


WORKSIIOP TECIINOLOGY

PART I
AN INTRODUCTORY COURSE



foee & Daves

s
[T

1Marny

Layi) noon
frrcitnare g
Wrenitr rov e~
WrarnLrerrs

fforn

Tiev s
i
Cartrrunmy
LIRS SN

Cravtan & v g
Carrpun
Cerrpos

Cottens & Hecnakueey

Gavas & ot s
L SLETS TN

| TN
Prsesey
Sanert
Morsry
oo

=iy

Nrawy

ALE RTRTIeT)

| SEXNTT™

LR SR 2225 )
iz
[

*rh oex A Yerte

VOITERN ASPECES OF INORGANIC CHEMISTRY
ORGANIC CHIMISTRY

Volume |
Voture B

ORGANIC (‘1%1:'-u:~“rm'
g

Parta 1 &

fart 111

PUYSICAL (HEMISTRY ~ .
A TONTBOOK OF INORCANIC CHEAMISTRY

A TLNTHOUDE OF QUANTITATIVE INORGANIC ANALYSIS

A TRIATISE ON HYDROMICHANICS

faarte 1 & U
STATI(S
DYNAMICS

Part 1

Yart H

ELECTRICITY AND MAGNETISM FOR DEGREE STUDENTS

UNIVERSITY MATHEMATICS

AN INTRODUCTION ‘TO THE THEORY OF FUNCTIONS OF

A COMPLEN VARIABLE
A COURSE OF PURE MATHEMATICS
A UNIVERSITY ALGERRNA
THE CTHRORY OF FUNCTIONS
A FIRSY COPNSE IN MATHEMATICAL STATISTICS

BLEMENTARY VECTOIL ANALYSIS

THE STERL SKELELTON

Veolome 3
Vaolume 11

THE THHEORY OF MACIHINES
S

A GIOLOGY 1on )

GINERI

TILANSISTOR CIRCUITS
WORKSHOP THCHNOLOGY

Part
Tart 11
Part 1

THEATEHTOUMANCE AND DESICN OF D.C MACIUNES

ELUEUTRICAL THCUNOLOGY

THY

NG

CHEMICAL ENGINUERING

Vobine 1
Velumes 1§

PRINCITLES OF PLECTRONICS

TIANSVISSION AND DISTIHBUTION OF ELECTRICAL

SLECTRICAL MUASUHEMENTS AND MEASURING
INSTHUMENTS

NTEAM TURDBING THEORY  AND PHACTICT
HVDRAULICS AND LU0 MEECHANTCS

THEORY o

STHUCTUHes

NSTHINIZEN OF MATERIALS

MATHEMATIONS Ol EXGINEEDRS

fart 1
§art 1t

TUHE PEREOINTANCE AND DUSIGN OF 8.0, MACHINTS

GENEHATION, THANSWISSION AND UPMRAZATION Of°

LT of, powii

THE THEOHY AND PRHACIRL ap

FCONOVIES

AN OUTLINT OF MONLY

PRINCIPLY S

THE $ONOMIS O WELYARY:

Oy proNees

HEAT ENGINGS

A TEATHOOI OF VCONBMIC Ty ony

129,

21,
1.,

Be.
Us.
12,
12¢.
21s,

12e.
Oy,

Os,
by,
129,

12

12,
Or,
1%,
JRUN
I,
Uy,

15s,
15e,
18.,
12,
15y,

re,
thy,
1%,
159,
fie,

12,

15e,
2,
12,

Se,
0.,
12y,
12y,
iy,

01,
e,
12¢,

1y,

s,
01,
12,
12y,
12¢,



WORKSHOP TECHNOLOGY:"

PART 1
AN INTRODUCTORY COURSE

BY
W. A. J. CHHAPMAN

PiD, MSc (Bhel), MLMucrE, MLE.L.
PIUNCIFAL, MATFILLD COLLELGE OF TECHYO(OGY, HERTFORDSIIRE

NEgRAT

[E\/ N
E/\s7

TIE ENGLISH LANGUAGLE IOOK SOCIETY
and
LDWARD ARNOLD (PUBLISIIERS) LTD






PREFACE TO ‘FIRST EDITION

The scheme of the present work was in my mind, and partly on
paper, before the present catastrophe overtook us, and, with many
other works of peaceful construction, was shelved, The trend of
cvents, however, indicate that its publication should be of value to
the war effort, so that I have persevered in completing this first portion,

My chief regret is that T was not qualified to write it fifteen years
ago. At that time the status of our artisan workers was being allowed
to fall rclative to other members of the community. The artisan
professions were neglected by educationalists, by writers and by public
thought, a state of alfairs which led to a dearth of suitably qualified
prospective workers.  What this policy has cost us cannot be assessed,
but it is now obvious that it almost brought us to disaster.

That the artisan is worthy of a reasonable social position can be
testified by those who have lived and worked with him. That the
work he doces calls for high skill and training should be evident from
jobs such as that of turning the pair of rolls shown at Pigs. 39 and 41,
an operation demanding a level of performance comparable with that
in many so-called professions.

I have written for the men who do such work and for those who
aspire to it. It is diflicult to compromise between academic theory
and everyday practice, but it is hoped that the fundamental principles
underlying workshop processes have been clearly explained and that
the reader will be able to understand more easily the processes deseribed
and to perform them in the workshop. The work covered in this
volume is approximately that of the first two years of a scnior part-
time course in Technical Colleges and includes most of the material
necessary for the City and Guilds Intermediate E ination in Machi;
Shop Engineering. It should also be uscful to students for the pre-
liminary work in Workshop Technology leading to the Iigher National
Certifieate in Production Engineering,

In the preparation of the diagrams a great deal of help has been
given by the kindness of various {irms and institutions. Their names
are appended to the illustrations concerned and I should like to offer
them my sincere thanks. Finally, I feel that the Publishers in pro-
ducing this book at such a price, and amid such diflicultics, have
performed a task worthy of commendation.

W. AL C
Oakengates 1943

PREFACE TO THIRD EDITION

Our critical shortage of tramned scientific and engineering manpower
has been proved by events since the previous preface was written, and
extensive plans have been made for the expansion of technical edueation.
However cfficient we may beecome in producing highly qualified demi
technologists, we shall not get far unless they, themselves, possess

v




PREFACE

i
practical appreciation and are backed by teams of fl"l,%glicncltlciﬁic(l);
pician~ and eraftsmen. The workshop 1s fun(‘lmncntn in the edu ation
atid «quipment of all engineers, and this book should in the future. Iis
m the past serve both the academic and the pr:}(:hca'l student. It
ol e useful for the new City and Guilds course No. 193—Mecchanical
it erine Crafl Practice—sinee it covers most of Part T and portions
of Part 13, and with Workshop Technalogy, Part 2, complete coverage
v ven. i ‘

From the reputation the book has earned, T have confidence in the
future serviee it ean render. a service which should he improved by
the revivons of 3 new edition. To all its friends, known and unknown,
I estend my thanks for the goodwill they have expressed.

Hup bl 1G58 W, AL G

PREFACE TO FOURTH EDITION

It has been sugpested to me that the book would be improved and
ite value increased by the inclusion of some work on the shaping machine.
"This appears to be good advice and I have thercfore taken advantage
of au opportunity to add a new chapter on the subject. I hope this
will prove o be ns rendable and as informative as so many friends
claim for the remainder of the book., The additional chapter results
in a new edition ; there are no changes in the remaining material and
those who have the previous edition can obtain the new chapter
<epnrately,

Sinee the third edition was published there have been noteworthy
developments in technical education for those aspiring fo become
craftsmen or technicians, and for whom this book was written. The
Government White Paper ©* Better Opportunities in Technical Eduea-
tion,” published in January 1961, has set off a train of new measures
nnd new courses, A new General Conrse in Engineering will prepare
for nud regulate entrance to o new Ordinary National Course and 1o
a new City and Guilds course for Mechanical Enginecering Teehnicians,
which will replace the present course in Machine Shop Engineering,

I its reviced form the book will give complete coverage for * Waork-
shop Processes and Materials 7 in the General Course in Enginceringe
and for most of * Workshop Provesses and Practice ™ in the City and
Guilds No. 203 Mechanieal Engineering Technieians Part 1. "With

Worlshop Technology, Part 2, adequate coverage i given for Part |
n'nd for much of Part 11 of the conne,  Tts proved value in National
Certifiente courses should be enhanced by the additional coverage
m!m‘dm-mj by the additional chapter. ) "

Now that we, s a nation, have at last deeided to recounise the
'ﬂ‘ll_{' of !‘ht" « :\ﬂx.mfm, and to edueate him accordingly (see Prefacer-
to First Edition), it is to be hoped that in the future his contribution
will be arcorded the dignity and status befittine those whose
e ‘:z joh 'c-,r_ll dmw: 1t is my Liope that this honk, “-}u, H
vosmes, will continne o serve suel o [GUS

Hatfeh Yom

pride is
assoviate

W, AL C
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CHAYPTER 1
INTRODUCTION—MATERIALS—IRON AND STEEL

The wealth of 2 community is measured by the variety and quality
of the articles it posscsses for its use and consumption, Al the material
things we possess are made from substances which in the first place
are won from the earth, or from Nature, Qur prosperity depends
upon our ability to convert these raw materials into useful articles of
consumption, and to distribute these articles equitably amongst the
various members of our community.

The production of our engineering workshops forms an important
part of our general industrial scheme since a large proportion of our
industries are of an engineering nature. Morcover, other industries
such as clothing, food, ete., depend to a large extent upon the help
of workshop mechanies for making and maintaining the machinery
they use. Our ability, therefore, to maintain a high standard of skill
in our enginecring workshops is an important factor in our general
scheme of wellbeing, and the reader may be sure that the efforts he
makes to acquire efficiency in workshop technique will re-act to the
benefit of the community, From his own individualistic standpoint
the fact of his being a master of his trade will add to his independence,
increase his status and income, and ultimately enable him to enjoy &
larger share of the commodities he is helping to make.

The knowledge that a skilled workshop engineer must possess takes
many years of obscrvant experience to acquire, The reader should
note the term * observant ™ cxperience, because unless he enters the
workshops prepared to give thought and enquiry to every picce of
work he will never acquire the sense and skill which go to make the
thorough craftsman. One person may spend years in doing a certain
job and learn less from his experience than another, who after a few
weeks of studious application, has mastercd the technique and is ready
to advance further.

The amount of * book * knowledge necessary to become a skilled
craftsman is not great, and the reader nced not be despondent of his
chances if he is not very good at mathematies or English. What he
must have, however, is an interest in mechanical things, and the ability
to give patient application to a job until it is satisfactorily completed.
An impatient worker, unable to concentrate his attention to the com-
pletion of what may be a rather tedious job, is unlikely to make a
first-class artisan. The would-be workshop engineer should have a
keen realisation of his responsibilities both tewards his work and to
his fellows. Ile should be capable of doing a fair day of good work
without the need of constant supervision and should be scrupulously
honest.  The reader will find, that if he adopts as his guiding principle
the idea of giving service, without bothering overmuch about what
profit he will get out of 1t, he will usually find that the financial and
other rewards will follow also without his nceding to worry about them.

Many of the aspeets of workshop technique can only be aequired

LT, 1 B
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CHAPTER 1
INTRODUCTION--JMATERIALS—IRON AND STEEL

The wealth of a community is measured by the variety and quality
of the articles it possesses for its use and consumption.  All the material
things we possess are made from substances which in the first place
ate won from the earth, or from Nature. OQur prosperity depends
upon our ability to convert these raw materials into useful articles of
consumption, and to distribute these articles equitably amongst the
various members of our community.

‘The production of our engincering workshops forms an important
part of our general industrial scheme since a large proportion of our
industrics are of an engineering nature. Morcover, other industries
such as clothing, food, etc., depend to a large extent upon the help
of workshop mechanics for making and maintaining the machinery
they use. Our ability, th to maintain a high dard of skill
in our enginecring workshops is an important factor in our general
scheme of wellbeing, and the reader may be sure that the cfforts he
makes to acquire efficiency in workshop technique will re-act to the
benefit of the community. From his own individualistic standpoint
the fact of his being a master of his trade will add to his independence,
increase his status and income, and ultimately enable him to enjoy a
larger share of the commodities he is helping to make.

The knowledge that a skilled workshop engineer must possess takes
many years of observant experience to acquire. The reader should
note the term ** observant >’ experience, because unless he enters the
workshops prepared to give thought and enquiry to every piece of
work he will never acquire the sense and skill which go to make the
thorough craftsman. One person may spend years in doing a certain
job and learn less from his experience than another, who after a few
weeks of studi pplication, has i the technique and is ready
to advance further,

The amount of * book ” knoswledge necessary to become a skilled
craftsman is not great, and the reader nced not be despondent of his
chances if he is not very good at mathematics or English. What he
must have, however, is an interest in mechanical things, and the ability
to give patient application to a job until it is satisfactorily completed.
An impatient worker, unable to concentrate his attention to the com-
pletion of what may be a rather tedious job, is unlikely to make a
first-class artisan. The would-be workshop engincer should have a
keen realisation of his responsibilities both towards his work and to
his fellows. He should be capable of doing a fair day of good work
without the need of constant supervision and should be scrupulously
honest. The reader will find, that if he adopts as his guiding principle
the idea of giving service, without bothering overmuch about what
profit he will get out of it, he will usually find that the financial and

other rewards will follow also without his needing te worry about them,

Many of the aspects of workshop technique can only be ired
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CHAPTER 1
INTRODUCTION—MATERIALS—IRON AND STEEL

"The wealth of & community is measured by the variety and quality
of the articles it possesses for its use and consumption.  All the material
things we possess are made from substances which in the first place
are won from the earth, or from Nature. Our prosperity depends
upon our ability to convert these raw materials into uscful articles of
consumption, and to distribute these articles equitably amongst the
various members of our community.

The production of our engineering workshops forms an important
part of our general industrial scheme since 1 large proportion of our
industries are of an engineering nature. Morcover, other industrics
such as clothing, food, etc., depend to a large extent upon the help
of workshop mechanics for making and maintaining the machinery
they use. Our ability, therefore, to maintain n high st dard of skill
in our enginecring workshops is an important factor in our general
scheme of wellbeing, and the reader may be sure that the cflorts he

makes to acquire efficiency in warkshop technique will re-act to the
benefit of the community. From his own individualistic standpoint
the fact of his being a master of his trade will add to his independence,
increase his stztus 2nd income, and ultimately enable him to enjoy a
larger share of the commodities he is helping to make, )

The knowledz= that a skilled workshop engineer must possess takes
mani vezrs of observant experience to nequire. The reader should
note the term * observant ” experience, because unless he enters the
workshops prepared to give thought and enquiry to every picce of
work he will never acquire the sense and skill which go to make the
thorough craftsman. One person may spend years in doing ulccrtm
i‘(;!; ’?nd!lenr(rlx‘ less from hi.s experience than another, who aflter a fc\:
N : o S‘aniuﬁxgtui;?phcatwn, has mastered the technique and is ready

The amount of ““ book ” knowledge necessary kil
erafl tsman is not great, and the reader need no?bt-udlc)‘sc;:’c;‘r:t skl! l}n]
chances if he is not very good at mathematics or Fnrvl’is) \\'lo' l"s
must have, however, is an interest in mechanical thi esoand it
Xw give patient application to a job until i‘t is sat:g;?';?&:gdg:l;:)‘”::;

n impatient worker, unable to concentrate } tenti com.

pletion of what ma. ntrate lus attention to the com-
first-class artisan. }’,[l?: :oﬁ;tlhg t\id“i-g? fob, is unlikely to inake &
keen realisation of his rcsponsxl;iliﬁcgr[,o;rpt gt ‘S)m”“ fve a
his fellows. He should be capable of doi h towards his work and to
without the need of constant sy ervisl( o oy of ood vk
oncst. The reader will find, that I he adapts s 1 gon om0
the idsa of grving setion il 'xe 1’|d0pn as hus guiding prine e
profit he will get out of it: he will )Dl”Il"rmg Syermuch about v
other rewards will follow also withou‘t‘sl?iﬂs r{ccﬂ(;m o the tin
i
Many of the aspects of workshop techniqu
Lw.r. 1

ances)
ng to worry about then,
ie can only be avguired

B







PIG TROXN

Tt will be noticed that the structure of pure iron looks like 2 map
with fields separated by hedges. The shapes looking like the fields are
the crystals, and the lines like hedges are where they join together.
It may help us to visualise the structure of the metal if we imagine it as
similar to bricks and mortar; the erystals being the bricks and their
boundaries the mortar. A section through such a structure would
appear someshat similar to our photograph. If the reader measures
the average size of the crystals on Fig. 1 and divides by the magnifiea-
tion factor, he will find that the crystal size of the specimen is about
157 in.  The size of the crysmls in iron and steel depends upon the
treatment the metal has received, and in the steel used in the workshop
the crystals may vary from tfss in. to 1dss in. These micrographs
represent o portion of metal structure about as large as a pin point.

‘*/Pig Iron

In its pure state, iron has very few practical uscs, and if we tried
to machine it we should find it so soft that it would tear badly and
give a poor finish, Moreover, to ebtain pure iron is a difficult process,
because during smelting it is not casy to rid the metal entirely of certain
1 ts for which it y o great affinity. We may regard iron
in its pure state, thercfore, as a
metal mainly of theoretical inter-
est, but one which may comprise g
499%, of a certain steel we may be W Charging
using. ‘That remaining 1% of paste Elevator
other substances, however, makes Gases “ Charging
a great differcnce ! X Bells

A diagram showing the chief
ferrous materials and their pro-
duction is shown at Fig, 3, and as
we praceed we will discuss the
processes mentioned. From the
diagram it will be seen that the
starting point in the commercial
preparation of iron and steel is
the smelting of ore to give pig
iron. The chief ores of iron are
the oxides and the carbonates.
The most important oxides are
red hxmatite, black magnetite
and brown ores. The carbonates
are represented by spathic ores,
clayband ores and blackband gy s
ores. When jt is taken from the  ‘gjpe
mine the ore is mixed with earthy
impurities, and before smelting

\ Plating

Aporox.
Sca/e”;f Feet

it is separated from these as far . % 7;’;”‘;’

as possible. Tapping |14 7
bl - ) Notch el For Stag
The furnace used for smelting  r Jron i

and reducing the ore to metallic
pig iron is a tall structure called
a Blast Furnace, This furnace
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PIG IRON 3

operates continuously and is charged at the top through the bell which
serves asaseal. In addition to the ore, the furnace is charged with sujt-
able quantities of coke and limestone. The coke provides fuel for main-
taining the heat necessary to earry on the reducing action and at the same
time some of the carbon (as carbon monoxide) from the coke combines
with the iron oxides, reducing them to iron, The limestone serves as
a flux and combines with the non-metallic portions of the ore to form
2 molten slag-  Ilot air is blown into the Jower portion of the furnace
via the tuyéres, and as the action procceds, the molten iron and slag
fall to the bottom of the furnace, the slag floating on top of the iron.

Fi6. $.—General view of Blast Furnace Plant.

From time to time the slag is tapped off from the hole shown. and the
molten iron from the hearth. Diagrams showing a blast-furnace section
and a general view of an installation are shown at Figs. 2 and 4,

According to the type of plant the molten iron may be used in one
or more of the following ways :

(a) Cast in pig beds.

(b) Cast in pig-casting machine.

(¢) Transferred in hot metal ladles direct to an adjacent steelmaking
process.  This applies to composite iron and steel plants (Fig. 14).

Pig beds are sand moulds in the form of a grid prepared in the ground
alongside the furnace, and the hars (pigs) cast in this way are ahout
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5 ft, 6 in. long with o 1-shaped crose-seetion measuring npproximntc\y
4 in. cach way. ]

The modern method of cacting pig iren which has Jargely sypcrscdegl
the older Vi:—\wd method is 10 cmploy 8 P asting machine. This
consists of W serics of hematite iron OF steel moulds. cach about
g ip. w0 S A 31 in., fixed toan endless chain conveyor, the assembly
rine monnted on a suitable construetion arranged on 8 slight slope.
Afolten iron from the blast furnace s conveyed in 8 ladic and poure
into o chaunel feeding the moulds a¥ they emerde frem the undersids
of their traved at the foot of the dlope of the convevor. The mould
charped with ron move up the stopes the metal cooling off on the wi
up, and when the top 18 renched the turnover of the moulds, a8 the
reverse to the underside of the CORVEYDT, CAUSCS the pigs to discharg
jnto a wagon below. (The moulds are washed with lime ot tar |
prevent adhesion of the molten jron.) Generally. casting machin
have twe strands of pig montds side by side with the pouring chanv
forked to feed both TOWS of moulds.

Nawure of Pig Iron

AWhilet it s in the hlast furnace the jron absorbs varving amoul
of carbon, silicon. sulphur, phasphorus and manganese. and these

yresent in the pig iton.  The carbon pr(-scm may he in its natural st
ws graplite and is normatly fincly dispersed throughout the metal

petrix of Flckes of
Ppearlite Graphite

1. 5 -Structure of Cast Tron.
B IR TEEY - . -

R R R L A RN ¢ Sphenadal eraphite fuar Pe 12
Cfonny of semadl dinkes (Vi 3{e))
LI ) :

et e

o iz, or it may be in the form
fo, e che parend combanation of

carbon and tron ealled ee
: ) froe and some cotubined, 1
gebrpry maindy npon fr) the tade ol which |
Loy Y. r PSS il

dven state nml () upon the amount o
L ; i ‘ 'i.n':- carbon time to

oo Lo g oraphiite. Qe conting ealled (bl
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S ot the earbon iy
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CAST IRON 7

carbon is in the combined form. When cooling is normal the frac
of iron has a greyish-black erystalline appearance and the graph
carbon may be easily discerned (Fig. 6 (a)). The fracture of quickly
cooled iron is whiter, showing that there is less free carbon, and when
all, or nearly all, the carbon is combined the metal is called white iron

(Fig. 6(0).

[The Brtish Caxt Iron Revearch Avwciation.
{a) Grey iron ) Winte fron,
F16. 6.—Fractures of Pig Tron.

The pigs, even with high silicon content, produced by machine cast-
ing generally have a white fracture since cooling is fairly rapid and the
moulds are often cooled in a water bosh on the conveyor to speed the
process, Cementite is a very hard substance, so that the greater the
amount of combined carbon the harder will be the iron. Cast iron is
essentially an iron-carbon alloy modified by the presence of silicon,
phosphorus, sulphur and manganese in varying amounts (sce page 12).,

v TABLE 1. Arrroxivate ANarysis or Pi¢ Irows

No. 1 Iron. No. 3 Tron. I White IrurLT
'

'
Tron . . . . % g2 0235 [TE
Graphitic carbon . . °f a5 | s Nit !
Combined catbon. . %, o020 ' 03 31 ?
Silic PN 28 23 1-
Sln;(p‘\)\":n Tl T e aes  wes o |
Phosphorus . . . % 0s 075 09
Mangonese . . . % 065 1 o7 | 05 |

v
 Cast Iron
The pig iron as tapped from the blast furnace is the crude form
of raw material from which are prepared the various grades of won and
steel which we use. It is not suitable for making castings without
some degree at refining, and this takes place n the foundry cupola.
This is & small form of blast furnace, and a diagram of its essential
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3 ft. 6 in. long with a D-shaped cross-scetion Measurng app v ..
4 . each way.

The modern method of casting pig iron which has largely superseded
the older pig-bed method is to employ o pig-casting machine,  This
consists of a serics of homatite iron or stecl moulds, cach about
a2in. w Sin. 3 3)in., fixed to an endless chain conveyor, the assembly
being momnted on a suituble construction arranged on a slight slope.
Molten iron from the blast furnace is conveyed in a ladle and poured
into a channel feeding the moulds as thev emerge from the underside
of their travel at the foot of the slope of the convevor. The moulds
chargred with iron move up the slope, the metal cooling off on the way
up, and when the top is reached the turnover of the moulds, as they
reverse to the underside of the conveyor, eauses the pigs to discharge
into a wagon below, (The moulds are washed with lime or tar to
prevent adhesion of the molten iron.) Generally. casting machines
hane two strands of pig moulds side by side with the pouring chunnel
forked to feed both rows of moulds.

Nature of Pig Iron

Whilst it is in the blast furnace the iron absorbs varving amounts
af carbon, silicon, sulphur, phosphorus and manganese, and these are
present in the pig iron.  The earbon present may be in its natural state
as graphite and is normally finely dispersed throughout the metal in

HMatrix of F/af(’t‘-f of
Pearlite Graphite

Fre, 5. —Stracturs of Cast Tron.
{7 Nomdly aalod watls f1%ed graphite,

) Spheraldal peaphite lsce p, 12),

the form of small flakes (Fig. 5 (@) or it may be in the form of iron
«:krh‘nlv, i chemienl combination of carbon and iron called eomentite.
g '(;‘\”m'r}x”:\' x’mm: of the carbon is free and some combined, the pro-
;‘ b of cach depending mainly upon (a) the rate at which the iron
cools down from its molten state and (#) upon the amount of silice
pro~eal i the ron, - Slow cooling allows the earbon Lime to cc‘nr- :n
:::S :u;;x there ts more free graphite. Quick cooling {called ('hillilmz)Adgc:
alloy o e o e . < )
Soatens e omich praphite to form, and g larger proportion of the
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carbon is in the combined form. When cooling is normal the fracture
of iron has n greyish-black erystalline appearance and the graphilitic
carbon may be easily discerned (Fig. 6(a)). The fracture of quickly
cooled iron is whiter, showing that there is less free carbon, and when
all, or nearly all, the carbon is combined the metal is called white iron

(Fig. 6 (D).

\The British Cant fron Rewearch Association,
(o) Grey iron. {%) Whte iron,
Y16, G—Fractures of Fig Tron.

The pigs, even with liigh silicon content, produced by machine cast-
ing generally have a white fracture since cooling is fairly rapid and the
moulds are often cooled in a water bosh on the conveyor to speed the
process, Cementite is n very hard substance, so that the greater the
amount of combined carbon the harder will be the iron. Cast iron is
essentially an jron-carbon alloy modified by the presence of silicon,
phosphorus, sulphur and mangancse in varying amounts {sec page 12).

v TABLE 1. Arrroxivare ANaLysis oF 1o Irows
Constitucnt, | No.1Iron. ' No. 3 Irem, \‘ White fron, |
— [P
Tron . . . L%, 92 =] 942
Graphitic earbon . o % 35 | 3 Nil
Combined carbon. . % 020 ' 03 31
Silicon . . . % 28 ' 23 10
Sulphur . . A 005 003 03
Thosphorus . . © % 0-8 075 09
Manganese . . . S| 065 | 070 03

\,\- Cast Iron
The pig iren as tapped from the blast furnace is the erude form

of raw material from which are prepared the various grades of iron and
steel which we use, It is not suitable for making castings without
some degree of refining, and this takes place in the foundry cupola.
This is a small form of blast furnace, and a diagram of it essential



# IRON AND STERDL

G fails is shown at T 0 The size of the cupola varies according to the
pature of the work which has to be done; tlie diameters yary from 3{t
1o 7 I with height of frcin tour to five times the diameter. 4 3-ft
diptneter eupela 12 ft. hivh will melt about © tons of iron Per hour.
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CAST IRON 9
together with a little limestone. The pig jron is broken into pieces
about a foot long before being fed in, and is gencrally mixed with an
agreed proportion of iron and steel scrap, the proportion depending upon
the desired quality of the melt. For example, adding low carbon scrap
will reduce the percentage of earbon in the melt, An hour or two after
charging, and when the charge has burnt up, the Dlast is gradually
inereased and the cupola elosed up. The iron melts and sinks to the
bottom of the furnacc, and when sufficient has accumulated it is tapped
into a ladle, or dircctly into the moulds, A receiver is attached to
some cupolas into which the metal is directed when it falls down
(see Fig. 7).

“The amount of coke consumed is not large, as in the cupola the iron
has only to be melted, there being no chemical changes to be produced

Work unsupported agaist pressere
of jaw, may erack at
Pack and clamp at CandD.

Fic. 8.—Casting not supportsd under Point of Clamping.

as in the blast furnace. The amount of coke necessary v: i
1 to 2} ewt. per ton of iron melted.  The hmestone rs ml(l}cd‘gmc:n{lrn‘i’:;
with the sand on the surface of the pig ron, and with the ash from the
:Iokc: to forml a{!{iqlml slag which floals on top of the molten iron. This
ag is v, v i i
iﬁ&ﬁp&: gr ls:g;:r::::llt\“l About 7 to 10 Ib. of limestone is necessary
Prqpemgs and Uses of Cast Iron. Grey iron is a very uscful
mcgal in engineering construction. The mamn advantages in favour
of |t: use are as foll_mys: (a) its cheapness, (b) its low “melting tem
Kgff(‘:m't['lho_'llgoo—(.] and fludity when in the molten condition.
and. n)cx 1_1s easily machmed. A further good property of cast fron &
the l’ rec graphite 1 its structure scems to act as & lubricant, A7
by 2{)1‘ :'u'gg machine shdes are made of 1t a very free-working action
parin -’H'r;lecr l:I;hc? reader may demonstrate this for himself by """"'
cﬁst-ig : clative easmness with which seribing blocks with stech 8)’;:
ast-iron bascs may be shd about on o east-iron surfact plater
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10
cast-iron base is sweeter and it

will find that the movement of the
dors not drag as muen as the steel one.

The fluidity of iron when in the molten condition enables it to be
werd widddy for making costings of parts having intrieate shapes such
as the bodies of machines and other components. These are cast
with nsetal from the cupola, in moulds prepared in sand, the moulds
heine made from wooden patterns,  The proeess will be described in
more detnil inoa later chapter,

Phe fracinre of grey east ivon shows a erystalline or granular
rnehire and a strone Haht will give a glistening effect due to reflection
an the frec graphite particles.  The presenee of this free graphite is
aleo shown when filing or machining east iron as it makes our hands
Black, Cast iron i< hrittle and may easily be broken if a heavy enough
Bammer 1 nsed. Small thin eastings should not be dropped, beeause
of the rish of their being eracked or fractured.  In the same way, if
ehunps or vise jaws are pressed too hard against unsupported scetions
ot & coting, fracture may oceur (Fig. 8).

,'_‘ting £FF,.
Tﬁrcn Ct.'//'g': «

e

e
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Riveted Joint o
fuvered oIt Collar or ilhrel
Feinned taSkafe

Vs, o.~Txamples of Failures due to Shearing,

The styength of iron is mseh sreater in compression than in {ension
1 .\Nx:ﬁ to expross the strength of a metal as the number of 1h, or lo:
r-.p.mmi to fracture o section of the mctal 1 sq. in. in 'n'c'l- T} 'l‘
fored s called the Ulimate Streneth of the nmh-ri:\l. :m(l‘it‘x‘un g ‘ll-
toumle teman, compressive, ot shear, (Shear is when f"wtui\'c :
cated b furees wlieh compel failure to ocear aeross a pl:m[: 'm-.n’
to the forcess Froe 0 The ultimate tensile strength of cast irmlx ‘\'x‘n*'l
brtecne S and 20 ton per square inch and dvln-na% on the compe <'l'”
atthaanae ' I compression, iron will withstand about 40 loI ')()l :(
s e meh before fracturing, whilst in shear its strength is o ;’)r :
et o 10 4o 15 ton per square ineh, Beenuse eust imn'i;!lI "t“’
and wahoan tenston b eannot he nsed swhere these deliciencie "
i s !:mw:zl:d. Bolts and muachine parts which are liable );::c::?il
.}:‘:.‘} u .::_.-h'«n{h oroquite to !-.n\'f-A fine <erew threads on them, could ;
L 'n(.. nl o Contiran, i)!“flll\\' of 1> nurelinhility in tension, and bees
}:‘}‘;\;{:\g-,‘l"<)'!§'l ‘~]\‘n|\$\.{ mpu.i.Iy break and crnmble away at the f];r‘::-x
e wich bave oo withdtand bending loads eannotl he
e ot e therefore grev cast jeon o T o ‘m”d{.

AR TeV st itoeannot he weed for th

U st ro ™ 2 eivits
s WU b eivie oot develnpments in aphierordal i
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Parts subjected to such conditions of service are made of steel which
can be hardened; grey cast iron cannot be hardened, There are
many applications in enginecring and machine tool practice, however,
where an intricate shape is required, and where large tensile loads have
not to be carried. Examples are the beds, slides and bases of machine
tools, the bodies of cleetrical machines, the cylinders and beds of
engines and so on. For constructions of such types grey cast iron is
an ideal material, because it can be cast to the general shape required,
and machined only on such faces as are required to fit with mating
components. The hard outer skin of such castings gives a good appear-
ance when cleaned of sand and painted, and is hard wearing against
knocks or other damage, .

Composition of Cast Iron. We have scen in our discussion of
pig iron that the carbon may be in the free graphitic state or may be
chemically combined as cementite, Also that cementite is hard and is
caused by quick cooling, whilst slow cooling gives graphitic carbon and
soft, ensily machined castings. Quick cooling is gencrally ealled
“ chilling ” and the iron so produced is * chilled iron.” All castings
are chilled at their outer skin by contact of the molten iron with the
cool sand in the mould, but on most eastings this hardness only pene-
trates about 3 in. in depth, and if we put on enough cut to get beneath
the skin we can machine it off without damage to the tool. Most
readers have probably experi d what hapy if they try to hi;

T
Harden Jread -

Casting of * 7
Truck Whee!
S W,

(@

F16. 10.—Usc of Chills.

or file the skin of a casting without getting beneath the hard crust;
if they have not, they should try it.

Sometimes a casting is chilled intentionally and sometimes becomes
chilled identally to a considerable depth. Intentionul clulling is
carried out by putting inscrts of iron or steel (chills) into the mould,
so that when the molten metal comes into contact with the chill its
heat is rapidly conducted away and the formation of combined carbon
is promoted.  Chills are used on any faces of a casting which are re-
qured to be hard for the purposc of withstanding heavy wear and
friction (Fig. 10a). Of course, clulling complicates the problem of
machinmg, as ordinary tools will not stand up to their work and cither
specially hard tools or grinding must be employed In some eases
chilling is employed to accelerate the cooling of a part of a casting and
so avoul some portions cooling before others and thus giving nse to
strains, In Fig. 103, the thin portions of the casting would normally
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ool before thst at B and set np internal strains due {o uneven con-
traction, 1€ a chill s placed as shown the rate of cooling is cqualised
and the rick of distortion or eracking is nnnumqscd. Castings which
have very thin sections of material cool quickly in the moukl and are
hwavs linble to heeome chilled. and henee ditlicult to machine, To
Ininitnice {his and promote the formation of graphite, an iron high in
silicon eontent s often used. )

We observed earlier that as well as carbon. cast iron generally
contains smail amonnts of silicon, phosphorus, sulphur and manganese,
It will he well for us 1o have some idea of the effect of these clements
on the iron, i )

Sitican promotes the formation of free araphite and by so doing
nels s a softener and gives an iron which is easily machinable. 1t
Finc n bagh aflinity for oxygen and thus helps to produce sound castings
ftee from blowholes, The silicon content of the average cast iron
varies up fo about 37, . .

Pl phorus, although not always wanted, gets into the iron as an
jmpurity in the blast furnace and is very difficult to remove.  In east
iron phospharus makes for great fluidity and is used for castings which
must e made to intricate and delicate shapes (e.g. thin switeh boxes
with eact lettering, cte.).  Cast ivon may contain up {o 119, phosphorus,

Sulphur and Manganese. These two elements have the same general
dfeet. viz. a tendeney to harden the iron.  'Foo much sulphur promotes
unsmnd eastings, and the sulphur content is generally kept as low as
possible {01973, The amount of manganese present varics up to
about 1177, depending upon the type and use of the easting.

The folfowing table shows the composition of cast irons for various

s g
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(\\)Vé)ughl Iron X i X

t Wrought iron was probably the first form of iron with which man

was acquainted, and long ago, all the articles made from it would be
shaped by the blacksmith, who was an important artisan. It is now
one of a large selection of ferrous products, and of all the common
types of iron and steel, wrought iron is the nearest approach to pure
iron. The chemical analysis of the metal may show as much as 99:99,
of iron. Even when strongly heated, wrought iron does not melt, but
only becomes pasty, and in this form it may be forged to any shape,
and separate parts joined by hand welding.

uddling Process. The chief point in the manufacture of wrought
irod is the oxidation of ncarly all the carbon and other elements from
pig iron, and in this country the process is carried out in 2 puddling
furnace. This is a coal-fired reverberatory furnace as shown in Fig. 11,
The term reverberatory is applied to furnaces ‘of this type because the
charge is not in actual contact with the fire, but receives its heat by
reflection from the shaped furnace roof.

In the process the furnace hearth is lined with iron oxide and grey
pig iron and millscale (oxide) are fed on to it. The metal soon softens
and melts, and as melting proceeds, the puddler, working with a long
rake through the puddling door, hastens melting by drawing lumps of
unmelted metal to the centre. When melting is complete the impurities

oor for
extracting
Blooms

Fic. 11—Puddling Furnace.

form a slag with some of the oxides present, and this slag floats on
top of the bath, but from time to time the slag is stirred into the melt
and more millseale is added. The addition of this oxide to the slag,
already rich in oxide and being continuously stirred into the melt,
brings about the oxidation of the carbon and the other clements origin-
ally present in the pig iron, Carbon monoxide bubbles from the mass
of molten iron and burns at its surface, the mass for a time having the
appearance of boiling, and at this stage some of the slag rises up and
flows out from the slag notch. As the carbon becomes oxidised away,
the bubbling subsides and the iron becomes stiffer and pasty in form,
The temperature of the furnace is now raised to its highest possible
point, the charge, meanwhile. being continuously puddled until at last
it becomes a quiescent mass of pasty iron intermixed with slag, Thisis
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new taken from the furnace in the form of balls (or blooms) weighing
shont 1 ewt.. whiel, whilst white hot, are hammered o squeeze out 3
portion of the Jar and then rolled into rough bars which rolls the
remainder of the <l into long fibres. The rough bars ave subsequently
re-heaterd to a white, welding heat, and a number are bundled together
and re-rolled, which welds the Iayers together and further clongates the
slag,

The presenee of slag gives the fracture of wrought iron a fibrous
apprsranes and it is by this characteristie that it may easily be dis-
pinguished,  When it is filed or machined ta a surface pa allel to the
direetion of rollmg, the slag may he seen as long lines running along
the sirface. 1L iy rather soft and tends to tear under such processes
as serew-endfing,

Wrongh! iron is easily forged and welded at the forge, Tt is ductile
free po 25, nud casily bends when eold, in fact a medinme-sized bar
okl withetand being doubled upon itself without the onter side
cracking b the bend. The iron has the property of being able to
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/]\ialleable Cast Iron

{ A malleable metal is one which may easily be caused to spread
and flatten under pressure or hammering.  Lead is the best example of a
malleable metal we have in the workshop, and the rcader may soon
prove for himsclf that this metal is casily beaten out and flattened.

The application of the term *“ malleable ” to castings of that type is
rather a misnomer because they arc not very malleable when compared
with the usual standards of malleability. VWhen compared with grey iron
castings, however, which are fairly brittle, malleable eastings do possess a
degree of toughness, and this is probably why they have been so named.

For many purposes it is nccessary to produec small, thin parts
having a reasonable degree of strength such as would not be obtained
in a grey iron easting which, as we have scen, is brittle and would
break under rough usage, Such parts could be built up or forged from
stecl, but it is much cheaper to produce castings, and the process of
converting castings to the tougher form of * maileable iron > has been
evolved to meet the need for such products,

We have scen that the structure of cast iron contains flakes of
graphite dispersed throughout it, and it is the breaking up of its con-
tinuity by these rather large flakes of weak material that makes the
iron brittle. If the earbon were all removed there would be left wrought
iron, a ductile material which bends easily. Obviously, we could not
subject finished castings to a process similar to that used for the manu-
facture of wrought iron, but if we can produce a structure in which the
carbon, instead of being flaky, or in the combined form, is dispersed as
tiny specks, it would not have such a weakening effect, and our casting
should not break when dropped. This, in general, is what takes place
in the process of making malleable castings. First, castings are made
from an iron having all of its carbon in the combined form. Two
methods are then used for malleabilising the castings : the Whiteheart,
used in England, and the Blackheart, more common in America and
for large castings in this country. The names refer to the colour of
the fracture given by castings produced by each method.

In the Whitcheart process the castings, composed of cast iron with
most of its carbon m the combined state, are packed in iron or stecl
boxes and surrounded with a mixture of used and new hiematite ore,
The boxes are heated to a temperature of 900-950° C. and mainiained
at that temperature for several days, during which time part of the
carhon is oxidised out of the castings, and the remainder 1s dispersed
in small specks throughout the structure,  In thin sectrons the structure
might be almost pure iron, but in thicker scctions the outside approaches
to nearly pure iron and the centre has the dispersed specks of carbon.
The heating period is followed by a very slow cooling which occupics
several more days and the result is a casting which is tough and wlich
will stand hard treatment without fracture. The tensile strength of
malleable castings is about 25 ton per square inch,

teel
\\ The essential difference between east iron and steel is in the amount
of carbon contained in the constituency of the metal. Pure iron, as
we have scen, is a soft metal having a structure made up of iron crystals
or grains. In metallurgy, pure iron 1s called ferrite.
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now Taken from the furnace in the form of balls (or blooms) weighing
ahout ¥ ewt., which, whilst white hot, are hiammered to squeeze out a
partion of the slag and then rolled into rough bars which rolls the
remminder of the slag into lony fibres. The rough bars arc subsequently
rebeated to a white, welding heat, and a number are bundled together
andl re-1otled, which welds the layers together and further clongates the
slag,

The presenee of slag gives the fracture of wrought iron a fibrous
appraranes sl it is by this characteristic that it may casily be dis-
tinruivhed,  When it s filed or machined to a surface parallel to the
dircetion of ralling, the dag may be seen as long lines running along
the surface. Tt is rather soft and tends to tear under such processes
as serew-cutling.,

Wronght iran is easily forged and welded at the forge. It is ductile
(sve p. 23} and easily hends when cold, in facl a medium-sized bar
chordd wilhetand being doubled upon itself without the outer side
eracking ot the bend. The iron has the property of being able to
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/hlalleable Cast Iron

{ A malleable metal is one which may easily be caused to spread
and flatten under pressure or hammering.  Lead is the best example of &
malleable metal we have in the workshop, and the reader may soon
prove for himsclf that this metal is casily beaten out and flattened.

The application of the term * malleable ” to castings of that type is
rather a misnomer because they are not very malleable when compared
with the usualstandards of malleability. When compared with grey iron
castings, however, which are fairly brittle, maileable castings do possess a
degree of toughness, and this is probably why they have been so named.

R For many purposes it is necessary to produce small, thin parts
having a reasonable degree of strength such as would not be obtained
in a grey iron casting which, as we have secn, is brittle and would
break under rough usage.  Such parts could be built up or forged from
steel, but it is much cheaper to produce castings, and the process of
converting castings to the tougher form of * malleable iron ” has been
evolved to meet the need for such produets,

We have scen that the structure of cast iron contains flakes of
graphite dispersed throughout it, and it is the breaking up of its con-
tinuity by thesc rather Jarge flakes of weak material that makes the
iron brittle, If the carbon were all removed there would be left wrought
iron, a ductile material which bends easily. Obviously, we eould not
subjcet finished castings to a process similar to that used for the manu-
facture of wrought iron, but if we can produce a structure in which the
carbon, instead of being flaky, or in the combined form, is dispersed as
tiny specks, it would not have such a weakening effect, and our casting
should not break when dropped. This, in general, is what takes place
in the process of making malleable castings. First, castings are made
from an iron having all of its carbon in the combined form. Two
methods are then used for malleabilising the castings : the Whitcheart,
used in England, and the Blackheart, more common in America and
for large castings in this country. The names refer to the colour of
the fracture given by castings produced by each method.

In the Whiteheart process the castings, composed of cast iron with
most of its carbon in the combined state, are packed in iron or stecl
boxes and surrounded with a mixture of used and new haxmatite ore.
The boxes are heated to a temperature of 800-950° €. and maintained
at that temperature for several days, during which time part of the
carbon is oxidised out of the eastings, and the remainder is dispersed
in small specks throughout the structure.  In thin sections the structure
might be almost pure iron, but in thicker sections the outside approaches
to nearly pure iron and the centre has the dispersed specks of carbon,
The heating period is followed by a very slow cooling whieh occupies
several more days and the result is a casting which is tough and which
will stand hard treatment without fracture. The tensile strength of
élleable castings is about 25 ton per square inch,

teel
\ ‘The essential difference between cast iron and steel is in the amount
of carbon contained in the constitueney of the metal. Purc iron, as
we have scen, is a soft metal having a structure made up of iron ery stals
or grains. In metallurgy, pure iron is called ferrite, )



16 IRON AND STEEL

If now we make up o series of alloys of iron and carbon, with the
carhon content increasing to about 119, we shall have a series. of steels,
the metal hecoming harder and tougher as the carbon content increascs.
Uy to a conlent of about 1195, all the rhon is present in chemical
combination with the iron, and none of it exists in its free -araphitic
state. T, however, we go on inereasing the earhon above 1155 a stage
coon srrives when no more ean be contained in the combined state
anid ooy exeess mitist be present as free graphite. It is at this stage
that the metal merges into the group termed cast irons, and we may
«ro on inereasing the carbon content up to about 4104 whilst producing
g range of cast irons.

Steel, then, is fundamentally an alloy of iron and carbon, with the
.arhon content varving up to 139, whilst cast iron is an alloy of these
two clements with the earbon content ranging from about 295 to 41%.
For @ material to be classed as steel there must be no free graphite in its
composition ;- immediately free graphite occurs it. passes into the
etegory of cast iron. It is true that other clements are present in
small quantities, and are put there to confer eertain desived properties
on the metal, but the carbon is by far the most important modifyving
clement and, if he can appreciate this, the reader may study the effect
of ather elements later,

The plain steels are usually classified aecording to their carbon
content, the commonest of the range being mild steel with a earbon
content ranging from about 0-15° to 0:8%,. When the earbon content
is less than 0154, (say 0:07 to 0-13) the steel is classed as & dead mitd
steel. Medinm ecarbon steels include the range with the earbon content

arving from 0-39, to 087, whilst steels with & earbon content between
a8t and 1-57; are classified as high carbon steels,

Applications of Steels. The following is an indication of the
earbon content of steels for various purposes :
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steels, also, may be hardened on the surface by a process ecalled case-
hardening.

High “earbon stecls having a carbon content somewhat over 1%, are
often called * Cast Steels,” or “ Carbon Tool Stecls.”
~The Manufacture of Steel. The wide range of uses to which
steel is applied and its consequent high consumption causes the supply
of it to be an important problem. The consistency of its quality, also,
is a factor upon which the success of our workshop production de-
pends, The low and medium carbon steels are much more widely
used than the high carbon and fool steels, these latter being used
mainly for tools and for specialised work callmg for high quality and

These derations have caused a separation to be

made between the methods mployed in steel facture. We will
deal with the low and medium carbon group first.

e Open Hearth Process. DMost of the sicel made in this
colintry is produced by the Siemens Open Hearth Process, so named after
Siemens, its originator.

