to sliding parts in contact: the bush on the
sleeve is held in position by a keep ring.

Draw, half size, the following views of the assembled expansion joint with
axis horizontal-—omit packing and show the sleeve as far into the socket as it
will go: elevation in direction A, with upper half in section; plan; end view in
direction B, half external and half showing the sleeve in section to reveal the
ﬁa.nd. Use third angle projection. Dimension the views and insert finish marks,

hr]
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G.M. SCREW-DOWN STOP VALVE

Malerial, Gunmetal throughoul
Working_ Press. 150 Ib /in®




G.M. SCREW-DOWN STOP VALE
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‘The drawings show the valve box, in section, and the various component parts.
The valve seat is in a diaphragm which divides the box and separates the inlet
and outlet branches, Transverse sections of the shell of the box are, wherever
possible, circular,

Draw, full size, the following views of the completely assembled valve, and
dimension them: elevation, half in section; end view, half in section, [4 br.]

Note.~The settlement of some minor dimensions and of the exact shape of the sheil and webs is
left t0 the student.
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AXLE BOX BEARING
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Working drawings are given above of an axle box bearing for a 12-ton wagon,
L.M.S. Rly. Co. (refer to p. 104). Draw, full size, the following dimensioned views:
elevation, half in section; halfphnandhnlfinvutedgr ; end elevation;
sectional end elevation, half on A A and half on B B. [34 hr.]




BEVEL GEARS
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Pinion 21 teeth
Wheel 34 teeth
Diametral Pitch 15
Pressure Angle 20°

The dtawing shows, in conventional
section, two C. bevdgunforlham
whose axes intersect at t angles. The
dimensions inserted are cient to set out
the wheels, but a working drawing requires
the b.:hdmm dimensions indicated by
aym
. Draw, half size, the section given,

obtmning the teeth proportions as on
p. I14. Dimension the drawing, obtain-
ing the missing dimensions by caleslation,
and insert finish marks. [3 hr.]

2. Draw, half size, an elevation of the
pinion, invu'ted and a half plan, on the
teeth. [3br.]
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186 CAST-STEEL BOX PISTON
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Draw, half size, the following dimensioned views of the assembled piston:
side elevation, half 1n section through a web; end view on the junk ring, half in
section to reveal the cavity. Use your own judgment for parts not dimensioned.

[2¢ hr.]
Note.~—~The sectional view given is conventional and is not strictly sccurate,




PISTON VALVE AND LINER FOR LOCO. CYLINDER 187

ORTS
lo- 42—
. ) P.IS.TON VALVE LINER (verfical sechion)
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. ) 45'

Draw, full size, the following dimensioned vi ged
within the liner, between the ports: elevation, ner and upper half of valve in
section; half end view from left to right, in section through the larger ports.




188 SELF-OILING SWIVEL BEARING
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Particulars are given of a self-oiling swivel bearing and its pedestal. Prepare
the following drawings, full size, dimensioning (1) and (2) but not (3).

(x) Swivel Bearing: longitudinal sectional elevation; sectional end view
through centre. {z hr.)

(2) Pedestal: side elevation, half in section; end elevation, half in section;
plan on lower half. (3 hr.]
m(g}mm Bearing and Pedestal: side elevation; end elevation; plan,
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The drawings give particulars of a Cooper split roller bearing for a 2-inch dia-
meter shaft. The halves of the steel split inner race (fig. 2) are held together
by two steel keep rings. These rings are split diagonally so that the distance
between the horns is slightly less than the diameter of the slesve: they are driven
over the sleeve, which they grip firmly. The rollers are held in two semicircular
brass cages, one of which is shown in fig. 6. The steel split outer race (fig. 3) is
a press fit in the halves of the C.I. housing. The housing is turned spherically
and is free to swivel between the halves of the pedestal.

Draw, full size, the following views of the assembled bearing: elevation, as
in fig. 1, but with one half in section ox CD; end elevation, half in section on shaft
axis; plan. Dimensioa the views. [5 hr.]

Note.~Many minor dimensions have been omitted intentionally: the student should use his
own judgment in settling these.




LOCO. CONNECTING ROD—BIG END
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Details are given above of the big end of the locomotive connecting rod showa
on P. 143.

(:)graw.wsin.thefonowingvm: clevation, with upper half in section
to show the cotter; sectional plan on the rod axis; end view from right to left,
Insert the principal dimensions, [3 hr.)

(2) Pnpmmyuwydimndonedworundmhaotﬂnm [z$ hr.)
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Details of the bearing for the larg:end are given on p. 105, and the bolts are

shown on p. 53 Lubrication fittings
the following:

(1) Separate drawings of each end of the rod complete with bearings, showing,
in each, an elevation with the u half in section, a plan, and a view on the
outer end. Use third angle ection, Scale, quarter size. Insert principal
dimensions. [Large end 2 hr.; small end 1} hr]

(z)Awwhngdrawingotthaﬁnhhedcmoeﬂngrod—u , bearings, and
fittings. Use third angle projection. Scale, eighth size, [zih?]P

ve been omitted for simplification. Prepare
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The drawings above and opposite show a worm reduction gear complete with
C.I. casing. The lower part of the casing forms a reservoir for oil, the level of
which is kept below the worm shaft to prevent leakage. An oil thrower revolving
with the worm supplies lubricant to the wheel testh. The wheel is of C.1., with
a GM. rim shrunk on and secured by 12 pins screwed half in the rim and half
in the wheel. The casing is symmetrical.




WORM REDUCTION GEAR 197

-3
iy SRR - — - I
]
D |
% Balls 1T, L f\l‘f y Jle Rollers |
' ’ T “// ¥ \glg
s /, > ‘. —
_ % - (<35 ) ;
774 ’ /;'_'_‘“/ ”
(1 }47{} A . ‘
o | RGPS LT T T T i —o= )t
*2 ML — (SRS Ly ORI
e | YUk 1 5 F ' l
Y / - h + &
| T

g

worm & whee

[)
A
27
J//
\ =~
4 S
N
£avi
e
Sz
i g
N
__6'

é ;'/ 7:; ‘: 1
AN 7N For detarls of 1
A , /

N
N
N

N ol refer fo g5
s et page 1
- — 5 "‘“““——‘8.—"‘ N =
3l N N~
0/l Level 9?; Pl
Indicator | ~\ RSt
- —t o - — y
N R NN \(\J \i x:l T
N - T 0 N R 2
[ = 6—7— "
- /

Prepare, half size, the following drawings: (a) views corresponding to those
given but with one half of each showing an owfside view; (b) a half plan with
the cover, wheel, and shaft removed. Dimension the casing only. [7~8 hr.]

Note.~Many detsils and dimensions are left for the student to settle by way of exercise; e.g.
numbess, positions, and dismeters of casing jeint bolts; locking devices for shaft nuts; &c.




HOUSING FOR MICHELL THRUST BEARING
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The drawings give details of a symme- NN BTN
trical C.I, bousing for the Michell thrust > LETPY T oy
beaning shown on p r11. The shaft takes -~z -
a thrust in each direction and uires Detal/ of CQ!/Q[‘

a thrust bearing on both sides of the

collar. Each bearng is supported on a

semucircular seating, and presses on a steel liner. Lugs cast on the cover prevent
the heanngs and liners from turning with the shaft.

(x) Draw, half size, the following views, and dimension them: complete
sectional elevation, omitting the thrust blocks and shaft; end view, half in section
at a central plane; half plan. [5 hr])

(2) Prepare a working drawing of the cover, giving, with other views, one
from the underside. [3¢ hr.)

Note.—The actua! design has been simplified somewhat in the drawings For example,
ing have been . d , air oil »
& S SR SR e AT
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HOUSING FOR MICHELL THRUST BEARING
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Prepare completely dimensioned drawings of both piston and connecting rod,
using your own dincro{ion for proportions undimensioned. The gud;eon pin, 3§”
dia., is to be prevented from tummg. and shag:d co:enrzhtu 51" dia are to
be balted to the piston to give oil-tight joints at the pin . Complete both big-
and small-end bearings for the connecting rod, lightening the former in the manner
shown on p. 141. (10 hr]

(R178) -
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The following sketches of parts of a high-pressure pump are give above
and opposite:

(z) A vertical section, plan and end elevation of the delivery valve box.

(2) A section of the valve-box cover.

(3) A section of the packing ring.

(4) An elevation of a valve; and

(5) A vertical section of the combined suction valve box and the connector
to the pump barrel and delivery valve box.

Make the following drawings to a scale of quarter full size:

(4) Reproduce in section the suction valve box with the valve, cover, and
suction-pipe flange assembled. Add to this drawing an elevation of the conm-
nector and the delivery valve box and cover. Dotted lines and nuts may be
omitted, but centre lines should be shown.

(b) Below (a) draw a plan of the parts already on your paper. Line in and
add a few dimensions to this view. [Time, approx. 3 hr.) Wh. Sc. Exam.
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Dimensioned sketches of the detailed parts of a *“ pop* safety valve for a.
steam boiler are given. Draw the parts assembled ready for attachment to a
boiler, giving a vertical axial section of the valve, valve seat, upper spring washer,
and outer shell or casing; but showing the spring, lower spring washer, the load
pillar, the adjusting screw, and the protecting cap in elevation.

You may omit the cast-iron junction piece, and the curved outlines of the
spring may be replaced by straight lines in the customary manner. The spring
section is incorrectly drawn in the figure.

Line in the valve seat, the spring and the load pillar, and dimension them.
Explain how this safety valve differs in its action from that of one fitted with a
mushroom valve. [Time, approx. 3 hr.] WA. Sc. Exam.
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Some dimensioned sketches of the details of a bucket steam trap are given.

(a) Draw, half size, an axial section of the shell of the trap with the cover
in position, the cutting plane to be parallel with the paper.

(b) Also draw, full size and assembled ready for operation, an axial section
of the bucket D, the bucket guide E and F, the pilot valve and valve seat K, the
main valve J, and the discharge tube H. This drawing is to be made entirely
separate from (a).

The diameter of the pilot valve opening is J4” and the weight of the aliding
parts may be taken as 34 Ib. To simplify calculation, the bucket guide may be
taken as having a uniform outer diameter of 1§”. The steam pressure is 150 Ib. fin.*
by gauge At what distance from the top edge of the bucket ig the surface of the
water inside of it when the bucket begins to move downwards? Expiain in a very
few words how the trap works. [Time, approx. 3 hr.) WA. Sc. Exam.
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Draw, half size, the vertical section A complete with piston, cylinder covers,
valve chest covers, piston valve, and hners. Line in the piston and piston valve
in your drawing and add the necessary dimensions to those details. Also sketch
frechand a vertical section of the valve chest casting, the cutting plane con-
taining the line MN. The piston valve may be omitted from this view. [Time,
approx. 24 hr.] Wh. Sc. Exam.
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(1) Fig. 1 gives a sketch of a hydrau-
lic cylinder and piston, the gauge
pressure on the top of the piston being
1000 1b./in.%, while the atmosphere has
free access to the bottom of the piston
through the cylinder open end. Design
the cylinder, flange, and studs, the
cylinder being of gunmetal, for which
a safe working tensile stress is 3500
Ib./in.2. The studs are of steel, with a
safe working stress of 7000 1b./in.? at
the bottom of the thread. For the
cylinder thickness, use the formula

; _8([f+? _
thlckness--z-( =5 I),
where d = internal dia., f = stress,

and p = internal pressure.
Glas. Univ., B.Sc.

(2) A combined pump and piston
rod for a direct-acting pumping engine
is shown in fig. 2. The rod is subjected
to a load of 32 tons, alternately tensile
and compressive, and is in two parts
connected by a sleeve and cotters.
Design the rod and cottered joint for
the following conditions:

Allowable tensile stress in screwed ends
and across cotter holes, 4 tons/in.®.

Allowable shear stress in the cotter,
3 tonsfin.%.

Allowable crushing stress on cotters
and rod shoulders, 7 tons/in.3.

The diameter of the rod must be such
that, when tested by Rankine’s for-
mula, the buckling load is not less than
70 tons.

2IA

Bugkling load P (tons) = e -
T+ 7500kt

(The stuffing-box packings through
which the rod passes are of the freely
floating type, and therefore have no

EXAMINATION PAPERS

effect upon the resistance of the rod

to buckling.)
Glas. Univ., B.Sc.

(3) An unsymmetrical balance
weight, in the form of a cast-iron
block, is attached to a crank web by
two long bolts, fig. 3. The bolts are
in clear holes, and therefore incapable
of carrying any shear force, any ten-
dency of the block to move in the
plane of the crank web being resisted
by the projecting flanges. Calculate
the load on the bolts when the shaft
is running at 300 revs./min. and choose
a suitable diameter from the following
table:

Teisin) b 1 1o on
Sﬁ? load.’ 570 1060 1710 2630 3660 5100
Weight of cast iron, 0-28 Ib fin.2,

Glas. Univ., B.Sc.

(4) The end plate of a boiler sup-
ported from the shell plate by a gusset
stay is shown in fig. 4. The area of the
end plate supported is 540 in.%; the
boiler pressure is 200 lb./in8, The
riveting of the angles to the shell must
not reduce the strength of the plate by
more than 20 per cent.