The furnace employed is shown in section at Fig. 13 and furnace
sizes range from those taking melts of 5 tons to 200 tons, In the
larger sizes manipulative problems cause some difficulties, and the big
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fus netees are often made of the tilting type. Pxﬁ-ob:xbly thcontmst ‘\.x’sggul
e for fized furnaees iv that between the 30- and 160-lon .slm...d
"I the oparation of the furnace the hc_nr{l:x Is Qr;t 12;c-pz(:rc§rc;:2r-
well hented nntil its temperature s ubrzut_l;;(m C. The charge g
alle consists of 1 mixture of selected pig iron and serap in ‘pr.opmfxm.\:
yarving aecording to the class of stecl required.  The ]‘iltlo Ob px(t;
iron to versp may vary from 1 to 4, to H to 1, u gaod average being
: e iron to 2 ol serap. .

‘ ”’2'}‘:«):\;»;: iron is ;_rcnorull_i' fed on to the hearth first. fnl]o_\\'cd. 1')}; ‘ﬂtx:c
serap. whilt in the larger furnaces chareing is ('hmc at intervals 0
avoid ton much cooling down of the furnace. The larger furnaces
(over 99 tons) ave generally charged by mechanical chargers, \\'hl(?]l
pick up boxes containing the previously weighed-out charge, push
them into the furnace and tip them. When the stecl-muking plant
adjuins the blast furnaces the iron for charging is com'c;\_'cd by ladle
i its molten state, diveet from the blast furnace (see Figo 14),

The fuel for the furnnee, which is producer gas generated by a
plant which forms part of the equipment, may be fed on to the hearth
either through chamber GOy and port GPy, or it may be made to travel
by way of chamber GC, and port GP,. Similarly, the air, which
forms a combustible mixture when nmeeting the gas over the hearth,
may be fed cither thirough chamber AU, qud port AP}, or by chamber
ACL and port AP, The air and gas direetions are controlled by the
valves ¥, and the ehambers are built up with chequered brickwork like
# honeveomb,  These heating chambers, through which the air and
aas are fed, are a characteristic of the open-hearth furnace, and it
was their developient. by William Siemens which brought about the
sieeess of this method of <techinaking, It was found that intense
heat swas neeessary to bring about the ehiemieal reactions in the charge,
and the air and gas heating ehambers assist in obtaining this heat as
folows s when the valve is in the position shown, the air and gas
pass through the Ieft-hand ehambers, the flames and hot gases from
the furnnee being foreed into the ehimneyr stack by way of the right-
Band chasnboes, The passage of the very Lot waste gases heats up the
foneyesinb brckwork in the right-hund chambers, =0 that when the
brtbnd clinabers have given up their heat to the incoming gos and
vy the videes are moved vver, easing the incoming products of com-
brstneny tooenter throngh the newly heated right-hand chamber, and
farnitg the furnace dames throweh the left-hand side, By changing the
valves over at saitable mtervals the incoming charges of mas and air
e cattad Lo pass throush & network of very hot bricks which pre-

foats then sutheientle to give the high temperature necessary when
i buesr b the hoaeth, sod at the same time the hof waste aises are
wdtiter e apposite elambers ready for the next ehanee-over The
ewkwoniin the chiambers s ehequered like o honeve
o nrea woapet whivh the po t
Phe chamb ro ore peneradiv

+

ol
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amb Lo provide o
st serub during their passage,
ealled Revenerntors, and the :111(‘1‘1!:![R'C
o r system, the Rorenorative System, An iapression of the
et e of the sesterng and of the prevailing temperatures in the
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of slag, and is accompanied by violent agitation of the contents of the
converter caused by the escaping carbon monoxide gas which is formed
by the chemical reaction of the air blast with the carbon in the melt.
At this stage the blower estimates the heat of the charge and adds
scrap or ferro-silicon according to whether it is too hot or too cold.
When the carbon is almost completely oxidised away the boil is com-
pleted, the flame subsides and eventually drops altogether. The whole

Refractory.
Lining Hollow
—Trinnion

Standard (e)Pouring Fosition

&) Blowing Pasition
Fi6. 15.—Bessemer Converter.

blow, which has taken about 20 minutes, is now completed and the
converter is rotated to the horizontal position. Its contents consist
of an almost carbonless iron, containing small percentages of silicon,
sulphur and phosphorus. For most purposes the carbon content of
this metal would be too low, and, as it would be impossible to stop
the blow s0 as to leave a definite amount of carbon present, the requisite
amount of carbon is now added in the form of spiegeleisen or ferro-
manganese, which are varicties of pig iron rich in manganese. The
chargé is now ready for casting into ingots ready for the rolling mill.

The Crucible Process. The two processes of steel making just
described supply the main output of plain commercial steels. For
certain purposes, however, such as tools, gauges, ete., smaller quantities
of very high-class steel are required, and this is often produced by
the crueible process. This process was invented in 1740 by Benjamin
Huntsman, a Sheffield watchmaker, who could not obtain a suitable
steel for making his watch- and clock-springs.

A crucible melting shop consists of a series of melting holes arranged
round one or more sides, the holes being ined with firebricks and having
their tops level with the floor of the melting shop. Each hole takes
twa crucibles, and ashpit and flue arrangements are made as at Fig, 16,
which shows a section through one hole. The crucibles are hand-made
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Blow, which has taken about 20 minutes, is now enmpleted and the
converter is rotated to the horizontal posttion. Its contents consist
of an almost carbonless iron, containiny small percentane of alicon,
sulphur and phosphorus. For most purpoces the carbon content of
this metal would be too low, and, as it would be impossible ty stop
the blow so as to Jeave a definite amount of carbon present, the requiate
amount of carbon is now added in the form of spiegrlaien of ferro-
mnn?«ﬁntsc, which are varicties of piz iron nich 10 margin~e. The

is now ready for easting into 1ngots ready
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from fircelay, and are shaped in east-iron n}()lﬂds wxlthl zllq\r\\ {))g?xi“{j golxb c
shaped Lo form the inside of the erucible.  Mach p.otbx? (". .m ut 5 .
‘of metal and is gencrally used for 3 melts before (.n}p]( ‘c‘“ -
At the commencement of the process Lwo pots with cov Lr\svl.
put in the hole on stands or hricks and the coke fire mn)tllc up‘. - ;23
the pols arc white hot the charge s putin }hrongh‘:‘t I‘L“n‘lgg(;l:til égkc
like o funnel, the lid is nd]xmipd and ll}e melting hole is 11_L'(‘ \\1} ‘ 1‘01:
The charge consists of cut picees of Swedish iron and }) 'lsllcx hurs | d
lowed by pig iron and any alloying clements that may ‘ e -rcq_mxfl .
(Blister bars are bars of carbon stecl made by heating pure on n ‘ml
presence of charcoal, which converts the pure iron into a carbon stee
-alled “ blister steel.”) ' ‘
After the charging the process consists of iwo slages—nelting

N 7,
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§ Melting Hole |
\ approx. 26 X 1<
N *3f¢. /”!I/’/,l-'/'reb/v'c/( Caver
§ p I (Melting Shop Floor
s’-",‘\ SR RN \ &
‘,{\ crucibles
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N
g
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Fra. 16.~ Section through o Melting 1lole for Crucible Steel Making,

and killing,  Two replenishments of the fire, which lasts about an hour,
are usually suflicient fo melt the contents of the pot, which will then
have the appearance of a thick simmering liquid with the slag floating
on the top,  If an attempt were made to cast this into the ingot mould
the wises in it would cause the metal 1o boil over the top of the mould
and the ingot would he full of blowhales.  The metal, therefore, must
he * Lilled ™ 1o rid it of these oceluded gases. The last or killing
fiee ™ iy made up and a small amount of manganese or aluminium
added to the contents of the pot,  This brings ahout chemienl reactions
in the metal and results in the boiling off of the gases. Finally the
('.r\ll‘l])l‘(t is pulled ont of the hole with special tongs, and after the sur-
face of the metal s been eleared of skag it is * teemed ” or poured
into the previously prepared ingot mould,
./ Electric Steel
- The methods used in the en
simee Huntsman originated the

wcible process have changed very little
steel by cleetrie furace

m.  Within recent years the melling of
s has developed rapidly, and althongh the
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crucible method yields o fine product, clectric melting possesses advan-
tages which indicate that this method is the one of the future for the
preparation of high-class steels,

There are two types of electric furnace in common use: the arc
type and the high frequency furnace. 1In the electric arc furnace the
heat required is generated by electric ares struck between earbon
electrodes and the metal bath. The impurities are oxidised from the
charge by melting it underneath a covering of selected slag which
absorbs the oxidised impurities and may then be run off by tilting
the furnace. A diagram of an arc type furnace is shown in Fig, 17,

3 Carbon Llectrodes

Lectrical
Connectron |

Water Connection
for Coolng Fectrode

Sugporting
Standards for
Water Jacket "Llectrode
for Cooling Brackets

Motors & Gear
7or Controlling
Height of

Electrodes

Motorn & Gear
For Tilting
Furnace

Fic. 17.—Diagram of the Hcrouh Electric Are Rocking Furnace.

This type of furnace is used for making alloy steels such as stainless,
high-speed steel, ete., and handles melts ranging up to 15 tons.

The high frequency furnace owes its principle of operation to the fact
that when a piece of steel is held 1n a coil of wire in which an alternating
electric current 1s flowing, the alternating magnetic field produced by
the current induces an electric current in the steel. These currents
are called eddy currents, and if they are powerful enough, their passage
will cause the steel to be heated up.

The details of a high frequency furnace are shown in Fig. 18. A is
the crucible for containing the metal and is made of a suitable refractory
material. B is the inductor coil which carries the alternating current
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and which is insu\n\'cd and wntcr-coo\cd. The outcr 1"11.\g, C,is made of
gpecinl magnetic iron Jaminations and shiclds the casing from getting
100 hol ns W€ 1 as serving 848 a magnctic ghicld to increasc the magnetic
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Tic. 18.—Tligh Trequency Coreless Induction Turnacc
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which serves to promote cfficient mixing of the constituents. YWhen the
refining and mixing arc completc the metal is pom'cd into ingot moulds
by tilting the furnace on the pivots ab lip axis Jevel.

1ligh frequency melting asually deals with charges up to 10 ewt.
and is used for high purity steels such as arc neeessary for ool and
dic steels, Pall-bearing stecls, ete.

A great advantage of the clectric furnact is the absence of gas,
fumes and jmpurities guch as arc present in fucl-fed {furnaces, and

which may introduce jmpuritics into the melt, oF oxidisc a required
coqshtucnt out of it. \Whatever i8 put into an clectric furnace may be
r.chcd upon to stay therc, andif a well-fitting top is kept on the crucible
little oxidation ean take place. Yor certain special purposes yacuun

i ad cteels are NOwW coming into voguc.



CHAPTER 2

THE PROPERTIES AND TREATMENT OF IRON
AND STEEL

l/Mechanical Properties of Metals

Although we have mentioned certain properties already, it will be
useful to study here the usual mechanical properties of metals. Later,
when discussing treatment, we shall show how great is the influence
of treatment on certain properties.

Brittleness is the property of breaking without much permanent

istortion. It may be due to brittleness of the grain boundaries or
of the crystals themsclves, Cast iron is brittle because its structure
is split up by flakes of graphite, which is a brittle material. Brittle-
ness is often referred to as shortness. Hol-, or red-shortness in steel,
is when it is brittle in the red-hot state. It is caused by too much
sulphur which is present as iron sulphide and forms a brittle mem-
brane surrounding the steel crystals. Cold-shortness means that a
metal is brittle when cold. In steel cold-shortness is produced when
the phosphorus content is too high.

Ductility. A metal is ductile when it may be drawn out in tension
wWithout rupture. Wire drawing depends upon ductility for its suc-
cessful operation. A ductile metal must be both strong and plastic,
e.g. lead wire is diflicult to draw because the strength of lead is low,

lasticity. The elasticity of a metal is its power of returning to
itS original shape after deformation by force. A material may be
stretched, compressed, or its volume changed by pressure on all sides
(c.g. immersion in a liquid), Many materials behave to some extent
like powerful clastie, and, within limits, will recover their shape when
the load on them is removed. The elastic limit is the limit of the
elasticity of 2 material, and is expressed in pounds or tons per square
inch of area. For cxample, if the elastic limit of a material were
15 ton per square inch, then, with a bar of the material 1 sq. in. in
area, the material would return to its onginal length from a load of
15 tons (or 7} tons if § sq. in.). If this intensity of loading were
exceeded the bar would take on a permanent stretch, often called
permghent sel,

longation. When a material is pulled in a testing machine for
tll purpose of finding its tensile strength, streteh takes place before
the bar fractures, The elongation is the amount of this stretch and
is generally expressed as a percentage of the original length. For
example, if a test length of 2 in. stretched to 2} . before fracturing,
the clongation would be

232 H
277 %100 = 2 x 100 = 374%.
A good elongation indicates a ductile material.
25
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and which is insulated and water-cooled. The outer ring, C, is made
special magnetic iron laminations and shields the casing from gett
100 hot as well as serving as a magnetic shield to increase the magni
flux in the coil. D is the outer shect stecl .casing. An auxiliary
the plant is the clectrical apparatus necessary to produce the b
frequency current in coil B, the frequencies in use varying from 50(
2000 cycles per second. ~

In the operation of this furnace the charge is introduced, toget
with the correct proportions of any alloying elements necessary
other materials as may be required to oxidise and flux the impuri
from the melt. As the charge is brought to the molten condition
currents flowing in it cause a certain amount of agitation to take p
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CHAPTER 2

THE PROPERTIES AND TREATMENT OF IRON
AND STEEL

\/Mechanical Properties of Metals

Although we have mentioned certain properties already, it will be
useful to study here the usual mechanical properties of mctals, Later,
when discussing treatment, we shall show how great is the influence
of treatment on certain properties,

/‘Brittleness is the property of breaking without much permanent

istortion. It may be due to brittleness of the grain boundaries or
of the crystals themselves, Cast iron is brittle because its structure
is split up by flakes of graphite, which is a brittle material. Trittle-
ness is often referred to as shortuess. Hot-, or red-shortness in steel,
is when it is brittle in the red-hot state. It is caused by too much
sulphur which is present as iron sulphide and forms a brittle mem-
brane surrounding the stecl crystals, Cold-shortness means that a
methl is brittle when cold. In steel cold-shortness is produced when
the phosphorus content js too high.

Ductility. A metal is ductile when it may be drawn out in tension
Without rupture. Wire drawing depends upon ductility for its suc-
cessful operation. A ductile metal must be both strong and plastic,
e.g. lead wire is difficult to draw because the strength of lead is low.

lasticity. The elasticity of a metal is its power of returning to
ils original shape after deformation by force. A material may be
stretched, compressed, or its volume changed by pressure on all sides
(e.g. immersion in a liquid), Many materials behave to some extent
like powerful elastic, and, within limits, will recover their shape when
the load on them is removed. The elastic limit is the limit of the
elasticity of a material, and is expressed in pounds or tons per square
inch of area. For example, if the elastic limit of a material were
15 ton per square inch, then, with a bar of the material 1 sq, in, in
area, the material would return to its original length from a load of
15 tons (or 7} tons if % sq. in.). If this intensity of loading were
excecded the bar would take on a permanent stretel, often called
permphient set.

longation. When a material is pulled in a testing machine for
thé purpose of finding its tensile strength, stretch takes place before
the bar fractures. The elongation is the amount of this streteh and
Is ﬁeﬂﬂlral_lt}' EXPTC;Sed as a percentage of the original length, For

o] 2} s (o
:ﬁﬂﬁ:’g:\tiz;e\svtou%ag; of 2 in, stretched to 2} in, before fracturing,
23 —2
f 2 0=ty 100 = 3739,

2

A good elongation indicates a ductile matenjal,
25
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. The hardness of a metal is a measure of its ability
i:o/ glilt;gtrjliils scratching, wear and abrasion, indentation lbgr’ lgardexi;
bodies, marking by a file, ete. The mac}unabxhty afxd abili ‘g o ct]l
are also hardness properties important in the workshopl;. A roug ')‘;'
but often reliable test for the lmydness of a _hardened tool, is to ieci i
the edge of a fine file will touch it. The Brinell hardness of almeda is
found by pressing a ball on to the surface of the metal, the har ?ess
number being found by dividing the load on the ball by 'chez1 surface
area of the impression. For testing steel, the ball is 10 mm. diameter
and the load 3000 kilos. Brinell machines are usually supplied with a
chart which gives the hardness number when the diameter of the ball
jmpression is known.

Malleability. This is the property of permanently extending in
all dircctions without rupture by pressing, hammering, rolling, etc.
It requires that the metal shall be plastic but is not so dependent on
strength, c.g. lead is a very malleable metal. ‘

Plasticity. This is a rather similar property to malleability, and
sfivolves permanent deformation without rupture. It is the extreme
opposite to clasticity, as may be shown by comparing the behaviour of
a picce of clastic rubber and a picee of plasticine under a straining force.
Plasticity is neeessary for forging, and metals may be rendered plastic
by hieating them, c.g. stecl is plastic when at a bright red heat.

“” Strength. The strength of a metal is its ability to resist the
application of foree without rupture. In service a material may have
to withstand tension, compression, or shear forces. The strength of a
material is measured by loading it in a testing machine. The wltimate
strength is the load necessary to fracture 1 sq. 1n. of eross-scction of the
melal.  The fenaeify is the ultimate strength in tension. Ultimate
strength and tenacity are always expressed in pounds or tons per
squdre inch,

*/ Toughness is the amount of energy a material can absorb before
it fractures. A measure of the toughness of a metal may be obtained
hy nicking if, placing it in a vise and striking the end with a hammer.
Certain woods are very tough and it is for this reason that hickory is a
good material for sledge-hammer shafts,

Constitution of Steel

Reverting back to our discussion of iron and steel, it will be advan-
tageous for us now to examine more closely the constitution of the
plain stecis.  The mechanical properties, which are of importance to us
are so closely connected with the structure, and the structure with the
treatutent, that we shall gain o more thorough insight to the subject
if we have a clear conception of the nature of the metal. !

. The microstructure of pure iron (Fig. 1) showed the clear erystals
2[“1{(:;1“ é{ﬁx‘;n:&)uwl.th tllxc_lr grain boundaries. This metal is very soft
i ey “x an u t}mnte tensile strength of about 19 ton per
ocurs ch. s‘t‘ s?on as carbon is added to this iron a great change

ructure and propertics, and Fig. 19 shows the micro-
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structure of o mild steel containing 0-25%-0-3% earbon. The white
constituent is the ferrite, whilst the dark patches represent that part
of the structure which contains the carbon. It must be remembered
that these dark patches are not actual carbon but contain it in a chiemi.

Pearlite
(Black
Areas)

Tic. 19.—Microstructure of Mild Steel (025-03% carbon X 100).

cally bined form, A chemical bination of two elements can be
formed in which the final result is totally unlike either of the elements
of which the combination is composed. Thus, hydrogen and oxygen
combine in a certain proportion to form water (I1,0), carbon and
oxygen may form carbon monoxide (CO), or carbon dioxide (CO,),
and so on, Now iron and carbon unitc to form iron earbide {cementite)
and they do so in the proportion by weight of 1 of carbon to 14 of iron.
Iron carbide has the chemical formula FeyC and is a very hard, white
and brittle substance, so that the more of it the steel contains the harder
will it be.

If, now, we magnify further one of the dark portions of Fig. 19,
it will show us that the dark, carbon-bearing constituent is in reality
a substance built up of alternate light and dark plates, as shown at
Fig. 20. These layers are alternately ferrite (iron) and cementite, and

1

Fic. 20.—Structure of Pearhte I, 21.—Microstructure of Iigh
X 1,000 Approx. Carbon Stec

(Black areas of peafite surrounded by o
membrane of cementite.)

allowing for the great magnification it will be scen how thin the plates
are. This substance 1s called pearlite and 1s made up of 879 ferrite
and 13% cementite. We have, then, that 100 parts of pearlite con-
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tain 13 parts of cementite, and since cementite consists of 1 part of
carbon to 14 parts of ferrite (i.e. 1 of carbon to 15 of cementite), the
13 parts of cementite in 100 of pearlite will contain 13 of carbon = 0-87,
or about 0-9, Thus, pearlitc contains approximately 0-9% of carbon,

. . 25 .
and the 0-23%, C steel shown at Fig. 19 contains %—b— = 289%, of pearlite

and 729, of ferrite. Pearlite is a strong metal and may be cut reason-
ably well with cutting tools. It has an ultimate strength of about
50 ton per square inch.

As we increase the earbon content of steel, the proportion of pearlite
increases also, until when the stecl contains 0-99, of carbon, its structure
consists entirely of pearlite. If the carbon content is increased further
still there will be some cementite left over and this will appear in the
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F1G. 22.—Relation between Carbon Content, Structure, Strength, Hardness and
Ductility for Steel.

structure as a free constituent in the same way as free ferrite appears
in the low carbon steels. This is shown in Fig. 21, which shows the
microstructure of a 1-49; steel. Now, since ferrite is soft and not very
strong, and cementite is hard and brittle but also without much strength
as the carbon (and the pearlite) is increased, the steel will get harder
and stronger up to the point when it contains 0-9%, of carbon. . Beyond
this, the cementite is increasing, but not the pearlite, so that its hardness
will increase but its strength will decrease. This is illustrated in
¥ig. 22, which illustrates the effect of the carbon content on structure
strength, hardness and duetility. !
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‘The Behaviour of Steel when Heated

With the foregaing discussion fresh in our minds we will examine
the changes which take place when stecl is heated, These are of great
importance, as they explain the reasons for, and effects of, heat treatments
given to the metal, a subject upon which there is often much confusicr,

If a piece of steel {say about 0-39% carbon) is put into a furnace,
and gradually heated at a uniform rate, and the temperature of the stecl
observed at equal intervals of time, its temperature will at first rice
uniformly, as would be expected. When, however, the temperature
reaches 700° C. (a dull red heat) it will, for a time, remain stationary, and
then rise at a somewhat slower rate until it reaches about 800° C. (a gocd
red heat). After this, if the heating can be maintained, the temperatuie
will continue to rise at approximately its initial rate.

Check in

9001 Temperature Uniform Fall
Rise in
800 Temperature

Heatin
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_g{ 600 urve Lniform Cooling
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Tie. 23.—Yleating and Cooling Curves for Steel.

Let us now assume that the piece of stecl is heated to 900° C, in the
furnace, then removed and observed in a darkened room. At 900° C.
it will be a bright reddish yellow colour, and as soon as it is taken
from the furnace it will begin to cool and lose its brilliancy. The
cooling will proceed normally until the temperature has dropped to
about the point where it received its first check when it was being
heated, and here, if it is observed carefully, it will be seen that the
cooling down has stopped. Not only will a check in the cooling down
be obscrved at this point, but the steel will probably be seen to take
on an extra glow as though heat had been imparted to it.  After this,
the rate of cooling will proceed normally until the metal is cold,

The heating up and cooling down may be represented on a graph of
temperature-time, Iig. 23 shows the approximate form of such a graph.

Now when the steel was being supplied with heat at a constant
rate in the furnace, had its structure remained in a stable and un-
changed condition, its temperature would have shown a steady rise,
and would not have remained stationary at 700°C. Similarly, the

o~
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slowing down, and actual evolution of heat at the same point on cooling,
indicates that at this temperature a structural change takes place in
the metal which absorbs heat when the steel is being heated and gives
up heat when cooling. It has definitely been established that a strue-
tural change docs take place at this point, and because the steel glows
when cooling, it has been called the Point of Recalescence. We have
scen ihat the structure of steel, less than 0:9%, carbon, is made up of
areas of ferrite (iron), surrounding arcas of pearlite, which is a sub-
stance made up of plates of ferrite and cementite. When steel is
heated, this structure remains stable until a temperature of about
700° C. is reached, when the carbon in the pearlite commences to dis-
solve in the iron.  (The reader may wonder how this can be when the
whole structure is solid, but we may have a solid solution of carbon in
iron just as we may have a liquid solution of salt in water.) This
change of state continues, until the whole structure of the metal consists
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I'ig. 21.—Ifcat-treatment Ranges of Stecls.

of a solid solution of carbon in iron which is ealled austenite, and it wa
whil.sl. phis structure was building up that the steel in the fur’nnce slowe
up in its temperature rise, heat being absorbed to bring about tt
change. When the austenite is completely formed the ?cmpemt\ﬁ
rise continues as at first.  On cooling the reverse takes place, and '-
700° C. the austenite changes back to pearlite again.  This phcn’omcn;
is very important in the study of steel.  The temperature points at whi
the change starts and ends are called the eritical points, and the rap
including them the eritical range. 'The tcmpcraturc’ at which 1
change starts (lower critieal point) is the same for all steels and
about 700° C., but the finishing point of the transformation (the(u
eritieal point) varies according to the steel carbon content. Thri)'
illustrated in Fig. 24, from which it will be seen that for a steel ¢
tnining 0-879, earbon (wholly pearlite), there is only one eritical pe
the whole transformation taking place at that teﬁlpemturc FPG
shows the change which oceurs to the microstructure of the ;tccll;
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the carbon goes into solution. Fig. 25 (a) shows the normal structure
of ferrite and pearlite and (b) shows the austenite at the end of the change.
Austenite is a solid solution of carbon in iron, and all ordinary stecls
above the critical range are in this condition. Naturally, the amount
of carbon in solution will depend upon how much is present in the
steel (as we may have weak or strong salt solutions). Austenite can
hold up to 139% of carbon, which is more than the amount ever found
in steel, Other changes, as well as the formation of a solid solution
of the carbon, occur to steel during the critical range: (1) Austenite
is a non-magnctic material, s0 that when it forms, the steel loses its
magnetic quality, a change which is useful to us for determining the
upper point of the critieal range. (2) When being heated, o consider-
able contraction occurs at the critical range, and when eooling there is
a corresponding il i (3) The metal beccmes
extremely plastic at this point.

(a) Normal Steucture of Territe and (b} Austenite, Steucture of the Steel when
Pearlite, the Carbon has gone into Solution,

F16. 25—Showing Change in the Structure of Steel when heated to the Critical
Range.

To sum up : when steel is heated, no structural change takes place
until the lower eritical point is reached. At this point, the carbon in
the steel commences to form a solid solution with the iron, and this
change takes place through the critical range. The transformation is
completed at the upper critical point and at temperatures above this
the steel consists of a solid solution of carbon in iron called austenite,
which is a hard, non-magnetic substance. When the steel is allowed
to cool down normally, on passing through the critical range, the
austenite is transformed back to pearlite, accompanied by ferrite
in steels less than 0-99 C., and by cementite in steels above 0-99 C.

Heat-treatment of Steel

For the proper heat-treatment of steel, some form of furnace is
necessary together with an instrument for measuring the temperature
inside the furnace. In the past a great amount of heat-treatment,
particularly of tools, was done in the blacksmith’s fire, and even to-day
this method is still used in some places. At its best, however, this
metliod of heating is not reliable, as for all except small tools the heating
is not uniform, and, what is more important, the estimation of the
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(a) (] (c) (d)
[The Industrinl Gas Informiation Burcau,
Fia, 26 - Corner of a Heat-treatment Shop,

bath of molten salt as their method of heating,  For example, sodim
eyanide fuses and becomes molten at about. 600° C., and in its molte
state may be heated up to about go0° C, 1, therefore, we wish Lo hes
certain articles to temperatures bebween these himits an exeellent methe
of doing it is to immerse them in 2 bath of molten eyanide until th
have reached its temperatuve,  Whilst they are immersed in the liqu
salt they are proteeted from the air and therefore do not oxidise a
seale, and furthermore, they ave heing uniformly heated from all sid
Furnaces of this type are ealled salt-bath furnaces.  The use of {h
furnaces involves taking certain preeantions ngainst the fumes ot
off, and care should he taken when quenching artieles which may h
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2 covering of molten salt because of the spitting which is liable to take
place. To guard against this second risk, operators usually wear gloves
and goggles.

A corner of an heat-treatment shopis shownat Fig. 26.  The furnaces
being (a) and (b) gas fired oven (or muflle) furnaces, (¢} small tempering
furnace with separate metal container and (d) gas heated salt bath
furnace (shown with doors closed), -

Furnace Temperatures. An important auxiliary to a furnace is
some method of measuring its temperature, because the successful
heat treatment of steel depends on close adherence to the correct
temperature. There are many methods used for this, a simple one
being to put in the furnace some substance which melts at the tem-
perature it is desired to verify, The substances used for this are
moulded in the form of cones from mixtures of Kaolin, lime, feldspar,
magmesia, quartz and boric acid, with their melting temperatures
arranged in steps from G00° C. to 2000° C. Vhen a furnace temperature
is required, several of these cones, covering a range of melting tem-
peratures within which the temperature of the furnace is judged to
lie, are put in and observed, The temperature is then judged from
which cones collapse, and which remain unaffected by the heat of

T'1G. 27.—Seger Cones after being in Furnace,

the furnace, For example, fo verify a temperature judged to be
810°-820° C., cones having melting points of 790°, 815° and 835° might
be put in, the temperature then being estimated from their condition
after sufficient time had elapsed for them to be affected. These cones
are called Seger Cones or Sentinels and Fig. 27 shows how they appear
after a test.

Pyrometers, For modern heat-treatment furnaces the above
method of measuring temperature is not very convement because it is
lengthy in operation and does not give a continuous reading of the
temperature, as is often necessary. A more scientific and relialle
method of measuring furnace temperatures is by an instrument called
a pyromeler. ‘There are various forms of pyrometers and tweo types in
common use are: (1) The Thermo-Electnie Pyrometer, (2) the Optical
Pyrometer. The first type makes use of the principle that when two
dissimilar wires are joined to form a complete electric circuit, and the
two junctions maintained at different temperatures, an electric current
flows in the circuit, the magnitude of the current depending upon the
metals used, and the temperature difference of the junctions.
hot junction, which is placed in the furnace, 15 often made up of Wi

LW.T. c

e, AT,
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The optical pyrometer compares the inte
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appearing filament pyrometer the glow of
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?f clectric current. The appearance of the flament, as scen throu
e telescope, is shown alongside the diagram Yig. 28 ().
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eat Colours. The lumi colours corresponding to different
furnace and metal temperatures are as follows :
Temperature,
°F. °C. Process for which suitable.

Colour.
Black red (viewed in dull
light or darkness) . . ECO 426

960 4g2| Toughening carbon 'tuol
1000 538 steel after quenching. .
Very dark red . . . 1100 503) Tempering high-speed steel,
1200 648
Dark red . . . 1300 704
1400 760 |Hardening and snmnealing
Cherry red . . « 1500 815 carbon tvol steel,

Light eherry Te: .. 1600 871

1700 926 ¢ Hardening alloy tool steel.
Orange red . . . 1800 081

1000 1036
Yellow . . . . 2000 1093

2100 1149

2200 1204

ellow : 25
Yellow white . 1315} Hardewing highespeed stecl.

WWhite . . . . 2300 1371 Welding.

\/ easons for Heat treatment. Metal is heat-trcated to give it
ertain desired properties, Some of the properties which may be

ired and the tr y are as follows :

To soften the metal—2Xnnealing.

To harden it to resist wear, or to enable it to cut other metals—

~Hardening.

To remove some of the extreme brittleness caused by hardening—
Tempering.

To refine the structure after it has been distorted by hammering
or working when in the cold state—Normelising.” ,

In addition there arc various other treatments such as toughening

the metal to better withstand shock, toughening soft steel so that it

machines without tearing, treating special steels to increase their strength

hd so on.

Annealing _

The purposes of annealing are (1) to soften the steel so that it may
be more casily machined, (2) to relieve internal stresses which may
have been caused by working the metal or by unequal contraction in
cesting. The process involves (a) heating slowly to the required
temperature, (b) holding at that temperature for long enough te cnable
the internal changes to take place, (¢) cooling slowly. | We have seen
that above the critical range steel consists of austenite This is true
whatever may have been the structural condition of the steel before
heating. Furthermore, when austenite is cooled normally through the
critical range, it changes to pearlite, mixed with ferrite or cementite,
depending on the earbon content of the steel.  This change occurs only
if the cooling is slow. The truc transformation to pearlite, therefore,
is dependent on having true austenite to start with, and then allowing
suflicient time for the metal to cool through the critical range for the

i\
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ite to form. The temperature for anncaling must be 30°
fcgft.'iol?’cztglotvc the higher critical point for stecls up to 0-9% car;)pr;,
and about the same amount above the lower critical point for high
carbon and tool steel * (above 0:9% C.). The reader may obtain t-hese
from the graph (Fig. 24), and they are approximately as follows:

Carbon Content S5 Annealing Temperature ° C,
less than 0-12 (Dead mild) 875—955
0-12 to 6-25 (Alild) 84(3-—9:0
03 to 05 815-840
05 to 09 780-810
09 to 1-3 (Tool steels) . 760780

The time taken by the metal to reach the temperature of the furnace,
and the period for which it should be * soaked™ at the annealing
temperature vary acrording to the shape and dimensions of the article,
but the process should not be hurried.} The best method of cooling
is to turn off the furnace and leave the work inside, allowing the whole
to cool slowly together. If this is not possible the metal should be
taken out and buried in a non-conducting material such as sand, lime
or ashes. {\

\\/Normalising

The object of normalising is to refine the structure of steel and
remove strains which may have been caused by cold working. When
steel is cold worked (hammered, rolled, bent, ete., in the cold con-
. dition) the crystal structure is distorted, and the metal may be brittle
"*  and unreliable. Also, when steel is kept heated for a considerable
period well above the higher critical point (as may often be necessary
for prolonged forging), a growth in the grain size takes place, and
when cool the metal may have lost its toughness.  If the steel is slowly
hicated to its annealing temperature, the structure is in the most refined

state, and normalising consists of cooling it in air from this point.

,;Iardening and Tempering of Carbon Steels
" We now know that the eritical range is the interval between two
temperatures the lower of which is about 700° C., and that when stcel
cools normally through this range, it is transformed from austenite to
pearlite, plus a free constituent. If we can by some means lower the
temperature of the transformation of austenite so that instead of taking
place at 700° it takes place at about 300°, it will not decompose into
pearlite, but will be transformed into a constituent called marfensite.
We can lower this temperature of transformation by cooling the metal
suddenly, so that the change does not have time to take f):’lace at the
normal point, but is forced to oceur at some lower temperature. The
sudden cooling is usually made to take place by quenching the steel

¢ The reader may wonder, in view of the foresoin remark ;
should not be heated above the upper eritical poi;t fgr annca‘\l?xgr:.‘ h);tt(i)glf::xﬁs
that this may result in an unsatisfactory structure and cause cracking when the
tools are hardencd.  Heating is therefore stopped when all the carbon in the pearlite
has gone into solution but not all the free cementite. pes
I metal is placed in a furnace at (say) 800°
oull be allowed for the heatin

thickness sh C., at least 20 min. per inch of

g-up period.
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in water or some other liguid, snd the efficiency with which the quench-
ing oceurs determines how much of the austenite is transformed to
martensite, and the hardness of the steel.

The exact constituency of martensite is not clearly known but it
serves our purpose to know that it is a very hard substance capable of
tesisting extreme wear and of cutting other metals. It has a needle-
like structure as shown in Fig, 29. It should be clear that martensite
eannot be formed (and the steel hardened) by
quenching until the stecl is in the austenitic
condition, i.c. above the lower critical temper-
ature, the carbon then being in solution.  For
this reason, the term hardening carbon has been
given to the form of the carbon when the stecl
is above the lower critical temperature, and
cement carbon when below this point (i.c. in the
pearlite). When the carbon is in the cement
(softcning) form, the steel cannot be hardened
by quenching,

Before passing on to the practical consider-
ation of hardening and tempering it will be =
necessary to qualify our remarks somewhat F}G‘59-T“?P"5€"1'“zlh';
for low ‘carbon steels. ;‘\Iff:::sl,‘tk: iE"‘g&‘:_;“dw"d
When steel contains less than 0-3%, carbon, Carbon Steel. The White
and this includes all the mild steels, the solu- Background is Austenite
tion of carbon in iron which forms the austenite X 1000 approx.
is naturally a much weaker solution, and con-
tains more iron than for the higher carbon steels. Vhen steel of this
class is quenched, some of this extra iron is set free in the structure
and this, together with the fact that the smaller amount of carbon
results in asmaller amount of martensite, makes it impossible to harden
mild steel in the manner just deseribed. A mild steel will certainly be
somewhat harder and of a more uniform texture as a result of quench-
ing, but it will not be hard in the generally accepted meaning.

TABLE 4. HARDNESS OF QUENCHED STECL

Carbon 95 . . 01 03 05 o7 090 12
Brinell hardness . 130 40 630 700 680 690
s

\Tempering

Martensite, being an extremely hard and brittle substance, renders a
dead hard tool made of it lable to cracking and chipping. The stecl
is therefore heated up again to a temperature below the lower critical
temperature which causes a partial transformation of the martensite
back to pearlite again, thereby taking away some of the hardness, but
making the steel tougher.

The temperature at which tempering should be carried out depends
upon the purpose for which the article or tool is to be used, and the
table below gives the temperatures for some of the usual applications of
high carbon steel.

When the article has been brought to the tempering temperature it
may be quenched or allowed to cool off naturally. The temperature
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for this opcration is often judged by thef cto}}our ro_f lthcqggicilcl ei';lemc;‘;{glxlc:;
11y polished surface of the articie, an ]
PP O e 8, 1 hould experiment with a few pieces
iven in Table 5. The reader should exp & few
2¥Cs%é‘efnin order to familiarise himsclf with the order in which the
colours appear.

l‘/‘;‘ { TABLE 5. TeMperING TEMPERATURES
"

\/ Tool or Article. Temperature © C. Temper Colour.
! Turping tools . . . . . . - ‘?;30 Palekst:mv.'
| Drills and milling cutters . . . ...%0 Dar - 5 TAW.
‘Taps and shear blades .o 250 Brown.
hes, reamers, twist drills, rivet . )
P:::p‘s e 260 Brownish purple.
Press tools, axes . . . . . - 270 Purple.
Cold chisels, setts for steel . . . 280 Dark purple.
Springs e e e e e 300 Blue.
For toughening generally without| ;
‘ undue hardness o e e s 450-600 ,

H

To sum up: carbon stecls may be hardened by quenching from
the annealing temperature (page 36), when they may be too brittle
for their purpose. To toughen them they must be tempered by re-
heating to a suitable temperature.

*,. /Quenching

" We have seen that to transform the austenite to martensite
cfliciently, the cooling must be so rapid that the temperature of trans-
formation is lowered from about 750° C. to 300° C.  This involves very
rapid cooling and brings troubles with distortion and eracking. There
are two factors which tend to cause the metal to warp and crack:

(1) When metal is cooled it undergoes a general contraction which
is not uniform, but occurs first at the outside surfaces, and
in the thin scetions of the article.

2) Whlcn steel cools through the critical range an expansion takes
p ace.

Now, if we could arrange to cool the metal so that its whole volum
could be suddenly cooled at the same instant, we should not experienc
much trouble with volume changes, but unfortunately this is no
possible. Let us examine what happens : after carefully heating th
steel to the annealing temgerature we quickly take it from the furnac
and plunge it into water. The outer portion of the metal being !
contact with the water is immediately cooled and undergoes its eritic
range (-gmnsion, followed by its cooling contraction, becoming a har
rigid skin of metal.  The inner portion of metal, however, has not 3
felt the quenching effect and is still red hot. An instant later.
quenching effect is transterred to this portion which ,
the critienl range

ac, must expand. It can easily

, as it passes throv
likely to happen to the hard

] be imagined what
and brittle outer layer of cold metal w'
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this inner core undergoes its critical expansion : it is 3 matter of very
good fortune if it does not erack, and most of us must have had that
mortifying expericnce.

The general contraction which takes place may be to some extent
allowed for by the direction in which we quench the toal.  For example,
if a long tool such as a tap is quenched on its side, the whole length of
one side meets the cold water at once and contracts. This sudden
shortening of one side causes the tap to warp, and we must remember,
that to try and straighten it afterwards will most surely break it. If
the tap is plunged vertically into the water, the warping cffect is greatly
minimised. The reader should study every job he has to harden and
endeavour to quench it in such a manner that warping effects are
minimised as much as possible, When an article has been quenched
it should be moved about in the water to expedite the cooling as much
as possible,

After what has been said regarding the slower cooling down of the
inner metal of large and thick jobs, it can be imagined that the section
of such an article will not be of the same hardness throughout, and the
very centre may almost have had time to transform to the pearlitic
condition. This may not be a disadvantage as a rather softer core to
a tool helps to give it strength and we are not likely to require to use
the metal near the very centre forcutting. VWhen extreme hardness can
be sacrificed in favour of extra toughness, oil may be used for cooling
instead of water, with less risk of eracking during quenching. As the
specific heat of oil is less than that of water its cooling effect is less and
the quenching effect is not so intense. This means that less martensite
will be formed, and the tool will be softer and tougher.

It is often not necessary to harden the whole of a tool, but only
that portion which is required to do the cutting and only the part
required hard should be heated and quenched. This leaves us with a
hard cutting portion merging on to a tough shank or body. Tools
such as chisels, punches, drifts, ete., must on no account be hard where
they are struck with the hammer or the metal will chip and may fly
into the face or hands.

The heat required for tempering is generally obtained by placing
the article on to a piece of plate which has been heated to redness.
The portion of the tool to be tempered having been previously polished
with emery cloth is carefully watched, and as soon as the correct tem-
pering colour appears it may be cooled off. Round articles such as
taps may be held inside 2 picce of red-hot tubing so that they arc
uniformly heated from all sides.*

For some tools such as chisels, punches, ete., time (and heat) may
be saved by hardening and tempering in the same operation. The tool
should be heated up to the hardening temperature for about half its
length and then the cutting end quenched for a length of 1-2 inches.
When it is quite certain that quenching is complete the tool should be
removed from the water and the cutting edge quickly polished with

* When Jarge quantitics of work have to be tempered, an eflicient way of heating
13 by immersion in & bath of molten metal or salt. A useful range of temperatures
is provided by the tin-lead alloys wlech are molten between 183°C. (379, lead)
° C. (1002 lead).
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4 . The heat from the unquenched portion will soon travel,
;E)’?cgnggz}t]ion:r to the end, and thcqtcmpcring colours will show up.
When the required colour appears the whole tool should be quenched,
This method gives a good effcct as the tool consists of the hardened
and tempered cutting edge, with the metal gradually and uniformly
deereasing in hardness towards the soft shank,

The Working of Steel

Practically the whole of the encrgy of the workshop engineer is
aimed towards some aspeet of changing the shape of metal and we
shall now discuss the general question of hot and cold working. .Cold
working means the subjecting of metal to forces which cause it to
undergo plastic deformation when it is below the lower critical tem-
perature (pearlite condition).  Hot working is the same thing when the
metal is above the lower critical temperature. The processes included
are forging, bending, rolling, drawing out, hammering, etc., and it
will be realised that since cast iron is brittle and does not lend itself
to any form of plastic flow, it is excluded from the following remarks

which refer to wrought iron and steel, and in a general way to the
non-ferrous metals which can be worked.

Cold Working. It may at first seem strange why working steel
at 600° C., which is a dull red heat, should be included in the category
of cold work. When it is remembered, however, that the pearlitic
structure remains unchanged up to the lower critical (just over 700° C.),
it will be realised that the effect, on the pearlite, of plastic working
will be the same at any temperature below this,

Cold working distorts the erystal structure of metal and renders it
harder and more brittle.  Unless, however, the metal has been worked
so much that it cracks, its stracture may be brought back to its original
state by anncaling.  Whatever distortion may be'in the structure of the
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16, 80.~—Effeet of Cold Drawing on the Structure of Metal.

steel helow the eritieal range, when it is brou
temperature it re-erystallises into austenite
transforins hack to pearlite bearing little
went,  The reader may imagine that whe

ght to the upper eritical
and then. if cooled normally,
trace of the original ill-treat-
n a metal has been bent and
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-+, "2' “ened again, or given a certain amount of permanent stretch, or
has received some other such treatment, it has lost its * nature ” and is
rendered worthless. This is not the case, as provided the metal has
not cracked the treatment will only have made it a little harder, stronger,
and more brittle, and it may be brought back to its original condition by
anncaling or normalising. If, of course, the treatment has made the
metal so brittle that it has cracked, then we may say it has lost its
* nature ” or any other word we like to use, for the oniy cure is the
scrap-heap and re-melting, As we shall discuss later, cold working
occurs when metal is cold rolled, drawn into wire, drawn into cups, cold
headed, bent cold, ete. The distortion to the structure of a mild steel
caused by being drawn into wire is shown at Fig. 30.

Hot Working. This consists of changing the shape of steel when
its temperature is above the upper critical and is used in hot rolling,
forging, upsetting, cte. ot work refines the structure of steel by
smashing up large grain formations and closing up any cavities which
may be present. The shaping of hot, plastic stecl may be by blows
such as from a hammer or drop stamp, or the metal may be caused
to flow by a slower and more even movement as by the pressure of a

. Oir forof (a) Turned Down from Bar
iy of Large Diameter

(B} End Forged Up From
Lnd View ‘Shatt ize
Fic. 81.—Lffect of upsctting End of Shatt.

hydraulic press, The hammering processes tend to give more thorough
cifects than the pressing, which i1s morc in the nature of kneading,
Where the thickness of metal is Jarge the eficets of hammering may not
penetrate right through, and the surface metal will be better worked
than that below, If forging is carmied out with the strength require-
ments of the finished article in mind, 2 much improved and more
reliable product may be obtained. This is because stecl to some
degree exhibits directional qualities in its grains, and by suitable forging,
the flow of the metal may be so controlled that the direction of the
grain adds strength. Fig. 31 is of a gear, solid with a shaft. At {¢) is
shown how the grain would run if the whole were turned from a solid
Lar, whilst at (&) the grain glow caused by forging up the end of a bar
is shown. The metal in gear teeth cut on the gear at (b} will be more
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durable than at (a). Tig. 32 shows the grain
dircetion in 2 forged crankshaft, where again
it can be secnt that the directional qualitics
of the grain add toughncss to the webs, and
where they join the round parts of the shaft.

Finishing Temperature.’—The temper-
aturc at which the hammering of a forging 18
in left off has an important influence on the
propertics of the forging. YWhen steel 18
heated to, and sonked at, & temperature

considerably above its upper critical point, its grain size u}crcnses, an
if cooled from this point its structure may be weak and without gough-
ness.  When a considerable amount of forging has to be done the metal
st be made hot of it will cool too quickly and time will be wasted
by continual re-heating. Whilst the metal is being hammered the
grain growth is compensated for by the refining effcet of the hammering,
but if the hammering s discontinued at 2 high temperature, grain
rowth will oceur as the forging cools. On the other hand, if the metal
7s hammered when it is below 700° C. it will be cold worked and may be
iven small hair eracks. The best time to leave off hammering is when
The steel is just above the upper critical temperature and it will then
have the best possible structure when it is cold. If there 1s any doubt,
after it is finished. Tig. 33 shows at

TYiG. 32.-—-—Dircc\ion of Gra
ine Forged Crankshafl.

the forging should be normalised

R 3
{a} s Con]l-d from n High Forging ) Re
Temperature.