Design the gusset stay for the follow-
ing stresses:

Tensile and shear for rivets,

9,000 1b. /in.%,
Tensile for gusset plate, 11,000 Ib./in.%,
Shear for angles, - - 10,000 ib./in$,
Bearing for rivets - - 9 tons/in.$,

Allowance for double shear to be
taken as 1§ times that for single shear.

Glas. Univ., B.Sc:'

Note.—For the above hand sketches
only were required, approximately to scale,
and properly dimensioned. Time for each

. question about 35 min.
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(1) A horizontal hydraulic cylin-
der is shown in fig. ¥, the piston of
which gives motion to two side rods
through a mild-steel crosshead, cottered
to the piston. The * inside ” end of
the piston is fitted with a single U
leather packing, and there is an annular
space of }” between the piston and
cylinder walls. The power for the for-
ward stroke is obtained by admitting
water at 750 lb./in.? pressure at the
end A; on the return stroke, A is
opened to exhaust, the full pressure of
750 1b./in.® being maintained in the
annular space during both strokes.

Determine the load for each stroke,
and design and give fully dimensioned
sketches of the following parts:

(r) Mild-steel crosshead; cottered
bolt and cotter.

(2) Stud holding the U leather in
position.

(3) C.I. cylinder gland and studs,
allowing for 7 turns of 4” hemp packing.

(4) Holding down brackets, which
are to be of §* metal, and cast solid
with the cylinder. There are 2 brackets,
one at each end of cylinder, and the
minimum shear load is to be assumed
to be carried by omne bracket only.
The diameter of bolts required is to be
found. (Actual strength calculations
for the brackets are not required,
but the method of checking the stress
is to be indicated.) Approximate
stresses:

Bearing pressure on side rod bushes:
2500 1b./in.2,

‘Tensile stress for east iron: 30001b. /in 8,

EXAMINATION PAPERS

Tensile stress for mild steel:
1b./in.%,
(Use proportional values for shear and
crushing stresses.)
Load table for studs:
Dia., in. § 1 ¢ 1} 1§ 1}
Ib.” ] 2900 4200 5700 7700 9400 11,600
Glas, Univ., B.S¢.

10,000

(2) Some particulars of a spring-
loaded valve are given in fig. 2.
Design the spring and complete the
table given. Also design the cast-iron
bridge. The valve is to open at 39
1b./in.® pressure. Diameter of valve
seat = 74”. Valve lift = 1§”. The
compression in the spring, with valve
closed, is 21#”. Take tensile stress for
C.I. = 2000 1b./in., For strength and
stiffness of spring take:

s=3W.D
13,500
where W = load (Ib.),
D = mean dia. of coils (inches),
S =side of square section
(inches),
N = number of free coils (total
number minus one),
d = compression (inches) fot
load

W.D' N
auddmzxxo‘xsi’

Glas. Univ., B.Sc.

Note.—For the above hand sketches
only were required, approximately to scale,
and properly dimensioned. Time for ques-
tion (1) about 70 min.; for question (2)
about 35 min.
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(1) Design the large end of a con-
necting rod of the type shown in the
sketch, fig. 1, for a vertical engine, to
the following particulars: Maximum
load on rod: 52,000 Ib. Diameter of
connecting rod near large end: 5}”.
Diameter of crank pin: 11}”. Tensile
stress in bolts not more than 6ooo
1b./in.2. Adopt any other values re-
quired, and give all necessary calcu-
lations. Make a working drawing of
the rod end, half full size.

Lond. Univ., B.Sc.

(2) Design, and draw full size, a
relief valve for the I.P. cylinder of a
large vertical engine. The sketch,
fig. 2, shows diagrammatically the
design adopted for the H.P. cylinder.
The new design is to be similar in
form, and to the following particulars.
The borizontal part of the valve body
is to be 2” bore, and the vertical bore
at the valve seat 24" dia. The L-
shaped casting is to have a body
thickness of }°, and is to carry the
provisions for the cylinder drain and
indicator, screwed 1§” and 1}” respec-
tively. The load on the spring is to be
applied to the top of the valve by a
vertical rod, §” dia., the upper end of
which is guided by the hollow adjusting
screw, which presses upon the upper
one of the two loose collars for holding
the spring in place. The clearance, E,
above the vertical rod is to be suffi-
cient to allow for the full lift of the
valve when the adjusting screw is
screwed down into contact with its
lock nut.

The square steel spring is to be de-
signed with a mean diameter, D, of the
coils 24", and is to hold the valve to
its seat against any pressure not ex-
ceeding 75 1b./in.® gauge pressure on
the underside of the valve, The num-
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ber of free coils of the spring is to be
sufficient to allow the valve to lift not
less than §* from its seat when the
pressure on the underside of the valve
is increased to 85 1b./in.? gauge pres-
sure. The working load on the spring,
when the valve is closed, may be taken
as: 11,000 S® = D; and the deflec-
tion as 5-584 W.N.D? = G.S¢; where
D = the mean diameter of the coils,
N = number of free coils, W = the
load on the spring, S = side of square
steel, and the Modulus of Rigidity, G,
may be taken as 12,000,000 lb./in.3.

Lond. Univ., B.Sc.

(3) A quadruple riveted double
butt strap joint with scalloped cover
plates, as shown in fig. 3, is to be used
for the longitudinal joint of a steam
boiler drum 5 ft. dia., the working
pressure being 450 1b./in.2. The effi-
ciency of the joint is to be 94 per cent.
Calculate the plate thickness for steel
of 28 ton/in.? ultimate strength, and a
factor of safety not less than 4. Then
design and make a completely dimen-
sioned drawing of the joint, with the
aid of the proportional pitches given.
Fix the rivet diameter so that the plate
and rivet efficiencies may be nearly
equal. Assume the ratio of tensile to
shear stress as 28/23, and use the
standard expression for cover plate
thickness

6= #(F=9)

whmuiathenumberofi‘nnerm
rivets per wide pitch ., Assume that
1-875 X rivet area is available in

double shear. .
Glas. Univ.,, B.Sc,

Note.—Time for questions (1) and (z2),
3 hr. each; for question (3), about 35 min,
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(1) A small hydraulic cylinder
and ram with a two-to-one multiply-
ing gear are shown in fig. 1. A pull of
6500 1b. is required on the free end of
the rope when the working pressure
is 1200 Ib.fin.3. The efficiency of the
arrangement may be assumed as go
per cent.