Fia. 33.—Showing the E
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Steel after Normalisnz.

ffect of Normalising in Refining Coarse-green Structures.
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the grain boundarics. When in this stnteythc m‘et:{; e mec

to as * hurnt 7 and nothing exe - i vl b i 1 e
o a8 g exeept re-melting W ill bring it back to :
o :xﬁ:{ﬁnf?\ln&):&‘i}g i;c;ﬂc \\'hclx{ ﬂl\c ferrite in the microstructur
of < , instes seing well dispersed 1
of nild = ‘ . o persed amongst il

colleeted together in large patches, the steel givc% unsftisg':clac;lol:
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TABLE 6.

({a) Tests for Properlies

Hardness. (a) Unhardened Metals. Use some form of pressure (e.g. vise
or arbor press) to force a #-in. ball on to the polished surface of the
metal. Exert the same pressure each time and compare the diameters
of the impressions made.

{b) Iardened Meials., ‘Fry to file the metal with the edge of a small,
fine file, Grind smooth, and scrateh with a needle point.  Use scratch
test to try for hardening at the cenfre of a picce of quenched steel
(after previously micking and breaking the bar).

Strength., Take bars about } in.—-1 in. diameter and 3 ft. longz and sup-
port at each end. Load centre with weights, and compare say at
centre. Or, clamp one end of 2-ft. bar in vise and load the other
end, Strong metals give least deflection. Keep loading within the
elastic limit of the material (ie. no permanent sct when load removed).

‘Toughness. Saw a }-in. bar about } through, hold in vise and hit with
2-Ib. hammer until severed.  Force, and number of blows necessary
is an of Test o carbon steels which
have had varying degrees of temper up to 600° C.

Brittleness. Brittle metals break easily under the above test for tough-
ness.

Ductillty
(1) Take a piece of the material } in.~} in. diameter, hold it in the

vise with about 2 in. protruding. Bend the end backwards and
forwards and count the number of times it may be bent before
it fractures. A ductile material will stand a greater number of
bends than one which is not ductile.

(2) Take a bar or strip and double it over on itself like a hairpin.
Examine the outside of the bend for cracks, and if the material
is ductile it should be free from them.

{2) By some means, pull wires of the material until they fracture.
Compare the lengths under tension before and after fracture.
Wires which have stretehed the most before fracture arce the most
ductile.

Malleability, Hammer a round bar until it has been flattened. Examine
the edges of the flattened portion for cracks, Materials which are
most ezsily flattened, and which show least signs of cracking are the
most ductile. This test also gives a measure of the plasticity of a
material.
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CHAPTER 8

MATERIALS (cont.). NON-FERROUS O%ng}iiL}éND“ﬁIﬁ)g’g
SED IN THE WORKSHOP — ALL SELS — R
U?IF?I‘AIZS-—»CERAMIC TOOLS—PREPARATION OF METALS

Althoush iron and stecl are the most common and 1mp01“t:mt of
in i hich w : deal, there are other metals used
the materials with which we have to deal, . I e
in the workshop about which it will be necessary for us to hs c o
knowledge. The chief pure metals in tl}e‘ non—fcrrouslgrgu% nth
which the reader will have to deal are aluminium, copper, lead, i]‘nn‘eqt
zine. These may be mixed to give alloys, many of which f;rc Ot blr ‘in
importance. The reader, if he likes, may 11cgar§1 the above -me i}t's n
the light of primary colours which may be mixed in (}11Te1'exxt proportio
to give a wide rawff‘varymg shades,

Aluminium

Aluminium is a white metal produced by clectrical processes from
the oxide (alumina), which is prepared {rom a clayey mineral called
bauxite. Bauxite is found in large quantities in various parts of the
world and the successful extraction of the metal depends upon the
supply of large amounts of cheap clectricity. Owing to its light weight
alumininm is used lIargely for aircraft and automobile components
where the saving of weight is an advantage. The specifie_gravity of
aluminium is abonf 2-68 as compared with 7-8 for stecl, 1In its pure
state the metal would be too weak and soft for most purposes, but when
mixed with small amounts of other alloys it becomes hard and rigid.
Aluminium is very ductile and mallenble. It can be rolled into leaf
Toi¢w in. thick and drawn into wire 5% in. diameter. It can be given
a high finish by burnishing and polishing.  Aluminium melts easily
and may be formed into parts by casting.  In its natural state (about
999 pure), it has a tensile strength varying from 6 to 10 tons per
square inch depending upon the amount of mechanical treatment it has
received.  Its good electrical conduetivity is an important property
and aluminium is used for overhead cables on the Grid system pylons.
To give the strength necessary to carry the large spans, the cables are
made of aluminium with a thin core of high tensile steel wire. The high
resistance of aluminium to corrosion makes it a useful metal for cooking
pans. It owes this resistance to a thin film of oxide which covers its

surface and proteetsit.  Aluminium foil is used for wrapping chocolates
anid cigarettes and for sealing milk bottles, whilst the powdered metal
is used as the hase for aluminium paint. Weight for weight aluminium
is only excecded in tensile strength by the best cast stecl.

Aluminium Alloys. It is when alloyed with small amounts of
other metals that aluminium finds its widest uses. The addition
of small quantities of other clements converts this soft, weak metal
tito hard, strong mctals with a wide range of applications, For the
48
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casting of crank cases and for general engineesing use. aluminium is
alloyed with small amounts of copper and zine, The alloy containing
12} to 1419 of zinc with 2} to 39/ of copper (B.S.S. No. 1490) * has a
minimum tensile strength of 11 tons per square inch and is used for
castings. For use in bar form B.S.5. No. 918 spccifies an alloy con-
taining 2—4%, copper, 4-8% zine and not more than 1%, of iron and
silicon. These Iast two metals are nearly always present in aluminium
as impurities. For castings which must be tough to withstand shocks
and scvere stresses, an aluminium-copper alloy is used containing
129, of copper. An important series of casting and forging alloys
having high strength have recently been developed for use in aeroplane
construction. These contain copper, nickel, magnesium and zinc to-
gether with small of other sub: One ple of such
aloys is as follows: zinc 5%, magnesium 3%, copper 229, nickel
up to 1%, aluminium the remainder. To bring this alloy to its maxi-
mum strength and hardness it must be heat-treated, and when this has
been earried out an ultimate tensile strength of 33 tons per square
inch may be obtained. Another alloy containing copper, nickel and
magnesium, and which may be cast or wrought is known as ¥Y-alloy.
The wrought alloys are specified in B.5.5. Nos. 414 and 478 and contain
81419, copper, 1-8-2:3% nickel and 1-2-17% magnesium. This
alloy has the characteristic of retaining a good strength at high tem-
peratures and for this reason is used for engine pistons. It is also used
largely in the form of sheet and strip, and after proper heat treatment
may be brought to a minimum tensile strength of 23 tons per square
inch.

An important and interesting wrought alloy is known as Duralumin.
This is composed of copper 3}—419%, o i
0-1-0-7%, aluminium the remainder. It is used widely in the wrought
condition for forgings, stampings, bars, shects, tubes and rivets. Dur-
alumin has the property of age-hardening, and at room perature its
hardness increases rapidly for the first day, and then slowly up to a
maximum value after 4 or 5 days. When it is aged it is too hard for
work to be done on it, and it must be annealed. This is effected by
heating to about 875° C. and cooling in air, water or oil. After anneal-
ing, the metal must be worked within the time that its age-hardening
will have rendered it too hard for further work, or re-annealing will
become necessary. When in the heat-treated and aged condition
duralumin may have a tensile strength up to 25 tons per square

inch. -
\/Co pper

Copper is easily distinguished from all other metals on account of
its red colour. The fracture of cast copper is granular, but when
forged or rolled it is slightly fibrous. The chief ore of copper is the
pyrites, which contams on the average 329, of copper. Eatraction
may be by the dry or wet process, the former being the most common,
carried out in a reverberatory or blast furnace preceded by various
stages of orc refinement and followed by varous metal refining pro-

* British itution Sp
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cesses.  In the wet process the ore is treated with acids and th% tm_etaé
afterwards precipitated. Flectrolytic copper 1s a pure form obtaine
by clectrolysis from jmpure lumps of smelted copper. -
The metal is malleable and ductile, :m.d beeause of its high electrica
conductivity it is used extensively for wire and cable, and all plart§ of
clectrical apparatus which must conduet the current. Copper also 13 a
good conductor of heat and is highly resistant to corrosion by liquids.
Tor this reason it is used for locomotive fireboxes, water heating appara-
tus, water pipes and vessels in brewery and ghemxc_al plants. Tor its
high heat conduction it is used for soldering iron bits. )
Copper may be cast, forged, rolled and drawn into wire. Rolling
and drawing harden it, but it may be softened again by heating to
320° C. 'The mechanieal propertics of copper depend upon its condition.
Castings may have a tensile strength of 10-11 tons per square inch,
which may be increased to 14 or 15 by working (hammering or rolling).
The strength of hard-drawn copper wire may be as high as 25-30 tons

_por/squarc inch.

Aluminium Bronze. Copper alloys with aluminium to give
aluminium bronze and the chicf alloys are those containing 6% and
109, of aluminium respectively. These alloys have good strength
and working properties and the 69, aluminium alloy has a fine gold
colour, being used for imitation jewellery and decorative purposes.

"The 109, aluminium alloy, which often contains 59, nickel and 59,
iron, is interesting because it can be hardened like high carbon steel.
In its softest condition the alloy has a maximum strength of about
25 tons per square inch, but if it 1s quenched from 900° C. it is hardened
and its strength rises to about 50 tons per square inch.  After hardening
it may be tempered in the same way as steel. Alloys of copper witl

tin and zine are important i?vill be discussed on pp. 53 and 54.
Lead

Lead is the heaviest of the common metals, having a specific gravii
of about 11-3 as compared with 7-8 for stecel. It has a bluish-gr
colonr and a dull, metallic lustre, but this is lost on exposure to theba
the surface becoming o dull grey. Lead is very soft and may cas
be cut with a knife. It is plastic and malleable, being casily fore
cold into mould shapes and rolled into thin sheets. °

The chief ore of lend is the sulphide, called “ gelena,” and smelt:
may be earried out in reverberatory or vertical furnaces As gel
nearly always contains some silver, the extraction of lead is erflge ¢
accompanied by the reclamation of silver has a by-product & 0 rf
the principal properties of lead is its freedom from any effect due tn(
action of waler and acids, and because of this it is used for wat O'
roaf covering, the sheaming of electric cables and for contaeilngxf

chemieal plants, It has a low melti 1
nts. as ¢ ng po 330° ’
have to be joined, they m Eol togothar oy and when sh

‘ y may be butted together and the ‘
Ss;:x;x;:‘d)l mtix a !)l;)\vpllpc. Two large industrial users of lrex:ﬁazllrie‘
seelneal and paint industries. It is used for the yl
clectrical secumulators, and its oxi od largly 2 thepod
) nulators, and its xides are used largely s
lead paint, When added in small quantitics to stgcci’ aqxfdﬂ{)ial:sxs
’
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improves their machining propertics, and the reader may have heard
of * Ledloy " steel and leaded brass in thie connection.

Lead alloys with tin to form solders, and with other metals to make

bearing white metals. These alloys will be discussed later.
Tin

Tin is obtained from tinstone, an oxide, which after a_preliminary
roasting in o reverberatory furnace to give a refined tin oxide is reduced
to crude tin in a similar furnace. The crude tin is further refined to
remove various impurities.

In appearance the metal has an almost silvery whiteness with a
slightly yellowish tinge and its structure is erystalline, Tin is harder
than lead and at ordinary temperatures may be beaten and rolled into
tinfoil, It is ductile but not very strong. Tin melts at 232°C, but
at 200°C. it is so brittle that it may be hammered into powder. A
characteristic of this metal is the crinkling sound made when a bar
of it is bent. This sound is called * tin cry " and is easily heard if a
thin bar is held close to the ear and bent. Itis caused by the erystalline
deformation taking place, and is a useful method of)udgmg the quality
of solder, as solder rich in tin gives a louder ** ery * than when not
much tin is present.

The greatest use we have for tin in its ordinary state is for coating
thin steel sheets (tinplate). It is also used for tinning copper wire
before the latter is made into cables.

Alloys of Tin

Tin is uscd to a great extent for alloying with other metals and as
a_résult, many uscful alloys are obtained,

Tin-Lead Alloys. The tin-lead alloys constitute the soft solders,
and those of chief interest to the reader are shown in the table below.
In addition to tin and lead, a little antimony is recommended in some
cascs, A full list of the solders is given in B,S.S. No. 219,

/0 TABLE 7. Sorr Sorpens
pan | Anti- | 3elti
. Anti- | Melting
\/[ it I e A A R
|
Plumber’s wiped 30 169 |1 180-250 | Prolonged pasty
joints ) stage when
/ melting or soli-
difying,
Tinsmith’s general | 45 525 1 25 ¢
work _ond " hand | I 180-210 , Solidifics fairly
soldering | rapi
Tiasmith’s and Cop- | | 475 25, pidly
persmith’s fine work. !
Jland soldering | '
Steel tube joints and

6 a3 —-' 180 ! Solidifies quickly.

I

work requiring low
melting point

No pasty stage.
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o . . by
" top of tin n 2 solder may be estml:}tcd by appearancs |

jrt?dcagfr?p’gf:‘?f‘tin cry’’ OF by wz}tching the time the so}llflc’r ::%m{:;:lsl
in a pgsty stage during solidification. Lead_-ncb solders (:f‘?c 1\; dul
bluish colour of that metal whilst those tich in tin shmrv’:; W 1% <1: S P
with o slight yellow tinge- Alloys with morc than 29 %o ({ .d.%a_ ;\1 :
mark papccr. "The long pasty stage associated Wlﬂl.th‘(‘: soll (; ’},711:15' ot
the Jéad-rich solders enables the plumber t0 malke his © Wipe joint.

Bearing Metals. It has been found by experience that to give
an cfficient hearing combination the following gondxt}ons are nec?_sslalaf :
(1) That the shaft and bearing be dissimilar 10 their natures with the
bearing softer than the shaft. (@) That the most efficient bearmg1
metal i1s on¢ consisting of small pieces of a comparatwclv hard meta
embedded in the softer body of “another metal. In general, & ms:tal
consisting of on¢ uniform constituent docs not serve }vell as a bearmng.
The * white ? metals all contain tin alloyed with various other metals,

of which antimony is always present.

% @93‘%'»{. , micrograph of an alloy containing tin with
L N

a5 109, antimony and 39, copper js shown at
Tig. 35, and the hard cube-shaped copper-tin
constituent set 1 the soft body of the general
metal can be clearly scen. It is thought that
in practice the soft constituent wears away
slightly and the shaft js carried on these
“high spots,” the lower level of the remainder
of the bearing helping to maintain the film of
oil nccessary for officient lubrication. The
white metals all have a low melting point
which facilitates the formation of the bearing
o o Microstructure of by casting the metal from a ladle. This can

Tin B 00 Antimony be done with the chaft in position if necessary.

and 50, copper.  Showing The reader will notice from the table be-

Tlard Cubes % 80. low that some of the metals are composed
. mainly of tin whilst in others lead 1s the
predominant constituent., These arc referred to as tin base and lead
hase metals respeetively and those with a tin base arc often called
Babbitt metals.

TABLE 8. WmTE BEARING METALS.

i \
\ Tin. \t;\nlimony.\‘ Coppcr.\ Lead.

Uses.
~—————~—“———*—"‘l——’—“‘|———"“
al : 3 H
03 \ 3% 3} — | Big cnd bearings, motor and aero
o | . L engines.
‘s(; \) 11(;_ ::3;._. —_ an_bcarings, motor and acro engines.
‘ " 6 Bearings for heavy loads and high
o b 10 | speeds. °
0| \“_11- 281 Bcarir‘lgs for engines and clectrical
i machines, railways and t ’
© | L ‘ ) ys @ TAMWAYS.
o g(; 1 }l.i (1:&;’_; {I{cm.'y pressure and medium spc?:ds.
o0 \ 1 S)()" Medium pressure and speed.
A { i
13

Long bearings with medium load.

| - i
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tﬁopper—’rm Alloys—The Bronzes

Wlhen alloyed with tin, copper forms a sct of alloys C'l"P(l bronzes,
which are important metals in g practice.

88% copper, 10% tin and 2% zine, The zinc is added to cleanse the
metal and increase its fluidity. The metal is used chiefly for eastings
which must be strong and resistant to corrosion by water and the
atmosphere. Gunmetal is not suitable for eold working but may be
forged gt about 600° C. (just below red heat). Another common bronze
is magdé of 5 5% tin, 5% zine, 5% lead and 85%, copper.

hosphor-bronze. When bronze contains phosphorus it js called
phosphor-bronze, The main function of the phosphorus is to act as a
cleanser to the metal so that good sound castings can be produced.
The composition of this metal varies according to whether it is to be
forged and wrought or whether made into castings. A common type
of wrought phusphor-bmnzc is copper 037, tin G, phosphorus 0-3.

This may be obtained as rod, sheet and wire. When it is severely
worked cold as in the drawing of wire or the rolling of strip, it becomes
very hard and springy and is used for springs. Its tensile strength is
then in the region of 33 tons per square inch as compared with about
20 tons in the soft condition.

A variety of phosphor-bronze suitable for casting contains 119 tin
and 0-3% phosphorus alloyed with copper. This is used for bearings
which must carry heavy loads, worm wheels, gears, nuts for machine
lead screws and many other purposes. It may be obtained in the
form of cast bar which, for making bearing bushes, may be bought as a
hollow tube. This saves the waste of boring out a large part of the
metal when turning bushes, Castings of all types may also be made
in this metal,

The bronzes, although fairly hard, can be machined fairly easily
with good tools, and the chips come off in short picces. The fracture
of the metal has an earthy appearance and is yellow, with a greyish or
reddish tinge depending upon the amount of tin it contains, high tin
promoting the greyish app When hed from a little
below o red heat it is softened somewhat and made more ductile,

Zinc

The chief ores of zinc are blende (zinc sulphide) and calamine (zine
carbonate), In the extraction of the metal the ore is first roasted in
a reverberatory furnace to convert the sulphide to oxide, and in the
case of calamine, to drive off carbonic acid and water. The ore is then
mixed with seme form of carbon and put inte long retorts in a special
type of furnace. The heat distils off the zinc in the form of its greeny-
white vapour and this is condensed to molten zine.

Zinc is 8 bluish-white metal which if nearly pure shows large, bright
smooth crystals at its fracture. If it is contaminated with iron, dull
spots may be scen on the crystal faces, and if much iron is present
the fracture becomes granular, The metal may be obtained in rolled
sheets, and in cast ingots, the metal in these generally being fairly
Lrittle, The specific gravity of zine is about 7°1 and its melting-point
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il il inc are improved by heat-
QOO.S",C ’I;%%omla;})iaglh%’usnft ?ﬁsslgfz}éro‘fzozm C.it bcgomcs so brittle
ing it to ~ .
th%lt it may De E*?t‘:d&fgdéhief use of zine is for coVe,ring steecl sheets
In it pure_seh iron, the covering being done by dipping the she'elts
to form galvans netal :;fter previous fluxing. Gnlyamsed wire, nails,
into the molten ]de {)y this process. When rolled into sheets, zine is
e alsof Itr:)(?vcrinﬁr and for providing a damp-proof non-corrosive
;xii,ci?,afg; ggx?tainers, cte. Zinc casts well and forms the basc for various
o

dic<easting alloys.

W

\Xlloys of Copper and Zinc—Brass

i of zinc is for alloying with copper to give the

An 1‘n}[:(s)§:§n:f ubslifxss. These alloys are of importance in view of

e ;:;:v'\riety of mechanical properties that may be obtained, the
ﬂ.‘% gl;if;gc Lof production proeesses 1o which they l'end themselves and
\t‘Yics‘ resistance to atmospheric effects and corrosion. .

As in the case of the aluminiun} a}loys, th‘e brasses may be dlvxdec(}
into the cast and the wrought varicties. Sultable types of brass lg:n
themselves to the following processes : casting, hot forging, cold forging,
cold rolling into sheets (which may be varied in hardness up to spring

onstituency), drawing into wire and being cxtruded through dies to
ive specinl shaped bars. By adding small quantities of other elements
' (aluminium, iron, manganese and tin) the

¥1c. 36.~Structure of a

Leaded  Brass  showing
Biack Specks of Lead x 80,

strength of brass may be greatly increased
from its normal strength of 20-25 tons per
square inch, and a range of “ high tensile”
brasses is available having ultimate strengths
as high as 40 tons per square inch,

The melting-point of brass varies accord-
ing toits composition, but most of the brasses
in the common range liquefy between tem-
peratures of 850° and 950° C. Hard bras:
may be softened by heating to about 750° C

To improve the machining quality of bras
1 cr 29, of lead is often added, as in its ordi
nary condition the metal is soft and duetil
and tends to drag under the tool. The lea

appears as small specks in the micro-struetu
and slightly destroying the continuity ar
causing the iurnings to break up into small picees.  Leaded brass
“hot short.,” Small amounts of tin are “sometimes added to brass
increase its hardness and add to its resistance against the corrosi
action of sea water.
Some of the chief brasses us

given in Table 9,

1Thc Jracture of brass usually has an earthy appearance and
Eg,a‘l; t.m yellow to  reddish yellow depending ‘on  the cop

ed, together with their applications,
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Copper. | Zine. Properties and Uses.
85 15 | Gilding metal.  Cheap jewellery.
%5 23 | Brazing brass. Used where parts must be brazed or

silver soldered,

70 30 i Great ductility and strength. Drawing into tubes and
cartridge cases. Drawing into wire. Cold rolling into
strip (up to spring hardness). Cold pressing.

6 24 | English standard brass. Casts well and may be rolled
and hammered, Little lead added to improve
machining.

(1] 40 | Muntz metal. A yellow brass used for general range of

articles, e.g. water fittings, household articles, ete.
584 | 40 |Plastic when red hot. Forging and hot pressing

Lead' 1} (B.S.S. 044).

57% l 40 | Free cutting. Does not bend well. High speed tum-

Lead 2 ing and screwing (B.S.S. 249).

50 50 |Low melting point. Docs not work well. Brazing
spelter.

58} 36 High tensile brass. Ultimate strength 40 tons per
Aluminium 3 square inch.
Manganese 1}
Iron 1

(Zinc Casting Alloys
Alloys of zinc are used extensively for making pressure die castings,
a method of production that enables large numbers of components to
be produced quickly when once the dies have been made. Two common
alloys for this purpose are as follows

Zine. Copper. Aluminjum,
(. . . o33 27 .4 -
. . . 9% — 4

l

The alloys give best results when the castings have relatively thl
sections, as large bodies of mctal tend to be porous.

\/ Alloy Steels

The steels we have so far dealt with—the plain steels—have b
those containing carbon, together with small amounts of manga
and silicon, Vhen certain special properties are required, ot
clements are added snd the steel then becomes known as an all
steel.  As the number of alloy stecls is great and their applicatio
very wide, we shall only discuss those which, at this stage, are likel
to be of interest to the young workshop engincer.

High Speed Steel

We have seen that carbon tool steel, after it has been hardened,

progressively softens again as it is heated up to the lower critica
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temperature.  If this steel is used for cutting tools where the cutting
temperature is likely to be high, softening will occur and the tool will
be uscless. It has been found that by adding tungsten to steel it is
given the property of holding its hardness at a red heat, hence the
name  high speed.” The hardening technique for high-speed steel differs
from that of carbon tool steel. The temperature before cooling must
be round about 1300° C.—a white-hot, almost melting heat. From
this temperature the tool may be oil quenched or cooled off in a blast
of cold air. Most high-speed steels have their hardness and general
properties improved by re-heating to about 400-600° C. after quench-
ing. This is called sccondary hardening. Owing to the poor heat-
conducting capacity of this stecl, and the time nceessary for the
structural transformations to take place, the initial heating must be
donc carefully. The steel should be brought gradually to about 850°
in onc furnace, and then transferred quickly to another furnace which
is at the quenching heat. The tool is ready for quenching when small
bubbles ean be scen on its white-hot edge.

Beeause of its tendency to oxidise and seale when at the hardening

TABLE 10. Ilici-srEED STEELS

temperature, methods which exclude air are preferable when heat-
treating high-speed steel.  Two methods commonly used are, (1) using
a salt bath furnaee, where the steel is heated by immersion in molteﬁ
pynnidc. and (2) using a controlled atmosphere furnace in which oxygen
is excluded from the furnace interior by introducing another aas (2
incompletely burned coal gas). This latter princiglc 1s also buscd 1gn
B“ght annca.ling furnnqcs where a heat-treatment is necessary for bright
o?r:hz;ngt csélr'xl), but which must not blacken or seale the bright surface
When properly hardened this steel will cut at high speeds when
the tool nosc is at a dull red heat. High-speed stecl niav be annecaled
by heating at 850° C. for about 4 hours and then slowly cooling in‘th
fnrnagc. During the whole of this time it must be protcctgd { "
the air or it will oxidise and scale badly. rom
To cope with the difficulties of machining the modern heat-resistant
steels and alloys, and other materials coming into use (c:r titar iun
alloys) certain properties of high-speed steel have been il.rtl‘i)r()\"ecllngl;

adding more cobalt and vanadium.  The 109, cobalt alloy has 0-829

; o ) . . i3 o Ay O~

(nlrl.)oln, 205 tungsten, 5% chromium and 109, cobalt. This hag

a higher hot-hardness at the expense of some loss of toughness and is
o



useful for heavy continuous-turning. The high vanadium cobalt alloy

has 1-3%, carbon, 12-3 tungsten, 4-5 chromium, 5 vanadium and 5 cobalt,

and possesses maximum wear resistance and hot hardness.  Tools and
cotters made from this possess good resistance against the highly
abrasive action of the metals mentioned above,

Substitute ** High-speed Steel. Within limits the tungsten
in high-speed stect may be replaced by molybdennm without seriously
alfecting the propertics of the steel. During the last war, when tung-
sten supplies were seriously curtailed, it became necessary for us to
use such molybdenum steels which became known as * substitute ™
steels. Two of the chief of these were * substitute 66 containing 69,
each of molybdenum and tungsten and “substitute 51" which had
0% of molybdenum and 49 tungsten.

\A(l?oy Tool Steels

For many tools the most important property required is to be able
to quench them for hardening without fear of eracking, It is uscless,
after much expense and labour have been put into the construction
of a tool, for it to crack in hardening, and carbon tool steel is very
prone to this. A good non-shrinking steel for such purposes has the
following composition : carbon 1%, manganese 19, tungsten 0-5%,
chromium 0-75%, It is oil quenched from about 800° C. and tempered
up to 250°C, to suit requirements, This stcel is useful for making
dies and thin tools which should not distort or crack when hardened.

Hot working die steels are steels suitable for punches and dies which
have to shape other metal when it is in the red-hot condition. Such
treatment would soften ordinary carbon steel. A steel suitable for
this purpose contains carbon 0-27%, chromium 1%, vanadium 0-15%,
mangancse 0-2%,. It is hardened by water quenching from 830° C.
and tempered for about 2 hours at 230°C. Special steels for drop
forging dies arc given in B.S.5. 224,

An alloy steel for chisels contains earbon 0-4% and nickel 39%. It
must be oil quenched from 900° C. and no tempering is necessary.
Thi< material gives an cdge supecrior to that on carbon steel chiscls.

\./S{"xtered Carbide Cutting Alloys

We have scen that the use of tungsten as an alloying clement gives
steel the property of retaining its hardness at high temperatures, and
this is due to the formation of carbides of iron and carben in the strue-
ture of the hardened stecl.  This property of the carbides led to investi-
gations which, in 1926, resulted in the successful preparation of tungsten
carbide, an extremely hard material able to cut metal at much higher
speeds than high-speed steel.  The extreme brittleness and high melting
point (2300° C.) of this matcrial prohibit ordinary methods for its
preparation, and it is made by mixing tungsten metal powder and
fampblack {carbon) and then heating the mixture to about 16e0° C,
in an atmosphere of hydrogen.  This results in the chemieal reaction
necessary to produce the carbide which, after the process, is erushed
and ground into a powder. Tool tips and other shapes for use as
cutting edges are made from this powder by mixing it to a paste with
powdered cobalt metal (39, to 20%, cobalt) and water, and then com-
pressing the paste to the shape required.  This is then rendered hard
and homogencons by a sintering process consisting of heating to ahout
1500° €, for sbout an hLour in a non-oxidising atmosphere such as
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i is used for cutting toels where the cutting
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temperature, methods which exclude air are preferable when heat
treating high-speed stecl.  Two methods commonly used are, (1) usin
a salt bath furnace. where the steel is heated by immersion in molte
cyanide. and (2) using a controlled atmosphere furnace in which oxygec
is excluded from the furnace interior by introducing another gas {(c.
incompletely burned coul gas). This latter principle is also used
bright annealing furnaces where a heat-treatment is necessary for brig
hars and strip, but which must not blacken or secale the bright surfa
of the steel.

When properly hardened this steel will cut at high speeds wh
the tool nose is at a dull red heat.  High-speed steel may be annea
by heating at 850° C. for about 4 hours and then slowly cooling in 1
furnace. During the whole of this time it must be proteeted {r
the air or it will oxidise and scale badly.

"To cope with the difliculties of machining the modern heat-resist
steels and alloys, and other materials coming into use (
alloys) certain propertics of highi-speed steel have been improved
adding more cobalt and vanadium. The 109, cobalt alloy has 0-8
carhon, 209, tungsten, 59, t

! 5%, chromium and 10% cobalt. This
a higher hot-hardness at the expense of some loss of toughness ar

c.g. titani
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useful for heavy continuous-turning. The high vanadium cobalt alloy
has 1-3%, carhon, 12+3 tungsten, -5 chromium, 5 vanadium and 5 cobalt,
and possesses maximum wear resistance and liot hardness. Tools and
cotters made from this possess good resistance against the highly
abrasive action of the metals mentioned shove.

* Substitute *” High-speed Steel. Within limits the tungsten
in high-speed steel may be replaced by molybdenum without seriously
alfecting the propertics of the steel. During the last war, when tung-
sten supplies were seriously curtailed, it beeame necessary for us to
use such molybdenum stecls which beecame known as “ substitute ™
steels. Two of the chicf of these were * substitute 66 ™ containing 6%
each of molybdenum and tungsten and * substitute 91" which had
9%, of molybdenum and 4% tungsten.

\/Kllny Tool Steels

For many tools the most important property required is to he able
to quench them for hardening without fear of cracking. It is useless,
after much expense and labour have been put into the construction
of a toal, for it to erack in hardening, and carbon tool steel is very
prone to this. A good non-shrinking stecl for such purposes has the
following composition : carbon 1%, manganese 1%, tungsten 0-5%,
chromium 0-75%, It is oil quenched from about 800° C. and tempered
up to 230° C. to suit requirements, This steel is useful for making
dies and thin tools which should not distort or erack when hardened.

Hot working die stecls are steels suitable for punches and dies which
have to shape other metal when it js in the red-hot condition. Such
treatment would soften ordinary carbon steel. A stecl suitable for
this purpose contains carbon 0-279%, chromium 1%, vanadium 0-159%,

manganese 0-2%. It is hardened by water hing from 830° C.
and tempered for about 2 hours at 230°C. Special steels for drop
forging dies are given in B.S.S, 221,

An alloy steel for chisels contains carbon 0-49% and nickel 3%, It
must be oil quenched from 900° C. and no tempering is necessary.
Thi¢ material gives an edge superior to that on carbon steel chisels.

~Sintered Carbide Cutting Alloys
We have seen that the use of tungsten as an alloying element gives
steel the property of ining its hard at high temy ures, and
this is due to the formation of earbides of iron and carbon in the struc-
ture of the hardened steel.  This property of the carbides led to inyesti-
gations which, in 1926, resulted in the successful preparation of fungsten
carbide, an extremely hard material able to cut metal at much hi:,’her
speeds than high-speed steel.  The extreme brittleness and ligh melting
point (25007 C.) of this material prohibit ordinary methods for its
rrcpnmhon. and it is made by mixing tungsten metal powder and
.ampbh\ck (carbon) and then heating the mixture to about 16¢0° C.
in an atmosphere of hydrogen. This results in the chemical reaction
necessary to produce the earbide which, after the process, 1s crushed
and ground into a powder. Tool tips and other shapes for use as
cutting edges are made from this powder by mixing it to a paste with
powdered cobalt metal (8%, to 200, cobalt) and \\'z;tcr, and then com-
Ppressing the paste to the shape requured. This is then rendered hard
;nggobomogcnenus by a sintering process consisting of heating to about
500° C. for about an hour in a non-oxidising “atmosphere such as
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hvdrogen. The development of tungsten carbide was fqllloxx'}cd 3 fz\sv
vears later by titanium carbide which also possessed similar har fne :
but which cither alone or mixed with ttlingsten carbide has been found
suits or cutting certain mctals. ) )
morﬁczg:]tslcb lgf f‘cheir higl? cost, low strength and difficulties of prc&aralz
tion, carbide cutting tools arc always made by brazing a tip or .oc
of carbide to a shank of medium carbon stecl. Owing to their extreme
hardness the carbides cannot be ground with ordinary grinding \\’IICC%S
and speeial wheels are necessary. In addition, the cutting edge musil:
be lapped to a very high finish so that the grinding process iv'olx"a ffcoo
generally consists of three to five grindings on progressively lmer
wheels with a final burnishing on a special wheel impregnated with
diamond dust. o )
Tungsten carbide is most suitable for machining the non-ductile
materials such as cast-iron, brass, bronze, stone, glass, ete. For cuti-:mg
stecl and duetile metals mixtures of tungsten and titanium carbides
are most suitable. Cutting speeds up to three or four times those
possible with high-speed stecl may be used with up to ten times the
life of the tool between re-grinds,  Ilard spots, scale, ete., which would
ruin an ordinary tool, iave no eifect on this material, and its application
has revolutionised cutting practice, not only in the machine shop but
in other industries (e.. stone cutting) wherc previously no material
existed which would stand up to the conditions imposed.
High Tensile Steels

For many purposes in cngincering, high strength and toughness
are neeessary, and there are many alloy steels having these properties.
Some of these sicels when properly heat-treated will give strengths as
high as 120 tons per square inch, These high strengths are usually
obtained by suitable heating and cooling, followed by tempering.

The clements most commonly put into such steels are nickel and
chromium and for this reason they are called nickel-chrome steels. 'The
11% stecl of this class contains carbon 0-49, nickel 1-5%,. chromium
1-25%,. It is oil quenched from 840° C. and tempered up to 600° C.
according to requirements. When tempered at about 250° C. it has
a strength of about 100 tons per square inch. A high tensile air-
hardening steel has carbon 0-34°,, mickel 4-253°, chromium 1-259,.
lardening is effeeted by air cooling from 830° C. and tempering is
carricd out at 200-220°C. This steel is used for gears and other
intricate parts which must have high strength, and where cracking or
distortion caused by quenching must be reduced to a minimum,
Use of the ‘“‘Rare ' Metals

Recent nuclear power developments have created a demand for
materials to withstand the stringent conditions imposed, and as a result
some metals, previously considered * rare,” may come into common

use. The student should know of them and follow 1 imi i
dven el 1p the limited details

' I‘xxl.amum is a lieht metal, used in a range of alloys with aluminium,
\.m.]u um. manganese, iron, chromium and tin. Some of its alloys
reach a tensile strength of 60,70 ton sq. inch. are highly resistant to
(;)lrrosmn :m(d X‘L‘i;ll!)l a good strength at high temperatures.  These
altoys are extremely difficult to machi 5 the ; }

! 3 achine as the metal galls rork-
hardens under the {ool. gt up and work
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Uranium is used as a nuclear fuel and is radioactive. It can be
machined readily, but severe safety measures are m:cdcd against radia-
tion. Copious coolant is v when swar{
ignition and keep down the dust which is p'\rhcuh:rh hazardous,

‘Thorium, also radioactive, has machining properties similar to
uranium.

Vanadium is also of nuclear interest, and the pure metal has only
recently become available. Its oxide is toxie and precautions must be
taken to avoid swarf ignition when machining. Although it picks up
rather badly, it can be cut at low speeds with high speed steel tools,
Ceramic Materials

Ceramics is the general term applied to a range of materials, basically
sintered oxides, of extreme hardness that have been developed as cutting
agents, The most common of these is aluminium oxide and it is used
in two forms : (a) in its pure state and {4} mixed with small amounts
of other compounds (e.g. chromic oxide) to impart some special desired
property. In the preparation of the tool tips alumina powder is ball-
milled and mixed to a paste with water. The blanks are then pressed
to shape afterwards undergoing a long high temperature sintering
process followed by slow cooling. The resulting tip is harder and more
wear resistant than tungsten carbide but is much weaker in tension.
For this reason tools and machines must be extremely rigid and free
from chatter to prevent the ceramie tip from disintegrating.

Because of its nature no satisfactory method has been found for
brazing the tip on to its shank so that some form of mechanieal
clamping is necessary.  One of these is shown at Fig. 121 (¢). Ceramic
tips are extremely wear resistant and will cut at spccds in the range
of 500-1500 ft. per min. They can only be ground up with diamond
wheels but because of their Jow cost they are often discarded and
replaced when the available cutting points have been used up {the tool
shown has 8 cutting points).

The Preparation of Metals

Generally, when the metal is delivered for usc in the workshop it
is in the form of bar, strip, sheet, wire or some other shape most con-
venient for the starting-point in the job of forming it. A few notes
on how it reaches these forms will interest the reader and extend his
knowledge of the properties of material when in its various forms.
Hot Rolling

All steel in the form of bar, strip or sheet, having a non-polished
reddish-blue surface, has been hot rolled.  The process starts with the
steel ingat as soon as it has solidified sufficiently for the ingot mould
to be stripped from it.  This ingot will be about 5 ft. long, slightly
tapering, and approximately square in cross-section, sizes varying from
about 12 in. to 20 in. square. When taken from the ingot mould or
soaking pit, it will be almost at a wlite heat. The first operation
to the ingot is carried out at the blooming mill, where it is reduced
to bloomv. The action of rolling is shown at Fig. 37 (a), and a mill
consists of at least two rolls mounted on their necks in bearings and
driven through the couplings as shown in Fig. 37 (5). W hcn there
arc only top and bottom rolls the mill is & ** two-high ™ mill.

A~ —
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Rolls

Coupling Boxes
(Wobblers)

Driving Skaft
to each Roll

h%’ é'afé’tf.y Lonnector
—|— (Breaking Fece)

70 Adfoining Rolls
(iFany)

B
70 Drive

(4) Two-high Rolls and Stand.
Fi6, 37.—Hot Rolling,

If three rolls are mounted so that rolling may be done between the
. top, or bottom roll, and the centre one, it is called a ** three-high
v mill, whilst the combination of a two-high mill with cach roll backed
up by another roll for strengthening purposcs is called a * four-high
mill (Fig. 38),

{a} Three-hizh Tofle,

() Four-high Rols,

Y1, 839,
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The size of the mill is expressed as the eentre distance of the rolls,
blooming mills ranging from 28 in. to 46 in. Where mills are used
for rolling plate, the length of the rolls also is specified. Two-high
mills are made reversing so that the metal being reduced may be fed
backwards and forwards, being supported and fed into the Tolls by
rollers driven by the mill mechanism (Fig. 40).

The main rolls of a mill, which may vary from 7 in. to 48 in,

Fass §°
1 AT

Bar Rotated D0° between Successive Passes

w 9 s a7 3 5
@ AES B

(a)Stages in Rolling 15in Bar From adin xdin Billet in 10 Passes

A T

’ 1 _.

Finished
Section .

H L HIK st
N | a

[ HH

(8)Pair of Rolls for Froducing adin x3in T Section

—

Ti0. 39.

diameter, and from 1 ft. to 17 ft. in length, are generally driven by
steam engine or by electric motor. They arc cast from jron or steel,
the east-iron rolls being chilled on their outside for increased hardness
against the extreme wear and service conditions, The manufacture
of these rolls is generally a separate industry from that of steel making,
and their design, casting, turming and grinding forms a very specialised
and skilled trade. Fig. 41 shows a roll being turned.

To return to the reduction of the tngot; this will be carried out
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n a speeified number of passes through the rolls, depending upon the
ross-section of the blooms heing produced,

The blooms are cut up in lengths ¢ ient for the subsequent
educing process into billets * and bars, being re-rolled either in a mill
omewhat similar to the blooming mill where the bar being reduced
3 passed backwards and forwards through progressively varied and
educed roll openings, or it may be reduced in a continuous miil. This
onsists of a series of 10 or 12 stands of rolls spaced at distances vary-
ng from 12 ft. to 6 ft. apart and made up of two-high rolls about
4-in, centres with the rolls 15 in. to 18 in, long. The speeds of the
olls are adjusted so that the metal may travel faster as its length is
ncreased by the reduction, and arrangements are made to turn it
through 907 oceasionally to secure correct reduction in all directions,
Fig. 39 (2) shows the successive stages in the reduction of a billet to
1 round bar, whilst at () are shown the rells for a T-section.

Plates and Strip. When the final product of the rolling mill is to
be sheets, plates or strip, the output of the blooming mill is usually
composed of slabs instead of blooms. These are of a flatter form and
end themselves better to re-rolling into flat shapes. The procedure
for rolling plates and strip follows the same general lines as for bars,
the rolls generally being parallel instead of having forms turned in
them,

Cold Rolling

For many purposes, particularly where steel strip has to be blanked
and formed in presses it is made by a process of cold rolling. The
objects of cold rolling are: (1) to sceure improved surface finish,
(2) to obtain smaller and more uniform thicknesses than is possible
in hot rolling, (3) to give the metal improved physical properties by
combining the cold work of rolling with suitable heat treatment,
Cold rolled strip can be produced to very fine limits of accuracy in
thickness dimension (to within 0-001 in.) and unifermity. By com.
bining & shearing operation for the edges of the strip, widths may
also be controlled to within a few thousandths of an inch.

The raw material for eold rolling is hot rolled strip from the hot
rolling.mill, and in its general principles the method is similar to hot
rolling except that roll pressures are much greater beeause the resist.
ance of the cold metal to reduction is much greater than when it is
hot. This fact encourages the use of four-high mills for cold rolling,
the two outer rolls being of large diameter and serving as backing-up
supports for the smaller working rolls. The strip is usually wound mn
a coil which is supported on a spindle at one side of the rolls.  After
passing through the rolls the strip is wound up on to another power-
driven roll whose speed is so controlled that the strip is kept taut as
it emerges from the reducing rolls, Cold rolling may also be done in
tandem (two mills in line), or continuous.

Before the hot rolled strip ean be put through the cold mill all the
seale must be removed from its surfuce by pickling in dilute acid.
If this were not done the seale (oxide) would be rolled into the metal

* A Bloom is 6 In. square or over, whilit o billet has dimensions between 13 in.
end G in. square,
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Auring the process. Another problem with which the cold roller has
to deal is that of anuealing the strip.  We have scen that when metal
is cold worked it becomes work hardened, and wnless it has to be
supplicd in the work-hardened, springy condition, as copper, brass and
bronze often have to be, then it must be annealed after the final pass,
and also. if several reductions are necessary, it may, after one or two
passes, be too hard for further reduction and must be anncaled to
cnable further rolling to be done. Since the polished surface of the
strip must not be tarnished or sealed during the annealing process, it
is neeessary to exclude all oxygen from the metal whilst 1t is heated,
and for this reason the operation is ealled  close  annealing. If the
strip is annealed in coils, these are packed in iron boxes along with
cast-iron borings, and put into the furnace in this way. The boxes
and borings protect the strip from the ingress of air, and any oxygen
which is present combines with the carbon in the cast iron, thus pre-
venting oxidation of the surface of the strip. More recent develop-
nents in the annealing of bright strip employ annealing furnaces inside
which the ntmosphere is kept free from oxygen by maintaining a slight
pressure of another gas such as coal gas or hydrogen.

Cold Drawing

All the wire that is made is produced by cold drawing through
dies. This method of production is also used for making bright drawn
bars which are extensively used for producing parts on capstan, turret
and antomatic lathes,  As in the case of cold rolling, the raw material
for druwing is black rolled bar from the hot rolling mill. When re-
quired for drawing into wire this may be in coils of metal, the coils

being 18 in. to 2 ft. diameter and the metal } in. to § in. diameter.

Drawing
-

Jension

F1e. 42.~Principle of Drawing,

For lhi ]prodmzhlnn of larger sized bars the black bar will be a small
amount larger (5% in, o ) i) than the finis i ich
< 1N, . : 1e finiy 'S Tich 1
unount large 1 in) nished bars into which it has
The principle of drawing is shown at i, 49
dmwnl is reduced at the end (tagired) i '
pass through the die and of sullicient i
) ! : ¢ W length for it 1o be orj
portion of the drawbench which pulls it tihe The T by that
is generally conienl, and the rcdlu::li:n’\titllnd(;l:gh'l 1‘}16 1&910 " e dic
Renerally vonieal, ameler is effee ,
pressure of the sides of the cone on the rod. This prcssm‘tcails b}tmc
. s s sct up

: The metal to be
to a diameter small cnough to
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by the drawing pull on the wire, and at the instant of reduction plastic
flow takes place in the metal. In view of the enormous pressure be-
tween the die and the rod being drawn it is necessary to Iubricate the
area of contact. In bar dra\ring this is effected by smearing the bar
with a solid lubricant in the form of a grease. This is not a convenient
proecedure in wire drawing as the wire is coiled in long Iengths on
drums, and is drawn through the die by being coiled on one drum
and uncoiled from the other. Wire drawing is either effected by the
*wet” or the *dry” proeess, In the dry process the wire, after
pickling, may be washed in lime-water, which on drying off leaves
a thin Ia\ er of lime on the metal which scrves as a lubricant. Altern-
atively, the wirc on its way to the dic may be passed through a hox

Worm drive Clianze Wagon
Fevduction unit prar-bot Motor  (spare wazon atws shurwn)

Fleuible conpdine Enclew ebun
(The Wellman, Bmith Gwen Lngineering Corporation LLL,
I'iG. 43.—Drmwbench, .

ﬁllcd with dried soap. In the wet process the wire is passed through

of copper d by a soapy solution. The
mppcr sulpliate deposits a thin film of copper which, when combined
with the soapy solution, facilitates the drawing of the metal,

Bars are drawn on a drawbench which isa long bed with an endless
chain running along the surface and returning underneath, The die
is supported against a bracket at one end and a small wagon which
carries the gripping jaws for the bar runs along the betl, hcmg provided
with & hook (** dozx ™'} which can be engaged in the chain, When the
tagged end of the bar has been lhrcadcd through the dic and gripped,
the hook is lowered (* dogging in ') so that the chain catches it and
thus draws the wagon to the other end of the bench (Fig. 43).

The dies for drawing may be made of hardened tool steel, tungsten
carbide, diamond or chilled cast iron (for large bars). The primary
object is to obtain a dic which is intensely hard, and resistant to the
extreme wear which takes place.

TWLT, D
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Cold drawn steel has a smooth, bright surface, nnc:i for this rcafon
is called * bright drawn.” As in the case of cold rolling, the drawing
work hardens the metal, and for wire, which has to undergo many
reductions to bring it down to size, it s necessary to anneal from time
to time during the process. Larger bars are generally only reduced
cufliciently to correct out of roundness from hot rolling, and bring up
the surface to a good finish. This confers a certamn amount of work
hardening and for some purposes (e.g. shafting) annealing is not carried
out and the hardness is left in the metal.  The hardening strains, how-
ever, arc often left in also, and sometimes when the outcr.surfa.ce of
such metal is removed (e.g. by cutling a keyway), the strains will be
relieved, causing the bar to warp. Bright bars and wire can be drawn
1o very close limits as regards size and roundness.

The Production of Castings

After bar and shect, the next most common form in which material
is received for working is in the form of castings. The casting of
metal into the intricate shapes that are possible is an immense advan-
tage in engincering construetion, and the work of the foundry and
pattern shop is of great importance.  Castings may be made in steel,
cast iron, brass, bronze, aluminium. as well as in numerous other alloys.
A deseription of sand casting, which is the most common method
cmploved. will now be given.

A casting is produccd by pouring molten metal into a mould made
to the shape of the part required. In die casting this mould is made
of metal, whilst in sand casting it is made in sand, its form being
abtained by means of a wooden pattern having a shape similar to the
part required.  The first step, therefore, in making a casting, is that
of making the pattern. and the patternmaker may be counted as one
of the most highly skilled eraltsmen in the engineering industry. It
is he who first has to interpret a drawing, however complicated, into

the solid shape it represents.  IHis experience decides upon the method

to he used in the production of the casting, a factor upon which quality

and suceess often depend. We will give a simple and obvious cxample,
When metal is cast it contains gases which rise up through it, leaving
at the highest point.  The top surface of a casting therefore is liable
to be rather spongy with blowholes left by entrapped gases unable to
eseape before the metal solidified.  Now, if a round bar is cast on its
side. the chances are that on one part of its circumfe
a little spongy, whilst if it is cast vertically on its end, the sponginess
will be at one end.  If we extend this sitple case to a complibcatcd
casting, we can sce that the wethod of easting has some control over
which portions of the easting swill be sound and which may be spongy
und this method is under the control of the patlernmaker IE)\.' ‘Eﬁ(’:
manner in ~w]nch he disposes the pattern.  In our round bar, if the
enrved surface was important we should wish to have any likely blow-
l(\;v!(-<1 in the end. and the pattern would be made for vertical o i
inx:! f,:;.f((t:-f:;)‘h,fm[{('{,.l-linl,)fnrmm}c~0'f ﬂ?c'ﬂ:xt ends would make side east-
n{(tll ol ((') C t;&n.l castings ean be so made that the spongy

Gal s the porbion of the easting which has i ne
sl s in 1 b]_\- m;-.chining;,c casting which has to be machined, ant
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such as yellow pine, and the pattern is made to conform with the
outside shape of the casting. To allow for the contraction which takes
place when the casting cools, the pattern must be a little larger than
the finished casting. The amounts that different metals contract are
as follows :

Metal, Contraction per foot.
Cast iron . . , . . . £ inch
RBrass .« < . .« .« . i
Steel . . . . . . . E I
Aluminium ., . . ., I

‘This contraction is allowed for Ly the patternmaker employing a speciat
rule called a contraction rule (Fig. 44, a} with which to sct off all the dimen-
sions on the pattern. Since for cast iron a length of 12 in. contracts
435 in., and cools to 11-9 in., a length of 121 in. will cool approximately to
12in, On a contraction rule for east iron, therefore, a length of 121 in.
is marked as 12 in. and is then divided up exactly similar to an ordinary
tule, so that when a patternmaker measures off a length with this
.

rule, he automatically makes the length longer in the ratio -ll;,,l- and
so allows for contraction, For brass and other metals, the rule length
is compensated in the same way according to their contraction.

The finished pattern will be smoothed up as much as possible to
facilitate its withdrawal from the sand when moulding, and to impart
a smooth surfuce to the casting. This effect is further inercased by
the shellac varnish with which the pattern is covered. When the
casting is of & simple nature the appearance of the pattern is similar
to that of the casting, but when the casting is more complicated with
Jioles and cavities it becomes necessary to resort to coring in the mould.
This will be best explained when we are disewssing the actual moulding
progcess,

Let us commence by following the moulding of a bracket of the
form shown in Fig. 45 («), The patternmaker will be supplied with
a drawing of this as it should be when finished, and on the drawing
will be indicated those faces of the bracket which have to be machined.
He will make the pattern, leaving contraction allowance, and will
leave } in. to {5 in. extra on the faces marked for macluning. At
the foundry the pattern will hic used to prepure the mould 1 moulding
boxes, wiuech are steel frames without top or bottom, provided with
Tugs and holes for Yining up when several are put together and with
handles for hfting (I'ig. 44, 6). The pattern will be placed face down-
wards on o board and o moulding box-section lawd over it.  After
a little smooth fueing sand niixed with coal dust has been sprinkled
on the pattern, the hox will be filled with moulding sand and this will
be well rammed down with a wooden rammer shaped like n dumb-
bell.  When the sand has been rammed sufficiently to have made
& good mnpression from the pattern, the top of the box is trimmad

P~
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off level and it will be like Tig. 45 - The moulding box is now
turned over, another gection placcd on top of it and rammed with
cand as before: A hole is now formed throngh the sand in the top
hox for pouring the metal (called ihe ¢ pouring gate ) and the two
hoxes 0re purtcd again. The pattern is now carefully withdrawn from
the hottom box, 1S jmpression is touched up with smoothing t0o0lS
if neeessaty and the sides dusted with fine plumbago to assist the
{acing sand in giving 8 good surface to the casting. Channels (called
« runners ) &€ formed to Jead the metal from the pouring gate o

(@} A Contraction Rule.

- Stegling Foundiy Spaiaities Lud.
. L]
{hy A Pair of Moulding Boxes.

e, 4L

the x}m\ﬂ(\ :u}d the top box is replaced. The mould is now r d
pouring and is shown al Fig. 45 (). The top box is eall d tl e f
and the bottom one the * drag.” x is called the = cop
When casting takes pk i
asting i« place metal is pourod it il it i
) ! -d in until it
top of the pouring gate and this, together with the run rises o |
the easting during the process of cleaning it up ners, is eut
¢ .

- . To facili .
drawnal of the pattern from the cope, its sides :\rg .E?':,l\l“ttﬁti:hc w%
slightly tapered

the dircetion of moulding, !
° 1c amount ot » bei
1 in, per foot of lcnglh.n " The moulder ):il:;plfoq‘gualt‘% being al
B4 e PR T R . e § i sens
\l\1 ;tht(:)r.n} .xl. by rapping 7 it. T'o do this he screws q‘st pzl\ttcm
p fuce, and taps the rod in all directions so thatccu rod
1Ic m
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impression is slightly enlarged.  When the bottom box has been turned
over, and before the sand is put in the top box, a layer of dry parting

Bottom Moulding Box

e
[w: CRREERSIORGS
Patter
{a)Component to be Cast. (8) Bottom Box Rammed Up
Feeding Gate,to provide
7op Box(Cope) a head of metal 2o
P “H the mould, and allow
}:';’:;;"! escape of gases
ir Cotter tohold the
L%‘.'?tsl”! %szs fogetherand
prevent the topone
Runner from Floating of f

Bottom Box (Drag)
(C)Mould Ready for Pouriag
T'ic. 45.—Moulkling a Brachet.

sand is added, This prescrves the joint, and prevents the sand in the
two boxes from congealing into & solid mass which would make it
impossible to separate the boxes for the purposc of withdrawing the
pattern.

Cores and Core Boxes

1t will be appreciated that there is a limit to the moulding which
could be done by the simple method we have just discussed. Take,
for instance, the easting of a bush, say, 4 in. outside diameter with
a 2-in, hole and 6 in. long. I[ this is moulded on its side the pattern
eannot be withdrawn if sand is to be left to cast a hole in the finished
bush, whilst il east vertieally the pillar of sand left to east the hole
would be too wenk to withstand the inrush of metal when pouring,
When castings of this nature have to be made, a core, made of
hard, dried sand and moulded in a core-bor, is inserted in the mould,
We will illustrate this by di sing an ple which i d
coring, and follow the moulding of the component shown in I'ig.
46 (a).

The inside of this and the hole in the bottom would be formed by
coring and the pattern would be as shown at {(#). It will be noticed
that the pattern is not only solid where the inside faces of the com-
ponent should be, but is also provided with projections corresponding
with the edges of the metal. * These projections are called eore-prisits
and are for forming recesses in the mould to locate the core. The
core for this is made in a scparate box called the core-box, which is




70 THE PREPARATION OF METALS

‘

made by the patternmaker, and is auxiliary to the pattern. The core-
Lox is often made in two halves to facilitate mthdraﬂ\.\'al of the moulded
core and the one for our example is shown at Fig. 46 (c). At the
foundry a core would be moulded in the core-box from -spemal core
sand and then this core would be dried in an oven until it was hard.
"The moulding of the pattern in the cope and drag would leave an

Core Frint
A Solid
il Waod
., St
4> “ECore Frint
(a)Casting (cut away toshow (B)Pattern
ing (c in ten'o?l'/.fba;g?) Pours .. Dowel Pegs,to
Riser / (?’mng . Print it and position
e\ ; > ate the othep half

- oF box

feft by
Pattern
(c) Half of Core Box
i (other half is identical, and the
(d) Complete Mould twg fogether mould the core)

i, 46.—Example of Coring in Moulding,

impression having a shape similar to the outside of the casling to-
gether with the impressions of the core-prints.  The core itself is made
with extremities which just fit these prints when the cope and drag
are assembled and when the patiern has been withdrawn the boxes
arc put together with the core fitted in. 'This completes the prepara-
tion of the mould which will be as shown at (d). The core-prints serve
an impoeriant function in keeping the core in ifs proper position rela-
tive to the outside of the mould. 1If it were not located properly, or
moved during pouring, the sides of the casting would not be of uniform
thickness, and the hole not in its proper position,

Split Patterns. To facilitate the moulding of some components,
the pattern, instead of being made in one picee, is split into two or
mare parts.  These are dowelled so that they may be fitted tosether
nceurately to the finished shape.  Such an example is given l?y the

flanged, pipe shown at Fig. 47 («) and its moulding would be carricd
out as follows:

(1) Ram up onc half in botlom hox (Fig. 47 ().
(2 Turn over, fit the other half and ram top box,
(3) Remove paltern and insert core,



PLATE MOULDING w1

(@) Finithed Casting
Frints

Coré  (3)Pattern,Showing Halves
———""=S¢parated

Mo

{c) Bottom Box Rammed Up " .
() ¥ould Complete, Ready
for. Pouring

Fio, 47.~Moulding a Tlanged Pipe.

The completed mould ready for pouring is shown at Fig. 47 (d).

Plate Moulding. When large quantities of faitly simple castings
are required they are produced several at once by a process of plate
moulding. The form of the part is divided into two halves and pat-
terns (olten in metal) are attached to cach side of a board. One side

(N

@@

.
tunors on L/,u_ (@) Component
7ap Sede enlly

f

(c)Mould Rammed Uy, Ready
(B) Piate with 8 Patterns for. Removal of Plate

Fic. #3.—Plate Moulding.
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i : i op. the cope side is moulded.
is moulded 10 the drag- and after turning over: t I}

[ : ¢ board and patterns removed.
e hoxes are then partcd and the .
'i\lxlcch)ox'cs are rc-asscm\)\cd without the hoard, ﬂ}e mould&d _unll
match- up to mive the shape of the part and the mowi is T

: . . . r N
youring I’l:\lae moulding 18 often used M conjunction W ith mou

machines which vibrate the moulds an(} do most of the W ork

i ith a diagram of the mo
ming. A plate of'paﬂcrns together W ith a diagrd

up 15 shown at Fig. 45

Cooling Characteristiqs .of Castings. f\\“e rn]]gh:ct((:}gztic:h(l)sf
chapter conveniently by pointing out some © tﬁcuc mr:l e
castings when they come 1o us for machining. 1& wh 1te1; S
q casting could be made to cool smmltzmcousl) {from 1f:vmoU ; t( g
all would be well, and the followmg remarks unnecessary. nfor u;ll
ately, however castings arc¢ nearly always composed of n';asse;o meozcl)1
having various shapes. volumes and thickncsses, and when these ¢

and contract, very complex «fresses arc often sct up- Large sections
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Y. 49.—Cooling Tffects on Castings.
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a large boss of metal is joined by arms to o much thinner section.
When cooling from the molten state, the thin scetions will have solidi-
fied and he well cooled down before the lurge volume of metal at the
Boss has cooled very much, Ultimately this will cool down and con-
tract, but as the anns have now cooled and are rigid, the force exerted
by the contraction of the large boss cannot be relieved by any move-
ment on the part of the two thin sections, This means that a per-
manent internal stress is left in the casting between the large boss
and the outer {rame, and even if the casting appeared to be all right,
a sudden blow or shock might cause it to fracturc at one of the scctions
shown. Machining the hard and rigid skin from the casting on its
outer face would relicve some of the stress and probably allow a
certain amount of spring to take place.

These two simple cases will serve to show how internal stresses
and weakinesses may exist in a casting, and although the pattern-
maker endeavours to minimise these effects by studying the method
of casting, they cannot be prevented altogether.  Castings with internal
stresses will often warp when these stresses have been rclieved by
machining off the hard and rigid outer skin. When it is important
that the shape of a casting shall remain stable {e.g. for a gauge, large
worm-wheel, cte.), it should be rough machined and “ weathered ” or
*seasoned by being placed in the open for a few months, This
allows a dissipation of the internal stresses to take place and minimises
the possibility of distortion after the casting has been finished. For
small eastings a quick method of scasoning is to place 2 number of
castings in a tumbling barrel for about half an hour. The vibration
and light blows which the castings receive whilst being tumbled round
in the barrel forms a very effective method of relieving internal stresses.
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is moulded in the drag, and after turning over, the cope side 13 mouléed.
"The boxes are then parted and the board and patterns removed. When
the boxes are re-assembled without the board, the moulded impressions
mateh up to give the shape of the part and the mould is ready for
pouring. Plate moulding 1s often used in conjunction with moulding
machines which vibrate the moulds and do most of the work of ram-
ming. A plate of patterns together with a diagram of the moulding
up is shown at Fig. 48.

Cooling Characteristics of Castings. We might close this
chapter conveniently by pointing out some of the characteristics of
castings when they come to us for machining. If the wholc mass of
a casting could be made to cool simultancously from the molten state
all would be well, and the following remarks unneceessary. Unfortun-
ately, however, castings are nearly always composed of masses of metal
having various shapes, volumes and thicknesses, and when these cool
and contract, very complex stresses arc often set up. Large scctions
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(c)Weakness due lz‘o Cooling Strains

F1i. 49.—Cooling Elfects on Castings.

much slower than small, thin sections, and coaling
the outside of the casting where the metal is in
coal sand, and will travel inwards.
: t‘llm cffect of this cooling on the two parts of a cast-
t (a) and (). At (a) the sides of the L will com-
st and cooling will proceed inwards. As cast iron
tend to set themselves in the direction of cooling
ded at (¢) and results in a plane of weakness at the
reason, and to help in moulding, the corners of
ounded off by fillets as shown at (5) At Fig, 49 (c)
a.
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a large boss of metal is joined by arms to a much thinner section.
When cooling from the molten state, the thin sections will have solidi-
fied and be well eooled down before the large volume of metal at the
boss has cooled very much, Ultimately this will coal down and con-
tract, but as the arms have now cooled and are rigid, the force exerted
by the contraction of the large boss cannot be relieved by any move-
ment on the part of the two thin scctions, This means that a per-
manent internal stress js left in the easting between the large boss
and the outer frame, and even if the casting appeared to be all right,
a sudden blow or shock might eause it to fracturc at one of the sections
shown. Machining the hard and rigid skin from the casting on its
outer face would relicve some of the stress and probably allow a
certain amount of spring to take place.

These two simple cases will serve to show how internal stresses
and weaknesses may exist in a casting, and although the pattern-
maker endeavours to minimise these effects by studying the method
of casting, they cannot be prevented altogether.  Castings with internal
stresses will often warp when these stresses have been relieved by
machining off the hard and rigid outer skin. When it is important
that the shape of a casting shall remain stable (e.g. for a gauge, latge
worm-wheel, ete.), it should he rough machined and * weathered ” or
*scasoned by being placed in the open for a few months. This
allows a dissipation of the internal stresses to take place and minimises
the possibility of distortion after the casting has been finished. For
small eastings a quick method of seasoning is to place a number of
castings in a tumbling barrel for about half an hour. The vibration
and light blows which the castings receive whilst being tumbled round
in the barrel forms a very effective method of relieving internal stresses.
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CHAPTER 4

-WWORKSHOP PROCESSES REQUIRING HEAT.-—FORGING,
RIVETING, SOLDERING AND BRAZING.

The hot forging of metals is an important subsidiary process to
workshop production and possesses- many advantages. We have scen
how the hot working of metal is beneficial to its granular structure and
how, if it is properly carried out, it may confer a stpengﬂl‘e’ning cffect
owing to the directional property of the grains. In addition to these
aspects, the usc of forgings may save a great deal of time and -expense,
because instead of cutting the metal from the solid to give the shape
required, it may often be forged to a shape very near to the finished
one. This economises in machining time,.and avoids an undue pro-
portion of the metal being cut into swarf. ‘

e may roughly divide forging into the processes of hand forging,
machine forging and drop forging, the two latter processes being of
types adaptable for large quantity production of similar articles.

Hand Forging -

+

In hand forging the shaping of the metal is carried out under hand
control, and accuracy depends upon the skill of the smith. TFor large
work, some form of power-operated hammer or press must be used.
We will deal swith the smaller elass of work first, and it will be advisable
at the outset to consider the essential forging equipment,. together

“with details of certain fundamental forming operations.

] The Forge. . For heating the metal some form of forge or furnace
is necessary,  For small work the blacksmith’s forge is commonly
uscd and consists of a hearth for holding combustible coke, a tuyére

(a)

3
[Alldays & Quions Itd.
Fig, 50.~Smith’s Tlearth, '

T3



WORKSHOP PROCESSES REQUIRING HEAT 5

for Jeading forced air into the fire, & blower for supplying air under a
slight pressure to the tuyére and o chimney for carrying away smoke
and gases. Usually a *bosh ™ (tank) is also provided for holding
water for quenching purposes.  Beeause of the high temperature under
which the tuyire operates, this is often surrounded by cooling water
contained in a tank fixed at the rear of the forge,

The most substantial and satisfactory forges are brick built, incor-
porating a flue and chimney, but many in use are of the portable type
and if these are well constructed they give satisfactory results.  Fig, 50
shows the front and rear views of a east-iron double smith’s hearth
where all the details mentioned above may be scen, together with the
clectrie motor for driving the blast fan, and the blast regulating valves.
To meet the requirements of the Clean Air Bill it is now customary
to incorporate a grit arrester in the chimney of the forme.  This is not
shown in Figl 50. The best fuel for forge fires is coke ** breeze,” which
is gas coke crushed into small pieces about } in, diameter,  Small soft
coal may he used but it should not contain sulphur, and when hurnt
should adhere into a mass and not fall to picces. The temperature
of the fire is governed by the amount of Dlast supplicd and may be
varied up to a white heat,

Forging Tools

The anvil (Fig. 51) is for supporting the work whilst it is being
struck with the hammer, ns well as providing means for other forging
operations,  The body of the anvil is of mild steel and, to give a hard
top face, a picce of ligh carbon steel about § in. to 1 in, thick is welded
on. The beak is soft like the anvil body and its shape makes it uscful
for bending metal to rounded formations.  The ledge between the beak

Wohn Halt {Tuoh), 14d,

TG, Sl—Amil,

and the anvil face is also soft and may be used for resting metal when
cutting through with a chisel; the soft underneath metal does not
damage the chisel edge.  In the top of the anvil 15 a square bole to take
«the shank of various tools to be described later.  Anvils vary up to
ahout 3 cwt, and should stand with the top face about 2 ft, from the
floor. This height may be attained by resting the anvil on a cast-iron
or woad base, -

Two kinds of hammer are used in hand forging :

(1) the hand hammer used by the smuth himself; and

(2) the sledge hammer used by the striker, the smith's assistant. (

~

‘-



CHAPTER 4

“WORKSHOP PROCESSES REQUIRING HEAT.—FORGING,
RIVETING, SOLDERING AND BRAZING

The hot forging of metals is an important subsidiary process to
workshop production and possesses many advantages. We have scen
how the hot working of metal is beneficial to its granular structure and
how, if it is properly carried out, it may confer a streng@h_cnmg effect
owing to the dircctional property of the grains. In addition to these
aspeets, the use of forgings may save a great deal of time and expense,
because instead of cutting the metal from the solid to give the shape
required, it may often be forged to a shape very near to the finished
one. This cconomises in machining time,.and avoids an undue pro-
portion of the metal being cut into swarf. .

We may roughly divide forging into the processes of hand forging,
machine forging and drop forging, the two latter processes being of
types adaptable for large quantity production of similar articles.

Hand Forging

In hand forging the shaping of the metal is earried out under hand
control, and accuracy depends upon the skill of the smith. For large
work, sonie form of power-operated hammer or press must be used.
“We it deal with the smaller class of work first, and it will be advisable

t the outset to consider the essential forging equipment, together
ceith detols of eertain fundamental forming operations.

- The Forge. For heating the metal some form of forge or furnace
18 necessary, For small work the blacksmith’s forge is commonly
ustd and consists of a hearth for holding combustible coke, a tuyc‘-fc

L)

[Alldays & Onions Lid.

Fia. 50.——5@!]1‘5 Hearth,
73
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‘or leading foreed air into the fire. a blower for supplying air under a
slight pressure to the tuyére and a chimney for carrying away smoke
and gases. Usually a2 “bosh™ (tank) is alo provided for holding
water for quenching purposes.  Because of the hich temperature under
which the tuyére operztes. this is often surrounded by cooling water
contained in a tank fived at the rear of the forge.

The most substantial and satisfactory formes are brick built, incor-
porating a flue and chimney, but many in use are of the portable type
and if these are well constructed they give satisfactory results.  Fia. 50
shiows the front and rear views of a cast-iron double smith's heartl
where all the details mentioned above may be seen. together with the
eleetric motor for driving the blast fan, and the blast reculating valves,
To mect the requirements of the Clean Air Bill it is now customary
to incorporate a grit arrester in the chimney of the forze.  This is not
shown in Fiz 50, The best fuel for forge fires is coke ** breeze,” which
is gas coke crushed into small pieces about } in. diameter. Small soft
coal may be used but it should not contain sulphur, and when burnt
should adhere into a mass and not fall to pieces. The temperature
of the fire is governed by the amount of blast supplied and may be
varied up to a white beat, .

Forging Tools -

The anvil (Fig. 51) is for supporting the work whilst it is being
struck with the hammer, as well as providing means for other forging
operations.” The body of the anvil is of mild steel and, to give a hard
top face, a piece of high carbon steel about 3 in. to 1 in. thick is welded
on. The beak is soft like the anvil body and its shape makes it useful
for bending metal to rounded formations. The ledge between the beak

.. [Jobn Hall (Teols), L1,
e 51.—Amil

and the anvil face is also soft and may be used for resting metal when
cutting through with a chisel; the soft underncath metal does not
damage the chisel edge.  In the top of the anvil is a squarc hole to take
‘the shank of various tools to be deseribed later. Anvils vary up to
about 3 cwt. and should stand with the top face about 2 ft. from the
floor. This height may be attained by resting the anvil on a cast-iron
or wood huse. . .

Two kinds of hammer are used in hand forging :

{1} the hand hammer. used by the smith himself; and

(2) the sledge hammer used by the striker, the smith's assistant.



BLACKS.\[ITH’S TOOLS

" 1 the smith are shown at Fie. 52, whilst
s s particular to the s K a o :
II'IZII?c):mrI\)mcrs. which he also uscs, arc on Fig. 168. I‘I:amrrtctrl

c of cast steel, the ends hardened and tempered, With

the portion round the eye soft. Smith’s hand-hammers usually 1}:1.\;1: ;L

sl‘i(;lllﬂv eonves striking face and 51\0}11(1 i1‘.)0 fro?(l) ‘i (:colg 11;'(.) :“o;‘dqlka; y

The weight of sledge-hammers varies from 10-1= %» )

Ecl)(;k\:‘ucxlcgllﬁ-‘zo 1. for heavy blows, the shaft being from 3 ft, to 3 ft. 61n.

(a)Daub/e-Face

Sledge-HammeL

engine
heads should be

N\ (d)The Smiths Hammen
|

K

: (c) Cross Pein Sledge.
(One end thus,the
other Flat)

() Straight Fein Sledge.

(One end as shown,
other end Flat)
16, 5‘2.——131:\cksm'1th’s Tlaminers.

r. When the smith and his striker are at work,

L his hand-hammer the poin
| when he allows his hammer to T
t the striker is to cease for the time being.

mnd Tools
Tor roughly forming the metal,

1y be nsed, but for cutting off, fort
rious hand tools are neecessary.
Hows :

Chisels. These are used for cuttin
, breaking, They may be hot, or co
ietal to be eut is

in the edge. The cold chisel has its e
4ith an angle of about 60°, whilst the ang
nd hardening is not necessary, since in any casc the hot metal wot
esoften it.  The cdge of a chisel should
ligh!ly rounded as shown {Fig. 53). Chiscls are generally used in pa
\ pair comprising a fop
The hardic has a square shank and fits in the square

the smith indicates

t where he requires the sledge to fall
ing vn the anvil it is an indicatior

dircet blows from the hammer alon
ning and other finishing operation:
The most common of these are ¢

¢ metals and for nicking pri
Id, depending on whether t!
ot or cold, and the main difference between the @
lre hardened and temper
lc of the hot chisel is &

not be quite straight 1

tool and a bottom tool (often called the hard
hardie hole in |
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anvil face, whilst the top chisel, which is held by the smith and hit by
the striker, may b_c fitted with cither a wooden handie of a metal wire
handle as shown in Iig, 53,

Hot Chisel
Shedge,
N\ - Cold Chise!
e with Wire
Hardle
Fdges shghts;
Chiset ,-,,,,m;'id 4

Bottom Chisel
{Hardje)

Shank fits
Square Hole
in Anvit

Hardie
Lol Anvit
Showing Use of Top and
Bottom Chisels
Fio, 53.—Blacksnuth's Chisels

Fullers. Fullers are used for necking down a picce of work, the
reduction often serving as the starting-pownt for o reduction (Fig. 543,

- = 5

) Reunded Fuller for Corcutor Viork

/ Sledse

(e)Use of Fullers
¢oleck before
Settmg Down,

(a) Jop and Botton
Fullers

F1o. 54.—Blacksmth’s Fullers.
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Hammers particular to the smith arc shown at Tig. 51‘%1, :l\l'lnlsrt:
enaineer’s hammers, which he also uscs, arc on F)galﬁs. "(11 r\?_eﬂ
hcads should be of cast steel, the cpd’s hardened an tempeﬁ'c " i '11
the portion round the eye soft. Smith’s hand-han:)mers u]sl;m. y 38"0?E
lightly convex striking face and should be from 2 ‘)to 3 b }ﬂ w d(;lc nt.
The weight of sledge-hamme ib. for ordinary

rs varies from 10-12 )
work and 16-20 ib. for heavy blows, the shaft being from 3 {t. to 3 ft. 61n.
(@ Double-face

Sledge-fammeL,

76

LR A
)

(d)7he Smiths Hammer

(c) Cross Fein Sledge.
(One end thus,the
‘ other flat)

(B) Straight Fein Sledge.
(One end as shown,
other end Jat)

116, H2.— Blacksmith's H:\mmcrs..

ong, When the smith and his «triker are at worlk, the smith indiecates
with his hand-hammer the puint where he requires the sledge to fall
and when he allows his hammer to Ting on the anvil it is an indicatior
that the striker is to cease for the time being.

Hand Tools
For roughly forming the metal, dircet blows from the hammer alon

may be used, but for cutting off, forming and other f{inishing operation
various hand tools are necessary. The most common of thesc arc ¢
follows :

Chisels. These arc used for cutting metals and for nicking pri
to breaking. They may be hot. or cold. depending on whether t)
metal to be cut is hot or cold, and the main difference between the ty
is in the edge. The cold chiscl has its edge hardened and temper
with an angle of about ¢0°, whilst the angle of the hot chisel is &
and hardening is not necessary, since in any case the hot metal wou
re-soften it. The edge of a chisel should not be quite straight t
slightly rounded as shown (Fig. 53). Chiscls are generally used in pal
a_pair comprising a {op tool and a bottom ool (often called the hard
The hardic has a squarc shank and fits in the square hardie hole in
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anvil face, whilst the top chisel, which is hicld by the smith and hit Ly

the striker, may be fitted with cither a wooden handle or a metal wire
handle as shown in Fig. 53.

Hot Chisel

Sledge

Cold Chisel
e with Wire
Handle
Fdges shightly
Chisel rounded

Bottom Chisel
{Hardje)

Shank Fits
Sguare Hole.
in Anvil

Lol Anvil

Showing Use of Top and
Bottom Chisels

I, 53.—Blachemith’s Chisels,

Fullers, Fullers are used for necking down a piece of work, the
reduction often serving as the starting-point for a reduction (Fig. 54).

') Rounded Fuller for Cirtutar Work

Sledge
/ g

(e)Use of Fullers
tolNeck before
Setting Down,

(a) Top and Bottom
Fullers

F16. 53.—Dlachsmith's Fullers,
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They ‘made in 0 and
They are e P hardie hole and the top

hottom tool fitting in the

and struck by the striker.

to needs. the gize denoting

BL:\CKSMITII’S TOOLS

tools as in the case of chisels, t_hc
Do held by the sm_lth
made in arious sizes according
the width of the fuller cdge. Thus a $-1n.

b 2 - g |
fuller would have a semi-circular cdge 1in. wide. ¥or shouldering r0

work fullers may have their edges hollowed out as

Swages (Fig. 55)

are uscd for work

shown at (b).

which has to be reduced and

finished Lo round or hexagonal form and arc made with half grooves of

7op
Sivage

Bottom
Swage

Fia. 53. Hlacksmith's Swages.

dimensions to suit the work being reduced.
top and bottom halves, or
as shown,

of spring st cel

U

Lmn=- 20

{Joln Hall {Tenls), Lid.
Fic. St.-—Swage Block.

{thus cnabling them to be used

Swages may be in separate
the {wo halves may be connected by a strip

by the smith

single-handed. swage block (Vig. 56)

The

| i cenerally made of cast iron and incor-

porates a range of sizes in addition to
heing provided with holes which are useful
for holding bars whilst bending, and knock-
ing up heads.  The swage block is usually
supported at a suitable height on a stand
which is adaptable to hold it flatwise, or on
its edge.

Tlatters (IMg. 57) arc used for finishing
flat surfaces and arc made with a perfeetly
flat face about 3 in. square (ot round). The

sel-hammer is a similar but smaller tool used

for finishing in corners and confined spaces
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As the work is supported dircctly on the anvil for flatting, only the top,
handled tool is necessary,

Sledie %
'/
Set Hammer

Flatter
13
Use of
1 Flatter
7 I

Fic. 57.—TFlatter and Sct Hammer.

Punches and Drifts.—When metal is at forging heat holes may
easily be put in it by punching, and opened out by driving through a
larger tapered puneh called & drift.  Examples of punches and drifts
are shown at ¥ig. 58. When punching a hole it should be carried out
from both sides as shown to avoid driving the punch on to the hard

anvil face,

{a)Round Punch (B)Square Punch

£e) Punching a Hole

d) Driftin
Tic. 59.—Punches and Drlfting.

Tongs. The smith requires a good selection of tongs with which
to hold his work during the various opcrations, The chief types of
tongs for holding work are shown at Fig. 59 (a), (b) and (c).

Those at {a) are the flat tongs and should hold along the entire
Tength of the jaws as shown, If they grip at the front or back only
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. Clampin
Open Kouth Closed Houth /m}{; 4

o\ g e e

(a) Flat Tangs

=S Fe e

Hollow Bt
Round Mouth Mouth
(8)Tongs for Round Werk Square Mo

S ] S p
o "m
T =
(@) Fick-up Tongs Vee Mouth
(c) Tongs for Squars Work

Fic. 59.—~Blacksmith’s Tongs.

he grip will not be sceure.  Hollow tongs for round work are shown
t (b) and tongs for squarc bars at (¢). In these three types there
hould, of course, be a variety of sizes suitable for dealing with the
ange of work to be undertaken, The tongs shown at (d) are for pick-
ng up round bars, but not for holding work during forging. To relicve
he smith of the strain of holding the tongs during a long forging oper-
tion, means are often provided for clamping the tongs together, and
me method is to drive a loop over the handles as shown.

Forging Operations

The formation of a shape by forging consists of a combination of
wo or more of a number of relatively simple operations which are as
‘ollows :

Upsetting (Fig. 60). This consists of increasing the thickness of a
ar at the expense of its length and is brought about by end pressure.
Phe pressure may be obtained by driving the end of the bar aegainst
‘he anvil, hy supporting on the anvil and hitting with the haﬁmler,
oy placing in swage block hole and hitting with hammer or by clamp-

—

) r———— 5
M R R O oy s/l

PR, Spe:;/b/
(@) 1ith (B)Strikin Grips
Hammer anAn w‘/g

Tic. 60.—Upsetting.
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ing in a visc and hammering. The position and nature of the upsetting
will depend on the heating, and upon the tvpe of blow delivered. In
general, the increase in lateral swelling will be greatest at the parts
where the metal is hottest (most plastic), so that for upsetting the
end of a bar only that end should be heated.  If u short bar is heated
uniformly over its whole length, heavy blows will cause o fairly uniform
degree of swelling, but light blows will have n more Jocal effcet at the
ends only. :

Drawing Down is the process of increasing the length of a bar at
the expense of its width or thickness or both (Fig. 61). A good method
of drawing down square or rcetangular bars is to use the edge or beak

) Bet
Lullers

{@)0n Edge of Anvil  (B)On Beak of Anvi)

Tt6. 61.—Drawing Down.

of the anvil as shown, turning the bar through 90° if the thickness in
both directions is to be reduced.  When assisted by a striker, a pair of
fullers may be used as shown, When the preliminary drawing has
been done in this way the wark may be finshed off with the flatter.

When round bars have to be drawn down a considerable amount
they should first be brought down to a square, drawn by the above
method and then squared up again, The square is then taken to an
octagon by taking off the corners and finally rounded and finished
between swages.  When reducing the thickness of metal care should
be taken not to drive it outwards from the centre too rapidly or internal
cracks will occur which will remain as permancnt weaknesses in the
metal,

Setting Down is a local thinning down
effected by the set-hammer or set. Usually
the work is fullered at the place where the
setting down commences (Fig. 62).

Bending. Bending is an important
operation in forging and is onc very fre-
quently used. Bends may be cither sharp-
cornered angle bends or they may be com-
Pposed of n more gradual curve.  Angle bends
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a simple hending fixture will often save time and enable more uniform
results to be obtained.  Such s fixture is shown at Fiz, 65 and its
operation is self-explanatory from the diagram.

Gradual bends may be made by using the heak of the anvil as o
formner as shown at Fig. 63 (a), or the mctal may be bent round a bar

7]

(a)Over Beak of Anvil (B)Over Bzr in Vise
Fi6. 63, ~Circular Bending.

of the correet radius held in a vise as at (5). When a quantity of
bending has to be done, the use of some type of bending fixture will
save time and produce better and uniform bends, At Fig. 66 the
handle earrying the roller is swung round, causing the metal to be
bent round the centre dise. Varying sizes of bends may be obtained
by fitting different centre picces and rollers to suit. For more com-
plicated bending operations, hending tools of various types are used,
ene of such being shown at Fig. 67.

16, 66.—TDending Tisture.

Length of Material and Location of Bend.—We hnve mentioned
that when n bend is made, the material on the outside is stretehed
and that on the inside h 1. At same intermed layer there
will be neither extension nor compression, and to find the length of
matenal taken up by the bend we must find the length of thes layer.
Vor fiat and round sections thrs neutral hayer 1s at the centre,® so that

*® For other sections see the treatment in the author's Semor Workshop Caleu.
itony,
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mav be made by hammering the mctﬂ.l over the. edge .of the nvnvxl,
over a block of metal held in the h:}rdxc hole or in a vise, or (;\‘%r a
vise jaw itself, whilst the metal is being _gn?pcd (Fig. 63 (a) ). an 1en
metal is bent the layers of metal on the inside are shortened and those

Outside rretal
ya Stretchea

Centre fayer
unaffected

N Jnside of berd
compressed and
bulped sideays

(B} Effect of Bending

(a) Work Held in Vise

r_—_—:[t - )
(cWrue Square end  (d)Metal Forked up to fill

in Corner of Serd
Ti6. 63.—Dending {Sharp Bends).

on the outside are stretehed.  This eauses a bulging of the sides at the
inside, und a radius on the outside of the bend as shown at (b). If a
true sequare bend is required as shown at (¢), additional metal must be
waorked to the place where the hend oceurs as shown at (d).  When this
is bent the additional metal will go to make up the corner. If this
is not done it may be possible to work up the square corner by blows

Taper Medge
For Clamping

Lozknut

top Screiw Fon Lo
Ccnfr‘c//,"/ri --——74_
Lepth of Berd £ 5 -

Fre. 64.--Simple Dending Fixture,

from a Heht hanoner, working metal into the bend from nearby portions
of the work,  Whenever possible, a sharp corner on the il—xsi]:k of a
hond should be avoided as it eoustitutes a weakness which ﬁnv le: ‘l
to a fracture of the corner, When double bends have to bé~111§;‘1i:
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a simple hending fixture will often save time and enable more uniform
results to De obtained, Such a fixture is shown at Fig. 6& aud its
operation is self-cxplanatory from the diagram. .
Gradual bends may be made by using the beak of the anvil as a
former as shown at Fiz. 65 (), or the metal may be bent round o bar

(2)Over Beak of Anvil (B)Over Bar in Vise

¥16. 63,~Circular Bending.

of the correct radius held in o vise as at (4], When a quantity of
bending has to be done, the use of some type of bending fixture will
save time and produce better and uniform hends. At Fig. 66 the
handie earrying the roller is swung round, causing the metal to be
bent round the centre dise.  Varying sizes of bends may be obtained
hf’ fitting ditfcrent centre picees and rotlers to suit. For more com-
plicated bending operations, bending toals of various types are used,
one of such Leing shown at Fig. 67,

Y1, £6.~DBending Fixture,

Length of Material and Location of Bend.—We have meztioned
that when a bend is made, the material on the outside 15 S‘Z'{r;:;;
andd that on the inside compressed. At some intermedtate laves trme
wilt be neither extension nor compression, and to find the S
faterial taken up by the bend we must find the lenath of

For flat and round seetions this neutral layer 1s at the ce:::*:‘

T, i . )
la:im,,,‘" other sections see the treatment in the author's Srvor Forbwr Cas
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T HAIDINID
ELADE

o T TEVERSIBLE

R W NI
g et o} BLADE
oo

{Chas, Tuylor L. (Rennedy Produsts),
Fiac. §7.~Tending Fixture.

we find the bent Iength of the eentre line for such bars it will give us
i length of material in the bend, and by adding the lengths of any
Ajoining straight portions we may obtain the total length of material
‘quired. Thus in Fig. 68 (e) the total length of material s
in. - 11 in. -+ {curved Jength AB) = 2 + 11 4 {§ of §-in. rad. circle)
=2 -1 (0 X 27 X §) =2 4+ 1} 4 1 = 4] in. approx.

-

L2 N

"
.
\
Bending :: :

Formep 1} H

. o

2 [

l.‘-'

e 23 el
E e S (c)line GH set Level
(@) Eend () Develepment of Bend with Top of Farmes

Fia. 68.—~-Locution of Bend.

- The other point which deserves some attention is that of maki
the bend to come in the correct place, with 2 in, of straight at onc ¢
and 11 in. at the other,  This may be achieved by bending the bar o
o shaped former held in the vise, and locating its position relative
the radius on the former.  Thus in Fir, 68 (b) the bend must star!
tine CD and finish at . If line €D is set level with the comme
ment of the bend as shown at Fig, 68 (¢), a line at GII will be |
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the fop of the bending former if GH is distant from CD by the
sedins, Hence mark a line where the bend most eoonmenre,
2nd strike 200ther line at a distance from it equsl to the inside radius
of the bend.  Set this second line Ievel with the top edge of the former
ard then bend the bar over the former,

Ponching apd Drifting. As well 2s beingy vsed for its obvious
frurpose of producing holes, punching may often be employed 25 a
shaping process.  When performed without a die, punching should be
carsied ost in two stames.  In the first operation the 1ortal is held flat
on the anmvil and the hole punched 2pproximatelv half throu The
wizk is then turned over and the hole completed by supporting the
terasshownat Fir. 35 (€) {pore 79, Iftheholeis picreed right through
{romone sids 2 bulge is thrown upon the underside 2s shown at Fig. €9 {a)

Pureh sponie TECE s Fizte
e ’ .
Cn ONWNAN l RS \\\: B

N9 NN (/\ r"\\\mr*w

A7 RN
ulge > <

(a)fffect if Punckiny (B)sg a Die

Right Jhrouzh
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Fic. 69.—Punching,

()

If adie isused having a hole with just clearance for the punch, the hole
may be pierced 1 one operation and the arrangement is shown at
¥i2. €9 (b). The taper in the dic hole is to allow the punching to fall
throuzh and a top plate may be added as shown, to align the punch
with the hole in the die. After a hole has been punched it may be
opened out to amy other size or shape by drving through it a
tapered dnft, the large end shaped to the shape required for the
finished hole,

¢ application of hing as & preli y for other shaping
Processes is shown at Fig, 60 () and (d). At (¢) the slot in the lever
1 first punched 1n a number of places as shown, after which it is cut
out with a hot chisel. It may be finished by drifting or it may be filed
®hen cold.  For the component shown at (d) the hole may be punched
:{rd then drifted cut square, followed by cutting out the opening to form

e jaws,
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Hand Welding

Wrought iron and mild steel may be welded by pressing together
two surfaces of the metal after they have been raised to the correct
welding heat.  The welding heat for iron 1s at a temperature of about
1350° C., when the metal is white hot. and in a condition bordering oln
{o the pasty stage. For mild stccl'ﬂxc temperature sho.uld be a little
lower than this, the best point being when its colour is ycllow, and
hefore merging to white, It is important that the temperature 1s
correct ; if it is too low no amount of pressure or hammering will cause
the weld to take place, whilst a tcr_npcmture too high .\Vl” ruin the metal
by burning it. The sccond essential for a good weld is that the surfaces
to be welded are perfectly clcn‘n. \_\ }mn iron or steel at a high :ccm-
perature is exposed to the air it oxidiscs and becomes covered with a
film of scale (oxide), and if this, or dirt and ashes from the fire, is al]pwcd
to remuin on the surfaces to be welded. the result will be a failure.
Ta counteract this a flux must be used which melts at a high temperature
and dissolves the scale and ash to form a liquid slag, at the same time
acting as a profective covering against any further oxidising action by
the air.  For wrought iron, sand is a suitable flux, whilst caleined borax
serves the same purpose for mild steel.  YWhen the fwo parts of the
joint have been fluxed and welding commences, the operation must be
so controlled that the action commences at the centre and the joining
of the metals proceeds outwards, By this means the slag and impuritices
are expelled outwards from the two surfaces and a clean, efficient weld
is produced. I welding starts from che outside and spreads inwards the
slag will be enclosed within the metal,  In the case of wrought iron,
the natural slag in the metal is influential in helping to flux a weld
and form a liquid slag with the impuritics.

Types of Joint. The three principal types of weld are: (1) the
butt weld, (2) the searf weld, and (3) the vee or splice. These are
shown at Fig. 70 («), () and {¢). The butf weld is diffienlt to make
by hammering beeause of the difficulty of bringing force to bear in the
dircetion of the contacting faces, but it may be employed when facilities
are available for pressing the faces together.  "This is made possible by
emploving a welding machine in which the bars are gripped, and their
ends foreed together by hand or power operation,  Whilst thev are so
held. the sides of the weld may be smoothed up by hammering,

The searfzecld is the most straightforward one to earry out, and when
preparing the ends of the picees for welding they should not be flat. hut
should be ronnded as shown at Fig. 70 (d). This ensures that the
union of the metals commences at the eentre and travels outy
expelling the slag to the outside of the bar.
hollow, there would be the risk of slag he
When the ends have been prepared they must be raised to the welding
heat in the fire and then sprinkled with o little flux {o take up th%z
reale and ash, They must then be pressed together and hammered
and the first few blows of the hammer should c.\';?ul the slag, after whi(-};

atiention may be direeted to the completion of the weld and its smooth-
ing up.

ards,
If the ends were flat, or

ing left in as explained above.
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PP

(a)Butt Weld (B)Scarf Weld  (c)Vee or Splice
Ends Pr z z
7S her v (e)Preparation for  Finished Weld
Splice Weld

{F)Application of Splice Weld
Fia. 70.—Blacksmith’s Welds.

The tee weld results in a very strong job and should be used where
¢ thickness of the metal permits of preparing the vee. The searfed
d of the bar should be roughened as shown in Fig, 70 (¢) and when
mmered, the ends of the vee’d portion should be hammered over the
oulders of the upset end of the scarfed bar.  This type of weld should
 employed, if possible, when o bar must be welded to another bar
shown at (f).

xamples of Forging.

We have discussed in detail the forging operations because most
bs are produccd by a combination of these processes,  We will now
nsider the produetion of one or two typically shaped parts, and, as
t as possible, convey the information by means of sketches. It
ust always be borne in mind, however, that forging is a skilled trade
'l cannot be learned from books., We can only indicate the lines
1 which the work should be done and leave its exccution to patient
ractice on the part of the student.

Lxsstrnr: 1. Upsetting a Head on a Bar (Fig. 71).

(1) Heat one end of bar for a length sufficient to make the head.
{2) Jump up heated end on anvil.

{3) Vatten head by hammering against the end of a bush through
hich the shank will pass.

(4} Swage to size.

{3) I'inish flatten,

I:'XA\II'LII 2, Small Lever with Boss (Fiz. 72).