Make the calculations specified be-
low and draw, half size, (2) that part
of the sectional elevation to the left of
XX, (b) the view looking on the
cover, (c) the view looking on the
gland. Calculations for the following
dimensions are required: Diameter of
ram, thickness of cylinder, diameter of
the studs holding on the cylinder cover
and the gland, thickness of cylinder
cover and gland flange, diameter and
length of pulley spindle. The studs for
the gland and the cylinder cover
should be chosen from the following
table, in which allowance has been
made for “ tightening up "’ stresses:

Dia. of
et )t & 1o o on
Safe load } 1790 2900 4220 5700 7700 9400

The following may be taken as safe
working stresses:

Teunsile stress for cylinder barrel,
4000 b, /in 3,

Tensile stress for cover and gland
flange, 3000 Ib./in.%,

Tensile stress for pulley spindle,
9000 lb, /in.3,

Bearing pressure on pulley spindle,
1500 1b./in %,

Lond. Univ., B.Sc.

(2) No figure.~Design a Hooke’s
Joint or Universal Coupling to connect
two shafts running at 120 revs./min.
and transmitting 15 h.p. Fully
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dimensioned drawings are required.
State clearly your assumptions.
Lond. Univ., B.Se.

(3) No figure.~—Design and draw
the circumferential and longitu-
dinal joints in the shell of a steam
drum of 5 ft. 6 in. internal diameter.
The steam pressure is 150 1b./in.2 by
gauge.

Choose your working stresses, and
state them clearly on the drawing.

The longitudinal joint is to be of
the double-cover plate type.

Lond. Univ., B.Sc.

(4) No figure.—Design the big end
of a connecting rod which is to be
capable of withstanding a maximum
load of 40,000 1b. There must be a
satisfactory arrangement for adjusting
the brasses. The crank pin is overhung.
Give a sectional elevational and plan.

Lond. Umw., B.Sc.

(5) No figure.—Design a ring-oiled
pedestal bearing for a 2* shaft,
running at 500 revs./min. The total
load is 1000 lb. and the height of the
centre of the shaft is 6. Fully dimen-
sioned drawings are required, along
with all relevant calculations.

Lond. Unw., B.Sc.

(6) No figure.—Design and draw a
spur wheel of 24" diameter capable
of transmitting 50 h.p. at 120 révs. /min.
The shaft is 4” diameter and the teeth
are of cast steel, machine cut, and of
involute section. Include a full scale
drawing of the tooth profile.

Lond. Univ., B.Sc.

Note.~Time allowed for each of the
above, 3 hr.
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APPENDIX

MATERIALS*

Aluminium, Al; Antimony, Sb; Carbon, C; Chromium, Cr; Copper, Cu; Iron, Fe; Lead, Pb;
Magnesium, Mg; Manganese, Mn; Nickel, Ni; Phosphorus, P; Silicon, Si; Tin, Sn; Zinc, Zn.

Name,

Process, Composition, &c.

Properties and Uses,

Cast
Iron
(C.L.)

Produced from calcined iron ore

by the blast furnace. Varies from
Combined C  0-1

Grey C.I. {giraphmc C 34

25
to
32
White C.I. { GraphiticC 01
Si—less than 0-8
Malleable C.I. Formed by heat-
ing white C.I. for prolonged periods
in association with iron oxides.
Perlit. Grey C.I. with low Si con-
tent is cast in moulds preheated up
to as much as 500° C.
Semi-steel. Obtained by charg-
ing scrap steel with the pig iron in
the cupola before casting.

Combined C

el_“Sloﬂ:, easily machined: Hnﬂ
casting purposes—Cy!
Machine ToolpBeda &c.

Hard and brittle: for conver-
sion into wrought iron.

Tougher and more malleable
than o castings. Smtable
for Levers, Pipe Fxttmgs

Special growth-resisting iron for
high temperatures. Suitable for

DieselEngineCylinders, Pistons, &c.

Tougher and more
ordinary

Wrought
(W 1)

Obtained by eliminating most of
the C and othe.r impurities from
wh:te C I y by the Pudd-

is nearly pure
hence is not eauly fused.

Moderately hard, strong, and
tough. Can be welded. Used for
Chains, Furnace Bars and Plates,
Bolts, R.wets &c.

Steel.

Alloy
Steels.

Contains from -05 to 2-2 per cent
C and is produced from C.I. by the
Bessemer and -hearth Pro-
cesses, and from W.I. by the Cemen-
tation and Crucible Processes.
Under -1 per cent C
1 (dea% mild). ¢
‘1 to - per cen
Mild Steel* (mild

‘3 to -6 per cent C
(medium).
Hard Steel. Over - 5¥ercentc
Nickel Steel. 2 to 8-
Ni.
Nickel Steel (Invar). 86 per

cent Ni.
Nickel Chrome Steel.

Stainiess Steel. -2 to -4 per cent
C, 12 to 14 per cent Cr., over -2 per
cent Si.

es depend mainly on the
C content. Increase of C gives in-
creased hardness but decreased
ductility.

‘Wire Rod.
Boiler Plates, Structural Steel,
SCra.nksh;ﬂ:s, Connecting Rods,

pg:tgt'ﬁg Tool:l;dDiea.

qughnw ;hock.r“i.ﬁng
es, Used for Propeller
, Axles, Gearing.

Non»expamive.

Toughness and hardness. Used
for Turbine Discs.
For Turbine Blades.

Copper.

Alloys.

Used chiefly alloyed with other
metals.

Brass. Best quality, 70 cent
Cu,%peremt%n. per

Muntz Metal. 60 per cent Cu,
40 per cent Zn.

Can be rolled and forged when
hot,




MATERIALS (Continued)

Name. Process, Compasition, &c. Properties and Uses.
Copper
Alloys. 62° Cu 87 Zn. 1% Sna. Can be rolled and forged when hot.
Cu, 29 Zn, 1% Sn. For Condenser and other Tubes.
C rest Sn 80 to 90 per
cent Cu,
Admiralty G.M. 88 per cent Cu, |[ For Castings generally.
10 cent Sn, 2 cent Zn.

. Bronze Gives good Castings of great
with the addition of a little ferro- i hrgU'ed for sl;pa
manganese. ers, e Bearings, &c.

Manganese Copper. 3 to 4 per For Turbine Blades.
cent Mn, rest Cu.
Phosphor Bronze. 90 to 96 per Hardness and toughness. Gives
cent Cu, 10 to 4 per cent Sn, and | good Castings.
above 0-1 cent P.
Al Bronze. 90 to 95 Non-corrodible in sea-water.
per cent Cu, rest Al Tenacity and toughness.
Alumi- Aluminium Silicon. 9to 14 For light Castings generally.
nium cent Si, traces of Fe and Mn, P“ tew § 4
Alloys. mainder Al.
Duralumin. 49% Cu, 1% A% Tenacity equal to that of steel.
traces of Fe and Mn, remaind Can be forged.
Y Alloy. 4 centCu,zper Retains strength at high tem-
cent Ni, 1-5 per cent Mg, 92:5 per mtures Used for Aero-engine
cent Al ons, &c.
White 87 per cent Sn, 7-8 per cent Cu, Babbitt’s metal for Bearings.
Metal. 5-2 per cent Sb. Othera.lloyscon-
tain less tin and more antimony, to-

gether with lead.