Use material with scction large enoughto make the boss,

1) Tuller on flat sides,

2} Draw out lever leaving suflicient for final Natting.
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— =
Zih;hﬂ_

209022 Yo oo N
t ]
; (D) Upset Fad by ' ‘ :
! Hammering or !
, Striking against (3) Flatten Hrad using (4)Siwage Head
: Anii Bush underncath, fo size
o Use Flatter ontop
S when Finishing
: % Fig. 71.—Upsctting a 1lead on a Bar.
bl
NEE
NELEN)
i ) Roughly fint faces of lever.
' ‘ i (+) With hol chisel take off corners of hoss 3 cut tnper sides of lever an

rough-shinpe end,
X {3} Swage semi-cirenlar ends of hoss and handle,
"y (6} Yinish flatting sides nnd edges of lever,

(3) Roughty Fat Sides of Leer,
;: Y SN (6)Finish Flatting

L o e

(2) Drew Out
(NFuller Sides

@) Lut Lo Dotted Line

(5¥Swage Ends ) Punch tHole

Fie. 72— Operations in Forpi g
7 Operations in Forging a Lever.
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(7) Punch hole in boss.

(8) Drift hole out square,

{9) Smooth up all over.
Exastrir 3. Small Die Stocls ( .
Use material with section larze enough to male the loss.
(1) Fuller on edges to just above thickness of handles.
{2) Draw down handles approximately to square,

{3} Trim boss roughly with hot chisel

10—
) 7 055 ekich
\,\_._.@/j___
e =)

~

. 73,

(1 Futier (2) Roughly Deaw Oz (VTrim B33 3‘:990

=)
o = K

(4)F/a.'.‘:rllnd;aanda‘z.‘h\ (Swage 853 (5y5000e Hond'es
Octagon

Tic, 78.~Torging & Small Sct of Nie Stocks.

(4) Flatten corners of handles, making them roughly octagonal n
cross-section.

(3} Swage boss.

(8) Swage handles.

(7) Ilatten boss faces and smooth vp,

After forging, the handles would be turned smooth in a lathe, and the
boss bored to suit the dic.

Power Hammers

When forgings are large, and considerable volumes of metal have to
be moved about, the work becomes too big for a sledge-liammer and has
to be done by some form of power hammer.  For very many years,
considerable thought has been given to the introduetion of mechameal
hammers, so as ta dispense with the need of a blachsmith's striher, and
one of the first mechanical hammers was the * Oliver,” a foot-operated
contraption which gave an cffect similar to a sledge wielded by a striher,
:X'he Oliver hammer i4 now almost extinet, but there are still a fow work-
ing on special nut and bolt forging jobs in the Black Country, and
Fiz. 74 is a sketch of one of them. Following the principle of this
hammer, various power-operated types have been developed and these
are uscful for lighter and more specialised classes of work,
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TNEUMATIC HAMMERS o1

The P ic I . A diag of n Massey S5-ewt.
pneumatie hammer is shown at Fig. 75, and in section at Fig. 76. Air
is compressed on both upward and downward strokes of the piston
on the right, and the method of feeding this air to the ram eylinder is
controlied by the long valve between the cylinders, the valve being
moved by the control lever.

OIL SUPPLY TO SMALL END
iV
pl
ESCAPS HOLE FoR
3 4LENCING
| 41 PRESSURE

4

T Ty

CAPE MOLE FO)
SN AR
LR PRESSURE

FELT

WiEER RING 2
4IR RESERVOIR

t DUCT IN CRANK:-

SPRING-L04DED SHEH R

WIRER s OIL'T0 815 ERD
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1
i\
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2
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SUMP FPCH PHICH O 1S BUP =
PLIED TO£LL BERRINSS AND
CYUNDERE. USED OIL RETURNS
FO THIS SUMP AND iS5 £UTD=
MATICAILY FILTERED kEADY
FOR RE-CIRCULAT.NG

I'e. 76 —Sectional View of S-cwt. Hammer.

When the lever is in the * neutral ~ position as shown, the spaces
atove and below the pump piston are open to the atmosphere, 5o that
the pump rectprocates 1dly and the ram piston rests at thr bottom of sts
lstmke with the top pallett resting on the lannl.u Dcpr:‘i;i;; :l})wa't(;:;lc:
ifts the valve from its neutral ition, closes the opeming A
sphere, and connects the spaces Egscve and below the pump prston with, o,
Comesponding spaces above and below the hammer piston until cventu-
ally, with the valve in its hishest position for = full work,” the hzm:n'c'r
Diston lifts as the pump piston descends, and vice versa (full stroke
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automatic blows). If the control lever is raised to its full extent from
the neutral position the valve is lowered. the upper part of the hammer
evlinder is opened to atmosphere and the lower part connected to the
air reservoir. This lifts the ram to the top of its stroke and holds it
there (hold up). Raising the lever just a little above the neuntral
osition reverses this condition and holds the hammer down
{hold down). Single blows may he obtained by moving the lever
from the “hold up * to the * hold down ™ positions, the force of the
blow depending upon the speed and cxtent of the movement.
On the Massey * Clear Space ” hammers the strokes vary from
14 in. on the 2-cwt. to 42 in. on the 40-cwt. size, and the speed from
200 to 85 blows per minute for the same range of hammer sizes.

Tools for Power Hammers. The working of metal under a power
mmer follows the same gencral principles as for hand forging, remems-
ring of course that more and heavier blows are possible, and that the
ow is delivered with greater precision.  The tools used with a hammer

. - ) [B. & S. Massey, Ltd.
‘ 16, 77 - Smithy Toals (Power Hammer).
A, Sprine weares, B aud C, Top and bottom swages ;

wtma swazess [0 Spring necbang tools: P ki g
i adee s £ Sping nee mg tools; F, Round necking tool; G, Vee tool; J1, Fiatting tool ;

D, Ring for dropping over anvil pallet for

re (hifcrcx;t from those employed in hand forging and a selection of
1L ¥ 'y * - !‘. Lrird - 1 1

;gtf- ‘u;c‘ shown at Fig. 77, By making simple bending and forming
cks, the power hammer may be used cificiently for the production of

irge numbers of similar forgings.

irop Forging

xigllnlndi‘ forg}zmg 15 1 useful and indispensable process, but it is not

; \;L’ :W;)qugt";c\ ];mduchon otil' I:xlrgc numbers of identical forgings such
are 25sary in mass methods of manufactu Y i

ould be too slow and - nd methods of proguctas e o

§ costly to use hand i
‘ ] 3 s¢ hand methods of production, and
5o the forgings would not be uniform cnough in sizg to enable the

l])&('(ll‘lf‘nl machining aperations to be performed by mass production
:Gbx-m <. : When large quantities of a certain shaped compc?ncnt have
¢ made, and the mechanieal properties required are such that a
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casting would not be suitable, drop forging is a very common method
of making the part, Drop forgings can be produced from nearly all
qualities of steel, from some aluminium alloys and from ecrtain brasses
end bronzes, The hot working that is given to the metal makes for

18 & 8. Maveey, Lids

Fic. 78.~4-ton Friction Drop Stamp.

soundness and high quality in its structure, so that drop forged parts
are used in all cases where strength and rchabiity are the prime
considerations. .

Drop forgings are made by squeczing the metal at forging heat
into shaped imptessions cut in heavy steel blocks called dies. Generally
half the impression is cut in one die snd the remainder an the other,
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divs weet with metal squeezed into the
w been formed.  The method used for
sepreezing the metal is to allow one die to fall from t height of 10 to 20 ft.
on o the other, with the metal in hetween, and it is from this that
Ve name * drop 7 forging is dervived. The dics for drop forging are
made from large blocks of steel, the quality used being a medium carbon
cteel ar one of the alloy die stecls (B.S.5, Spee. No, 224), and the size
of the drop stamyp is expressed as the weight of the top dic block (the
tup). In practice, stump sizes vavy from 1 cwt, to 21 tons. A drop
stamp consists of the hottom dice, held by set serews on to the base, the
top die carried on the tup, together with the mechanism for raising the
fup and allowing it to fall.  For raising the tup two methods are in
general use: the Fnglish patlern, which makes use of a belt passing
over a pulley, and the American type, in which a hoard, attached to the

Gutin Pulicy Frictionrum
TN )

o that when the faees of the
cavitics, o camplete stamping i

Friction Band (8)
Cam

[ Tankcontaining
Coolingd Wsten
for FrictionDrum

F Cin i
Lo G ,
Lever(r) Bemdiowhich
: 3 Tupisaitoched
N - . (B, (¢ 8, Muassey, Iid.
Fuz 70.- Mechanism for mising the Tup of a Friction Drop Stamp,

l;_xp, is raised when it is held belween two rollers rolating in opposite
zxrxlx‘:«.t‘x:)m. 1.~\ general dizgram of a belt lift drop stamp is shown at
f-l'h't'“ . i”“ details of the mcthod of raising the top at Fig, 79, The
‘:,n x}m\,: nu.\l\ '(.~l)’1s kv.\'cd. to, aud rotates with, the shaft. 'ri‘hc frictioy
u.\n‘\‘(. .§.'«){]\t ;‘f'h is steel, lined with o frietion material such as Ferodc

. ¢ m({ s1he 1{}\;\:\ and ean be eaused to grip the drum by a eam operite

tanu the eorc attached to the ¢ or 12, The lifg ‘ .

' L alty vemmlever 22, Thelifferar vhi
ot the ear : _ PR arm (@), whic
) Y >

:\I::“t; 3:\ 'x'n}\i t‘\l Hﬁn l')( 1. is :xt}:urhcd to ends of the friction b:z;\d ar
- f‘riMi.:u:‘!‘:‘xtl:dpu {;;l(llg. When the cord is pulled, the grip betwet
m band and the drum canses the arm, t v i

pulley, to rotate, and thus wi ) arm, together with the gui
] v, ate, 15 winds : > g visi
the bell on to the guide pulley, raisi

ﬂ ¢ tup, The av N ..

m‘ul :’x: :\ll'{u}*);xlltx:?}:! ]'n-d'\fbf held slany position by operating the co

it the tnp* Contr 1;*_(‘\ E('n provided whereby it may he posftivcly h

of the coml. 1o _l( 13 f,‘f‘“‘”"d. on the speed of drop by manipulat

tun falle ﬁ-.(- P e eased (full_rcly. all the friction is taken off and
P talis freely, but if the cord is only partinlly released, some frict
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still remains and the tup falls more slowly
erected in batteries of sc{"cm in a roy (i:‘l]ﬁl o Drop faamps e
power for them all, A pair of dics for forsing
approximately half the shape of the component
the process of cutting these impressions is ealled die-sinf:ing, Die-
sinking isa very skilled trade ang requires pot 4 ill and py

to do accurate work butalsoq thorough Knowledee of all ela

and machine tool technique. Ip p!anning and making t}

particular forging the folluwing conditions haye to be looked after

;l) The size of the Lorging and 41, Materia) of wchich it §5 4, be
made.

This will determine what size of stamp mngt b used .
(2) The Direction in which 4t may be Porged,
For some articles, e.g, o fat dise, this is obvious, byt for others o

choice is possible (e.g. the component Fyg, 59 d be d
with the dies meeting on line XX, or on Y\(;‘.) o ¢ rop forged

0 produce it,

Flash' left aften fin
a3 been trimmed of f

Y
X

@ Lever (rSbamped ey (C)Stamped on Live rry

]

"Shallow racess ts

EEESSE b Poughly Shapedt
Samping betore Fotgng

() Dre Irpression fomte)

(Leth Djes the same)
LT Liees the same

Fic. 80.—Dirap Stamping a Lever.

Seetion xx

The onsiderations whych chiefly decude this point are (i) the rclative
licieney with whyoh the metal will flow to the alternative dic unpres-
ons, and (5i) where taper may or may not be tolerated on the finished
“omponent, This 15 shown at Fig. s (b) and (c), where the taper that
would e o the component sides 1s deawn rather exaggerated for
’H“““ﬁ‘)n. and it can be scen that f, for example, the boss of the fever
Bere requireq with flat faces, then 1t would have to be stamped on YY,
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co that when the gaces of the dics waced with metal Squcczcd into the
a complete < -unping hos been formed. The method used for

sqn(-c-?.'mg the metal is to allow one die to fall from & \_mmht of 10 to 20 ft.

on to the other, with the metal in Petwveen, and it 18 from this that

so derived. The dics for drop forging arc
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cavities.

= Ic L erecls (B 3.5, Spee- No. 224): and the Siz¢

cints Of the bottom die. held by get SErews on to the basc, the
top dic earrivd OB the tup. yogether with the mechanism for raising the
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Lever(E) Bandto which Stop
6 Tup Jsattached

- . B. & S. Masseu, rd.
LGN NMechanism for raising the Tup of @ Friction Drop Stamp

tup, 15 raised when it is held between tWo rollers rotating in opposit
d}'rvclﬂmm. A g:cx)crle dingram of 8 helt lift drop stam y is shlo?\'n L
l{-x.g‘. .:_b', and details of the method of raising the tupxnt}l?i«. 79. " |
1ru.h.m\ :}r\u?\ '(.l).ls keyed to. and rotates with, the shaft. The fricti(
‘.'“-l'“ (I.~,. which is steel. lined with a friction material such as Terod
Lg‘ ;x:‘le‘r‘(‘:;‘;‘t&cﬂr;x}n\ T:d Y:m1 \Z(‘. c?uscd to grip the drum by a cam operal
rom 0 € . uttached o the cam lever E. Thc\if( g ‘hi
xx‘.l\lz;ut: t&& f;“f\, of the belt.is nl%:\chcd Lo ends of the fclfc(‘t:g:\(gt)l’n\(\llg
s mm;();{\:uc\‘?u\\{:} ‘(H ). When the cord is pulled, the grip betw
he o \x . ..m( apd the drum causes the arm, {oocther with the gt
it.'lw L{\“, ‘u x:;;.\t(‘-. and thus winds the belt on 1o the guide pulley rr%i“
m‘“\ mz .'m'w\‘\“ ‘\Tp‘x}\:\} be held at any position by operating ’tilc c
o o N C:.;\"‘- 1\s'nftc.n p_rovu\cd whereby it may be posibﬁvc\v '
R vol‘i i i{l'o‘ 151 exercised on the speed of drop by mnnip\;\n
ot e e {.‘ n s TC cased cnh.rc\y, all the friction is taken off an
p falls treciyy Jut if the cord 1s only partially released, some ‘fri
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still remains and the tup falls more slowly. Drop stamps are often
erccted in batterics of several in a row with one motor supplying the
power for them all. A pair of dies for forging a component will have
approximately half the shape of the component formed in each one, and
the process of cutting these impressions is ealled die-sinking. Die-
sinking is a very skilled trade and requires not only the skill and patience
todo accurate work but also a thorough knowledge of all classes of bench
and machine tool technique, In planning and making the dies for a
patticular forging the following conditions have to be looked after:
(1) The size of the Forging and the Material of which it is to be
made.

This will determine what size of stamp must be used to produee it.

(2) The Direction in which it may be Forged.

For some articles, e.g. a flat disc, this is obvious, but for others a
choice is possible {c.g. the component Fig. 80 (a) could be drop forged
with the dics meeting on line XX, or on YY).

‘Flash'left after fin
+as been trimmed of

@)lever  DSfamped with Des, (o Stamped on Line Y'Y

-Shallow recess, tz ,
e e tn  (e) Bar Roughly Sheped
Stamping before Forging
() Die impression for (&)
(Beth Dies the same)

Section XX

Fic. 80.—Drop Stamping a Lever.

_ The considerations which chiefly decide this point are (i) the relative
efficiency with which the metal will flow to the alternative die impres-
slons, and {ii) where taper may or may not be tolerated on the finished
fompanent, This is shown at Fig. 80 (0) and (c), where the taper that
would be on the component sides is drawn rather exaggerated for
illustration, and it can be scen that if, for example, the boss of the lever
Were required with flat faces, then it would have to be stamped on YY,



96 DROP FORGING

(8) The pre-forming of the Razw Material for the Forging. )

Sometimnes the bar or blank may be introduced between the die
without any previons shaping, but in many cases some preliminary
forming is necessary if the dic impressions are to be everywhere fillec
up. This would he necessary for ¥iz. S0 {a), and it can easily be imaginec
what would be the result if a parallel bar were stamped between the
dics made for this component. Pre-forming may be carricd out i
impressions on the actual dies or it may be done separately under
power hammer,

(8) The Number of Stampings 1o be Produced and the Life of the Dies

The life of a pair of dies is a variable factor depending upon th
fortn of the impression, the importance of the forging, the material o
the dic and the material heing forged.  1f Jarge numbers of stamping

e

Flash leFé
From Fin

Frnrshed Stamping
after Trimming

Fic. 81.—Drop Forging a Fork Lnd.

have ta be made, long die lifc is aimed at and expense need not be spare
on the material and finish of the dies.  For small orders cost should 1
L}vpt low and life is not so jmportant.  As a rough idea it may be take
&‘:’?‘1 a par of medinm earbon steel dies stamping an average mil
5 u‘wvompnnmt will give a life of 20,000 to 30,000 stampin:s
e -'hgn ; h;t f({r(\g()xx3g points have been settled satisfactorily, a speci
ﬂn‘}c;l??{ nl { e statping is usually made, being somewhat similar to tt
m;a:;:‘i;ﬂn’x‘\l\‘x{xg oi; th:' component but having allowances made fi
N anag coniraction, as well as t‘l])‘ 8 v i
ch 1 co on, 1 s taper shown on it. From th
ﬁ:?u‘i m(,';* tgr :lln;--s.mtkcxi wlll“cutl‘ the impressions in the dic blocks, usit
and- or machine-tool methods as mav be i ini
- o m : ods a) neeessary.  When fi
the impressions nuust be polished, as the forginge will iv inishe
bad outer finish necording to the finish puté:)nctl d?CCC“S ; %00(3 ‘
o 5 14 1e dies, n the fa
of the dic blocks and round the profile of the impressions are now o
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shallow grooves or depressions.  These are to allow a fin to be formed
on the stamping round the line where the dies meet. The reason for
this is that it is impossible to judge the exact volume of metal to fill the
die impressions when the dies mect, and a little extra is allowed which
is squeezed out into a fin or flash when the impressions have filled up,
This flash is afterwards trimmed off by pressing the stamping whilst
still hot through a sharp die having an opening the same profile as the
finished stamping.

In the process of drop forging the metal to be forged, which may be
in the form of bar, blanks or pre-shaped pieces, is heated in oil, gas or
coal fired furnaces. (In the case of forging direct from bar, the end
is heated for a sullicient length to make the forging.) The stamper
controls the process, having one assi to ipulate the 1
of the drop stamp, and others if nccessary to help in handling the work.
The dies, having previously been set with & dummy stamping sa that
the two half impressions are an exact match, are now ready for their
work, and according to the experience of the stamper the top dic is raised
and allowed to fall until the forging is completed. The stamping is
finished off by trimming off the flash on a press, and if possible this
should be done whilst the forging is still hot.

1In Fig. 81 is shown a component, together with the dies for stamping
it, and & sketeh of the forging before and after finish trimming,

The Joining of Metals
Riveting

When plates have to be fastened together to form a permanent
joint, riveting is a satisfactory method of making the joint and is
extensively used on boilerwork, shipbuilding and structural construction.
TRivets are classified according to the shape of their head, and Fig, 82
shows the usual types together with the general size proportions. The
round (snap) head is the most commonly used, but if the projecting
head is an inconveni , the o k type enables flush head
conditions to be attained but does not give such an efficient joint.
Steel rivets put in and riveted up hot give the best results, but for light
work, copper, brass or aluminium rivets may be used cold. For very
light work, hollow and bifurcated rivets may be obtained, but these
cannot be expected to give a joint as satisfactory as a solid rivet,

A good guide for the rivet size to use is to make d 11, where
d =rivet diameter, and ¢ = thickness of plates being joined. For
tin plates this will give a rivet too small and must be used with

iscretion,  For riveting up the end of a snap head rivet a length
¢qual to 13d should be allowed, whilst d should be allowed on the length
of a_countersunk rivet.

Riveted joints to plates may be made either by lapping over the
edzes of the plates and fastening with one or two rows of rivets (lap
Joint), or the edges of the plates may be butted together and then
completed by holding them together with one or two cover straps and
tiveting (butt joint), Examples of these jomts are shown at I'ig. §3.

LT, T
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When preparing the plates for the joint they should, if possible, be
clamped together with the top plate marked out for the holes. The
holes may then be drilled in all the plates at once and there will be
no doubt nhout all the holes being in alignment. for insertion of the rivets.
I one plate already has holes, it may be clamped in position and the
holes marked through for drilling in the other plate, or the holes used
as a guide for the drill itself.  The holes should be slightly larger than
the rivet, an allowance of about Y;d being about suitable (e.g. for
a Idn. rivet; allowance =45 X 3 =% in. clecarance), In some
classes of work rivet holes are put in the plate by punching with a
punch and dic. When this is carricd out on the cold plate the edges
of the holes are severely cold worked and the work hardening may be
severe cnough to start small cracks round the edges of the holes. This
defeet may be removed to o large extent by punching the holes a little
smaller than their finished size and opening them out to size with a
3 or 4 flute drill. This removes the hardened metal and any small
cracks that may have started in it.

Hammer Finished
77d~ 2d LRiveting
Jrh T Fulf Countersunk
AN
220\ | s ’%@4 0
NN / \\: & R f ’\ 3 1
07 W4 3!
Q,’%‘&( L’Z’@J*L 75d [o(jmtcﬁ- /__:ﬁg
g YR sunk Conical
Snap or Countersunk Head
Cup Head Fan Head =

(d=FRivet diameter)

€§m Pressur §@? 7

Bifurcated Rivet //o;gg, b §j,‘j,"; >fammep

Closing a Rivet
Tic. 82.—1livets.

Tor countersunk rivels the holes in the plates

on their cuter edges until they are the same d?umete;n ?sg ttl?ccr?ggs llll‘f:lz'lcdd
the ug_glc of the chamfer being the same as that under the rivet hc'l(i
(sec ¥ig. 82). This chamfering is called countersinking, and is us 1
do,l€\7;"lt111;1 spci*cial fluted cutter, a Y

icn the plates are ready for riveti ] Y .
together and located with theyrcspcctive ?i%ct}-llg!ezhionmz?libr?mdat? n)CI(}'
hot riveting is being carried out the rivet should be at a fgr ing I
and the opqx*utnon should be completed before it cools too m%lgg 1;‘?’6’
snap head rivets a punch, or tool (snap), having a half-s hcric;ll. ":r
z}nzllllgrrgo th.c rx'vett-hlcnd must support the head, whils;;pthc plai(;lmezg

tvet 1s riveted aver by a similar h ;

and struck with a hammer (Vig. 82). It I:lllrt;cz:'o};lec]?s tsomgllf e:gﬁ;}f r;g
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be handled it may be rested on the supporting snap whilst the riveting
is completed, otherwise an assistant (a * holder up ') must hold the
supporting snap whilst the head of the rivet is closed. The aim in
riveting should be to swell the body of the rivet by the hammering until
it completely fills the hole and to complete the process whilst the rivet
is as hot as possible. This avoids any risk of cold working (and brittle-
ness) of the rivet, and as the rivet cools it contracts, drawing the plates
tighter together.  Care should be exercised to ensure that the rivet end
is spread evenly in all directions, and not bent over one way., This is
often helped by giving the rivet end a few preliminary blows with the

I3d ]
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! Lap Joint with Single

Double Riveted Lap Joint

Row of Rivets

D&

- 5666]
ISR )

Butt Joint with Single Cover
Double Riveted Butt Joint Flate. Single Riveted
with Cover Plates each side

AEsisy

— 1
= 1 i
=

TV ' [
Lap Joint ina Flat Baror Strip  Butt Joint in a Flat Strip
Fic. 83.—Riveted Joints,

i O

Toio T

. )
)
Ecy=ia
o 1o
-0
19~

Lall end of the hammer. Countersunk rivets may be held up with a
flat-ended punch, and when only a few have to be dealt with the ball
end of the hammer may be used for the initial spreading, followed by
finishing Llows with the flat end.

For cold riveting the closing of the rivet follows the same lines as
when the rivet is hot, except that the metal is not as plastic, and more
difliculty will be met in swelling it to fill the hole, also if the plates are
not tightly together after riveting there will be no eooling contraction to
pull them to,

When a considerable number of rivets have to be put in it is advisable
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ot to start at one place and fill the holes in order from that place but
to rivet the cxtremitics first. Tor example, rivet holes in a linc should
have the end ones filled first, then the centre, after which the order does
not matter much. If the {ormation is square fill opposite corners first,

then the other corncrs, followed bY the remainder: y working this
way the cmbnrmss’mg cffcets of the plates crecping aré climinated.
In the same way, if the rivet holes have 1o be drilled, the opem’cion is
faci\'\tntcd by drilling and riveting two extreme holes first, afterwards
drilling the remainder with the plates fastened together.

Yor structural work, boilermaking cte., where large numbers of
rivets have to be dealt with, there are various types of machines for
closing rivets. The pncunmtic ri\'et,ex‘—q)robnb\y known to readers by
the noisc 1 makes—closcs the cnd of the rivet by & quick succession 0
blows. Other forms of machine such as the hydraulic riveter squecz
the rivet by hydmulic pressure.

goldering
Soft goldering

goldering 18 & quick and useful method of making joints in lig
articles made from steel, copper and brass, and for wirt joints such
oceur in cleetrical work. It should not be used where much strengui
is required, oF in cascs where the joint will be subjected o vibration o
heat, 88 S Ider is compamtivcly weak and has Jow melting point.
When joints must stand these treatments they should be riveted, welded
or bhrazcd.

\When conditions arc made suitable for molten solder to wet the
§\u~fncc of the metals being soldered, & thin layer of an alloy of the tin
in the solder 15 formed with the metals, and this union, with the solder
in between, causcs a joint between the two metals. The conditions

are shown 1 Tig. 84, which illustrates the joint between two copper

Copper

Alloy of Copper
and Tin

Solder

: —A//oy of Copper
and Tin

S Copper

Tic. 84.—T0 rate a Soldercd Joint X 300 approx.

surfaccs, the layer of metal wher ' joi
s g re the solder jomns i
an alloy of coppet and tin. Now ; the copper BER

m i i
place, intimate union petween the mcé)nrldzclgdtht?fc ts‘(l)‘lsdélrn;on :liz)ﬂl tal
possible by rendering them serupulously dean. 1If mol\tu e
plnccd_ on thc.su}'fncc of an uncleaned metal it will not wct,ca soldes
but will remain in a globular state. This is because the dirtlgnsc‘llf‘\(}{

film prevent the intimate union neeessary for the solder to spread
rcad O
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and wet the surface to form the union required.  For suceessful solder-
ing then, the principal requirement is cleantiness, but however earcful
we may be in cleaning the sutfaces to be joined, we should still be
unable to make a joint because immediately n polished metallic surface
is warmed n thin film of oxide spreads over it and this woull prevent
the solder from running.

Fluxes. To assist in maintaining the necessary cleanliness, a flux
must be used to proteet the eleaned surfaces from fumes and atmospheric
action whilst the process is taking place.  Fluxes are of two kinds:
(1) thosc which not only protect the surface, but play an active chemieal
part in cleaning it, and (2) those which merely protect a previously
cleaned surface.  The first class of fluxes are the most efficient, the chief
being zine chloride (* killed spirits ”’), ammonium chloride, and zine
ammonium chioride, a combination of the two. In the * protective ”
group of fluxes (under (2) above) there are tallow, resin, vaseline,
olive oil, cte., and in addition to these there are various patent fluxes
of which * Fluxite * is a well-known example.

Killed spirits gives the best all-sound results. It is prepared by
adding zine to hydrochloric acid until the acid will dissolve no more
and some undissolved metal is left in the acid, the action taking some
hours to complete. The main disadvantage to this flux is its corrosive
after-effects, and joints made with it should be well washed with, or
dipped in, a weak solution of an alkali such as ammonia to neutralise
the acid,

For light, continuous work such as the soldering of electric con-
nexions, the problem of fluxing is greatly facilitated by using one of
the strip solders with the flux incorporated. One such solder is resin
cored, being in the form of a small thin tube having a core of resin
which melts and fluxes the work as the solder is consumed.

Making the Joint, A soldered joint may be made by heating and
fluxing the parts to be joined and adding the solder, by dipping the
previously fluxed parts into a bath of molten solder or by the use of a
solderingiron.  For the general run of work the use of a ‘soldering iron
is the most common, and irons are made of copper. This metal is used
(1) beeause it is a very good conductor of heat and rapidly transmits
heat from itsclf to the metal of the joint, and (2) it readily alloys with
tin and this facilitates the operation of coating the end of the wron
with a layer of solder, known as * tinning ” the iron. A good way of
heating an iron is by placing it inside an iron or stecl box, open at the
ends and bottom, and heated inside by the flames from a rectangular
fasheater (Iig. 85).  Elcctrie and gas hieated irons may also he obtamed
ond are preferred by some people. Sketehes of straight and hatchet-
shaped irons arc shown nt Fig. 85, the hatelict type being useful where
working with the straight iron is likely to be awkward.

.. The first operntion is to * tin " the iron and this 1s done by heatng
it to a rood temperature but less than a red heat, quickly cleaning its
end with 4 file or emery cloth, dipping it in flux, and rubbing sokder on 1t.
{ the temperature and other conditions are right, the iron will take on a
thin fitm of solder, and if it is held against the stick of solder. a certain
fAmount in the form of a globule will adbere to 1t (sntable solders have

™ discussed on page 51). The work must now be cleaned, fluxed
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(c)Heater

TiG. 85.—So\dcring 1rons and Ilcater.
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action without much aid from the iron. The following additional
hints are given in the hope that they may be useful.

{a) Always use an iron as large as ean be handled and err in the
direction of having it too hot rather than not hot enough (it should not,
of course, he red hot).

(b) A better joint can be made if the work is warm rather than cold,

(¢) Iron tinning is facilitated by having some blobs of solder in a
tin Iid with a little spirits, and touching both the spirits and the solder
at the same time.

(d) Quenching the hot joint in spirits, or painting on spirits whilst
hot, will often elfcct remarkably thorough cleaning.

Brazing

At its Dest, solder is only a soft metal with a strength of about
3 tons per square inch, so that where much strength is required an
alternative form of joint must be used. This alternative is provided in
brazing, where the joining metal employed is brass, a harder, stronger
and mote rigid metal than solder. As in the case of soft soldering, an
alloy of the brazing metal and the metal of the joint is formed at the
surface of the joint metal.

The brass used for making the joint in brazing is generally called
“spelter ” and its composition depends upon the metal being brazed
hecause it is essential that the spelter shall have a lower melting point
than the material being joined. The following table gives particulars
of brazing spelters.

TABLE 11. BrisziNe SrrLrrns.

Benzing Speter. |
Melti Melting
Metal being joined, Toint® A
Copper. Zane. |
Steel . . . . .| 1s90°C 65 33 915° C.
Copper . . . .| 1080°C. €0 10 200 C.

Spelter may be obtained in the form of sticks, or in a granular
state when it may e mixed with the flux before being applicd to the
Joint. If it is used jn this form the granules should not be too fine or
”‘,“)’ may fuse and oxidisc away instead of melting into the joint.
_“!lcn buying spelter it is advisable to specify the material for which
itis te e used, and, for the same reason, if brazing a delicate job with
unknown spelter a test should be made to ascertain that the spelter
will melt and run well before the work is too near its point of fusion,

_Borax is practically the only flux used for brazing. It dissolves
n“dps which form on the surface of the work and when a red heat 15
altnined the Lorax vitrifies and forms a film over the metal which
Prevents any further atmospheric action. When granular spelter is
useld the powdered borax may be mixed with the spelter, but if the
spelter is 'in stick form the flux is best applied as o paste, ’
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Fic. SG.—DBlowpipe.

The heat for brazing is obtained by a blowpipe fed with coal gas,
and air at a slight pressure.  The air supply may be obtained by tapping
off from the blower used for the blacksmith’s hearth, from a compressor
and pressure tank or, for a small installation, from oot bellows. The
mixing of the air and gas is arranged for in the blowpipe, which may
have separate air and gas regulating valves, or the gas only may have a
valve. A diagram of a brazing blowpipe is shown at Fig. 86. When
the heating of the work is taking place it is advisable to make the most
of the heat given out from the blowpipe flame, and for this reason a small
sheet-metal hearth containing firebrick or coke should be used. If the
work is placed upon such a substance heat is reflected back on its under-
side and this conserves the heat during the operation. A brazing hearth,
with motor-driven rotary blower, is shown at Fig. 87.

| '(v [Alldays & Onions, Lid.
8 Fra. 87.—Brazing Hearth,
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The rule of cleaniiness applies with equal force to brazing as to
soldering, and before commencing any brazing, the work shoukd be
clean and polished at all points where brazing is to occur. Where
onc part fits over another the fit should be neither too tizht nor too
loose, hut just sullicient to allow a film of molten spelter to find its way
between the surfaces.  In cases where one tube has to be brazed on to
another, if conditions will allow, an additional security is given by
drilling, and driving one or more steel pegs through the two tubes
before brazing. Having prepared the surfaces for brazing, they should
he given a coat of borax paste, placed on the hearth, and raised to a
red heat as quiekly as possible.  Care must be exercised when brass or
copper parts arc being brazed in order that they shall not be fused.
When the correct temperature is reached a mixture of borax and spelter
isapplied to the joint and the spelter will mclt and permeate the sarfaces,
forming a hard brazed junction. The work should be allowed ta cool
off normally, as quenching may lead to distortion of the joint or cracking
of the spelter.  When the borax is cold it becomes hard and glassy and
difficult to remove without some chemical assistance.  Pickling in weak
acid or a hot solution of alum may be used for this, er salt may be
sprinkled on after the spelter has set but whilst the joint is still hot,

Silver Soldering

This is a hard soldering process which may be elassified in between
soft soldering and brazing. The recommended range of silver solders
are given in 13.S.S. No, 206, the two most comman ones being approxi-
mately as follows:

Grade A . . « Silver 61%. Copper 207, Zine 10%.
Melting range 6907-733° C,
Grade B . . . silver 439,  Copper 37 Zine 200,

%
Melting range 00°-773° C.

It will be scen that the melting point of this solder is considerably
lower than that of spelter, so that 1t may safely be used for joining
brass and copper. The process is carried out with a blowpipe in the
same way as brazing, borax bemng used as a flux. Silver solder is
ustally supplied in thin steip so that some form of holder is necessary
to feed it to the joint when the required temperature h;ls bren reached,
The satisfactory execution of a jont by siher saldering is helped by
piekling the joint in dilute sulphunc aed bufore statting,
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Fr¢. $6.—Blowpipe.

The heat for brazing is obtained by a blowpipe fed with coal gas,
and air at a slight pressure.  The air supply may be obtained by tapping
off from the blower used for the blacksmith’s hearth, from a compressor
and pressure tank or, for a small installation, from foot bellows, The
mixing of the air and gas is arranged for in the blowpipe, which may
have separate air and gas regulating valves, or the gas only may have a
valve. A diagram of a brazing blowpipe is shown at Fig, 86. When
the heating of the work is taking place it is advisable to make the most
of the heat given out from the blowpipe flame, and for this reason a small
sheet-metal hearth containing firebrick or coke should be used. If the
work is placed upon such a substance heat is reflected back on its under-
side and this conserves the heat during the operation. A brazing hearth,
with motor-driven rotary blower, is shown at Fig. 87.
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CHAPTE 5
POWER, SAFETY AND CARE IN THE WORKSHOP

Before discussing the various workshop proeesses and opcmtion

we will note a few jtems which arc of gcncml intercst to all who al
conneeted with the shop:

Industrial Safety

Tvery day & large number of accidents oceut in the factorics of t
country- These gometimes result in death, gomelimes in permancue
disn\)lcmcnt and in many cases, fortunatcly, in nothing worse than &
few days OF weeks® absence from work. Tven if an accident does not
render the vic im unfit for work it makes him jable to jnfection, or
any other of the ills which may be contmci.cd as the result of injury
and shock. On an average 3 people 8I¢ killed and 750 injurcd cvery
day 0 industrial accidents. The Govcmmcnt Lakes a Very lively
interest in these accidents, and, through the Factory Inspectorss exerts
cvery means in its power ‘o keep them as low as possxb\c. Statistics
athered of the accidents show,in gcncml,that of cvery three accidents
which oceuTs {wo arc caused bY the pcrsoxm\ clement of the victim, and
one by means beyond his control.  To put it briefly, we maY say that

been prcvcntcd by his owWn precaulions.

Machines. Power-driven machines arc¢ always & fruitful source of
accidents, however well the moving parts may be rotected. AT
operator who is careful at first may gradun\\y, through familiaritys take
risks he ought not to take, and ultimately he will mect with 2 mis-
fortunc which he will call * bad luck.” Confidence is & necessary part
of our characters and without it we should be of little use in o machin®
shop. Over-confidenc® however, is 10 be guarded against ab all costs.

The first thing the operator of a machine should (md‘ out is the

a

quickest way to stop the machinc, and he should practisc this until 3
can be pcrformcd instantly, and without thinking. Ifwe are involve
jn an awkward situation on & powcr-drivcn machine, & fraction ©
sccond mMay mean the difference between a humorous and a scrio
result. ‘The rg)tating bolt on the driving plate of a latheis @ dang(
spot, and if fling must be done ont work between centres it 1s safer
file {eft-handed. (When the writer was learning his turning he ¥
not. pcrmittcd 1o have o file. Rotating work, whe

ther hetween cent

or held in the chuck, is gcnem“y rather rough after & cut has b

1aken over it, the roughness often being sufficient to i

. § 1 as ¢k up Tag, or Wi
lt\‘c\d‘to (11t‘ ‘Idl’ the ‘wustc alone 18 taken round no ‘Ea’rm ?s dg;\c o)
1 hand holding the waste cannot be disentangled in ti ,
likely to be serious. i ime the Xe3*

On many machine operations the work must be clamped to

100
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able of the machine, If the clamping has been carclessly done the
vork may move when the force of the cut comes on it. In dritling,
articularly, we may imagine that a hole can be drilled with the work
nly lightly supported, or even held from rotating by the left hand,
ut sooncr or later we shall regret it,  Also the waste metal {swarf)
vhich is removed by the cutting tool on machines should not be handied,
furnings particularly are sharp and ragged, being capable of inflicting
leep and painful cuts, A good plan s to keep handy a metal ook
r rake with which to handle these,

Driving Belts. Many machines are still driven by belts from
werhead shafting,  When these belts have to be moved from ane
wlley to another for the purpose of changing the speed of the
nachine, the belt should not be touched by hand when it is moving,
ut should be manipulated by a bar of metal or a spanner. _In addition
‘o the risk of the hand being entrapped between the belt and the pulley,
here is the danger of @ projecting part of the steel belt Tacing eateling
he hand and tearing the flesh, The guarding of dangerous belts is
the concern of the management of the works and js generally well
ooked after according to the advice of the Factory Inspector.

Loosc and (lapping clothing may at any time become entangled in a
belt or moving part which is not ndequately covered, and for this reason
sveralls without loose ends are to be recommended. If a pair of com-
bination overalls is worn and the ends of the sleeves buttoned up fairly
tightly, the risk of aceidents through loose clothing is greatly minimised.

Non-mechanical Accidents

The presence of machines or moving belts is not the only cause of
serious aceidents. Badly fitting spanners may slip with disastrous
results to the knuckles, and it should always be ascertawned that a
spanner fits well hefore putting the full load on to it. A loose file haft
may result in the spike at the end of the file being driven into the hand
if the haft slips off on the drawstroke of the file. ~ Mctal or tools struck
with 2 hammer without sullicient regard to their support against the
blow may cause the striker to wish he had been more obscrvant. .

The reader should cultivate the “safety-first ” habit and then, if
misfortune does come his way, he can truly say it was bad luck, but
if he takes simple and clementary precautions it is unlikely that any-
thing very scrious will happen. 3
. Accidents of all types are rendered more prabable by overtime and
tiredness, the speeding up of production beyond the cconomic rate, bad
lighting, "cold working conditions, cte., and especial care should be
exercised under any such conditions.
Mechantcal Accidents . .

et us now examine some of the causes of accidents which are a
testlt of dangerous warking conditions, e.g, unguarded machinery, cte.,
and aainst which it is the responsibility of the { ta proy ule
safemunrds, The Factory Acts admmistered by tihe Home Ofhee
through the Factory Inspectors contain elaborate and fur-reaching pro-
Visions for the prevention of aceidents, and in the limited space at our
disposal we can only indicate the bare outline of these acerdents.  The
*eader’s experiences may be concerned with rotating shafts belts and
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-type Guard for Power Press.

T1G. gg.—Gate

h as bolt of key heads the dangers are very much greater. 1f such
fts are 10 such & position as to be touched by clothing they must be
arded. Bciting \\:h\ch may break and fall on perso;s underneath
en belt drives \}'h\ch may cateh the clothing of passers-by and an ’
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pulleys: power pressess milling machincs, and 1ifting ta_ckle. All these,

o

carefu
as well 23 many other lasses of machinerys are subjected O 2
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machinerYs nd every dangerous par of any other ac nt? y’structlon
securely i d unless it is in suc 1?osxt10n, ch con . ,
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{By pcrmission of H.M.5.0
¥i6. ¢3.—Gate-type Guard for Power Press.

such as bolt or key heads the dangcrs are very much
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eater. I suc
shafts arc 0 such a position as to be touched bY clothing they must ¥

guarded. Belting which may preak and f£all on persons underneat
open belt drives which may catch the clothing of passers-by, and al
moving parts which are decmed to be dangerous, must be provid
with some type of guard. The reader, if he uses his observation in t
workshop, will se¢ many such guards and he should take an intellig
interest in them, so that when his turn corm

C cs to manage 2 worksh
he will have the safety of his subordin

Power Presses and milling machines generall
of the Factory Inspector because
dangerous machines. VWhen work must be put
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have been devised which close as the press ram deseends.  These guards
are so designed that in closing they would sweep the hands away if they
were in danger.  One example of such a guard is shown at Fig. 88, tha
functioning of which will be obvious. The vertieal bar at the right-
lard end of the gate is a rubber-cased spring to soften the blow should
the gate strike the operator’s hand.

The danger-point on a milling machine is the cutter, and I'ig. 89
shows an example of a guard for keeping the hands away from this,

In connexion with erancs and lifting tackle the Act lays down that
the cquipment must be marked with its safe working load, that it must
be examined within specified periods, that it must be tested and eertified
e = e - before purchase, and that the
\ chains must be periodically an.
; , nealed {see notes on work and
l
|

strain hardening).

Besides the actual provision of

. guards, safety is promoted in vari-
. . | ous_other ways, of which the fol.
. lowing are examples :

(1) Foot actuated presses are
operated by a cluteh which trips
1 out when the foot is removed (rom
the pedal. If an accident were
i imminent, the operator would in-

stinetively remove his foot from
{ the pedal and so stop the machine.
(2) Very large presses operated

{ by two attendants can only be set

in motion by pressing two switch-
| buttons, one for each man. To

I J reach his button each man must

move well away from the danger-
point,
[Neayshae Furnaces and Toots, Lid. (3) The proviiion of inter-
116, 80.—Guard for 3Milling Cutters.  locked devices whercby the mach-
inc cannot be started until the
guard is in position, or until the machine is safe, helps to reduce acel-
dents.  An example of this oceurs in connexion with laundry machinery,
where n horizontal revolving washing eylinder might be started when
the operator has the cover off, and his arms inside the cylinder. To
obviate this risk the cylinder cannot be run until the cover 15 in
position, A similar deviee is incorporated in cleetrical switchboxes
in which the front of the box cannot be opened until the switeh 15
the off position.
Electrical Accidents
One main difference between an electrie shock and any other form
of accident is that whilst some warning is given of ordmary lents,
the cleetrie shack gives no warning—it just knocks you out,” Eleetrical
apparatus should always be treated with the utmost respect and never
tampered with, If the wires scem frayed or loose, do not tamper with
them but report the matter immediately, Apparatus should not be
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e by the wires as the connexions are not made
strong ¢ oh for such treatment. Tlectrical apparatus should not
be used whilst the usct is standing On Jamp or ston? {loors unless 1t
Tas the specia 3.core cable with earthing wire 3 1 fact it is now essential

that all apparatus should be tted with

All clectrical apparatus should be fitted with an jsolating switch in
i ains inde-

order that it may be completely switched ofl from the ™
endently of the usual starting owiteh. I the appliance 13 lugged 10
oose length of wire, then this switeh is Jocated at the plug socket

drawing it. Remember always, that clectricity is not & thing 1o be
p\aycdwith; its cffects arc sudden, oxtremely pamful and gometimes atal.

The processes of cutting and forming metal generaﬂy require some
HoweT assistance SO that the application of power to workshop processes
1s important. Energy 18 rcquircd in various forms by machine tools,
~g. yeciprocating motion to 2 planer gable, longitudinal feed to 2 lathe
wriages rotational motion to 2 arill, cte., but it is nearly always supplied

o the machine in the form of rotational encrgy ab the pulley- Onc o
he functions ‘of the machine is to convert the input of rotational energy
ino the work required. As

supp\icd 10 most 1~ J-—:rw/_««« . T T e

form of cleetri-
city, and this is
converted to rota-
tional cnergy suit-
able for fransmit-
ting to the mach-
ines by means o
an eleetric motor.
Machines may c
driven DY cither
of two methods:

) Each ma-
chine may have
its own cleetric
motoT which
drives through
belt, chain, gear-
ing, O direct
coupling. This is
usually ter med - . .
individual 07 self- | i g S
contained drive. L : v B

o) The mach- o 14

) UL, W, Ward & Co., Lid-

ines may c Fic. 00.—Indivi
- . 6. 00.—Indiv e <
arrange 1 in ividual I;f:;\t 1c‘c:\d:\plcd to a Capstan

1
i
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groups, each machine being driven from a countershafl, the countershafts
being driven from the mainshaft.

‘ery often the mainshaft is set down the centre of the shop and belt
drives arc taken off to the machine countershalts which are arranged

Hoter
Driving
R by Chan

e

on ecither side. Sometimes, when a machine is driven by a single
pulley, and the stop and start arrangements are contained in the
machine itsclf, the countershaft is dispensed with and the machine
driven dircet from a pulley on the mainshafe.