® Detailed specifications for many of the foregoing alloys have been published by the British Standards

PROPERTIES OF MATERIALS
The values given are average values and ave in b. [in.®

Ultimate Strength. Limit of -
s
Tension. | ComPres- | greer. | ticadiity. Modufa.

Cast Iron, Grey- - -1 17,500 | 95,000 | 11,000 10,500 17 x 10°
Cast Iron, Malleable - 45,000 - —_ — —
Wrought Iron - - - -| 50,000 | 50,000 | 40,000 30,000 29 x 10*

Mild, -19% C - - - -{ 60,000 | 60,000 | 50,000 86,000

Medium, -3 to 5% C, annealed | 70,000 | 70,000 | 56,000 45,000

Medium, -3 to -89, C, tempered | 100,000 - —_ 65,000

Hard, 5 %0 7% C - - -] 175,000 | 75,000 | 85,000 45,000 30 x 108

Cest - - - . .| 120,000 — - 80,000
Bteel Castings - - - -1 76,000 -— — 30,000
NickelSteel - - - -| 80,000 - _ 60,000
Nickel Chrome Steel, quenched | 280,000 —_— — 200,000

and tampered - - .
Brass,cast - - . .| 25000 - —_ —_ 135 x 10°
Naval Brass - - - -{ 50,000 -_— — —_— —_
Gunmetal or Bronze - - -1 30,000 —_— —_— 6,000 } 13-5 x 10¢
Manganese Bronze - - -{ 65,000 — — — —
Phosphor Bronze (rolled) - -| 60,000 [ 60,000 | 40,000 | 19,000 14 x 10
Phosphor Bronee (cast) - -| 86,000 — — — —
Aluminium, cast - - -] 13,000 —_ — — —
Duralumin, heat; treated - -{ 60,000 — — _— 11 x 10¢

A'flﬁbdm:l&mh.immp.m




FACTORS OF SAFETY
Avervage values of the ratio U.T.S. < working stress

Kind of Load.
Varying.
Material. Stead Stress alwa; Shock.
v of the R¥ssiorct
same kind. .
Cast Iron - - - 4 6 10 16
Wrought Iron - - 4 (] 8 12
Mild Steel - - - 4 ] 8 12
Cast Steel - - - 5 (] 8 15
Brittle Alloys - - 5 [ 10 15
Soft Alloys - - 5 6 8 12
Timber - - - 6 10 14 20

LIMITING BEARING PRESSURES

The figures below give average values of limiting bearing pressures
in pounds per square inch of projected avea.

Line Shaft Bearings: Grease Lubricated, 50.
Ring-oiled, G.M. or W.M., 200,

High-speed Bearings for Turbines, Motor Generators, &c., 100 to 150.*

Locomotive Axle Bearings, 300.
Thrust Bearings, Michell Type, 200.

Engine B Main. Crank.  Crosshead.  Guide.
Marine Engines - - 500 650 1500 60
Locomotive - - 2560 1600 3000 50
Diesel - - - 250 1500 2000 60

® In conjunction with a rubbing velocity of 130 to 100 ft./sec.

STANDARD TABLES '

The tables numbered 1 to 3 and 5 to 11 which follow have been extracted, by
permission, from Reports published by the British Standards Institution. For further
particulars reference should be made to the full Reports, the numbers of which are
stated under each table. wmmmyuommmew.avm
Street, Westminster, S.W.1.



Tasre 1.—BRITISH STANDARD WHITWORTH SCREW THREADS

.| No.of Croes Sac- . | No.of Cross Sec-
Full Di-| e o0 de Core tional Area st § Full Di- | 4y 0 5, Core tional Area at
- | per Inch. Diameter. Bottom of | ameter. per Inch. Diameter. mda
Inches (N.) Inches. Sq. In. Inches. N.) Inches. Sq. In.
$ 20 0-1860 00272 13 5 1-4938 1-75628
e 18 0-2413 0-0457 2 45 171154 2:3111
§ 16 0-2950 0-0883 2¢ 4 1-9298 2-9249
s 14 0-3461 00941 24 4 2-1798 37318
+ 12 0-3932 0-1214 23 35 2-3841 4-4641
5 12 0-4557 0-1631 3 35 2-6341 5-4496
£ 11 0-5086 0-2032 3% 325 2-8560 6-4063
H 11 0-5711 0-2562 3t 3-26 3-1060 7-5769
N 10 0-6220 0-3039 33 3 3-3231 8-6732
3 9 0-7328 0-4218 4 3 3-5731 10-0272
1 8 0-8400 0-6542 44 2-876 40548 12-9118
13 7 0-9420 0-6069 [ 2-76 45343 16-1477
13 7 1-0670 0-8942 54 2-626 50122 19-7301
13 ! 1-2866 1-3001 6 26 54878 23-6621

NotEe.~Pitch in inches = 1 + N.

[B.S.I. Publication No. 84.]

TaBLE 2.—BRITISH STANDARD FINE SCREW THREADS

Pull Di- [ 200 | o | domatAreant [Ful Di- | N0 | Core | ignel Areant

ameter. | . Inch. Diameter. Bottom of | ameter. per Inch. Diameter. fostom o

Inches. | (N.) Inches. Sq.In. | Inches. | (N Inches. Sq. In,
& 32 0-1475 0-0171 1} 9 1-1078 0-9639
¥ 28 0-1730 0-0235 1} 8 1-2150 1-1593
3} 26 0-2008 0-0317 1} 8 1:3400 14100
s 26 0-2320 00423 1§ ] 1-4650 1-6860 '
& 22 0-2543 0-0508 13 7 1-5670 19285
) 20 0-3110 0-0760 2 7 1-8170 25930
) 18 0-3663 0-1054 23 8 20366 32580
4 16 0-4200 01385 24 6 2:2866 41085
°~ 16 0-4825 0-1828 23 6 2:5366 50540
§ 14 0-5336 02236 3 5 27438 59133
it 14 0-5961 0-2701 3 5 29938 70399
$ 12 0-6432 0-8249 3 45 32164 8-1201
H 12 07057 0-3911 33 45 84654 94319
H 11 0-7586 0-4520 4 45 37154 10-8418
I 10 0-8720 0-5972 4 4 89208 12-18
1} 9 0-9828 07586




TasLe 3.~BRITISH ASSOCIATION SCREW THREADS

Desit- | pul Di-| pio | Core Di- | il Aren | DS | Full Die| s | Core Di| Sacad Aven
Number. ameter. ameter, &t Botwm.. INumber. ameter, ameter. : m.
Mm. Mm. Mm, Sq. Mm. Mm. { Mm. Mm. | Sq.Mm.
0 60 10 48 18-10 13 1-2 025 | 09 0-64
1 53 09 4-22 13-99 14 10 023 | 072 041
2 47 0-81 373 10-93 15 09 021 | 065 0-33
3 4-1 078 322 814 16 079 | 019 | 0-56 025
4 36 0-66 281 6-20 17 070 | 017 | 050 0-20
b 32 0-69 249 4-87 18 062 | 0156 | 0-44 015
6 28 0-63 216 3-66 19 054 | 0014 | 037 011
7 2:5 048 1-92 2-89 20 048 | 012 | 034 0-001
8 2:2 043 1-68 2-22 21 042 | 011 | 029 0-066
9 19 0-39 1-43 1-61 22 037 | 010 | 026 0-049
10 17 035 1-28 1-29 23 033 | 009 | 022 0-038
11 15 0-31 1-13 100 24 020 | 008 | 019 0-028
12 1-3 0-28 0-9¢ 072 26 025 | 007 | 017 0-023
® These areas are approximate only. NOTR.~—1 mm, == 0:039° approx,
[B.S.1. Publication No. 93.]
TaBLE 4.—AMERICAN NATIONAL COARSE THREADS
No.or | No. of Cross Sec- No. of Cross Sec-
FullDt- m Core ) tmnllAte:‘It mmm Du(::“ tiomlAn:‘u
Inches. Inches. Sq. In. Inches. Inches. 8q. In,
1 64 0-0527 0-0022 + 9 0-731 0419
2 56 0-0828 0-0031 1 8 0-838 0-851
3 48 0-0719 0-0041 1} 7 0939 0693
4 40 00795 0-0050 1} 7 1-004 0-890
5 40 0-0925 0-0087 1} ] 1-158 1-05¢
[ 32 0-0974 0-0075 133 6 1-283 1-204
8 32 0-1234 0-0120 1} ] 1:490 1744
10 24 0-1359 00145 2 43 1711 2300
12 24 0-1619 0-0208 23 4 1-961 3021
} 20 0-185 0027 2% 4 2176 8716
% 18 0245 0045 23 4 2426 4-619
) 16 0-204 0-088 3 4 2676 5-621
¥ 14 0-346 0-003 83 4 29256 6720
4 13 0-400 0128 34 4 3178 ' 7918
&~ 12 0-464 0-162 31 4 3425 9214
$ 11 0-507 0-202 4 4 3875 10-608
] 10 0-620 0-802




TaBLE 5~~BRITISH STANDARD PIPE THREADS (TAPER)

Refer to Fig. 1, Page 59

b 2 3 4 s l 6 ?
Length of Thread. Distance of
Nominal | mide | Guugepi. | TP Gauge Di-
Bore of Dim ameter. = Threads On Pipe- In ameter from
Tube. | of S perinct. | 5o | ORgRen |y Pipesnd
Inches. Inches. Inches. Inches. Inches. Inches.
i # 0-383 28 i n H
1 H 0-518 19 o ¥ s
3 33 0-656 19 + 1 P 3
H H 0-826 14 H 1 i
£ H 0-902 14 ' 1} i
3 1vx 1-041 14 i 14 3
¥ 1y 1-189 14 F 13 3
1 Hi 1-309 11 % 13 )
13} 14 1-850 11 1 2 +
13 14 1-882 11 1 2 4
13 ¢ 2116 11 13 23 £
2 23 2-847 11 1% 23 §
23 24 2687 1 1 2% 1
24 3 2-960 11 13} 2% 14
23 3} 3-210 11 i3 23 i
3 33 *3-460 11 13 23 1t
33 32 3700 11 13 3 %
33 4 3-950 11 13 3 %
33 4% 4-200 11 14 3 *
4 44 - 4450 11 1% 33 1
44 5 4-950 11 1§ 33 1
5 &4 5-450 11 13 3% 13
54 6 5-850 11 1§ 33 1}
[} 64 6-450 11 2 4 1§
7 74 7-450 10 24 43 13
8 84 8-450 10 23 43 1}
9 9% 9-450 10 23 44 13

[B.S.1. Publication No. a1.]
TasLeE 6.—BRITISH STANDARD %RbIGHT HEXAGON BOLT-HEADS

Anbimmiomminl&?l ‘The use of Col. A gives the Whitworth sizes. The use of
B gives the War Em St_" d
Hexagon Dimensions Hexagon Dimensions
Dismeter (e, M"“"" Diameter (max). Bolt-head
SfBolt. | Wigth across APP Tlaems™ | OB s ocrons [APP- Wit (rier
Flats, Flats. Corners.
A B A B
- 3 0445 0-51 . 019 ¥ 1 1-480 171 077
$ 7% 0-525 0-61 0-22 1 13 1-870 1.93 0-88
% ¢ 0-800 0-69 0-27 13 13 1.860 2:18 0-98
$ 0710 0-82 0-33 13 13 2:050 2:37 1-09
* % 0-820 0-95 0-38 1 13 2:220 2:36 1-20
&+ A 0-920 1-08 044 1}y 1§ 2:410 218 1-81
% ¢ 1010 1-17 0-49 1§ 12 2-580 2-98 142
§ 1-100 127 0-65 3 2 2.700 319 1-63
# 32 1-200 1-89 0-80 2 - 3-150 .3-64 1-78
? ) ) 1-300 180 0-66
Nut Thickness : E{ﬁwﬁmﬁm {B.8.1. Publications Nos. 190 and 1083.]




TasLe 7.—~BRITISH STANDARD PIPE FLANGES (FOR LAND USE)

For Working Steam Pressure (s) up to 50 Ib. [in.?; (b) above 50 and up to 100 Ib.[in.2
(For working gas pressures up to 30 Ib./in.? and for working water pressures up to 175 Ib./in.? refer to B.S. No. ro, Part I)

100 Ib.

PP - o s L SN2 PR, S

s0lb.

G AR a2 g et e o o i ot i i i

100 Ib,

o e o toe i o % oS 0% BT T e e R e e

Thickness of Flange.

sl
é Y E oo Rl R R N e
- -
R P V5 0 on ~don 100 o 0 o U U O O D et et ot et
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3 - g
g, S e e e e e e e et e
]
- 3 i i e 00 0 1 100 1 i 010 ek S U O S S0 T
g ‘: o5 o0 i o0 o i sk s ok w0 el el s 100 e o O
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" s W W W W W 00 a0 90 60 00 @ &3 &Y &Y
-
#
: W W W W W WD @D 0D 6 0D &

dENFTET L TT - BTN

14
18

,53« ITTe ¥ 5‘2: gi

12
16
18-

FE i PR E T

ﬁmmuwqunﬂwnehwass

-

Diameter of bolt holes: for §” and §” bolts, 4" larger; for all other bolts, §* larger.