The mainshaft is driven from the clectric motor by belt or chain,

Fast Pulley keyed
fo Shaft

)

Belt from j for s Sl

Shaft

Main Shaft towards Pulley,
@) %)
(a) Fast 30 Loose Palleys. ) Pulley with Clutch,

TG, 92,
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floor (belt drive) OF Jlung above

r being p\accd cither ob the ! (
iv he use of shafting in workshops is rapidll
v being ‘nstalled 2T

MACHINE

the moto
(belt or chain drnve)k
dectimng i most of the maching gols NOY
providc i) 'md'wxd\m\ otor dnve )
howing jvidual and countersha{t ves are, show
i he drive and stopping
]

Piagrams st iy
at Tigs. 90 and 91. Yor disconnecting
- o, fast and joose pulleys or a clutch, ma

ne.
4, so that SP/
either on th machine itse

) Machines Wik
a single pulley,

B
¢o Spincl
(Keyed L0°P indle) Spindle

T16. 93.—Conc Prive with Back Gear (Scct'\oned to show Details).

nts incorporated in the mach

have the spccd-ch:mging arrangeme

1tse\f—‘gcncra“y by means of gears. Those driven from a count i

often obtain their speed Fange by of a co ln o

oLy ear. ne pulley an
A diagram of a

Tie. 93. The cone pulley 1

o

shaft, which is driven at constd

the belt on to each of the steps of the cone
btained by the back gear as

The other three speeds are 0

making use

th back gear is show!
the cour



XLRAGTIN

amI sl
ey A L
ami e &

the puliey
drives have 2 4<tep cone;

The All-gear Drive
An allzear Iathe head giving eizht speeds s shown st P 4
Gear A is solid with the pulley shaft, but this is free of the ahaft to the
right tmless coupled. by sliding B to enmge with \ thrswh » doe
dutch. B, C and D are keved to and <hde on thic shat, KKV G
and J are keyed to the intermediate shaft, but L and M are free to
Velt drven

iy (1150 Thanzeapecd Thay ool
1030 £ amm e LD GET GHD DAD b

PoooRean i e iy
ot

T3he Entcheater Batt ¢ o
Iu6. 9 Allgrat tlen,
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rotate on itasa unit. T and 11 are frec on the main spindlc;, but either
may be Jocked to it with the siiding chutch unit e {The ribs on P are
really rack tecth engaging with a gear underneatl to offect the mOVE
ment by & handle at the front of the hiecad—Ssee Tig. 227 T and

arc in constant mesh with 1 and G respcctivdy. { js a gear for
obtaining the reverse drive for the serew-cutting and feed motion.

The eight speeds arc obtained 28 follows (lowest upwards):

G driving m: () Ato M, Lto B,Cto K (2) AtodM, Lto B,Dto J;
3) & jocked to B, Cto K; A locked to B,
D to J.
£ driving r: (1 AtoM,LtoB, CtoX; (2) AtoM,LtoB,D tod;
(3) A Jocked to B, Cto X
4) A locked to Bs Dtod

As an exercise the reader might calculate the speeds from the pulley
speed and gear sizes given o the diagram. On this head starting and
reversing ar¢ arranged bY cleetrical switching of the motoT, and a brake
is incorporated in the pulley for quickly bringing the spindle o rest.
The all-gear head, either motorised oF shaft driven, has now almost
completely supcrscded ithe cone drive which, in 2 few years, wi
probably be of historic interest only-
Amongst the advantages of the gear drive arc:
(1) Easicr and more efficient operation of machine, DO belt chang-
ing, cte.
(2) The climination of cumbersome and unsightly sHafts and belts,
giving mMOre attmctive'surround'mgs and greater safety.

(3) y{achines aIc¢ more indeper” *.and_when motorised may be
set down in any position ' clectric supply is available.
1f only onc or & fow ma - quired i’ “-nt necessary
to drive the whole she :

(%) Driving pulley runs atat ; ving " power

i

" On the conc ¢ ~d © put
: - the large )
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two pulleys of diameters d and D arc connected, and if  makes N
RIMM,, then if we neglect slip and creep:
ad inches of belt pass over the small pulley per turn
or adN inches per minute.
This length will also pass over the large pulley,
N

Hence, speed of large pulley = @

i.e. pulley speeds are proportional to their diameters, with small pulleys
rotating faster than larger ones in the same drive.

Ixwewr 1, The drive to a machine is a3 follows ;o 16-in. pulley on
the mnainshaft drives @ 12-in. countershaft pulicy. I'vom the countershaft
al pulley drives a 0-in, pulley on the mackine, If the mainshaft specd
it 250 R.P.DL, estimate the speed of the machine (a) without belt slip, (b) with
3%, stip.

F16. 96.—Drive for Ex. 1.

. 06, where A, B, Cand D)

The drive is shown dingrammatically at
st the pulleys, A and C being the drivers.
Then with no slip @

16
Speed of 1 (and €) = 230 x J, = 33 R

Speed of D - 893 x 12 < 418 REML Amr. (o).
1 there s 59 slip: -
Speed of B and € = 333 X 3,5
- 316 RPN

12 03
Speed of D =316 X 5 X 405
— 400 TP Anse. (b). A

3 . o e o,
EXwtrir 2, g mackine with a 0-in. pulley s driven Jrom a 12-in.

“Cuntrshaft pulley, The conntershaft putley which fahes the drive from the



LT IVES
116 BELT DR

i =0 R.P.M: wohat siz¢ of pulley
in. 1 the mmnshaft speed 8 250 1 - :
1&; :1,::'-:c ﬂ{c counicrshaﬂ if the macht speed 18 10 be 320 R.P.M.?

wminshaﬂ is 0
R.PM. machin¢ speeds the countcrshaft speed must be:

must be fitted
Tor 320
320 % 9 = 240 R.P.NL

ga
v 174() Rr.PM., and consxdaemtion tells us that it will

-

Wwe must now find the size of pu\lcv mm\ip ¢ 250 R.PM which wi'“
X v

240

Jlence mn'ms\mft pulley diameter = 15 % 550 = 14-4 1D- Ansr.

lane and

(a) Crossed Belt Drive

! (5)Quarter Twist Drive

Jocke,
Pu//ej,s /
4

Y
(c)Right Angle Drive I~ /
as applied to & /
prilling Machine

Y1G. g7.—Belt Prives.

belt tension. Txamples of common drives adc itional to the open d
are shown at Tig. 97 (a), (b) and (¢). At (@) 18 the crossed drive
between paraliel shafts to reverse the rotation, (b) and (¢) arc for
where the shafts are not paraliel. YWhen shafts 2r¢ para“el the Pt
must be lined up by 2 straightedge placed across their sides.
drives (as at ) must have the pulleys $O disposed that the belt
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on to each in n Jine with the eentre pla - i a
to the shaft,  The belt may run off nlv. mr:f- zivﬁlhcclfxl:.n\srllttr;ﬂ: :;1;,3.;
pulleys if fed on straight.  When jm’kc\"[lll])’é}? have to he ;ncd l:t "l:
{e), they should be as large as the stmaller pullc;- of the drive, rnll
:rn]nnced x(\(ndtrigidtlly held, :ml adjustuble in position.  Joekey p:ﬂ‘lcg's
have ho effect on the speed ratio of the ddrive, whi v
the sizes of the dli\'in;‘; and driven p\fﬂ(("y‘;.(' which depends only on
General Notes on Belting and Drives

The most common types of helting are:

(1} Leather belts made from the “butt ™ of the hide. These are
generally of single thickness but two or more may be .ccmcntcd or
sewn together.  Single bells average from - to } in. in thickness and
double ones from Y& to § in. The averane breaking strength per inch
of width for single leather belting is: solid leather 000 1.3 at riveted
joint 600 1b,; at laced joint 350 M. ’

{2) Cotton and canvas belts are woven and folded longitudinally to
form the plies which are stuck togethier with cement or rubber solution,
These belts are made in various thicknesses up to about 10 ply on the
Jargest widths.  When they bave 1o pass through belt shilting forks the
wear on the belt edges tends to canse the plies to come apart.  The
strength of this belting is about the same as Jeather,

{3) Rubber belts are useful out of doors and in damp placcs, This
belting, in common with the cotton and canvas vanieties, is not refiable

N _ e

Tia. 98.—Jockey Pulley ta wcrease Arc of Contacts

in the presence of oil and grease, as these canse the plies to come apart,
’l:hc fastenings for woven belts require morc eare than those for leather,
since the canvas is casily torn.
. Leather belts should be kept supple, and froe fron eracks by apply-
ing some form of dressing. Tallow is goud tor this, or, alternativel;
one of the patent dressings sold for the purpose. Un no aecount shoutd
freasy dressing be applied to woven boltmg. If belt <ltp becomes
trouhlesome there are many compositions on the marke t for increasing
the friction hetween belt and pulley. A cheaper and hetter known
femedy is powdered resin.

Tllc centre distance Detween the pullevs should not be less than
3 times the larger pulley diameter, and the ratio of pulley dimeter
shotd not exceed six to one.  If conditions are such That these ratios
must be exceeded, n jockey puliey should be fitted to incrense the are
of contact on the smaller pulley (Fig. 8}

Horizontal drives give the best results, and if the belt is of .
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the mainshaft speed 18 250 1 p.M., whal siz€ of pulley
i achint speed 18 1o be 320 R.P.0.?
unte

'nminshajl is 15 0. I ¢
must be fitled 10 drizcthe countershaft if the?
For 320 RP M machine § a, the €0 rshaft speed must be:

9 _ 940 RPN

320 X .—l'é
e must now find the cize of pulley yunning at 250 R.P.M. which will
i at 2 RrR.PM., @ consideration tells us that it wil

drive 2 15-in. pulley at 2
be smaoller than 19 in.

, _ 240 )
ulley diameter = 15 X 550 14-4 1N, Ansr.

Types of t Drive
Being fiexible, 2 helt may e twisted in More than one planc and
Pelt drive <uitable for connecting shafts which are

this renders e

not par
Bbelt, but these

widing pulleys are
dvantages an may

allel. gometimes &
prcsent no disa

(a) Crossed Belt Drive

(B)Quarter Tvist: D;'ive

Jocke,
Pu//egl//:

(c)Right Angle Drive
as applied to
Dirilting Machine

Tic. 97.—Belt Prives.

‘i:}:t Sl‘cltg\s‘:gnr.‘t ;‘B‘xam}ﬂcs of common drives additional to the open dri
between p';rq\\g\gél?qlift(sal; (rbczva“d (t? At to) X P s i
; are g erse the rotation p) and (¢ i
where the shafts arc not pa}'a“el. When shaf’té r;m pa&‘a)ll?:]l:etﬁ?p(}lrlll:

traightedge placed across heir sides. Angl

g\gst be lined up by 2 8
vives (as at (b)) must have the pulleys sO disposed that the belt r
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on 1o each in a line with the centre planc of the pulley at right angles
fo the shaft. The belt may run off'at any angle but will remain oy the
pulleys if Ied on straight. ~ VWhen Jockey pulleys have to be used as at
(¢}, they should be as large as the smaller pulley of the drive, well
balanced and rigidly held, but adjustable in position, Jockey pulleys
have no effect on the speed ratio of the drive, which depends only on
the sizes of the driving and driven pulleys.

General Notes on Belting and Drives

The most common types of belting are:

(1) Leather belts made from the “Dbutt ” of the hide, These are
cenerally of single thickness but two or more may be cemented or
sewn together, Single belts average from o to § in. in thickness and
double ones from dHtogin, The average breaking strength per inch
of width for single leather belting is : solid leathier 900 I, i atriveted
joint 600 Ib.; “at laged joint 330 Ib,

(2) Cotton and canvas belts are woven and folded longi!udinnllx to
form the plics which are stuck together with cement or rubber solution,
These belts are made in various thicknesses up to about 10 ply on the
largest widths, When they have to pass through belt shifting forks the
Fear on the belt edges tends to cause the plics to come apart, The
strength of this belting is about the same as leather. i

(3) Rubber belts are useful out of doors and in damp places, This

ting, in commeon with the cotton and canvas varneties, is not reliable

Jockey

{3
Frevind St

F10. 93.—Jockey Pulley to inerease Are of Contact,

in the presenee of oil and grease, as these canse the plics to come apart.
The fastenings for woven belts require more care than those for leather,
since the canvas 1s easily torn. X
. Leather belts should be kept supple, and free from eracks by apply-
g some form of dressing,  Tallow 15 good for ths, or, nlternatay v,
onc of the patent dressings sold for the purpose. . On no aceount shonid
freasy dressmg be applied to woven belting.  If belt shp beeomes
troublesome there are many compositions on the market for increasmyg
the friction between belt and pulley. A cheaper and better hnowan
Temedy 1< powdered reoin,

The n-nl:rc distance between the pulleys should not be less than

times the larger pulley diameter, and the ratio of pull ¥ hameter
should not exeeed 81X to one,  If conditions are such that thes ratos
must he exceeded, n jockey pulley should be fitted to merias the ¢
oF contact on f)ye smaller pulley (Ig. 98).

Honzontal drives gwve the best results, and 1f the belt
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s at the driven P ey s this pulle is only light! 1 d the tension
duiference , but % Ty cult to turds ifference M
be so greats d the tight sid gension SO hig that t¥ pelt will either

¥ crage beling 1i that when the belt 18 driving pormally
without sbiP s be loaded 1o a tenSt differen bou
50 Yb. per? h b, Knowing this and £ clgspeed, W ay obtailt
~an eXPr sion fo he greatest horse-power that any &1V belt can trans
at. Fo exampiC he effectiveé driving b sion 18 er Inc
i, then the total driving ension = o Ib. ( dth of belt)
axfvit? the belt speed
york don¢ per min. = 50 X W X v ft. b
) 50 X W X AY
and Horse-power = /33000 .

e can find the pelt speed v from the gize and speed of the drivi
pul\cy. if its speed is N RrPM., and its Jdiameter is d inch, tl

7dN .
V _—_:JT‘: ft. 'per mlﬂ.
Qur c_\'prcssion for horse-pover now Hecomes
=07 7 .
P, = 50wV _ 500 7N
33000 33000 12
22

wdN .
__ W= (taking 7 as —'7—).

2520

JExAMPLE 3. Estimate the Forsc-power that can be iransnn‘l!cd by a
pelt 2% - wide when driven by @ 10-in. pulley at 350 M
wdN 2k 5
we have 1P = ‘—:—i‘—?‘ = x 10 % 850
2520

/
2520

= 33 11.Pp. ADSt
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or by the removal of the outer skin by wear or machining. The releace
of such stresses may cause the shaft to warp and result in worn or
seized bearings if these are not flexible enough to necommodate them.
selies to the changed conditions of the shaft. Machine and motor
spindles are not likely to suffer this defect since they are turned to
size, and this will remove any stresses and correet their after effects
before the spindle is put into service,

Shafting is supplicd in reasonable lengths, and to make up a long
Jength for a workshop several picces may be joined together by coup-
lings, When a length of shafting is supported in bearings and coupled
up in this way the coupling should preferably be near to a bearing (sce
Fig. 91) and should support and align the two ends of the shaft rigidly
s0 as to give an effect as pear possible equivalent to a solid shaft.  The
mufl coupling at Fig. 100 {a) envelops and grips the ends of the shafts,
whilst the flanged coupling at () relies upon the bolting up of the
flanges to give stilfness, When two spindles each carried on two or
mare independent hearings are coupled in line, it is necessary to intro-
duce slight flexibility in case a rigid coupling might cause excrssive
beating wear when there is o slight mis-slignment of the two shafts,
Examples of this practice occur when a motor shaft is directly end
coupled to the machine shaft it is driving, and for such purposes coup-
lings havinz some degree of flexibility are nsed. Each member of the
chain enupling at Fig. 100 (¢) has a chain wheel cut on 2 flange at its
end and the pair are coupled by a length of double roller chain which
just encircles the cut teeth.  This type allows for a slight mis-aliznment
and has the advantage that the two halves of the coupling may easily
be disconnected by removing the chain.  In the flexible coupling shown
at (d) the drive is transmitted between the projecting pins through the
laminated rubber dise, which sbsorbs minor irregularitics in the drive
as well as allowing for slight mis-alignment, e

For the satisfactory operation of all couplings consisting of an end-
flanged member fitted to each shaft it is essential that each of these
should be o very good driving fit on its shaft before being keyed.
Bearings and Support for Shafting . .

Shafting must be carried in bearings spaced at su:gnh]e distances
and these are supported by brackets or hangers according to the pre-
sailing conditions, The bearings may be in the form of plummer
Llocks'or pedestals or some form of housing to accommodate the bearing
hush ar ball races, this howing then heing clamped to the supporting
bracket or incorporated in it. Fig. 301 shows at (a) a plain bearing
plummer Block and at (4) a ball-bearing pedestal.  The suspension of
a length of shafting from beams by hangers is shown at (¢), and a lenzth
bang carricd on columns by brackets at (d), It is always preferable
for the bearing itself to be capable of n small swivelling movement m
all directions <o that it may accommadate itself to slight deviations in
the shaft,  With plain bearings this 15 often achicved by dlamping the
braning housing hetween large spherical-ended plugs in the hanger or
bracket.  Ball race bearings are made sclf-aligning by making the outer
allrace shaped ton portion of a sphere, thus allowing the inner member
earrying the shaft to rotate on ats own axis. The use of plain bearings
fur shafting is giving way to anti-friction bearings of the ball and rollee



[Buck and Hickman Lid.

(®)

¥ ,
{Renold & Covenlry Chain Co., Ltd.
(d)
Fic. 100—Couplings.
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o by the removal of the outer skin by wear or machining. The release
of such stresses may cause the shaft to warp and result in worn or
scized Dearings if these are not flexible enough to accommodate them-
sclves to the changed conditions of the shaft. Machine and motor
spindles arc not likely to suffer this defect since they are turned to
size, nnd this will remove any stresses and correct their after effects
before the spindle is put into service.

Shafting is suppliedt in reasonable lengths, and to make up = long
length for a workshop several pieces may be joined together by coup-
lings. Whena )cngl}: of shafting is supported in bearings and coupled
up in this way the coupling should preferably be near to a bearing (sce
Fiz. 91) and should support and align the two ends of the shaft rigidly
so s to give an cffcet as near possible equivalent to a solid shaft. The
mufl coupling at T'ig. 100 (a) envelops and grips the ends of the shafts,
whilst the flanged coupling at (b) relies upon the bolting up of the
flanges 1o give stiflness, When two spindles each carried on tywo or
more independent bearings are coupled in ling, it is necessary to intro-
duce slight flexibility in case a rigid coupling might cause excessive
hearing wear when there is a slight mis-alignment of the two shafts.
Examples of this practice occur when a motor shaft is directly end
coupled to the machine shaft it is driving, and for such purposes coup-
lings having some degree of flexibility are used. Each member of the
chain coupling at Fig. 100 (¢) has a chain wheel cut on a flange at its
end and the pair are coupled by a length of double roller chain which
just encircles the cut teeth,  This type allows for a slight mis-alignment
and has the advantage that the two halves of the coupling may easily
be disconneeted by removing the chain. In the flexible coupling shown
at (d) the drive is transmitted between the projecting pins through the
laminated rubber dise, which absorbs minor irregularities in the drive
as well as allowing for slight mis-alignment.

For the satisfactory operation of all couplings consisting of an end-
flanged member fitted to cach shaft it is essential that each of these
should be a very good driving fit on its shaft before being keyed.
Bearingis and Support for Shafting

Shafting must be carried in bearings spaced at suitable distances
and these are supported by brackets or hangers according to the pre-
vailing conditions. The bearings may be in the form of plummer
blocks or pedestals or some form of housing to accommodate the bearing
frush or ball races, this housing then being clamped to the supporting
bracket or mcorporated in it. Fig. 101 shows at (a) a plain bearing
plummer block and at (6) a ball-bearing pedestal.  The suspension of
alenpth of shafting from beams by hangers is shown at (¢), and a length
teing earned on columns by brackets at (d). It is always preferable
for the beaning itself to be capable of a small swivelling movement
all directions so that 1t may accommodate itself to slight deviations in
the shaft.  With plamn bearings this is often achicved by clamping the
bearing housing between large spherieal-ended plugs in the hanger or
bracket.  Ball race bearings are made self-aligming by making the outer
tall race shaped to & portian of a sphere, thus allow ing the mner member
ming the shaft to rotate onats own aws.  The use of plain bearings

for shafting is grving way to anti-friction bearings of the ball and roller

——
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124 ROLLER CHAIN DRIVE

drives it is advisable to assume pulley diameters measured to the
centre of the belt, sinee contact between belt and pulley extends over
an appreciable distance.  Fig. 102 (e} shows a vee belt drive.

The Roller Chain Drive

The reader will be acquainted with the roller chain drive on a bieycle
or motor-cycle and will know it for a reliable and ecfficient method of
transmitting power. In its industrial form this drive has various appli-
eations in the works and gives a compact method of driving when the
shafts are not too far apart {(range of about 30 to 80 times the pitch of
the chain used). This drive, as for a pair of gears, gives a rigid link
between the shafts it conneets, and lacks the flexibility of the belt which
will slip in the event of an excessive overload. For some purposes
this is an advantage since a slipping belt may prevent what would be
an expensive smash if the drive were solid.  There are oceasions, how-
cver, when a large amount of power has to be transmitted in a restrieted -
space, where a belt drive would be cumbersome and impracticable, or
where a fixed ralio has to he maintained between the driver and driven
shafts. Tor such cases the chain provides a drive which will operate
for long periods without attention. The speed ratio between the shafts
depends on the teeth in the chainwheels employed and is determined
in the same way as we discuss for gear driving in the next paragraph.
A roller chain drive is shown at Fig. 102 (b), and the component parts

{R2enold and Coventry Chain Ca., Lid.
¥i1e..102 (b)—JRoller Chain Drive to Speceial
Purpose Lathe, :

(3-in. Piteh Triplex Chain.  Ratio 4 35 PR} 5
1400 T . Motor 15 h.p. nt
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of the outer and inner links at (¢). A« the chain articulates motion
oceurs between the plate sides, between the bearing pins and bush
bores and between the roller bores and bush diameters,  For this
reason the protection and lubrication af theee chains is important and
the hest condition is when they are totally encloserl i an oiltizht cave
with bath Jubrication.  As wear occurs ot the joints the chain stretehes
and means mint be provided

for this to be taken up,  This PN
ean be done either by nmove.  8earing ;'"'
ment of one of the sprocket  #7* e ratr.
shafts Inr‘ hl)_ ]irm nhn,v.,'. n (“!s‘ Cuther
spring-loaded jockey spracket w

which presses on the chain g g.__ﬁ,,,,,‘
somewhat in the same way as

the belt tensioner shown at lnm-

Fig. 98. Noarmally a chain - srote
should be replaced when its gf:,"*’
length has increased 29, by 116, 302 {e).—Component parts of a
wear, Simple Roller Chan,
Gear Driving

A geared connexion between two shafts gives a solid drive and a fixed
speed ratio It is not flexible in the same way as the belt, and whilt
this property of the gear drive is necessary when a fixed unvarying
ratio is required stich as in serew-cutting, the solid property of the drive
it sometimes the eause of trouble. I anything occurs to make one of
the shafts in a gear drive to become Joched the drive cannot slip, so a
smash-up takes place somewhere ; in a belt drive the belt would merely
slip oll,

pThc speed ratio between the shafts earrying @ pair of gears depends

upon the numbers of teetls in the gears and, as in the case of a belt drive,
the smaller wheel turns the faster.

For example : If a 20-tooth gear were driving a gear of 30 teeth the

30
smaller gear would need to turn 2} times, or o to cause the larger one

to make 1 turn, )
Thus if £ and T represent the number of teeth in the small and large
gears respectively, we may say
Turns of small gear T

Turns of large gear ¢
EXAMPLE 5. Jf, in the back gear nrrangrment shoun at Fig. 3, the tro
small gears had 23 teeth, and the large ones 8O teeth, find the seduction guven
by the back gear. ;
When the gear is engaged, 1 turn of the cone puliey will cause the gears

on the hackshaft to make (o tuen.

1 turn of the backshaft gears will also turn the large gear on the spindie
23 23 25 25 S,
§5 o0 that far " of the backshiaft the epindie Wil 1R ) 7 1 = g

s

P N
fe for 1 tuen of the pindle, the cone pulley must turn = 10.% turns,
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Screwed Nole far
L7 Lutercator

Fracketon
Casting

n

Steal

Cotlar
Lroazs

Hazher
(I Plain Thruss Bearing

% (d) Balf Thrust
Bearing

g urting Strip

() Flat Bearing (e g on Shaping Machire)
(- = = Eearing Surfaces)
Fio. 104.—Types of Beanngs

metal if the lubrication is not neglected. Tt has the property of taking
or a surfuce which lasts a long time without any appreciable wear.
It 15 cheap and easily obtained.

Bronze 1s an excellent metal for lining bearings which have to carry
hrgh loads at medum speeds, and gives good results if the metal in the
shaft 15 not too soft. ‘

White metal t 75 are ¢ 1y used for high-speed hard or
soft shafts, espect; i of fairly large diameter. If the loading is
hugrh, eare should be excresed to get a switable white mietal as o soft
one may be squeezed out of the besring under the load. The soft
nature of the metal enables it to adapt wtself more closely to the shape
of the shatt, and 1f the bearing does beeotne overheated the metal welts
and runs, lenving the shaft undamaged and giving warning of the
happening,  White metal bearmngs are commonly made of the split
type and the white metal 15 run in as o thin lining to a shell of enst iron,
steel or bronze (preferable). To help unchor the wlute metal to the
liner, prooves or holes are made into which the metal secures ilsell
(Fig. 103). After the Lining shells have been clenned, tinned and
fuxed the assembly may be set up with the shaftdn position, and the
melten metal poured n from a ladle.
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¢s for anchoring White Metal to Liner Bush.

TiG. 105.-—Dovcta'\1 Groov

qthitself as @ bearing), and it is probably due to the free graphite in its

tructure which helps as o lubricant.

The action in ball and roller bearings is not that of rubbing, bub of

.olling between the balls or rollers and their races, the inner O which
and the outer 1o the housing support'mg the bearing

is fixed to the shaft, @
These pearings are made {rom high-grade hardened steel and thel

manufacturc is a highly gkilled trade, to be undertaken only by thos
who specialise in it.

wear of Bearings- Puring the course of 1ts service 2 bearin
ars and must ultimately be renewed. The rate at which wear taki
unt that can be_tolera’ccd before renewal is necessar

place, and the amo
depend upon each mdwidual bearing, and no hard—'md—fast rule can

1aid down. For example, & small amount of wear in the main bearl
of a lathe headstock would render the machine unserviceable on accov
of chattering, and lack of accuracy in the work produced but the ¢
Yearing support’mg the fccd-shaft of this same machine éould be v
padly worn without affecting the operation of the machine hardly at
The Tatc of wear will depend upon the loading conditions, but chi
upon the cfficiency with which the bearing 1S lubricated n’ uestion
will discuss dircetly. o4

The renewal of 2 Dearing gcncmlly means making a new bush
very often that only constitutes a small part of the work ]
amount of stripping down may be pecessary to get at the i)ush 3
sh:.mft.xtsclf may be scored or WOID, needing o now surface tumi,r
grinding on it; the shaft may have been taking its Pearing in a
casting which must e bored out before a }ush can be ﬁttedD 'md( :
These arc aspeets of his work which the reader must learn fl‘(,)l;l ob:

tion, experience, and from the advice of others.
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When the flat bearing surfaces of machine tools become worn they
lose their flatness and aceurncy.  According to the arrangement and
senvice conditions of the bearing the wear may be fairly unifor or it
may be focal.  For example, the table of a planing machine which slides
on o bed longer than itsell will wear furly uniformly ou its whole
length, but the bed will ave the greatest wear at the centre portion,
where, for the majority of the work, the table is loeated.  In the same
way the bed of a lathe will wear hollow in the centre, beeause the carriage
is used ot that position mueh more than anywhere else.  The wear of
such flat bearing surfaces can only be corrected by machining, grinding
or scraping the whole of the surface until it is brought back to its Nlat
condition.

Lubrication of Bearings. Efficient lubrication plays such o vital
part in the reduction of wear that its importanee eannot be overstressed.
The ohject of lubricating bearings is to eliminate the solid friction
between the metal surfaces and to substitute a fluild whose internal
frictiou is much Jess. When a bearing is properly lubricated a thin
film of oil separates the two mietallic surfaces awnd the upper surface
actually floats on this film. When this occurs there is not the metallic
wear and damage there would be i€ the metals were actually in contaet,
and if the metals do come into contact for any length of time, the bearing
very soon seizes up. - A good Iubricant is one which is able to maintain
this film and not be squeezed out by the Joad on the bearing, whilst
a1 the same time it must not offer undue internal resistance to the
motion, This second property depends upon what is ealled the viscosity
of the 0il 3 a thick oil has high viscosity and offers greater resistance to
motion than a thin one.  We might imagine that a thick ol would be
iess Iikely to have its film broken and be squeezed out of a bearing
than an oil of thinner consistency, but this is not so, The oil filin is
very thin—probably less than 1y in—and there are qualities besides
its ™ hexly * which make an oil eflicient or otherwise in maintaming the
film under Toad.

Actton aof Journal Beariog, When a shaft is at rest it will lic
in contact with the busk at the side farthest from the load on the
shaft (e, at the bottom if the shaft load is on top), and as soan
as it is started wp it will cimb to a_position which will depend on the
fluid friction in the hearing. If friction is high the shaft will climb
higher than it would for Jow friction. Between the two surfaces will
be a thin film of oil, nml in the regions of elosest contact there willbea
considerable fluid pressure. At the portions of the bearing opposite to
these of grentest pressure there will be very bitle pressure—in fact
there might be a slight vactium—and it is in this region we must feed
the oil to the bearing (Fig. 106).

Olliness. 'The oil film is induced by the motion of the <haft, sa
that when this is at rest, and is stationary at the bottom of (Ilc_ bush,
the (ilm i squeezed out, leaving the metals in contact but having on
them an oily wetness.  When the shaft is started up, and before the
filn is formed, it is this wetness which must lubricate the bearing,
and the efliciency with which it performs the tash depends on the
eapacity of the oil to lenve an oily skin on the metals or its ** ailiness,”
Itis during the few moments after starting up that the greatest w ts

Lw.r, F
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splash feed methods are much more efficient than gravity, and should
be used on the important bearings of a machine tool.

(a) Gravity Feed. ‘There are numerous methods employing this
principle, varying from the simple oil hole to the more elaborate wick
and giass sided drip feed lubricators in which the flow of oil may be
controlled, and observed through the glass, A selection of these
lubricators is shown at Fig. 107, the most efficient being the wick, and
drop feed types. Every oil hole should be provitled with a lubricator of
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some (‘\cscripti(m, as otherwise the hole Pecomes Blocked with dirt

and then tnkes nO further part in Jubricating the bearing.
(by Foree (pr(‘ssurc) Feed. 'Ther¢ ave various S} stens of Jubricatio

cmploying & yressure ccd to the ubricant i

roughly into the’ following
1. Continuous feed of oil ander pressure {0 cach brarng concernc

In this method an oil pump driven Wy the maclhut Jelivers oil to t
bearings, the oil then draining from the bearng> to o sump from wh'

it is drawn by the pump Fig. 108 () )

9. Pressure feed by han¢ pump in which a charge of oil is deliverea
to cach bearing at intervals {once ©OF fwice & day), by the machine
operator (Fig. 108 () )

3. Oil or grease gun method. The oil hole leading to cach bearing:

is fitted with a nipple and bY pressing the nose of the gup against

this the ubricant 18 forced through 1o the bearing (Fig. 108 ) ).
The first method is the most cllicient as {h) and {€) dcpcnd on the
human clement for the regularity with which mil is deliverca.

()] Splash lubrication: fn this method the ~haft, or something

attached to it, actually dips into the oil and @ <tream of lubricant 18

continually splashing round the parts requiving it. This method 1s
cmp\oycd or the gears and bearings inside all gear drives, the lower
sarts of the gears actually dipping the ol The oil must be main-
tained at the proper Jevel, and this is ensured hy 2 filling spout which
must be filled up until no more oil can be pburcd in. A common
method of em¥ loying splash Jubrication isinring oiling. In {his method
the‘bsanr_\g is cut away in the centre, and 2 ring passcs over the shaft
s into o TESCTVOIT oi; 011.. As the <haft rotates it causes the ring
Aloanine to 1018 hrought up and depo<iled in

...... e (Tigr, 108 (d) )-
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Two defects which may develop in an oil after it has been in use for a
time under warm conditions are: (1) it may go gummy, and (2} it may
turn slightly acidie, I the first fault develops the oil will lose mmeh
of its lubricating power and may clog the hole leading to the bearing,
Free acid in the oil will corrode the bearings, and the-oil may be tested
for this as follows : soak a string in the oil and wrap it round a highly
polished bar of steel. Leave the string on the bar for several weeks, and
if any acid is present, a permanent mark will be left on the bar when
the string is removed.

Care and Order in the Workshop

At the beginning of this chapter we discussed the safety and care of
the reader’s person when working in the shop, As a contributory
factor towards his ultimate emergence as a skilled workshop engineer,
the eare with which he utilises his tools is of no less importance. We
cannot convey by the written word the nicetics of control and touch
which go to make up the expert user of a pair of calipers, 2 hammer
and chisel, or even a spanner. Such instincts can only come as the
result of Jong years of thoughtful expericenee, with the early days often
being filled with delusi and disappointments. However, let the
reader maintain a good heart and a sense of humour amidst such
apparent setbacks, and providing he thought{ully learns the lesson of
his early failures he will Jive to look back on his first efforts with a weli-
earned degree of pride. )

Even although we cannot convey the instinct necessary for such a
simple job as tightening a nut, we can offer a few words of advice on
matters of a more tangible nature and do so in the hope that they may
help ta form the right type of habits to commence with. I good habits
can be formed early in one’s career, they are never left behind and their
value eannot be estimated.

Tidiness

Halats of tidiness arc no less important in the workshop than in
any other aspeet of life, and onc may form a \'cr:y‘reliablc judgment
regarding the capabilities of a workman by the tidiness and order or
atherwise of his methods of working. When we say tidiness we mean
more than the obvious habits of tidiness exhibited by keeping one’s
tools in their proper place, replacing a tool as soon as it is finished
with, and so on. Tidiness implics such order, cleanliness aq:l method
in one’s working that the job seems to proceed smoothly without any
obvious effort,  Amongst the workshop associates of his younger days
the writer still carries the memory of two tool-turners with whom he
worked. Both were rather stout and slow of moving, and neither ever
appeared to be in a hurry. If one watched them carefully, however,
" was obvious that they wasted neither a movement of their body
nor g second of tume. ‘Their tools were always where they looked for
them, they were fastidious in the cleanliness of their machines, and
their job never seemed to go wrong—in short, they were two first-class
artisans who had traned their minds and hands to lathework, 5

A first-class mechanie should regard soil, dirt or superfluous articles
about his machine, tools, or work with as much concern as if they were




CHAPTLR 6
METAL CUTTING

A large portion of the training and skill of a workshop eng'lcn;:}cz
is devoted to the shaping of metal, and to stopping the process att' 10
proper time. In the workshop, most of the shapmg 1n\folv?s 0131 (ll?rb
the metal, and stopping this at the correct place involves a know e’ ge
of measurement. The next two chapters, then, deal with two very
important fundamentals of our knowledge. ‘

The Cutting of Metal. The usual conception of cutting suggestg
cleaving the substance apart with a thin knife or wedge, as represenif:
in Fig. 109 (¢). When we cut metal, the action is different from this,

L of Cut

Wedge or
@/ /(rﬂ'fe

Material

being
V Cut
|7 -
Haterial being Cut
(a)lutting with a Sharp Wedge (8) Cutting Metal with a Too/

Fie. 109.

being more in the nature of a tearing than a cutting process. A diagram
of a metal chip being removed is shown at Fig. 109 (b). When the
cut is under way the chip presses heavily on the tool at A, some little
distance back from the extreme point. The pressure of the tool on
the chip in the dircction of the arrow tears the chip from the body of
the metal, the tear being continuous and taking place along the crack
marked B. At the same time the chip suffers severe pressure and
shearing force, being sheared and compressed up to a much shorter
length by the time it leaves the tool. The tearing of the chip from
the work naturally leaves the surface of the latter in a torn and rough
condition. It is at this point that the extreme tip of the tool does
its work by trimming off the irrcgularities and leaving the surface ir
a reasonably smooth condition.  The occurrence of the heavy pressur
of the chip a little way back from the edge can often be verified br
examining the nose of a tool which has been cutting for a long tim

without having been reground. A small cavity may be oboserve

xxl-}}iclx has been worn in the hard tool by the sévere rubbing of tl

C upn
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'It will be seen from Fig109 (b) that the tool has not the shape of an
ordinary cutting knife as in {2), being too blunt of form for cutting
in the usual conception of the term.

. Rake and Clearance. If we observe the tool nose shown at
Fig. 109 (b) we shall sec that it docs not quite make a right angle,
but is cut away to o slight angle both on its top face and on its front.
These angles are shown again at Fig. 110 (a) and are called the rake

Lutting Fece  FrontlorTop) Lutting Fa
4 Rake Angle ) g race

~ v - -
§ 3 Side Rake
w3 Wi, 2o = Je
PG Body Diection| Ao
H oF G0t
<§ Feed
|
Front Llearance Side t'/n’z;;me
91t () Side View BV roit View

T16. 110.—~Cutting Tool Angles,-”

and the clea-ance. The clearance is put on so that every part of the
toal except the point clears the waork, thus allowing the tool to cut;
if there were no clearance the tool would not cut but would only rub
the work. The rake gives the tool nose a more wedge-like form and
is varied according to the metal being cut. Soft and ductile metals
are cut with more rake than hard and brittle ones. The rake we
have shown is the slope back from the front of the tool and is called
Jront or top rake. Somctimes a tool nose is sloped sideways as well,
the slope in this direction being called side rake (Fig, 110 (b)).

e fundamental cutting form we have just described occurs in
principle, on every type of cutting edge used for metal cutting. Some-
times it is not very obvious at first, but upon more detailed examina.
tion the fundamental rake {or rakes) and clearance may be picked
out. It will be weil for us fo discuss a few of the more common cutting
toals,

The Flat Chisel. A diagram of a chisel point in the action of
cutting is shown st Fig. 111 (), where the angles of rake and clezrance

I'te. 111.—Cutbing with a Chisel.



CHAPTER 6
METAL CUTTING

A large portion of the training and skill of a workshop eng;n&ciz
; devoted to the shaping of metal, and to stopping the [')ri)cess att'
roper time, In the workshop, most of the shapmg invo Vl({:s (:1}1 él()yg
he metal, and stopping this at the correct place involves a know c’ ge
f measurement. The next two chapters, then, deal with two very
mportant fundamentals of our knowledge. . )

The Cutting of Metal. The usual conception of cutting suggests
leaving the substance apart with a thin knife or wedge, as represen}i;f;
n Fig. 109 (a). Y¥hen we cut metal, the action is different from this,
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(a)lutting with a Sharp Wedge (8)Cutting Metal with a Too!
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being more in the nature of a tearing than a cutting process. A diagram
of a metal chip being removed is shown at Fig. 109 (b). When the
cut is under way the chip presses heavily on the tool at A, some little
distance back from the extreme point. The pressure of the tool on
the chip in the direction of the arrow tears the chip from the body of
the metal, the tear being continuous and taking place along the crack
marked B. At the same time the chip suffers severe pressure and
shearing force, being sheared and compressed up to a much shorter
length by the time it leaves the tool. The tearing of the chip from
the work naturally leaves the surface of the latter in a torn and rough
condition. It is at this point that the extreme tip of the tool does
its work by trimming off the irregularities and leaving the surface in
a reasonably smooth condition. The occurrence of the heavy pressure
of the chip a little way back from the edge can often be verified by
cxamining the nose of a tool which has been cutting for a long time
without having been reground. A small cavity may be observed
\\]-l_ﬁch has been worn in the hard tool by the severe rubbing of the
chip,
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Tt will be seen from Fig.109 ()} that the tool has not the shape of an
ordinary cutting knife as in (a), being too blunt of form for cutting
in the usual eonception of the term.

Rake and Clearance. If we observe the tool nose shown at
Fig. 109 (b) we shall see that it does not quite make a right angle,
but is cut awny to a slight angle both on its top fice and on its front.
These angles arc shown again at Fig. 110 {a) and are called the rake

Cutting Face  Front{orTop) ing Fa
ing Fac Fre e Cutting Face

7 side Rabe
< 572z,

(Tt

Digection| dgie
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< Feed

A
Ffront Clearance Side Cicbrance
Argle () Side View B)front View
TiG. 110.—Cutting Tool Angles.-

and the elzzeance.  The clearance is put on so that every part of the
tool except the point clears the work, thus allowing the tool to cut;
if there were no clearance the tool would not cut but would only rub
the work. The emke gives the taol nose a moare wedge-like form and
is varied according to the metal being cut. Soft and ductile metals
are cut with more rake than hard and brittle ones. The rake we
have shown is the slope back from the front of the tool and is called
Jront or top rale. Sometimes n tool nosc is sloped sideways as well,
the slope in this dircction being called side rake (Fig. 110 (b)).

The fundamental cutting form we have just described oecurs in
principle, on every type of cutting edge used for metal cutting.  Some-
times it is not very obvious at first, but upon more detailed examina-
tion the fundaments! rake (or rakes) and clearance may be picked
out, It will be weil for us to discuss a few of the more common eutting
tools.

The Flat Chisel. A diagram of a chisel point in the action of
cutting is shown at Fig. 111 (a), where the angles of rake and clearance

AY
g
Chrsel=q0*

[
I'tc. 113, —Cutting with a Cliwel.
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indi i int 1 y trical

arc md\catcd. , as 1S usual, the point 18 grgungl symme ,

! ] ~,upon he ang inclination A) between
ut 10° would b suitable,

ke and clearance will dcpcR

i chisel and the works-

, that for 2 o oint angle it would be necessary O

hisel with angle A = 0 : e rake would _then be
0° — (40° + 30°) = 00°. This js shown at (b)- Since cuttng har
.nd brittle metals calls for less rake than SO metals, the ch sel angie
pust be 1ess for the softer metals, and the following table gives suitable
values for the angles:

TABLE 1. CmiseEl ANGLES

Metal being Cut. \ Angle of Chisel Point.
P Iy
Cast stecl - P 65°
Cast iron - ° L. e 60°
Mild steel -+ ° .. 55°
Brass - ° .. 50°
=0
Copper - * 7 e et \ 4a°
Aluminium e e 30
S

der should calculate the angle (A) at which

As an exereise, the rea
4 to give @ clearance of 107,

each of the alfdve chisels should be stope
and then find the cutting rake.

Hacksawing. An enlarged view of the tooth of & 12-in. * Bclipse i
SaW blade, having 10 teeth per inch, is shown at Fig. 112, together with
a diagramnmtic “iew of a chip in the action of being cut. As the tooth
js cutting relative o the line 11 be secn that this gooth 1

| ) AA, it wi
cutting with little or nO rake. is tne portion

The clearance face 1
Actual Pitch=t—
Y Z

s
e ZRLUE TR

A —
C B T !
‘(a) Enlarged Hacksaw Jooth () CZ’; Cii’a’{-z %2 igy
Hacksaw /e
Tic. 112.

and then its profile is sloped morc sharply to give
form BCDE. This is necessary pecause if the tooth were formed
continuing }ine BC to the next tooth, the spoce between the t
would be too challow, and would becom¢e clogged with chips of
metal being cut. On the other hand, if the portion BC were omi
and the back of the tooth formed by taking it from the sharp

1¢ slope CcD, the tooth would lack strength. In the same

down tt
the tooth would be weakened by adding much rake. The part ]

of the tooth,
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only about g5 in. long, but it is very influential in giving strength
to the back of the tooth, The radiussed portion DE also adds strength.

Saw-blade tecth are very small and thin, and as they are generally
used on every kind of metal, the makers of them do their best to design
the most durable tooth possible under the circumstances, rather than
try to suit any particular metal.

The File. File making is & highly specialised trade, the cutting
of the teeth calling for much skill and experience. The teeth on a
file are cut with a sharp chisel having a point angle of 55° to 60°, ahd
the operation may be carried out either by hand or machine methods.
The most usual form of file is that with cross-cut teeth,’ the ‘grooves
in the face of the file running in two directions and dividing it up
into small diamond-shaped teeth. In the single cut file there is only
one series of grooves. The operation of cutting files consists first of
cutting a series of grooves sloping at an angle of about 45° to the
file edge, and marked “1st cut” on Fig. 113. The extreme tip of

F16. 113.—Angles of Grooves to form File Teeth.

the tecth is then filed off and a second series of grooves cut at an angle
of 70° to the edge (marked “ 2nd cut”). The result of the two sets of
cuts is to raise teeth in the form of small pyramids with edged tops
turned back towards the direction in which the file must cut. When
one side of the file has been eut it is turned over, embedded in a block
of soft metal, and the process repeated on the other side. An enlarged
photograph of the tecth of a file is shown at Fig. 114 (), and a scction
through one of the grooves at (b). It will be seen from (b) that the
normal cutting point formatien is again in evidence, but obviously,
with such small teeth, we cannot expect to see precise rake and clearance
faces, It will be noticed that the grooves being cut at an angle, instead
of perpendicular to the length of the file, gives the teeth side rake
when the file is moved in the dircction of its length.

For many years all file teeth were hand cut and these were found
to be greatly superior to the early hil t files. This was found
to be due to the fact that the irregularity of hand-cut teeth gave them
a higher cutting efficiency than the perfectly spaced tecth of machine
cutting, In later developments of .machinc cutting the teeth were
purposely made with irregular spacing.

The Twist Drill. It is difficult, on first Tooking at the point of
a twist drill, to sce where the rake and clearance enter into its action.
We know, however, that even if a tool will cut without rake, it cannot
do 0 without, ¢l , 5o let us first ine a flat drill, a tool used
for boring hales long before the twist drill. One of these is shown
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at Fig. 115 (a), and each of the two cutting edges is bevelled off to give
clearance as shown. If the front face (marked F) is left quite plain,
the tool has no rake, but if it is ground to a lip as shown, then the
rake angle is as indicated. It would cut without rake, but for soft
metals the addition of rake improves the action.

A side view of a twist drill is shown at Fig 113 (b), and here, a5
‘before, the metal behind the cutting edge AB slopes away. The correct
angle for this slope is 12° at the outside diameter of the drill. In
Fig 115 (¢} a sketch is shown looking level with the cutting edge AB,
and it will be seen that the effect of the twist formation of the drilt
{AC) is to give cutting rake. The rake angle is that indicated, and
it is altered by making the ** twist ” quick or slow ; if the flutes were
straight, then there would be no rake; if they were left-handed instead
of a right-handed helix the rake would be negative. As well as the
cutting clearance on the point of a twist drill, there are two clearances
on its body : (a) the body of the drill is made slightly lessin diameter,
leaving a narrow * land » of the full diameter running down the front
of each flute. This is i called the body-cl ;3 () aslight
taper on the diameter of the drill {about 0-00075 in. per inch of lensth)
from point to shank, the shank end being smaller than the point. This
allows all parts of the drill behind tke point to clear and not rub against
the sides of the hole being drilled.

Drill Grinding. When properly ground the drill point should
be central and the lip angles equal (Fig. 115 (d)). The metal behind
the lip should be as Fig. 115 (b) and the line across the centre of the
web should be as shown at (¢).