[B.8.1. Publication No. 1o, Part 3.}
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Tasre 9.—~BRITISH STANDARD HYDRAULIC POWER PIPES

All Dimensions are in Inches
The Letters refer to the Drawings on Page 62
CLASS A. CLASS B.
w .m-ooolb.:/-q in, w ©00~1200 H:.Iaq.in.
2500 Ib./sq. in. Teat Pressnte:  bjsq. in.
Foose Fiange, Types. | S128% |  Flangs, Type a.
Bore - - -| A |2 ]38 |¢e 5qle 7 |8 |2 |8 ¢ |5 |6]7
Flange length - B |74 |9 | 11§ 1 16 (20 | 22| 83 | 11} 14 | 16}{ 19 | 21
Spigot diameter - | O |3 (32 |48 (687 |8 |9 |28 |32 |43|6 |7 |8
Flangowidth - | E |33 (5% |6} (7|9 |[12|14 |4k |6 |74 |0 | 104 13
Bolt centres -| F | 536} |8 |10} 113 14§ 16 |6 | 8 | 10} 12} 14 | 154
Boltholes - - | B |13 |13 |14 |14 |12 |28 |28 )13 |13 |22 |2 |28 | 2%
Bpigotdepth - (J, K[} |3 (& |& (& |4 |# 12 |2 |2 |} |} |3
Recessmax.depth | K, (§ |8 (4 |¢ |4 [3 |# |8 |% | |[# |2 |%
Flangosstback -| M |} |3 | % 13 {1314 18 1% | £ 1 1} | 14 | 12
Flange thickness - | N (1} (2} (2§ (23 |3 (34 (322} (288 |33 3432
Pipethickness - | T | | § |34 |1 |13 (13|24 | & | & |1 13|18 2%
Bolt diameter - 11 l*‘ 13114 | 2 1 11314 (12|2 |23
Standard length of
pipe - - - 72 {108 108 (108|108 108|108} 72 {108 {108 | 108 | 108 | 108

TABLE 10.—Sss opposile page.

TasrLe 11.—BRITISH STANDARD WOODRUFF KEYS AND KEYWAYS

Refor to Fig. 7, Page 71. All Dimensions are in Inches
Dis- Thick. | Depth of Dia- Thick. Depth of
ReEy| ol | o | | K | RO | | AT | g | Ky
a. 4 A a. . ’ A
10 + 0208 | 0-0635| 0-1668 160 1 0-438 | 0-2510 | 0-3080
20 + 0-208 | 00948 | 0-1511 185 1 0-438 | 0-83185 | ‘0-2768
80 + 0-203 |0-1260| 0-1355 160 13 0484 | 0-1885 | 0-3853
40 4 0250 |0-0048| 0-1981 180 13 0484 | 0-2510 | 0-3540
50 4 0-250 |06-1260| 0-1825 188 13 0-484 | 0-3185 |- 0-3228
60 $ 0250 | 0-1673| 0-1880 210 13 0-547 | 02510 | 04170
70 5 0813 |0-1260] 0-2455 216 3 0-547 | 03185 | 0-3858
80 0313 |0-1573| 02209 225 13 0647 | 0-3760 | 0-3545
90 : 0-318 [ 0-1885| 0:2143 230 13 0804 | 0-3185 | 0-4528
100 ¥ 0-378 | 0-1878 | 0-2019 235 14 0-594 | 0-3760 | 0-4015
110 % 0376 | 0-1885| 02763 240 1} 0-641 | 0-3510 | 05110
115 ¥ 0-8378 | 0-2510| 0-2450 250 14 | 0641 | 0-3188 | 04788
180 b 4 0-438 | 0-1885( 0-3303 255 13 0641 | 0-8700 | 0-4485

[B.8.1, Publication No. ¢6, Part L]



TaBLE 10.—~BRITISH STANDARD RECTANGULAR PARALLEL KEYS

All Dimensions are in Inches

Maxi-
moum.

il&“2ﬂl“455667smmmnuummmmu%

0 40 40 b e 40 o0 O R I Rt i el et Tt e el gt et et O O R G OO

g g d
'..'.'lcl-lll’u%ﬂ’a“‘ﬂsccnl-lsammnu

Nominal | Nominal Incressing
oo | Vit | Thickness, | Minimum, | 10cE

*lif!ﬁ“uzﬁﬂ”s%4“&“6“7ﬁsomu

Over.

ﬁiiiiluuuzﬁﬂﬂsﬂtﬁsﬂoﬂlﬂssmu

Designation.

ssszs2r2s38388ss882z28aBBase
iﬁﬁ}ﬁiﬁiﬁfﬂlilHuuuuuuzﬂﬂﬂa
n

fgesa2rarxada2a22222222322:

~
<
4
Mn

[B.5.1, Publicstion No. 46, Part 1.]



Abbreviations, 32.

Acme thread, 44.

Addendum, 112.

Aluminium, 221.

American National Threads, 44, 224.
Auxiliary projection, 12.

Axle-box bearing, 184.

Balance weights, 212.
Ball bearings, 106.
Barth formula, 118.
Bearing pressures, 212.
Bearings, 98-110.
Bearings, axle-box. 104, 184.
Bearings, ball, x
Bearings, crank-pm. 104.
Bearings, footstep, 98.
Bearings, pedestal, 98, 100, 202, 218.
Bearings, ring-oiled, 102.

gs, roller, 108, 191.

, Sellers, 100.
Beanngs, turbine, 104.

, whitemetal, 104.
Bea.ucha.mp Towers, 102.
A

ting, horse- o

Bevel gears, 122, 185.
Blades, turbine, 154.
Bolt heads, 44.
Bolted joints, 54.
Bolts, 48, 52, 54.

Bracket, C.1., 168, 169, 202.
Brass, 221.
British Association Threads, 224.
British Standard Tables:

Bolt heads, 225.

Flanges, 226, 227, 228.

Keys, 228, 229.

Nuts, 225.

Pipe threads, 225.

Screw threads 223.
Bronze, 221,
Brown, D (Hudd.), Ltd., 176, 124.
Brown and Sharpe, 112, 114, 116.
Burn, 156.
Butt jointl 34-
Butt-strap joints, 216.

Cams, g2-.
Carbon, 220.
Castlonuts 50

rocl. Diesel, 140, 200.
rod, loco., 142, 192.