(@) Lips at Diffeent Angles (B)Lips cf Different Lengths
Fic. 116.—~Effects of Efrors in Drill Grinding.

The errors that may occur in the grinding of a twist drill are:
{a) lips at unequal angles, (b) lips of unequal lengths, (¢) lips having
th unequal angles and unequal lengths. and the effect of these on
the working of the drill are shown at Fig. 116, In each case the cutting
is unequally shared between the two cutting edges and the hole 15
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Fic. 117.—Drill Grinding Gauges.

drilled oversize. For checking the grinding of a drill point the two
simple gauges shown at Fig. 117 are useful. That shown at (a) is for
the lip angle, whilst the one at (4) checks the points. The drill 4s sup-
ported on its centre at A, whilst a mark is made with each of the lij

.
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[T. S. Harrison and Sans,

F16. 1318 —~Pedestal Grinder with Lnlarged Diagram of Drill Grindine
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Attachment.



Ahyial UiLLS . 140

corners on the back face B, which should be smeared with chalk.  Any
difference in the level of the corners can be seen immediately from the
two marks made.

The only correet way to obtain the complicated form necessary for
the clearance faces of a twist drill is by grinding them with a proper
drill grinding attachment (Fig. 118).  Unfortunately, many people do
not sce the wisdom of this, so that grinding attachments are not as
common as they should be, and it is likely that the reader may have to
Jearn how to grind drills by hand. In order to obtain the correct
clearance it must be ground in & path similar to that which it follows
when being fed into the work (i.c. points nearer the centre travel in
shorter paths than those further out). To attain this the drill must
be rocked about an axis AB (Fig. 119 (a)) such that radius C is less than
D. The conditions shown at (4} and (¢} are incorreet.

Point Thinning. Themetalatthecentreof a drill {(called the web)
tapers and gets thicker towards the shank, This causcs the centre
of the drill point to get thicker asitslengthis reduced by grinding, and to
" prevent this thick edge from reducing the cfficiency of the drill it should
be ground thinner. A diagram showing this is given at Fig, 120,
Miscellaneous Drilling Hints

(a) For soft metals use a drill having a quick twist to its flutes, and vice
versa for hard metals, For chilled
iron a flat drill gives best results.

{b) Cut with soluble oil for
stecl and malleable iron, kerosene
or turpentine for very hard steel.
Cast iron or brass should he
drilled dry, or with jet of com-
pressed air,

(¢) If the corners wear away
rapidly, the speed is too high.

(d) If cutting ecdges chip,
reduce feed or grind with less
clearance.

{e} If drill will not start
drilling there is no clearance on
lips.

(f) Examine relative sizes of
turnings issuing from each flute,
They should be approximately
the same, and if not, the drill is
wrongly ground with one lip
doing more cutting than the
other.

{g) Drill breakage may be
caused by point wrongly ground ;
feed too great; not easing drill
at *break through”; binding
in hole due to lands being worn
AB=Axis upon which drifl is rocked  away; drill choked in a long

Fic. 119.—Dnll Grinding. Lole.
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Fig, 122.—Effect of Cut Disposition on Rake Value,

shapes and applications of these tools it will be well for us to examine
the disposition of the cutting angles as they may be influenced by the
type of cutting being done.

Rake. Let us consider a tool such as that shown at Fig. 122 ()
having 13° front rake and 15° side rake. The line of greatest slope
on the face of this tool will be the line AE and it will be inclined at
an angle of about 21° with the herizontal.  If, now, this tool is made
to eut by feeding parallel to its Jength it will cut with a top rake of
15°; if fed pcrpcudlcuhr to its lcnvvth it will cut with a top rake of 15°,
and if fed at 43° to its length the top rake will be 21°. Then con-
ditions are shown at (b). (c) and (d), and we see that the disposition
under which a tool must cut influences the effective values of its rake
angles. For example, at (b) the side rake has very little effeet on the
tool action and could be omitted, whilst at {¢) the tool would cut
almost the same without any top rake. These considerations are
important when n (ool such as a side tool is used for more than one
purpose.  In 23 (a), (b), (c) and (d) are shown four possible
methods of cutting mlh the same tool and the best eutting conditions
will be obtained when the linc of greatest slope on the cullm" face
is approsimately according to the arrow shown. When tool Dits are
used in holders the bit is gvncmll\ set with an initial back <lope as
shown at Fig. 121 (b). This gives to a flat-topped tool u front rake
equal to the <lopc angle of the tool and should be taken into sccount
when grinding the tool bit.

1
1
4
K
S
&
©

Tic. 120, —Approvinate Diction of Itahe necesary for different
utting Conditions.
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Clearance. 'The remarks we have just made about rake apply in
general terms to clearance. The tool must be prqvidqd .with sufficient
clearance relative to the surface being machined, and if this is not achieved
the tool will be prevented from a free cutting action by its front rubbing
against the metal, In Fig. 123 the clearance for the four examples
shown must bave its general direction inclined towards the arrow, and
clearances should be ground in planes parallel and perpendicular to
the surface being machined. The amount of clearance should be no
more than is necessary to permit the tool to cut cleanly, and 5°-10°
is usually sufficient, If more than this is allowed the tool point is
made sharper and robbed of metal which would otherwise help it to
survive and conduct away the large amount of heat generated when
cutting.

A little more clearance is generally necessary for flat facing, boring,

Work
Jool
= Xy
(@) External Turain (b) Flat Facing,
(Gomxternel furang Shaping & P/a'g/'/;_q
Work y o + Work
7oo0/

75° Necessary to

. clear Work (13 Boring Small Hole (Double
(c) Boring Llearance Angle For Strength)

Fi6. 124.—Effect of Cutting Conditions on Taol Clearance.

slm}lmg and planing tools, than for external turning, 'This is shown
at Fig, 124, where it can be scen that in external tlfrning {a) the sur-
face AB slopes away from the tool immediately below the centre line
.1~or‘ﬂat'fncmgr,' shaping and planing (b) the surface does not chan c
in dircetion, whilst for boring (c) it slopes towards the tool Somcti;ncgs
when horing a small hole, a double clearance angle as at () helps to
strengthen and leave more metal round the tool nose, bn toolhorl)ders
:v()}(xﬁricg ttl}le tool slopes back the clearance which must be put on the
tool (.S A x% iir:fn; :;;f, t(};c clearance required, and the slope angle of the
hk'ljur]m.ng ?ﬁ” 'Centre. When a bar is being turned the cutting
akes place relative 1o a radial line drawn from the tool point to the
Centre, 1his i 3 hovsontal, s S ke ook DO is on the
s s b A al, ang ARC £
operative under their values as grm)x(x:xchcl)\xf :clllllg tc(if):llmnlc{'ct{lmgles lm"f
placed above centre without being rotated as at {0y, it is no:: ;S&mlg
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Fra. 125.—Effect of Tool Setting on .Angles.

relative to OB ; the rake is now the angle BCD, or greater than before
by the angle « and the clearance is angle ECF. We thus see that
the rake is increased, and the clearance decreased, by «. Fig. 123 (c)
shows the effect of putting the tool below centre where the reader
will see opposite effects to those above. It should be noticed that the
tool need not be horizontal for it to be cutting with its normal rake
and clearance angles, It may be swung round to any position such
as {d), where, provided it is correctly located relative to the radial
Iine to its nose, it cuts just the same as if it were horizontally on the

TABLE 14. Rixe ANcLES FOR CUTTING VARIoUs METALS
«Angle given is that of the true rake on the fool (see Fig. 126)

Hard Steel, | ghedium, i
. 1ard Brass, - | Steel, Atuminium
Metalbeing | Jironze and Medtam Cast| cact Tron, | Mdand  “anangne |
Cast Tron. | Jrom Bienss nﬁ‘::d | Alloys.
— —
Rake , . I 0 | s 1w | e | g0

Ciraraxcn
This should be no more than is necessary to allow the tool to cut
emcncmly and may be approximately as follows:
External turning, 6°-10°
Facing, shaping and planing, 8°>-17°.
Boring, suflicient to allow heel of tool to clear.
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centre. This can be seen by {urning the diagram round until the tool
is horizontal. . . o
* ]Thc table on previous page will give anidea of the r_akc.;\ h;dl; Ish(i)slt(})l;i
used for cutting various metals. The angl}c _gl\';:l'l ?(tr 1;’0{1 ?D epen;l ¢
\ i e ¢ tool as explained in I1g. 122,
of the line of greatest slope on the lained in S 1 end
. iti s angle may be
i ditions of cutting (sce Iig. 126}, 5 ang .
";% '1"!1];;?1;\1'):01 ('C(():;);bination of front and side rake (for ordinary surfacing,
O ) l 3 ’ ¥ M .
c rr‘Fiv 122 (a); by front rake only, c.g. for a parting tool ; or by
.. Fig. 122 \

side rake only, e.g. for a knife tool).
T Al
e Lentre
e
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for Steel for Brass

(c)Knife Toof
(@)Straight Reugher —
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Strarght . .
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Tic. 126.—~Top Proliles of Tools,

Profiles of Tools
e top profiles of the more usual tools are shown at Fig. 126, and
ication of their uses is as follows:
Straight Rougher : General surfacing work. .
Side Tool : Surfacing up to a corner facing down a side.
lKnifc Tool: Yacing ends of bars in lathe. Finish facing
Hy,
{Parting Tool: Parting off in lathe, cutting grooves.
Cranked Parting Tool : Parting off near chuck ; grooving near
another face,
{r) Broad Tinishing Tool: (Planer and shaper only.) Surface
finishing on cast iron with broad feed.
(f) Boring Tool : Boring in the lathe,
The tools for lathes, planers, ete., should have a good solid shank

and should be well supported by not protruding from the toolholder
any more than is neceessary.
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Curting Speed

The cutting speed for a cutting operstion is the speed at which the
cutting cdge passes over the material, and it s vsually expressed in
Jeet per minude.

Cutting Speed for Turning. For turnine, the cutting speed is the
surface speed of the bar beinz turned. To find it we must multiply the
circumference of the bar (in feet) by the speed in RP)M. Thus if
d = diameter of work {inch) 2nd X = speed {RPJ), Circumierence

CAY
Cutting speed (feet per minute) S =22

We often require to find the RPOL when we are given the cutting
speed (5) and the work diameter (d), and by changing the above
formula we get

For example : The R.PJM. for 2 2-in. bar to cut at §0 ft. per minute,

12 £0 12 30 v
/5 _ xR s RPN

The speed at which materi. 2
fo\lﬂwing’}aclms:w ich material may be turned depends upon the
{1) The material beiny cut. Iard, stronz metals i Vi
spe}ﬂ)t’ﬁn soft and ductile materials. s e eauire & lover
. (2) The rizidity and condition of the machine and tool; th
rsl\;,:xdx!y of the work, An old, loose machine working with a f;oorl‘;
{;ogg]:::h"ml o_x(\ha thin bar will not cut at such 2 high speed as a
ine wi ? i 1
l'tas(ol;able dimensioxa{;.ngxd tool operating on a well-supported bar of
3) The material of which the tool i
oo gh st erial of '_—:ft h the tool is made.
or 23;\){{: steel tools,
) The depth of cut and the feed. A ligh ishi
. ight finishi i
ﬁneTfﬁ:dIo“‘:\{i be run at a higher speed than a he‘zn'y l;’(i:;)uutng;"c‘ll:t :
of the l‘lmchin:.a speeds may be taken as a guide for the injtial setting

Special cutting allo;
at much higher speeds than low tugngstcfx
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STTING SPEEDS FOR
for average culs "mlh high-spccd stecl 1001s)

Alaterit a1 bein® Cut. \ cutting Spccd (feet per min..
i
—/' i

Mild steel - ° L 0-90
i . ¢0-80

(It may hHe Pos 3 o ©
For heavy rouﬂh'mg cuts The? ¢
cutting sP d in which the cut av fced orc raken M
follows *
C

Cutting Spccd &) feet PCT minute = —
° IA

on of cut = Teed X Depth of cuts

Where A= A
c=A Lo“strmt

Values of “C R

T o ° i)
\ ‘.\lnlcr&:‘\wmg Soft steel. 1lard steel \‘ Cast 1ron. \ Bronze- \
' \

Y
|

i

fmd thc cuttmD cpccd fo mild <tcc\ working on a cut

ExAMP LE ¢
of & i with 2 fccd of & ine g the above fortt nula © and taking c =29
C
e have S =GR where € = g and A = RS k= SYE.
A
9 1 1
Jience g =17, and 3/ =5 - == s};
q/ 1 NEIEEE 512 S
NI
9
o S =" =9 X S
b
-

a {t./min.

Cutting gpeed for Shapi ing and Planing
. over the ool at ¢ uniform rate,

n turning {he mater finl passe
in ch‘\pm and \'mmw or cach do uble stroke © of the machine p’

following Takes p\f\c
Cutting gtroke. The tool clarts from rost, attains @ maxint

cutting xpccd and slows down to rest again.
Return Stroke. The same a8 for cutting exeept in 8 shorter b

{ime
Tlm renders the estimation of a machine specd rather difficult.

the following metho 4 may be used as @ a gul 2 setting the mach
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Divide twice the length of the stroke (in fect) into the Jowest speed
given in Table 15, This will give the number of double strokes per
minute,

Thus, for planing cast iron with a table travel of 18 in., the number
of double table strokes per minute will be:

60 G0 .
T 20 double strokes of the table per minute.

Cutting Spcct} for Drilling. The formula given on page 119 for
the cutting speed in turning will apply to drilling it 4 is made to repre-
sent the drill diameter instead of the work diameter.

Thus for a }-in. drill to cut at 10 ft. per minute
o 12 X 40 12 ¥ 40 % 14
Speed of drill (R.PM) = FXT 53
= 305 R.P.)M.
For drilling speeds use about § of those given in Table 15.

Cutting Speed for Hacksawing. The conditions under which
a lack-saw operates are much the same as for shaping and planing.
Suitable speeds for sawing eperations are as follows :

TADBLE 16, Sawixe Spning

Medium Cotting with Cutting

Operatia, I Lizht Cuttinz Dry. f Pty

'
Mild steel
1 Soft metals

Metal Leing cut 1 steet

i "mm“! Tard steel

" l Hard steel

! Double strokes per

minute . . . 40-30 S0-60 G0-80 100-110

Neginners at hand-sawing nearly always operate the saw much too
fast.  This results in undue wear of blades.

Cutting Speed for Filing. The file, wiclded by human encrgy,
cannot be fitted in to hard-and-fast rules of cutting speeds. There
are 50 many variable factors ta be taken into account, such as materia}
being filed, type of work, rate at which material is being removed,
strength and endurance of the worker, and so on. It has been found
that the range of speeds over which experienced users of the file operate
varics from about 45 to 85 strokes per minute, with an average of
shout 65 strokes per minute.

Cutting Feeds

A metal-cutting operation consists of causing the tool to travel
relative to the work and feeding it in such a way that it cuts the metal.
In shaping, for example, the tool reciprocates backwards and forwards,
and just before each cuttigz stroke the work is fed a small distance
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alono.  We have already discussed the speed at which the work must
travel past the tool and must now study the rate at which the tool 1s fed.
Turning. In turning. the tool i» fud along the bar for turning

a evlinder, and across for a flat face. This gives the clfcet of removing
> . v . - r

the metal by turning a very fine thread as shown in Fig. 128. The
fred of the tool is the distance it moves along for cach revolution of

the work, and it may be expressed cither as a fraction of an inch per
revolution of the work (c.g. 7 in. per rev. as shown), or as the number
of turns the work makes whilst the tool travels one inch (e.g. 5 in.
per rev, would be 32 feeds per inch). The feed that should be used °
for turning or shaping depends on the following :

(@) The smoothness of the finish requaired. A coarse feed will give
wider and deeper machining marks, and an inferior finish to a fine

——
'

Fefd marks
3% apart

Fi16. 128.—Turning with a Feed of 3, in.

feed. The shape of the tool enters into this as well beecause a blunt-
nosed tool will give a better finish than a sharp tool for the same feed.

() The power available, the condition of the machine and its drive.
The product of the speed, feed and depth of cut gives us the amount
of metal that is being removed, and hence the i:ower necessary, A
coarse feed on a poor or badly driven machine may be too muéll for
the machine or tool, or cause the drive or belt to slip.

These two considerations must guide the reader in his choice of
Fecd that the maching il st because Sk i mimoetont. oo
finishing adjust the feed so that it is iine cnou;rh t”nr]r)'o*r ?Ilt. B
finish required. ght to give the class o

Shaping and Planing. The remarks we have just made fc
turning apply in a general way to these two methods of machinin

Drilling. The {eed for a drill is ex sed i '

illing d for ¢ s expressed in thousandths of an i
per revolution of the drill (e.g. -010 in. per revolution, or ten thouszmg:
pcr rcv_olutxon). Yor a drill, the feed depends on ihe drill for t‘
s_mall sizes, and upon thg machine for large drills, To make this
}xtﬂq clearer the reader will appreciate that if we overfeed a 2-in. d
it will break, but if we overfeed a 13-in, drill we ma ’(cii}?c_ll'ni ‘
{)hc ’l”"}:{}""{".“l’r Cn’ln}xsc 1thc belt to slip off ; it is unlikcig ihat we )51;
reak the drill. The dividing line between these two cases
> d i a WO cases o

::)out *1{ {,‘t-;n. dnlll : beloi\' that the drill is the weaker mcm(l:)cel:'rsf
above it. the machine, The following iy i )
above it 1 lowing table gives a guide as to t
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TABLE 17, Twist Dty Freps

Diameter of Deill {iny 1 3 121 & 1 [ & -1 11
Feed (rgths inch por N AR
revolution) . . .{3f{s)6|7{slofeln]ie

Sawing. In sawing and filing the saw or file is moved over the
work and is fed into it by the pressure put on. This pressure, then,
really determines the rate at which metal will be removed and average
suitable pressures are approximately as follows : °

Sawive

0063

Dlade thickness (in) . .
R [H

Pressure (1) - . . 20

o027 ’ 0032
12

Filing. As we have stated, filing is such an individual and variable
operation that we cannot state hard-and-fast rules, but can only give
figures, more for the reader’s interest than anything else,

Filing involves a vertical pressure on the file and a thrust to cause
it to move over the metal. These will not only vary according to
the file, and the material being filed, but also according to the physique
and habits of the workman. For example, a stronz man will exert
more force than a weaker one, and a filer who habitually files large
articles will press harder than one who is always working on thin,
fragile parts. Another factor in filing is that the pressurc varies
throughout the stroke, being greatest just over hall-way. Tests on
six experienced filers showed that the maximum pressure they exerted
{sum of both hands) varied from 30 lb. to 48 b, and the average
pressure from 21 lb. to 38 Ib. The thrust required to push the file
forward will itsclf depend on the pressure, on the material, file con-
dition, ete.  For example, in a scries of tests with new files, the average
Forward Thrust

Srortical Pressure were found to be as follows
crtic

values of the ratio:

Metal being filed. ) Steel. }Caxt 'lmn.‘ Copper. ’ Trass,

18 1‘»6{1

The Lubrication of Cutting Teols

The machining of most metals is greatly improved by the use of
a cutting lubrican’i. Cast wron should alnays be machined dry ; b{as?,
bronze and aluminium may be eut dry or wet, whilst steel may always

f
Average of thrust pres- [
e, ., . . {

i [
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Y i ‘hich the work m
alons. e have already discussed the speed at whici i
travel past the tool and must now study the rate at which the tool is 1

Turning. In turning. the tool is fed along the bar for tur.ri
a cvlinder, and across for a flat face. This gives the effect of remov:
the metal by turning a very fine thread as shown in Fig. 128. 1
Jeed of the tool is the distance it moves along for gach revolution
the work, and it may be expressed cither as a fraction of an inch }.
revolution of the work {e.g. 4 in. per rev. as shown), or as the numl
of turns the work makes whilst the tool travels onc inch (e.g. 2
per rev. would be 32 fecds per inch). The feed that should be us
for turning or shaping depends on the fol!omng: o

(a) The smoothness of the finish required. A coarse feed will gi-
wider and deeper machining marks, and an inferior finish to a i

\Feed marks
45 apart

Fia. 128.-—Turning with a Feed of &% in.

feed, The shape of the iool enters into this as well because a blunt--
nosed tool will give a better finish than a sharp tool for the same feed.

(b) The power available, the condition of the machine and its drive.
The product of the speed, feed and depth of cut gives us the amount
of metal that is being removed, and hence the power necessary. A
coarse feed on a poor or badly driven machine may be too much for
the machine or tool, or cause the drive or belt to slip.

These two considerations must guide the reader in his choice of
afeed.  As a general rule, when roughing a job down, give the coarsest
feed that the machine will stand because finish is unimportant. 1Vhen
finishing adjust the feed so that it is fine enough to give the class of
finish required,

Shaping and Planing. The remarks we have just made for
turning apply in a gencral way to these two methods of machining.

Drilling. The feed for a drill is expressed in thousandths of an inch
per revolution of the drill (e.g. -010 in. per revolution, or ten thousandths
per revolution).  Tor a drill, the feed depends on the drill for the
small sizes, and upon the machine for large drills, To make this a
little clearer the reader will appreciate that if we overfeed a 3-in. drill
it will break, but if we overfeed a 13-in. drill we may cither break
the machine, or cause the belt to slip off ; it is unlikely that we shall
break tha; drill. ' The dividing line belween these two cases occurs for
about a f-in. drill; below that the drill is the weaker member and,

above it. the machine, The following table gives a guide as to twist
drill feeds: °
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TABLE 17. Twist Driet. Freps

pmeeranny |42 22wl a e |aln
Feed (raths inch per | |
ryelution) . . - Si G v 8 ] 101 11 12 15

()

Sawing. In sawing and filing the saw or file is moved over the
oek ard 15 fed into it by the pressure put on. This pressure, then,
eally determines the rate at which metal will be removed and average
mitable prescures are approximately as follows:

SumNG
Biate thickness (in) . .| pozr | ooa2 | oons
Pressure (1) . . . . ; 1z 20 65

Filing. \s we have stated, filing is such an individual and variable
peration that we cannot state hard-and-fast rules, but ean only give
nes, more for the reader’s interest than anything else,

_ Flzz involves a vertical pressure on the file and a thrust to cause
£t move over the metal, These will not only vary accordinz to
Le fle, 2nd the matenal being filed, but also according to the physique
d Babits of the workman,  For example, a stronz man will exert
l‘i/_?! force than a weaker one, and a filer who habitually files large
:-"d" #ill press harder than one who is always working on thin,
7le parts. Another factor in filing is that the pressure varies
nzlout the stroke, being greatest just over half-way. Tests on
experienced filers showed that the maximum pressure they exerted
2 of both handa) varied from 20 )b, to 43 Ib, and the averaze
mex from 21 Ib, to 33 Ib. The thrust required to push the file
:‘fﬂrd will itself depend on the pressure, on the material, file con-
“n, tte. For example, in a series of tests with new files, the average
s of the ratin, Loreard Thist o und to be 2s follows:
Vertyeal Pressure

st beang e, steet. | canttom | Copper. | B

Aseraze of
s st pres- .
moe, T 12 1 ‘ 16

The Lubrication of Cutting Tools
ltu?({: mMachining of mont metals is greatly improved by the use of
o, in2 lubnicant.  Cast mron should always be machined dry ; brass,
2 20d slumninurn may be cut dry or wet, whilst steel may always




bendihuh i o X SN -

154 SURTFACE FINISH

be machined with a lubricant. The improvements cffected by usi
a lubricant are as follows: . .

(a) The tool and work are cooled and higher cutting speeds m
be used. . . .

(b) The cutting fluid helps in lubricating the severe rubbing act‘)
taking place between the chip and the top face of the tool. T
cifects some saving in power, prolongs the life of the tool and promo
a better finish,  (Many readers are probably aware what an impro
ment a drop of whale oil will effect to the finish of a thread.)

(¢} A heavy flow of Jubricant helps to wash away the chips a
keep the cutting point clear. . .

Cutting lubricants may consist of a pure cil, a mixture of two
more oils—or a mixture of oil and water. Oils are generally divid
into what are termed the “ fixed 7’ oils, and the mineral oils. Wi
these are compared it is found that the fixed oils have a greater “ o
ness ”’ than the mineral oils, but they are not so stable and tend
beeome gummy and decompose when heated (see p. 129).  The * fixec
oils consist of animal, fish, and vegetable oils, and the chief of th
used for cutting are lard oil {animal), sperm and whale oil (fish), a
olive, cottonsced and linseed oil (vegetable). Turpentine, which
distilled from vegetable oil, is also used. The mineral oils come fri
crude petroleum oil pumped at the oilficlds, and paraffin is a cutti
lubricant belonging to this class,

In order to combine the advantages of the stability of the mine
oils with the good lubricating qualities of the fixed oils they are off
mixed. and sometimes sulphur is added to give the property of “ w
ting ” the metal with a highly adhesive oil film. Such oils are kno
as compounded oils and sulphonated oils.

. The most common type of lubricant used for cutting is a solu
f)‘ll, wh’l’ch, \‘&"hcn ml;\;cd wgth water, forms a white solution known

suds ” or “slurry.”  This has better cooling properties than oil,
does not lubricate as well.  The oil part of it is gencrally a mine
911 mixed with a soap solution, somelimes with an e.p. agent add
There are many forms of soluble oil on the market and the supplic
nstructions should be followed as regards the proportions of oil a
water required. '
Oil's‘ with an Extreme Pressure (e.p.) Additive

The arduous cutting conditions imposed by heat-resistant o
slnmless. steels, nimonic alloys, cte,, have led to the introduction
i};p{:;l:lelx‘\“(]s :I(])ditrtttclsg.cl:‘léncnntg._ These are based on chlorine ¢
! and _ _conditions of temperature and pressi
form solid 'h‘lms of iron chloride or iron sulphide between the chip ¢
t‘hc tool. These .ﬁln}s are casil_y sheared and have high melting poi
:Sl\ills‘tt Othﬁl\c :;:os:;t (:? t]})}t‘:\;en{lmg 'E)rtions of the chip welding the
of the use of e.p oils for M ’.xc reader will no dc_)u.bt bp aw
on {he ol \'\¥h.ce1 5 o coping with the severe conditions impo:

rown 1 .pmmn I a car rear axle.)
. Am;.hgatxon of Cutting Lubricant. The cutting lubricant n
be applied to the tool or cutter by hand (using a brush), by me:
of o small drip tank attached to the machine or by a pump whicl
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Measure and Influence of Finish o
The present method of expressing a measure of surface finish is to
find the average height of the undulations of its contour with reference
to a horizontal straight line drawn through the contour in such a
position that the loop areas enclosed above the line are equal to those
below. When expressed on this besis the surface is said to have a
C.L.A. (Centre Line Average) Index of so many micro-inches (micro == 1
millionth). In practice, reasonable standards of attainment are:

Good Average Turning and Smooth Filing—rom 32 to 63 C.L.A.
Commercial Grinding —{rom 16 to 32 C.L.A.
Lapping and Ioning —from 1 to 8 C.L.A.

In service the texture of surfaces which do not have to fit and mate
with other surfaces is not important, and for surfaces which fit together
without any relative movement a reasonably smooth finish is good
enough to provide the support and alignment necessary. When, how-
ever, two surfaces both fit and run together their finish is of the utmost
importance, since where there are * hills® and * hollows ”* the first
thing that happens in the carly periods of their rubbing together is
that the ** hills ” wear down.

When these have become levelled off the surfaces settle down to
a comparatively long period of contact without much further wear
taking place. " Let us suppose that the hills are 4 of a thousandth high
on a shaft and in the bearing to which it has been fitted. The initial
wear which takes place rapidly removes these, resulting in the shaft
wearing {o a diameter {- of 15 in. less and the hole 4 of 1¢'5% in. more
in size, a total difference of nearly 3 a 7% in.  If the reader does not
realise what this means let him bore a hole about 1 in. to 1} in. diameter
and turn a plug to be a nice smooth push fit in it (or bore a hole to
a standard plug gauge). Now make another plug about 1 a Tooo 0.
less in diameier and try it in the hole. )

It is this problem of the initial wear taking off the hills and hollows
which makes workshop engineers so particular in obtaining the smooth-

est possible finish on motor and acroplanc cylinders and pistons, on
high speed bearings, and so on,



CHAPTER 7
THE CHECKING AND MEASUREMENT OF SURFACES

The actual removal of metal is not in #tself a very diffienlt task,
but the initial setting for it, and the judgment of the correct point
at which to stop it, often call for high skill, If we examine a number
of finished articles chosen at random, we shall find that the majority
of the finished surfaces on them are cither flat or cylindrical in form
as shown in Fig. 130. Now the drawings of these parts would give
us all the information we required regarding the shape and sizes of
the various faces of the components. There are many other things,
however, which the drawing would not tell us, but which we should
be expected to produce correetly. For example, it would not tell us

F = Flat Surfaee. € = Cylindncal Surface,
T16. 180.—Fat and Cylindncal Surfaces on Components.

that the centre hole in the disc had to be exactly on the same centre
as the outside diameter, nor that the edge of the disc had to be square
withits face.  In the bracket on the right, it would be taken for granted
that we should bore the large hole with its centre line parallel to the
base, that the centre lines of the two small lug holes were co-axial
{ie. on one and the same centre line), and perpendicular with the
sides of the slot, and s on. The aim of the workshop engineer, then,
should be to give careful thought to each job and try to fulfil the
obligations which have been left unwritten on the drawing, but which
are as important as the most accurate size relationship.

Even though we may infer from a drawing that two faces have to
be square, or perhaps parallel, it does not follow that we must always
spend time in getting the relationship accurate to a thousandth part
of an inch. It may be that in some cases the job will be satisfactory
if within gkth of aun inch, and the reader will be justified in a.sk.lyg.
“How am I to know which parts must be very accurate and which

157
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on iv to this we can only say that, in time, his
gggific‘zlcc? r::ﬁd‘v angligzgilgct: will be his guid}t_z, and he should work
to acquirc’ the knowledge in the shortest possible jcxme.f H'lsbr}clllll:g
principle always should be to so arrange the PTOduCt_‘"_n o fa jo i ci
when finished, it will be right. This involves guahths of min ’_alnd
character which we have a]rcady’fliscus}fcd and differentiates the skille
artis he *just ordinary ” worker. .
qm;ir;) iz}?énlizvht of] the above )ie.marks, we will dlsc_:uss the‘ ux?\"rxtten
accuracy relationships on two simple parts. At Fig. 131 1s shown a
slotted hexagon nut- just as it would appear on the drawing. The
outside dimension for the flats of the nut is given as limits with an
S-thousandth tolerance, so its interpretation is clear, but it would be
less serious for the flats to be a little less than the minimum size than
over the maximum, for in the latter case they might be too large for
the spanner to fit over them. The three sets of flats must of course
be uniform, although only onc sct is dimensioned. Nothing is said
about the angle between the flats,

» but we know, if the nut is truly

LI <FLATS D, ”’{ . hexagonal, this must be 120°
S, 287" The threaded hole in the nut,
r stated as § in. B.S.F,, is beyond
] our control in its dimensions
since it would be finished with a
tap, but the position of this hole
— is very much under our control.
sl ¢ In the first place, it must be in
1 the centre of the nut; secondly,
the hole should be square with
the bottom face of the nut. If
it is not so, when the nut is
tightened down it will not sit flat
on the mating surface and the bolt will be bent in the tightening process.
The bottom face should be flat (or very slightly saucer-shaped) and,
as just stated, squarc with the thread; the top face is unimportant
since it does nothing, and the nut thickness is relatively unimportant.
The slots across the top of the nut which accommodate the cotter pin
will have been dimensioned with sufficient clearance for the pin, sc
that cxtreme accuracy is not necessary for their width or depth, but
if they do not pass through the centre of the nut it may not be possible
to pet the eotter through,

We can thus summarise our discussion as follows :

(1) The flats should be uniform and should not be wider than the

maximum,

(2) The bottom fage should be square with the thread, and shoul¢

be flat, or slightly saucer-shaped, but not rounded (why ?).

(3) The cotter pin slots should be in the centre of the nut.

As our sccond example we will take the crank of a bieycle, choosing
t}xc type which has arms for attaching the chain wheel (Fig. 132)
Yor the purposes of its applieation, the only surfaces which neec
;\:ﬁ{g\lgg are those marked A, B and C, and the holes D, E, F and G

ided the remainder of the surfaces can be foraed ar wenccnd 4o

,t o

|

8.3 r.‘«
THREAD
Jt:ss"

W

{
F1c. 131.—S8lotted Hexagon Nut.
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a good smooth finish, and can be made to sizes sufficiently close to
bring the crank within the limits set for its weight, then they will
only need polishing <o as te provide a suitable foundation for the
plated or enamelled finish. If the primary forzing process is not able
to give a sufficiently good finish, it may be necessary to machine these
surfaces, but for the purpose of our discussion we will ignore them.

1
Fotes 4 Diamezer 8
(Front ond tock)
Fic. 132.—Cycle Crank.

When the chain wheel is assembled on the erank, the serews pull
it up against the front faces A, and a hole in the wheel fits on the
dizmeter formed by the three portions B. This gives us conditions
for the accuracy requirements of A, B and G.

(i) The diameter of which the portions B form a part must be held
to close limits so that any chain wheel will fit any erank.

{ii) The above diameter must be true with bole D; if it is not,
the chain wheel will not run true.

(ifi} Front faces A must run true when the crank is rotated on the
hole D. If they are not true, then the chain wheel will wobble out of
truth sideways.

{iv) When the chain wheel is assembled, the holes G must correspond
with similar holes in the chain wheel; otherwise the screws will not
enter. These holes should also be a good fit for the screws which
pass through them. The back face of A must be cleared up to provide
a seating for the screw heads.

Now for holes D and E.

(i) The diameter of D must be to close limits to ensure a good fit
on the axle of the bicycle.

(ii) Hole E must be screwed so as to be a good firm fit for the pedal
when it is screwed in.

(iii} The distance between the centres of D and E is not important
to 2 in., as no rider would notice such a small variation, e would
natice, however, if D and E were not in the centre of the circle of
metal containing them.
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(iv) The centre lines of D and ¥, must be paralicl in all Fhrcchons.
If ihev are not so. then the pedal will appear as though it has been
kuocked on one side. The face (f..ﬂng;rmlnst].‘wlnch the pedal spindle
sorews, should be faced up true with hoie X .
hm’;lﬁé rv]ln(i(m belween Hlxc cotier pin hole I and hole D is important.
Tis distanee along the erank must be such that the usual form of cotter
pin enters for the correet distance, locking up the crank. Its distance
from the face of the erank fixes how far the erank goes on to the r'x“xlc
and both these positions shonld be held 1o less than ¢ in. The
diameter of the cotter pin hole must allow a standard cotter pin to a
nice sliding {it,

Tt will be seen that simple though our two exm\_lplcs l\gwc_ been,
thev contain many problems thal must be solved snhsfacponly if pro-
duction is to be successful, and every picee of work that is attempted
deserves similar consideration, however simple it may appear.

Tests for the Form and Relationships of Surfaces

We now realise that i checking a picce of work for aceuracy,
we have not only to verify its dimensional correctness, but also the
accuracy and relationships of its surfaces, We will discuss surfaces
first.

Flatness

A flat surface is one of the fundamentals of workshop engineering,
and although most of the surfaces we produce are flat cnough for
their purpose, most of them would be far from the preeision engineer’s
standard of flatness,

The methods which are most convenient for verifying flatness are
cither to test the surface agsinst nnother surfnce which is known to
be tlat or testing with a straightedge. A
surfuee plate® (Fig. 138) has o surface of
proved {latness, and when testing, the top
of the plate should first be rubbed with
a thin smear of a paste made up of red
lead and oil.  The face to be tested should
be wiped clean, and then placed in contact
o with the surface plate and moved about. If
it is reasonably flat, upon examination after this treatment, spotsof the
red lead will be visible all over it Another method using the surface
plateis to rest the face to be fested on the plate with single thickness
ot cigaretle paper under cach corner, nnd if necessary, at other points
as well. Tull at each of the papers and if they ave all tiaht the surface
1s resting on all. and may be assumed flat,  This method fails, however
on nosurface (e.g. a round one) which is coneave, beeause alt’hough thc’:
vdges would grip the cigarette papers. the eentre would not be in contact
with the surfice plate.  If the work is larger than the surface plate,

then the plate may be rested on the work, instead of the work on
the plate,

Mg, 133.—A Surface Plate,

* See B.SS. No. 817,
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A straightedge® may be in the form of a steel strip (Fig. 134 {a)),
or as a stiff casting with the edge straight, as at (b). For lengths
greater than 12 in. the ribbed cast-iron pattern is to be recommended.
The surface to be tested should be compared with the straightedge

when not in use

E{:| 0lo|O
Rorking Face”
be———-Lengths up to 6£¢- Lengths 17t to 8-

(a)Steel Bevelled Strajghtedge. (B)Cast Iron Straightedge
Fic. 134.—Straizhtedges.

Feet for supporting

in several directions. Red lead or cigarette papers spaced along it
can be used with the cast-iron straightedge which has an edge of
appreciable width, but the steel pattern, which has a knife-edge, must
be used ejther with a number of cigarette papers, or by the appearance
of *daylight.” If an edge is placed against a surface and then held
up to the light, any small discrepancy can be detected by the appear-
ance of the light between the two, and our eyes are so sensitive that
agap of res of an inch can be seen.  If we can guarantee our straight-
edge, this method then gives us a good test for flatness.

Squareness

The try square } is the most common tool for testing squareness,
and diagrams of the use of this for internal and external testing are
shown at Fig. 135. When using the square care should be taken to

Keep blade
perpendicular to
Surface be'ng tested

e 4

(&) Inside Blade (B)Outside of Blade

Fic. 135.—Using the Try Square.

ensure that its blade is held perpendicular to the surface being tested
or errors may oceur (see Fig. 135 (b)). A good square Is valuable,
and should be treated with as much care as a watch, but as it is 3

* See B.S.S. Nos. 818 and 852, 1 See B.5.5. No- 039,
LWw.T. G
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-

dclusion  put onc’s confidence in a square which is not accurate,
its accuracy should be tested occasionally. One method of doing this
is shown at Fig. 136, where a straightedge is clamped to an angle
plate, and set so as to correspond aceurately with the oulside of the

square blade. The square is

. - hted, reversed, and if it is correct,
/},”a z{: */iftm/g/ztea_ge the inside will also check
] with the straightedge. This
: j assumes, of course, that the
'E@EJ bladeof the squarc is parallel;
' if it is not, the square is use-
. less anyhow.
—— The combinalion square
| Square consists of a blade which
Square . in First may be used in conjunction
ff:g;-‘:)‘i y —9i- Position with any one of three heads.
fotay \‘;:‘\"“"“‘ " e The various heads ecnable
NN RS 15 S A the tool to be used as a

: square, o protractor or a

Tic. 136.—Testing a Square, gauge for marking lines

) passing through the centre

of round bars (Fig, 137). The complete set forms a very useful
workshop aceessory, and fulfils many nceds, but when a high degree
of accuracy is required for squarencss, we recommcndcthat an

accurate solid try square be used in preference to the square of the
combination set.

‘lf]"‘{}ﬂplél“li]l))uH]H‘ g'"l"‘l!”l'“[J"l”'l’“J"'i“'l'l'],”'i‘ﬂ]'"ﬂi'f'm?ﬂ]
¥ ot = < )
tIlyy|,",h!”t!|I!!y,|f‘“y”\:],f 'V‘"’”ﬂ"mﬁ,ﬂd-’vhl ugi

!E{i e i

Centre Findez,

R Gl T gl e
gl gl

Z
G ey OO
e

N g Mt

Protractor,

. {L. S. Starrett Co,
Fi16. 137.—Combination Square,
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Parajlelism - -
Depending upon the character of the work, it will be necessary to

employ a variety of methods for testing the parallelism of two surfaces.

1f the dimensions of the part are small enough to be within the capacity

Test both Test Bar
£nds

(@) Paralielism of (B)Test For Bore of Bracket
Cagting Surfoze being Parallel with Base,

F1c. 138.—Test with Scribing Block.

of calipers, or of a micrometer, its parallelism may be tested by one
of these instruments.  For larger work, and for testing the alignment
of holes with flat faces, the surface gauge or scribing block (Fig. 138)
used in connexion with a surface table, is useful. The scriber of the
surface gauge has one end bent at right-angles and this may be used
as shown at (). When a hole is being checked as shown at (b), the

Test in thix position for e
parallelism ina vertical,

plane (bent rod)

Test i ¢4is position.
7or parallelise in boriz-
ontal planes(twisted rod).

Fi16. 129.—Alignment Tests on a Connecting Rod.
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the more accurate will

jonger the bar that is pub through the holc,
be the test, but the bar itself must be pamllcl. Tig. 139 shows how
the ends of a motor engine connecting rod may be checked for parallch-srn
both dircctions. Before this test is made, {he Vee blocks supporting

ye bottom bar should be checked by trying the seriber along the top
[ the bhar supported in them.

To test parallelism (and distance) between a slep and an edge the
3 (a)

ombination squarc may be used as in g 140 (a). The blade should

77/ ////

7

(a) Combination Square
Testing between Step
and Edge

\(
Pins guide
Block alorg
Fdge
(8)Using Pins in Scribing Block Base to Set
Surface Parallel to £dge of Table

Fic. 140.—Tesling for Parallclism.

be adjusted so that when it is slid ov

0 s cer one end of i
stock pressed agmnst the other edge, the edge of th'(c:hset:teggr? '1thi
fclt. By repeating at the other end of the s:icp, a chcckpon‘thé‘;)sﬂ

Iclism is obtained. By this method the square is also being use
o
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a depth gauge to measurc the distance between the two faces. Yet
nnut}:cr method which is useful for setting up work on machine tables
is shown in Fig, 140 (). This makes usc of the little pegs found in
the base of a surface gauge which, if pushed through so as to project
beyond its base, enable the gauge to move parallel to the edge of
the table. N

The Dial Gauge.* Two drawbacks to the use of the seribing
block for tests of parallelism are: (1) the accuracy depends upon the
sensitiveness of our *“feel” with the bent end of the scriber on the
work, (2) If the heights differ at each of the faces being tested, our
test does not give an of the diffe

These objections are overcome by the use of a dial gauge, the
essential part of which is like a small clock with a plunger projecting

{a) Dial Cauze on Clock Indicator. {8) Checking for Pasaleliom.
Tig, 141

at the bottom (it is often called & “ clock indicator ). Very slight
upward pressure on the plunger moves it upwards and the movement
is indicated by the dial finger which is generally arranged to read in
153 in. of movement. For very accurate work, gauges reading in
Te.dogths may be obtained. The head is supported on a base and
upright very much like that of a scribing block, and for testing paral-
lelism it is used in much the same way. A diagram of the gauge is
shown at Fig. 141 (a), and its application for the above purpose at (b).

Use of Dial Gauge for Squareness of Hole Axes. A uscful
application of the dial gauge is in testing the squareness of two holes
or between a hole and a flat face. If a dial gauge is attached to, and
rotated with, a shaft which fits into & hole, it rotates on the hole axis
and thus may be arranged to indieate the squareness of this axis with

* See B.S.S. No. 907,
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a bar in another hole or with a flat face. An indication of how these
tests may be carricd out is shown in Fig. 142 (a) and (b). At (a)
the position of gauge is adjusted until a reading is shown when it is
in contact with the left-hand end of the bar as shown on the diagram.
It is now swung over until it contacts the other end ef the bar and the
wo hars are perpendicular if both elock readings arce the same. In

Sheulder ¢ bar to

\\>f\ ferevent end movemen?

C N
"Q;}K el 7est bor arranged

tocarry indicator

Suping cver to

[

Lhis position ! E/ O‘Q
Test bar, \(45, ¥
Shiding £t S
indicator in hofe

Clock with plunger in 3
contact with face.

: Clock and barrotated
{a)7esting Squareness of Bore ¢
Axes ABand CD as shown.

(b)Testing Squareness of Face G
nith Axis EF of Lentre Hole

F16. 142.—Uscs of Dial Indicator.

the test shown at (b) the reading must remain constant whilst the
gauge and bar are rotated a com*” i~ turn. The reader may, at first
be rather doubtful as to why th* - - aws up an error in pcrpendicu:
larity, If he is, let him imag¢ - clock woy'  iing if there
were a large crror, and he wi ! that tif’ 'nis really
very aceurate. o o

Tests for Reundness and ;

Due 1 in machines™" on g .k
and so * ‘dch shoy .. v . ‘e
easics* ‘s way T
or eal diam’
in the thes |
If the amy,
part « oA
{hat i on
exty e
shapd )
ean' e
corre. LeT8 :
cqual, an
LUSS, .



CONCENTRICITY 1

2 dial gauge as shown at (6). This will serve to impress the reader
that in the workshop things are not always what they sesm.

=({)

s

fa)
(sl * Conytart Diameter (‘) Test ’wﬂumsdnm -i'h
which wool! Bppeur la }’ l")ulrl U ee Flock Choek Kody-
tnearied acrow .

Fie. 143,

Concentricity. On many turned parts produced on the Iathe, it
is important that various diameters shall be true with one another
or have the same centre. This is called concentricity. The clock

Yomzril joik Foticoton
5

(A)T:J(ﬂy’ Lush for Loncentricit

Tee |
/.7:/«5

{&) Concentricity Test on Enlerged
Portion of Shaft.
Fic. 144

gauge is again useful for this test, and if the part can be pushed ea
to a bar or mandril, it may be tested between centres as shown at
Fiz. 141 {a), but the previous precantion of testing the truth of
mandnit itsdf should he carried ont fnt. Ths arringement is z.\
useful for testing a centred bar for straziezess and for concen
with its own centres.  When it is mo? convenuent to put the =
between eentres it may be rotated msting in a Ve
shown at (b). For these tests. 25 weil as for certain T
wperations, 2 pair of centres mo e s basesplate, an®
to a central slot, form a very =%l free of worksh
This is indicated in Fig, 144 ¢
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) Read © ¢ directly from the S
DHetween 0 on ithe main seale O hd O on ithe yermer
2 Count n same direction the nu divisions
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 aation is 1O
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{a) Protractor, IL. 5. Starrett Co.

Z
Maip Sea’s
/~~f Gegrees

(e} Nending 523" [L. 5. Starreti Co

T'16. 146.—The Verner Protractor.
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« Am\\'u-:\l'\om of vernier Tro
¥16. 1»$f.,c<mld.

4'1.’1’rcc:\u\'\on when using Prolracto™
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METHODS OF MEASUREMENT 1t

Hints regarding the Measurement of Angles

1) The protractor blade should alicays be perpendiculer 1o Ih: surface
being tested and should lie on @ line of greatest slope (sce Fig. 14 ). The
fit between the blade and the surface may be observed by looking
for ““ daylight ™ or using cigarette papers.