INDEX

Connecting rod, marine, 193.
Connecting rod, questions, 216, 218.
Connecting rod, stationary engine, 194.
Conventional practice, 32.
Cooper roller bearings, 191.
Copper alloys, 221.
g;telted joints, g6

plers, pipe, 5
Couplings, claw, 74.
Couplings, compression, 74.
Couplings, flanged, 72.
Couplings, flexible, 74, 174.
Couplings, marine loose, 74, 175.
Couplings, muff, 72.
Couplings, universal, 76, 218.
Crane hook, 177.
Crank shafts, 84—88 172, 173.
Crosshead, loco., 144.
Crosshead, marine, 193.
Cycloid, 112.
Cylinders, engine, 146, 210.
Cylinders, hydraulic, 212, 214, 218.
Cylmders, thick, 60.
Cylinders, thin, 42.

Dalby, Prof., 88.
Dedendum, 112.

De Laval turbine, 148.
Diametral pitch, 114.
Diaphragms, turbine, 152.
Dimensioning, 20, 22.
Drawing, scale, 32.
Drawing, size of, 32.
Drawing, title, 32.
Duralumin, 221.

Eccentric, go

Eﬂidency rivet joints, 40.

Eleva.txot;.i 8.

Examination papers:
Glasgow University, 212, 214, 218.
London University, 216, 218.
Whit. Sch. (M. of E.), 202~210.,

Factors of safety, 222.
Feather key, 70.
Fellows gear tooth, 116.
Finish marks, 23, 32.

b B %
€8, p s ), 227,. 230,
Fullering, 3

Gearing, bevel, 122, 185.
Gearing, bellaal. 120,
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Gearing, spur, 112~-18.
Gearing, worm, 124, 196, 197.
Gib and cotter, 66.

Gib-head key, 70.

Glands, turbine, 152.
Goodman, Prof., 106.
Guest’s formula, 68.
Gunmetal, 221.

Gusset stay, 212.

Helical gearing, 120.

Hindley worm, 124.

Hook, crane, 177.

Hooke’s joint, 76 176, 218.

Horse-power of belting, 8o.

gorse-power oz gearing, :188
orse-power of shafting, 6

Housing, Michell thrust bearing, 198.

Hydraulic cylinder, 212, 214, 218.

I-Iydra.uhc pipe flanges, 6o, 228.

INDEX
Malleable C.1., 220.

Materials, 220, 221.
Materials, conventions for, 16.
Materials, list of, 32.

Metncbt{ Prof., 142.

ead, 44.
Michell, Anthony, 110,
Michell thrust bearing, 110, 198.
Mitre wheels, 122.
Module pitch, 114.
Muff coupling, 72.
Murdoch, 130.

Nozzles, turbine, 152, 154.
Nuts. 48, 50, 225.

Oil-film lubrication, 102.
Osborne Reynolds, 102.

Hydraulic piston, 212. Overlapping riveted joints, 42.
Impuise turbine, 150. . .
Inst. Mech. E., Proc., 82, 102, 104, 124, | Packing, metallic, 138.
157, 158, 167 gedlﬁtazl zf:r swivel bearing, 189,
erlit,

Interference, gear teeth, 146, 124.
Involute, r12.

Isometric axes, 24.

Isometric planes, 26.

Isometric projection, 24, 26.
Isometric e, 24.

oint, circumferential, 42, 218.
oint, , 66.

oint, cyhnder cover, 54,8.
oint, apa.nslon, 62 b

oint, flanged, 5 7

oint, Hookes, 76. 176 218.
oint, knuckle, 64.

oint, longitudinal, 42, 218.
oint, universal, 176.

Kennedy, Prof., 36.

Keys and keyways, , 228, 229.
Knuckle joint, 64. s

Lamé’s formula, 60.
Topjolnis
p joints, 6.
Lead, 130. 343
, 20,

Levers, 84.

Lewis formula, 118.

Limits and tolerances, 160-7.

Line thicknesses, 32.

Liner for valve chest, 187.

Linkages,

Lochng devices for nntl 50,
ve. 130, 182.

f(‘ S S. Rly. aﬂebuting b 8
Lubdution. 102, 110,. o 154
Lubricator, Stauffer, xo0.

Philadelphia Eng. Club, 118.
Pipe flanges, 54, 226, 227, 228.
Pipe joints, 58.

Pipe threads, 225.

Pipes, heating, 170.

Piston, cast-steel, 186.
Piston, Diesel, 132, 136, 201.
Piston, loco., 132.

Piston, marine, 134.

Piston rods, 138, 212.
Piston valve, 187.

Pitch of rivets, 34.

Fitch of teeth, 114.

Pitch of threads, 44.

Plan, 8.

Plummer block, 100.
Pollard, 158.

Production planning, 158
Proioct:on, 1st Angle, 8.
mjectxon, 3rd Angle, 1o0.

Proecﬁm orth: cf:hzi" 26.

] ographic

Breicction: 1 ve.fzg
jection, ciples o

Pulleys, 78, P;’onsf

Pump, hlgh-ptess , 204.

Pump rod, 212,

Purday, 140.

Rabatments, 8.

Racks, 116.

Ram, hydmnhc, 218.
Rednctiongeu worm, 196, 197.
Regulaﬁng:alve. 182.

Manchester Ship Canal cranes, 8z.
Manganese bronze and copper, 221.
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232

Roller bea.rings, 108, 19T.
Ropes, wire, 82.

Saddle key, 70.

Safety valve, 206.

Screw threads, 44, 223, 224.
Screws, 52.

Sections, 14-18. .
Sellers gear tooth, 116.
Sellers thread, 44.

Spline shafts, 70.

Spur gearing, 112-18.
Square thread, 44, 46.
Stauffer lubricator, 100.
Steel and steel alloys, 220.
Stress concentration, 156.
Stub gear teeth, 116.
-Studs, 48.

Stuffing boxes, 138.

Tee piece, hydraulic main, 171.
Telodynamic transmission. 82.
Thick cylinders, 60.

Thin cylinders, 4z.

Threads, pipe, 225.

Threads, screw, 44, 223, 224.

Thrust bearing, Michell, 110, 198.

Tolerances, 22, 160-7.
Toothed wheels, 112-18.
Torsion, 68.

Trap, steam, 208.
Tredgold, 122.

INDEX

Tube joints, 58. -
Turbine, combined im , 150~4.
Turbine, De Laval, 148.

Universal joint, 76, 176, 218.
Unwin, Prof., 54, 138, 142, 146.
U.S. threads, 44.

Valves, feed check, 128,
Valves, flap, 126.

Valves, hydraulic, 203.
Valves, lift, 128.

Valves, piston, 187.

Valves, relief, 216.

Valves, safety, 206.

Valves, screw down, 128, 181.
Valves, slide, 130.

Valves, spring-loaded, 214.
Vaives, steam-regulating, 182.

‘Washer, spring, 50.
AT

, 157, 150,
Whitemetal, 221.
Whitworth threads, 44, 223.
‘Wire ropes, 82.

‘Working drawing, 32.
‘Worm gearing, 124, 196, 197.
‘Wrought iron, 220.

Y alloy, 221.
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