(2) Angles may be dimensioned on drawings in stch & way ,ﬂ'{‘t
some doubt exists as to which angle the protractor must be sct. Two
such cases and the protractor scttings for them nre shown fn Fig. 45,

Angles given
on drawing

N -5';5;;0_ g‘/& angle
90

@)
-

©
N2

givenon

Ingluded rawing .
\/ {Soesme 7

clmenadnst

¥i16. 148.—Protractor sctting for Obscure Angles

Although, as a general rule, the distances between lines ca s &?J.\'?’»:
should never be measured with a rule, the reader will find 2hat aspies
shown on drawings are fairly consistent in their accurex. ™
fore, the reader is in doubt whether he should set the
the angle shown, or to its difference from 90° he wmall be
in putting the protractor up against the draning.

(8) Always cheek the reading of the protmctor ¢ the Sampuny
screw has been locked up, as the setting mav hawve mowved

Measurement

So far we have dealt with checking the aceursey of oue work withont
much regard to its actual sizes. We must now consader the wethody
employed for the actual measurement of 1t
*Line” and * End " Measurement

A length may be expressed 2s the distance belween two lines (line
measurement) or as the distance between two faces (end mensurernenti.
The most example of line nt ts the rule with st
divisions shown as lines marked on 1t, whilkt we use end measures:
when we employ calipers, micrometer, softd lenath bars, clc., to
our size. One of the toost &ifSitnlt problems m precision weork - 1

transfer a dimension from 55 “Ime * to aits “end ” forra. st
has probably been browzht hame to the reader in the settze o
calipers. e can set exTneme much more accurately th 2 r

from the faces of 2 YHnck “hun w2 an from the marlings oo 2




e T IRV AN

Avtilly when we nel the ealipers from one pale e do greban end "
effeet an one lege of them it we hold o agaiost the e of the N,l’(‘.

Vor Ui pewan, i the shopy we smploy end methads as far s
peailile when we wish to obinin s mpoertand dimension s the procesy
af eampating auything with lines for the prrpose of 1t mensirement,
venlly reguires the eedstnner of nomeroscope i nny deprer of necuracy
i 1o he obiained,

The Rule,  When n diensdon is given on n denswings as o fraction,
withont any eovering note as ton pavtienlar type of it (e press fit,
or ta it ek and suele n part) or withoud stuling any particular
wethad of wachiningg the size (e in e ence af achole, 0§ ing reamer _"),
iy peneeadly he meamed it the dimension mny be made with
wrade, 1 ealipees and rule ave ased it slilb o rale dimension, The
duprree of peenraey to swhibels swork iy he pradueed when measiteements
are ande by o rade depends on the quality of the vale, and on the
kil of the wser, The marks on a pood-elass rale vary from 00005 in,
Lo 0007 in, wide, so that we ennnael expeet to oblain  depree of necuracy
wtel efoser tan within 0005 in,, bat o prood workimon shonld be able
to werk weelosely e thisg An hmportant factor is that of possessing
a prond rde anod prettng wad o it and the render s mdvised o buy
the best rule he can obtain and aeenstom bisel! to s mnrkings,

peen
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T

R E1ahie l '!m-:"::.‘.:‘m,l :23

)

Lonnen L' 33 :; , ’
im! i 1‘1‘. 1

e L e AT T
B I A ORI R o [aex .m‘.r;;:qmw
‘llt‘t’t]i'rll‘l(‘t]i ‘
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. ffamon Chesteymian o8 Co,, 144,
Fra, 14u, o

The mosd useful and convenient mnrkings are inches on one face
of the vule, amd aneteie wnits on the other, A grood exnmple iy the
Chesterinn: Noy 160 D shawn ine B 140, On one side {his hn';
L omehes and their sabedivisions alonge one edgre and the :'.n‘l)di\"i\;ion:;
of Yuthe nlomr the other, Phe reverse side is geadusted in milinel res
onone edge and L millimetres on the other, Fhe 3 i, are nol, nel
ey s A s penendly ensier o pmage 3 omme on the full seale of milli-
wetves than on the halt seale, W the Jenath of the ;mulnuiiuu lines
for saeh sall divivions were vedaeed 1o about ) of the lenygith Hu‘;'
nre pencrally made, the eye would he better able to make use of thent
Hn_w npp‘\ll"» nlm_! to l_hv et rulinge on the uversipe rule, and the
tender will find Heasier to measare, say, 87 ing (e V) inegd e ) on
:\‘ seades ;nurluw% i ,“.‘(l‘\u snd s, than on a full sv:«'llv of :“:lhs;.. Ir
(\;:"::l.“,«v:x prefers a G rule, the Chesterman No. 1501 D/8 s u rood






4 CALIPERS

vith a good pair of stiff jointed ones which the reader can make for
himself.

Txamples of calipers arc chown at Fig. 150.

\When working with outside calipers they should be adjusted by
tapping one leg (stiff joint), or by the adjusting SCreWs until when the
work 18 straddled by the legs, it is just possible to fcel the contact
hetween the calipers and the work. The contact should not be too
heavys otherwise the legs may be stightly sprung and a falsc reading
obtained. \When a nice fecl has been obtained on the job the size
chould be read on & rule by resting the end of onc leg on the end ©
the rule and taking the reading at the other (Fig.151 (a))- o set out-
side calipers to & fairly particular size they should be sct from a block
or gauge of the given dimension.

(B)From the Rule

(o) Reading the Outside \
Calipers (c) From &
Micrometer

Reading Inside Calipers
ic. 151,

Insu}c calipers are ndjus\cd in the same way, but their mnnipulation
v o M 1
o obtain the size of the hole they are measuring requires & little more

gkill than with outside conditions. The ]

( ions. y should be adju i
they are at the largest size at which their legs can just be fcllt zzix(}:ag‘gh}'
the extrentics of a diameter of the hole, and to find this, the nt{:
should be held by the thumb and first finger, one leg ¥ Tar

f=)

in contact with the inside of the hole and the other 1(:1;01((1)0?;131(;11\)2?;
o

in o small circle.  After o demonstrati i

. stration by skilled
i aetice 4 k uscr, an
‘fl“‘(‘i\ practice, the rc‘adcr W 11} soon learn the manipulation n’cccqura
or ‘\c operation. The opening of inside calipers may be chCCl'(;d‘byr
a rulc or micrometer. If the rule is used, hold the end of tl;c ru1)e

and one leg of the calipers pressed against a vertical flat surface (e.g edgae
-2 o
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of a lathe bed) and read the other leg (Fig. 151 (b) ). The micrometer
reading may be obtained by holding one leg in contact with the micro-
meter anvil, and rotating the other leg slightly, at the same time that
the micrometer is serewed up, until the “feel ” of the top leg against
the spindle of the micrometer is eventually obtained (Fig. 151 {¢)).
In this way, with careful use, it is easy to measure a hole to within 3 a
thousandth of aninch. As in the case of a rule, the reader should
possess his own calipers and look after them,

The Micrometer *

When a part has to be measured to the third place of decimals in
the English system, or the second place in the metric, we need a more
aceurate method of measurement than can be obtained with 2 rule,

{a) Mucrometer showing interfor Mechanbem),

Thimble- 25 divisions

Barrel
=1
[ 2
TTTTIY
ii I

0N " .
=0:100™g5=0 025
{3} Duvisions on Micrometer.
Fic. 152,

end the micrometer is 1y used. A mi consists of a
semi-cireular frame having a cylindrical extension (the barrel) at its
right end, and a hardened anvil inside, at the left end. The bore of
the barrel is screwed 40 T.P.L and the spindle, to which is attached
the thimble, screws through. Adjustment is provided for the longi-
tudina! position of the spindle, and for the tightness of the screw
thread. ~The barrel is graduated in f5ths and L;ths of an inch for a
length of 1 in., and the rim of the thimble is divided into 25 equal
divisions, Sece Fig. 152 (¢) and (b). The measurement is taken
* B.S.S. No. §70.
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between the face of the anvil and the end of the spindle, and the
range of the micrometer is 1 in., so that if we wish to measure up to
$ inches, we must have six micrometers; ¢ to 1 in.. 1 in. to 2 in.,
and so on. with 5 in. to 6 in. as the largest size. There is a model
which permits measurements from 0 to 2 in. to be made which has a
frame of the size of a l-in. to 2-in. instrument, with a sliding anvil
which has 1 in. of movement. For measuring from 0 to 1 in. the
anvil is set to project 1 in. inside the frame and for 1 in. to 2 in. it is
slid out, the instrument being set to zero hy means of a setting picece
1-000 in. diamecter. This micrometer is shown at Fig. 153,

Sliding Anvil

Pl .
w—docking
. Screw

16, 153.—~0-2 in. Micromeler.

Reading the Micrometer. Since the spindle screw has 40 threads
per inchy, 1 turn of the thimble opens the jaws 2% of an inch.  Now =% in
corresponds to 458 = 25 thousandths or 0025 in., and as the r:rfr)l of
the thimble is divided into 23 parts round its circumference, one of
these divisions corresponds to ¢',5 in. (0-001) of movcmeni’i of the
spindle. The barrel is divided into %ths (numbered 1, 2, 3. ete
and cach tenth is divided into four parts (3 ths.) Each of the") ’
small divisions corresponds to the movement caused bv‘ one tu S%
the thimble, so that each time we turn the thimble one of t} pae
divisions is uncovered. ’ of the smail

, To tnl;c a micrometer reading add the tenths, the number of 0-025's
showing hey : 1
oxxxmt‘}ire]rth)if{: &rzd the last tenth, and the number of odd thousandths

e

{o123 =0
.- L 0123

. AT i le ,
/ 1 1§J fmimnmngjrs

Reading. 0-372"
(o}

Read/'ng. 0447,
Tis. 358, @

Thus in Fig. 154 (a) the reading is g
g e reading fs 03 & (2 w 0.go5 .
=00 4 003+ oo < 0025) + 0022
= 0372 §
and in Fiz. 154 () it ie: o
04 + 0025 + 0.016
= 0441 in,
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The Inside Micrometer.
For the accurate measurement
of the bore of holes an inside
micrometer may be used, This
consists of a head similar to the
Darrel and thimble of the ordi-
nary micrometer, and a set of
Iengthening bars to increase the
range. The movement obtained - ]
on the head is § in. and the bars
are inserted up to the size re-
quired. The manipulation of
this instrument is similar to that
for inside calipers, and the reader should seck the helpof an experienced
mechanic to show him when using for the first time (Fig. 155),

The Accuracy of the Micrometer. The accuracy with which
measurements can be made with a micrometer depends on the skill
of the user, the accuracy of the micrometer screw, the number of
times the instrument has been dropped and various other factors.
The pressure with which it is screwed up to the work will vary the
reading and a *“heavy ” user will obtain a smaller reading than one
who uses the instrument lightly. Micrometers can be obtained with
a ratchet on the end of the thimble (Fig. 152 (a)), and if the ratchet
sleeve instead of the thimble is held when screwing up, the ratchet
slips when the pressure on the screw reaches a certain amount. If
the ratchet is always used, all the readings will have been obtained
under the same measuring pressure and will thercfore be consistent.

* Some mechanics consider their own *feel * of the micrometer to
be superior to that obtained by using the ratchet, and aithough this
may or may not be true, the ratchet does mive consistent results for
any user of the instrument. Results as betneen different mechanies
with their individual * feels " are bound to vary; m fact the pressure
excrted by one individual will not always be the same but will vary
with personal factors, e.g. health, temper, tiredness, cte. IMowever,
as probably more people use the micrometer without the ratchet than
otherwise, the reader should learn a proper coneeption gf micrometer-
feel from an experienced mechanie, as 1t is one of the things he cannot
learn from books. There is now a British micrometer constructed with
2 ratchet connexion between the thimble snd the serew, so that readings
have to be taken through the ralel

The nceuracy of the micrometer <~w will depend on the price
paid for the instrument. It < tv ssumed that if the resding
1s 0 when the jaws are ck ~ X ewrreet when they are open
at (say) 0-750 in. for exar; « may vary along its Jenmth
in such a way that at 0-¢0% ~ & little Tess than the readme

(L. 5. Starrett Cou
F1c. 155—Inside Micrometer.

o master gauge 2t ¢ ===
will soon im;

cnech the instrument 2o

he a fraction of 2 thow
if a trustworthy re

Rough usage and &~

iy micrometer, and it <+

valaable and useful s "



take an «end mc'w.surcm nt between £wo

rometer W
iaws, the opening of which is contro“cd Ly a \'cry '\ccumtc serew.
’ give “c 1 -, hut 1 of thc

to any S¢ e making ! e
arc neathys put not ¢t ite olikes for obtaining gmall differences.

have ¢ already seen how such 2 seale 18 :\pp\led toa protractor for reading
small div mons of a degrees
'1\0hf' <m\1 lar ]mc”

he princl
vcm’xcr W x\\ be g:\thcrcd grom Yig- 156. Op the upper (mcnsm‘ing
seale, 1 in. is divided into, 10 parts (mmﬂ)crcd 1,2, 3 4, cte.) and each
5t is d\\ ided into 4, giving
3 of 1 sh = Jg . = iy

Top( measuring) scale
o 3 4 &

0 5 10 15 20 25
Lover {sliding) scale
Tig. 196

On the lower (5\\{\mrr) ccale, 16 in. 18 divided into = o5 parts. Tach of
these will have & a lengt 1 of

3, of £ = 3iw = 10T
and the difference in 1cnﬂt\\ Petween onc small dw:sxon on the measuring
seale and one on the shding seale 1S

T\){')— - xuu\! = )JUO in.
1f, then. the two 7€ros are level and the sliding seale I8 moved until
the first am'\“ marks are level, the move ement W All have Heen '1’015'0' in.,
or 0-:001 in.; it 1s mov .o untit the 15th mark on ihe lower Scﬂc is
level with m'xrk on the upper seale, the lower seale has moved 0-015 in.,
and so OB

Fia. 157.—Vemier Calipers.

* B.5.S. No. 887.
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of the stiding jaw and

I !h 0 . » ’ i Y .
n the vernier calipers the lower seale is part W with
o

the upper scale forms the body of the instrument which is so

iy Bs =

the fixed jaw (Fig. 157) When the jaws are closed the readi o

re at anY seltin

and in order to read the of ening when the jaws o
oat o th ? ale, to the Wit of

we count up the total amount on the measuring scal s
the 0 on the sliding scale and add it to the amount fiheated o U7
vernier seale.
Fig. 158 (a) and (b) show two scttings of the ver
being as follows:
(a) To the left of the 0 on the sliding scale the teading § =
11 mark on the vernier s level.
ience, total reading = 2123 + 0011 »= 2130 in

ler, the nat ot

x e

G0 and

(V) The reading to the left of the sliding scale zerve i
© on the vernier is level.
HIence, total reading = 4850 + 0009
= 4850 in.

n
@ Neatng 437
b 1S

Use of the Vernier Calipers. Thm v =7 Toosvames N tw

from 6 in. upwards, n good size by < N
12 in, It is not used for stra, R AR
e

e N kT

to the work or to a read =2 ot ENNPUNS TN 2
o elide is v, T the & dvaes amd te pay aahe KL 4
turning the knurded facs st vl o - 1o aTw ‘,_»l’ e main ”:i’ M
attached to it. W o t:- (.M;m,;‘,' ¥
movement, When < p e 18e
Tt domet e -.(. i vy, Taxiup ”'f s cﬁd
Tt <—v o i g e qute 0T
-

the slightest bt of temes £z armting the iJﬂ
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T . e
work with {he finger nut, clamp up the main slide and cheek uP again

o WOTK ) ) i )
" 10 & pm"hcu\m: dimensions check the

T 15 st
the main glide has been clarnpeds and always clamp 1he

reading after . L
main slide before sing. When wng {he vernich balance 1 lightly 10

(a) External (&) Internal
Yi6. 150.—LUs¢ of Vernicr 10 measure Spigot and Recess:

the hands, and under 10 circumstances US the slightest foree 1o &4
the scork. The construction of the instrument is such that the }¢
are casily sprung open, and the instrument ruined.

As in the casc of the mieromeler, the reader will be well advisc
scck the advice of 2 skilled mechanic OB the manipulation of the ver!

The Use of Gauges:

The academic distinction between measurement and gaugin
that,in mcnsurcmcut, \r¢ use some instrument {0 measure the dime
of the path, whilst in ganging We cheek the accuracy of the wol
comparing it with a gavgs without being pnrticulnrly interest
its size ’

The varicly and scopt of the gauges cmploycd in cnginceting
shops 15 50 areat that it would occupy mOre {han this book to d
1hem all, but the reader ought to be acq\mintcd with one or two
more common Lypes.

Hole Gauging.——-l’lug Gauges.- When 2 mating hole an
have to be produccd it is always accessary 10 make some forn
depending on the conditions. If the combination is a working 1
the shaft will have to be running (€asy) fit; if the shaft has
fixture in the hole, such as for 2 t’\ghtfv fitting pulley the cc
between the hole and chaft will have to be such tha,t some
necessary to assemble them. The pulley might be driven O
hammer (driving fit) or the shaft forcc& in under a press
Naturallys different kinds of fit will require different allowan
ade between the hole and shaft sizes; for 8 rupning fit
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will be slightly smaller than the hole, whilst for a force fit it will have
to be a little Jarger. Whatever these variations might be, the hole is
always made to the standard (nominal) size and the shaft varied to
suit.  When boring & hole, therefore, into which another part has ta
fit, the size of the hole must conform to the exact standard size, and
to check this a plug gauge is used. A skilled turner could easily work
to the exact bore required by using his inside calipers and a micrometer,
but he will always prefer to have the gauge as o finnl check. A standard
plug gauge (Fig. 160 (a)) has its diamcter finished to the standard size
(e.g. 1-000 in, for a X-in. hole) and is used in general engineering work-
shops, toolrooms, ete., where production guantities are not great, and
accuracy is more important. In production workshops, where large

(B} Limit Plug Gauge
Fic. 160.—Hole Gauges.

quantities have to be produced with lesser skilled operators, a folerance
is allowed on the size of the holes which are dimensioned with {imits.
For example, & 1-in. hole might be dimensioned l-ooo"i ggiz » and
provided it measures anything within these sizes, it would be suitable.
The 1-000 - -0012 dimension == 1:0012 in, is the kigh limit, and the
1000 — 0012 == 0-9988 in, is the low limit, The difference between
them (in this case 0-0024 in.), is called the folerance, and represcnts
a safety margin for crrors in workmanship, wear of tools, ete. Ioles
of this type are gauged with limit plug gauges which have * co ” and
“xor ¢o ” ends. The * 6o end of the gauge must enter the hole,
being made the size of the lower limit, whilst the * NoT 6o ”” end, which
is the size of the upper limit, must not enter, Uswally the “ oo ”
end is made longer than the * NOT co ” as shown at Fig. 160 (). This
is because it is continually being subjected to frictional contact with
the sides of the hole and would wear rapidly if short; also if short
it would tend to jamb in the hole, The * NoT ¢o,” which should
never enter a hole, need only have suilicient length to carry its size,

For gauging large holes a solid plug gauge would be unduly heavy,
and various methods are utilised to reduce weight. The plate gauge
{Fig. 160 {c}) is such an example and has the extremities of its end
plates ground to the required diameter.
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work with the finger nut, clamp up the mamn slide and check up again
wn the work. ) . ) .

If the vernier is being sct to a particular dimension, cheek t};e
reading after the main stide has been clampe(?, and always T?alrrztg];’ he
main slide before using.  When using the vernicr, balance 1t hghtly 1

R

4/ %/Mma
y

. 2%
H 7
E .
% i —— h£'~———\_-.""‘
7,
(a)Lxternal (&) Internal

6. 139.—Use of Vernier to measure Spigot and Recess.

the hands, and wunder no circumstances use the slightest force {o gauge
the weorl..  The construction of the instrument is such that the jaws
are ecastly sprung open, and the instrument ruined,

As in the ease of the micrometer, the reader will be well advised to
sech the advice of a skilled mechanic on the manipulation of the vernier.
The Use of Gauges.

The acadcmic distinetion between measurcment and gauging is
that, in meusurcment, we use some instrument to measure the dimension
of the part, whilst in gauging we check the accuracy of the work by
comparing it with a gauge, without being particularly interested in
its size. :

The variety and scupe of the gauges employed in engineering work-
shops is so great that it would ocecupy more than this book to describe

them all, but the reader ought to be acquainted with one or two of the
more common types. ’

Hole Gauging.—Plug Gauges. When a mating hole and shaft
have to be produeed it is always necessary to make some form of fit,
depending on the conditions.  If the combination is a working bearing,
the shaft will have to be a running (casy) fit; if the shaft has to be o
fixture in the hole, such as for a tightly fitting pulley, the connexion
between the hole and shaft will have to be such that some foree is
neeessary to assemble them.  The pulley might be driven on with a
hammer {driving fit) or the shaft forced in under a press (force fit).
Naturally, different kinds of fit will require different allowances to be
made between the hole and shaft sizes; for a running fit the shaft
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will be slightly smaller than the hole, whilst for a foree fit it will have
to be a little larger.  Whatever these variations might be, the hole is
always made to the standard (nominal) size and the shaft varied to
suit.  When boring & hole, therefore, into which another part has to
fit, the size of the hole must conform to the exact standard size, and
to cheek this a plug gauge is used. A skilled turner could easily work
to the exact bore required by using his inside calipers and a micrometer,
but he will always prefer to have the gnuge ns a finnl check. A standard
plug gange (Fig. 160 (a)) has its diamcter finished to the standard sizz
(¢.g. 1:000 in. for a 1-in, hole) and is used in general engineering work-
shops, toolrooms, ete., where production guantitics arc not great, and
accuracy is more important. In production workshops, where large

(c)Ptate Gauge

(3) Limit Plug Gauge
Fro. 160.—¥ole Gauges.

quantities have to be produced with lesser skilled operators, a folerance
is allowed on the size of the holes which are dimensioned with limits.
0012”
Tor example, a 1-in. hole might be dimensioned 1-ooo'f _gg}; « and
provided it measures anything within these §izcs, it would be suitable.
‘The 1-000 4 -0012 dimension == 1-0012 in. is the kigh limit, and the
1000 — -0012 = 0-9988 in, is the low limit. The difTerence between
them (in this case 0:002% in.}, is called the folerance, and represents
o safety margin for ertors in workmanship, wear of tools, cte. Holes
of this type are gauged with limit plug gauges which have * 6o ” and
“xoT 6o ” ends. The *6o” end of the gauge must enter the hole,
being made the size of the lower limit, whilst the ** x0T o * end, which
is the size of the upper limit, must not enter. Usually the *co ™
end is made Jonger than the “ NoT 6o * as shown at Fig. 160 (b), This
is beeause it is continually being subjected ta frictionnl contact with
the sides of the hole and would wear rapidly if short; also if short
it would tend to jamb in the hole. The * ~otT ¢o,” which should
never enter a hole, need only have sufficient length to carry its size.
For pauging large holes a solid plug gauge would be unduly lieavy,
and various methods are utilised to reduce weight. The plate gauge
(Fig. 160 {c}) is such an example and has the extremities of its end
plates ground to the required diameter.




of o het of steel with its ends tapere

ofi and rounded. Gauges of this type
are used in much the same way as an
inside suicrometeTs Put being © a fixed

Jositions i which 1t contacts the hole.
This is shown in Fig. 161, and the re-
Jation hetween the gauge length L)
the hole diametcr (D) and the amount of rock (2:) is npproximatc\y
as follows: N

T1i6. 161.-Gang’mg Jarge Bores
with Yoint Gouge.

o
g

Shalft Gauging. Shafts and male components aT¢ usually checked
with caliper aauges, o0 example of which is shown at Fig. 162 (a)-
In their smatler SIZes) these gauges arc gcncm“y called snap gau
and arc made with the 607 Jaws at one end and the ** NOT GO

TN

- NOT GO
GO—

(@) Limit Caliper Gavge

o5

(3)Snap Gauge
Fic. 162

at the other o8 shown ot . 4 R
almost, entirely restricted to prod
of similar articles are M e. Inyg

o The proof of this is given in the A
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rooms shafts are brought to size by means of the micrometer. In
production work, shafts are made to limits in the same way as holes,
and these limits are put on the caliper gauges. Caliper gauges may
be made with adjustable anvils as shown at (c). These are useful in
workshops carrying out the production of medium quantities of differcnt
parts, as they may be set to different sizes and limits, thus saving
time and expense of making new gauges.

The ring gauge (Fig. 162 (d) } would seem to be an obvious method
of gauging a shaft, but in practice it is rarely used. This is because a
gauge of this type, which entirely envelops the surface being gauged,
places an extremely stringent test on its accuracy, and prohibitive
time and expense would be incurred in working to ring gauges. Further-
more, & ring gauge can only be used from the shaff end, and must be
threaded all along the shaft to test its parallelism. This condition is
not always convenient when a shaft is being turned between centres.
Lastly, o ring gauge either does, or does not, go on the shaft; it tells
us nothing about a shaft which may be slightly too Iarge or too small
for it, and we should require two ring gauges for “ co ” and “ xoTr G0 ”
conditions. ‘

Material for Gauges. The gauging surfaces of gauges must be
extremely hard and resistant to wear as otherwise they would very
soon lose their size, For caliper and snap gauges, the most common
material employed is cast steel which is hardened on the gauging faces
only. Plug gauges present a more difficult problem because of the
distortion and cracking which is liable to occur when cast steel is
quenched. If this material is used, extreme care is neccssary in
hardening to avoid this risk. The heat treatment of gauges is greatly
facilitated, and the risk of spoilt gauges eliminated, by using one of
the alloy tool steels which harden by oil quenching. Plug gauges of
case-hardened mild steel are quite satisfactory as they possess the glass
hard skin and tough core necessary for good wear combined with
serviceable strength,

The Metric System
The standard of length in the metric system is the mefre. This
is subdivided into 100 centimetres, each centimetre being further
subdivided into 10 millimetres. A metre is equivalent to 39-37 in., so
that
1 m. =100 cm. 1 e¢m. = 10 mm,
1 m. = 1000 mm. = 39-37 in.

From this we have that 1 in. = 25-4 mm. and 25-4 is the conversion
constant we must use for changing from inches to millimetres and
vice versa.

To convert from inches to millimetres mulfiply by 25-4.
» » ,» millimetres to inches divide -

Some workshops use the metric system entirely, whilst others use
both English and metric systems.  If the reader happens to be trained
where the English system is used, and then moves to a metric shop,
he will find that as far as measurement is concerned, he must learn
2 fresh language, and train his mind afresh. This is because we form
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Tic. 163.
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The Metric Vernifer

An enlarged diagram of the metric vernier scale is shown at Fig. 164,
The distance from 0 to 1 on the top scale is 10 mm., and it will be seen
that 25 divisions on the sliding vernier seale are equal to 12 mm. on
the top measuring scale. The length of the bottom divisions is

Top (measuring) scare
o, 1

g & 1o 15 20 25

Lower (sliding) scate
Fig. 164—Metric Vernier Scale,

* 3} = 0-48 mm., and since the top divisions are } (0-5) mm., the differ-
ence is ¢-5 — 048 = 0 02 mm., which represents the accuracy to which
readings may be taken. To read the vernier, count up the total length
indicated as far as the 0 on the sliding scale, and note the mark on
the sliding scale which is level with a mark on the top scale. This
latter amount will represent the number of 0-02 mm. which must be
added to the first reading, Hence, opening of jaws = amount indicated
up to the 0 +- fwice the indication wherc the marks are level. Fig. 165
shows metric verniers reading () 32-32 mm. and () 18:6 mm,.

.«

3 4

o 5 151‘2025

{6) Reading = 82 + 2 X +16 = 32 32 mm.

2 3
LU b gl
a "?7 10 5 20 25

%) Reading = 18§ + 2 X 03 = 18 60 mm,
Fic. 163,

Arother form of metric vernicr giving readings to 002 mm, fs
obtained by dividing 49 mm. on the main seale into 50 divisions on
the vernicr seale. One main scale division is now 1 mm., and a vernier
scale division is +3 mm., the difference being 1 — 33 = ;L — 9.02 mm,
This scale avoids the necessity of dividing up the main scale into
4-mm. divisions, .
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o hobit of visualising lengths in our minds, and upon secing & certain
on 4 drawing W€ mentally picture the length stated. Let
s now be prcscntcd with 8 drawing stating lenaths in an unfamiliar
unit and we are, jor & fime. like 3 ship in \mchnrtcd.watcrs. It was
the writer's experience® to be brought P in a shop using both Enghsh
oying metric for all jmportant dimensions.
1Ie therefore cultivated the raelxic linc of {hought more stropgly than
the English. and learned the metric (-quivalcnts to all the jmportant
inch fractions Later, when moving o another shop where all Tnglish
was uscds when seang & dirnension. he found himself mentally con-
verling it 1o m'ﬂ\imctrEs in order 10 isualise its length, an this habit
Jersisted for some years At the Lime of writing, the writer has the
\mrcslrictcd use of & metric micrometct beeause all the other possible
ugers are Eng\ish—mindcd and will not be pothered to make the con”
versions =
When drawings arc in metric units they are gcncm\ly dimensioned
in millimetres only 3 lengths will merely b¢ put down as 2605 553
. 1863, cte often without the * mim. ” qual’xﬁca‘tion. 1t is not usual
“40 cmploy MY fractions exeept the 1 and in the shop it is genem\ to
refer to the decimal part of o millimetre a2 so many hundredths. Thus
0-63 would be referred to as 63 hundredths.

e

The Metric Micrometer

) The serew 10 this micrometer has a piteh of 1 mm., SO that the
jaws open 3 mm. for cach turnt of the thimble. The rim of the thimble
is divided nto 50 parts, which gives a T€ac ing of L = 50 = ~yg Tm.

The barrel is marked in millimetres and 1 mm. divisions, SO that to

take a reading We qdd the number of hundredths indicated on the
thimble i0 the millimetre and 3 mm. uncovered on the barrel. In

Tig. 163 there arc 11} mm. uncovercd, and the thimble reading 1S

o:swé&,;

bitie

30

Reading. 11-83mm.
Fic. 163.

493 h\_mdr_cdﬂ\s. The reading, thercfore, is 115 1 033 = 11:83 mm
)_\cmc micrometers Tange upwards in steps of 29 mm. (0 to 25 . 25 t
50, cte)) corresponding to the English (0 to 1in, 1 in. to "~in, cte.
11ad the above reading been on a 25 min. to 5(;’ mm .inst‘ ¢ (t:, ‘(t:h
opening would have been 05 -+ 11:85 = 3G-83 mm. ' \thlrl\m\(\:'grkiv

between metric and English measurement it is useful to rememb

1
that T¢6% in. = ft < i
rogs M 100 mm. approx., and that 1 mm. is about the sart

as Toopths in.
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CIL\PTIEB 8
THE BENCH- TLAT SURFACESf—FlL]I\"G, CHIPI’ING
AND SCR;\]’I-.\IG

The work carricd out at the fitting bench of & shop

upon the class of work for which the shop cxists: The bcnchwor.k in

o toolroom; ©F gcncr:ﬂ engineering shop working on ind'\\'iduzﬂ pieees
v e skilled nattil calling ctensi

of cquipmcnt, \will be o1 & ighly
knowledge and experience: lere the work will include marking out,

and the prcpnmtion of work for machining 3 the ad}nstmcnt of details

after machining 3 {he building UP of iigs; mechanisms and other assem-
blies after the mnc\{mcd details have DHeen made 3 the making an
finishing of tools, gangces and otherT small details s {he repair 8

} o on. A competent fitter at such

f the chief methods of machining

jnowledge of materials,

ing. addition he must be ckilled in the

as dng on o mass-produccd article,
led ¢ fitting » might be the mere operation
@ ,ina simple €ast could be
a few months. We advise the reader 10 give
such an occupation & wide berth, 88 although he might carn higher
wages than if he wert learning the trade of a truc fitter, he Moy realise
too late that he has been following 2 «plind alley ” occupation and
have his wholc life ruined thercby-

of asse
learned comp ctely in

nd Vise

The work of a fitter will probnb\y take him 10 various placess but
1 arters. This should be 2 rigid structure pro-
vided with tacks or shelves at the back for storage of articles an
so that the beneh top May be kept tdy and clear. Tock-uf
oul e for the yeeeption of each fitter's privat
tools. A rigid beneh 18 essential, a8 pothing is more agoravating, an
eive o inaceuratc work, than @ bHeneh which \\'g\b)bles abo,ut b
) ree to 2 job supportcd on it. Yor holding work whil
opc_r:mng_on it the fitter s a vise (of vice) attached to the benc
This consists of an jron or steel cast hody into which is fitted o squa
section slide 'Iormcd to o jaw at its outer end. The corrcspo?\ L\
fixed jaw 1§ mcorpomtcd on the body of the visc and the two ja
arce faced with hardened steel jaw-pieees, serewed to the jaws 'm(]
with tecth to help arip the work. The shding jaw islo cr:\tc (
1 serew and nut, and in the quick-opcmt'mg ypes the nut 0n1p' c‘mb

the lower port:\on of the screw, being capn\)l:: of discug'\gcmycnt { o
by tlic operationt of a trigger at the front of the slide il“irr 166 et
height of the beneh should be such that the top of the \?x.sc-'q): ]
about the same height s the fitter's elbow when he staxxds];::)ir:

186
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o xi?is probnbh' +he most used of all :11{; :‘(13%1 gé);b?::i
The f}::“(md is an item of hnis cqmprr}ent u h:;lmmers D e pown o
by the Tlh ’r;xost common shapes © engineers

value. 1€ .

¢ the end opposm
v cpecified by the shap
rig. 190 @ and © fx)leél ’?1 epﬂlu The Pall pein 15 the mo'st iﬁmm
the SIS ¥ 1 end being 1 mosty for riveting ov elr{ e en
of 1 e . Cross nc‘? straight peins are usefu for Tive
of :m;\i rd Sl ce ther use r these € ds 18 that or gceﬁ:{
‘gfxgnchsx;\t? I;trl ne surface be peencd umbe ¢
h
Renen.:ble

AW

Iron
Holder ~

—
=
® pawhide
ammel‘
'W“\

(NBall Pem (2)Cross Pein (3)5traight Pein
(o) Fitters FRI== Flammers.

T16. 163

ch
sharp blows ¥ sth the pein of the hammeT: the effect b;m bto tStY‘;:; ”
the metal and clongate it- Thus if the concave side ©

htcn
eened and clonmted it is often possﬂﬂe by this means 0 straigh
the bar.

n
Hammer heads are made from 2 plain ste cel of aboub b(:/h ;ﬁi 1
and are shaped by stamping OF forging. The twO ends mus f

i ft.
and tempered, the centre °of the head, with the eY¢ being left S°

the
\When correetly hardened the face and pein sh-ou'ld be able t0 pass
following tests wi

tion: (a)a blow from the ball pein.'

rect hardness, (b) twelve {full blows © 1% the sam
pormalised bar © the same material and appr roximately
scction as the face of the head

being tested. tieuk
The prmcxpa\ consideration in choosing a hammer for any Party
purpose is that of its weight. Engineers hammers aré ‘{?‘”c
varying from 3 11b.to 8 1b and of this range the most € monty -
are hammcrs ranamn from L to 1k or 2 2 1ib. ight hammers 2
for lighter and more . delic

ate operations such as light ;‘xvetmg, -
centre punches and small chisels, dri

heads are necessary on heavy chipping, driving pulleys and ¢
* BS.S. No. 870.
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to shafts, driving larye pins and shafts into holes, etc. To remove
an obstinate shaft, pin, pulley or any other detail requiring foree, it
is useless to employ a lizht hammer ; providing adequate support can
be obtained, the hammer will be more effective if it has plenty of
weight. )

Hammer Shafts. These should be of well-seasoned, straight.
grained hickory or ash, free from knots or other defects. They should
be of a size and length suited to the size of the head, and after being
shaped to suit the eye should be secured with a hardwood wedyge.

Blow delivered by a Hammer. The force of the blow delivered
by a hammer is a diflicult quantity to determine, because of various
factors which we cannot measure. If we know, or assume certain
things, however, we can form a rough estimate of it.

When a })ed}' of weight W is moving at a speed 1, its Kinetic

Energy is —— ft.-Ib,, where g = 822 if v is in feet per second.
44 2 g i

M If we can estimate the speed of & hammer head, we can thus

3 caleulate the energy it possesses at the moment it strikes its objective,

and this emergy is available for doing work on the object being
3 struck,
1 Now Work = Force x Distance moved, so that if we know the
\ distance moved in bringing the hammer to rest we ean estimate the
, arerage foree of the blow.

ExawrLe: A 1db. hammer moving at 4 ft. per second strikes a pin
“nnd drives it a distance of } inch. Estimate the average force of the blow,
Wor 1 x 42 16
\ E7 2 TR T o P
i This JIs work stored in the hammer head, and il the head is brought
to rest in } in. (J; ft.) we have:

Work = Foree x Distance

! 16
fe, —
® 514

+ Kinetic energy of hammer =

ft./1b.

1
ft./1b. = Force (Ib.) % b—Eﬂ.
Trom which Force = 10 -

; ' which Force = 77 x 96 = 24 Ib.

Soft Hammers. For hitting finished surfaces which would be
bruised or damaged by the hardened face of & hammer some form of
soft hammer should be used, The chief soft hammers used have heads
of rawhide, copper or lead, The rawhide hammer has 2 head of east.
iror into which plugs of rawhide are inserted, renewals of thesc being
made when the old ones are worn out (Fig. 168 (4} ). The lead hammer
has'a lead head cast on to o length of steel tube, whilst the copper
hammer has o copper head fastened in some way to a shaft made of
tubing,

Files *' .

The chief cutt 1 used by the fitter s the file. We have

already, discussed tr}‘i (‘ill): tooth, but we must now consider the chief

* Sce IB.S.S. No. 498,

% Wa

/

. M



FIL‘ES AND I’lLl.\'G
The chicl files arc as

about two-thirds of its length
1t js cut on poth faces (doublc

v 1so
le and their nses: follows (scc 2

Tig. 1 0): ‘ ]

m Flat File. rThis file 15 pqm\\c\ for
and then {apers n w'\(\t\} and thickness
1 both cdges (single cut)-

cut) and
Length of a F//B—-—"‘"\ Warding

Y "
e e !
“ Flat and Warding
File

aper 07 Warding

!2 NoTe
Hand l’igar'
B Hand and Pillar
Round Square
Q /

Squaré and Round

d Half ~Round <
4

Three-Squart

“BB Mill Saw
N R

¥1cG. 164.- -File Shapes:

) Jland Tile. The width of this file 18 pnm“d throughoult, bu

|s thickness tapers cimilarly to the flat file. Both faces arc ouble cu

cdae single cut. The uncut edge 18 called the  gafe ” edf

i one cdg
wnd prevents cutting into on¢ face of a squarc corner whilst the oth
face 15 heing Gled. Both these files aTC used for gcncm\ surfacing WOI
the hand file being used morc pnrticu\aﬂy when filing up toas
which must Be straight and squarc.
(3) Square rile. 'This is pnm\lcl
then tapers off. It is double cut on all sides and
corners and slots where the hand file could not be entered.
{H Round File- Tapcrs similar to squarc file. Uscd {for ope!
out holes, produc'mg rounded cornerss round-cndcd slots, cte. Re
Wy double cut on the TRough and Pastard qualitics

files are usud
© in. long, whilst the TRough and Rastard under 6 in., together witl
Second-cut and Smootl, ar¢ single cut.

(3) I1alf Round. .Thc rounded side is not a truc half-cirele
only a portion of a circle. This side of the file is uscful for many

poses involving the formation of 2 radius. The flat side of th

for two-thirds of its length £
is used for fi
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is always double cut. The Second-cut and Smooth are only single cut
on the curved side.

(6) Three Square. Used for corners less than 90°% and in positions
where awkward corners have to be taken out. Double cut on all faces.

Other and less common files are as follows:

(7) Warding File. Similar to the flat file but thinner and parallel
on its thickness. Uscful for getting out narrow slots.

(8) Pillar File. Nearly the same as the hand file but narrower.
Useful in narrow apertures which the hand file would not enter.
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Bastard, rasp. Smooth, single cat. Bastard, single eut.
{Sumuel Ostorn & Co., Lid.

Tic. 190.—Fite Cuts (12-in, File).

(9) Mill File. Similar to the {lat file but parallel on both width
and thickness. The mill saw file may have one or both edges rounded
for forming the radius on saw teeth and in slots,

(10) The Rasp. The IHorse Rasp is useful for filing soft metals,
wood and soft non-metallic materials. The rasp tooth is cut with a
pointed punch which gives the tooth form shown (Fig. 170). Generally
the faces of a horse rasp are cut partly with rasp teeth, the remainder
being ordinary single or cross-cut file teeth.

Grades of Cut. Files may be cut with tecth of the following
grades: Rough; Bastard; Second Cut; Smooth and Dead Smooth,
The rough grade is not greatly used and the relative tooth sies for
the other grades may be gained from the following table and Fig. 170,
which shows a selection of the cuts with which 12-in. files may be
obtained,



102 FlLI.\'G, CIIIPI’I-.\'G, SC-RAPL\'G
T ABLE 17. ‘Ruco:-mr..\'mzb PrACTICE yor CuTd or FIiLES
ace) and 3 Squarc.)

. jiand, J1alf Ro'md (Flat r

(A pplying o Fle

e

i ' 1
Length of File (in): A 6 |

./‘1_‘_’:

Bastard s 30 082

gecond cut _C“t)s,“ﬂ;‘rd‘?(') L 42 TR B T B

gmooth xiiic‘lcn"lh | 60 \ 50 \ a4 ) 42

Dead smooth gtit 1 o8 “ St \80 \7() ra | 65 64 | GO

]

Use of the Filc.-—-Cross-ﬁling. The production_of a flat surface
by filing is o difficult task. WWhilst we give {he following b_ncf descrip-
tion of cross-filing. 1he reader will pever learn to file without some

i i The work S ould

advice from & skilled filer, and plenty of practict s
isc with the minimum amount Pro}

be held irmly in the vise W!

\with the surface 10 be filed truly horizontal. The file handle 18 grasped
in the right hand as shown at TFig. 171 (a), the end 0
pressing against the pabmn of the hand in lin€ with the \wrist-joint.

S \g é)&
(a)Cross Filing (BYLight Filing
6. 171.—1olding the File.
e at the end of the blads

The left hand Jhould be used to apply pressur
ighter filing & rather lighter grip 1s used with the Tigh

hand and the end pressure is applied with finger and thumb (Fig. 171 1)
A position ghould be taken up on the left side of the vise and the feet firm |
Sightly apart. A stroke should be made bY
ment of the right arm from the shoulder, and by a sway of the bo
townrds the work. cach of these movements being about cquat. Ast
file moves over the work 1t does not move parallel to its length
in an oblique dircction from 1eft 1o right. The file must rcmg'm "he
zontnl throughout the stroke which should e long, slow and stea
re only applicd on the forwar motion. On the rett

with pressy
stroke; although fhe pressurc is relieved from it, the file Temains

contact with the work.

Suecess 10 filing flat 18 dependent on keeping the file horizo
throughout its stroke, and this is controlicd b\? the distributio’
yressure 08 between the two hands. The fault with beginners 1
apply too much downward pressure with the right hand at the b
ning, and with the left hand at the end of the ‘stroke c'x.us'm th
10 rock, and produce & round instend of a flat sm'l’z\c:: ‘ C'xrcgi'ul
tice in gmdun\\_\' chifting the pressure from the left tc; thc‘ right
will ultimately bring success in the production of a flat surf;c::

as shown. Torl
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even with the best regulated filing there is always 2 tendency to rock
the file slightly, and the curved surface of a tapered file tends to make
a hollow surface, thus counteracting any slight rocking.

To test the surface of work during filing a straightedge should be
{)lnccd on it occasionally, and the line of contact viewed for ** day-
ight.”” When any considerable amount of metal has to be removed,
the bulk of it should be removed by a rough or bastard-cut file and the
surface progressively brought toa finish by d-cut and smooth files.

Draw Filing. File marks may be removed and a good finish
imparted by draw-filing (Fig. 172). For this purpose a finc-cut file

with & flat face should be used (e.g. a mill file),

Tic, 172.—Draw Filing. Fig. 173.—File-holder for working
on large surfaces.

Filing Broad Surfaces. When a surface is so wide that the
handle would prevent the full stroke of the file, a surface file-holder
must be used.  This clamps on the tang of the file (Fig, 173). Surfaces
produced in this way are generally finished flat by scraping (see
later), so that small errors in flatness may be corrected during that
process.

The Pinning of Files. Soft metals when filed tend to clog the
file tecth with minute lumps of metal (** pins ), and if the file is not
cleared this accumulation will not only stop the efficient cutting action,
but also scratch the work. If the pins are not too firmly wedged they
may be removed with a file card, which is a brush made from a strip
of webbing having thin, hard wire bristles, and nailed on to a piece
of wood. Tightly-wedged pins must be scraped out with the point
of a scriber, Pinning may be partly prevented by chalking the file
or applying turpentine, but these methods should not be used when
filing cast iron or brass as they are only applicable to duetile metals
and cause the surfaces of brittle metals to glaze under the file.

The Care of Files. The tecth of files are very brittle and easily
broken, For this reason files should never be heaped together, nor
mixed carelessly with other tools, but should always be kept each in
its separate rack. For similar reasons & new file should not be used
on a surface of unknown hardness such as the surface of a casting or
welded joint. Brittle metals such as cast iron and brass are not readily
filed with a worn file, so that new files should be started on these metals,
later being transferred to working on mild steel which can easily be
cut with a file having teeth slightly worn. When filing a cast-iron
surface with edges in the black, scaly condition, the cdges should be
chamfered slightly with the edge of the file to prevent damage to the
file teeth on the hard scale.,

1w, P
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Chisels and Chxpp
The cold chisel 1s an jmportant € cutting 10 o uscd by the fittet

and cnumccr» chiscls arc d\:\mwumhcd from other ch\sc s by the fact
of their not having a WO aden hant le. Thc four most imp ort'mt types
of chisel are the fat, the cross-culs ¢ half- _round anc the dnmon
chiscl. Chiscls arc¢ m'\dL from cus 0\ stccl of o cl’moml Cross- .section,

Ortrmn Bar

\ff’" shight' rounded
Tig. 173 _A Tlat Cliscl.

the heav ‘iest being made {rom about 3-in nmtcna\ and the smaller
gizes from lighter “section S steel down 10 about & in. Alloy tool steels
may also be used for chisels, W -ith improV cd rc:ults (sce P- 57). Ce nire
fpmzchrs and drifts ar¢ modifi ifications of the chiscl.

The Flat Chisel. This is the gencral- -purposc¢ chisel of the fitter
andin its heaviest form is made about € § in. long when news the lighter
sizes being proporhon'\tc‘.v chorter. 1t is hpcrcd and ﬂattenc?l or
about onc- {hird of its length to the cutiing cdge, which shoul

Saft—"
Steel Plate
Uﬂdr"nrcth

{a)Cut? ting o on Flzt Piale

\e\’\ () Cutting Skape after Roughl
Drifling (£iniSPeCs (Finished b_z/f'%m‘g
T, 175.—Cutting with the Tlat Chisels
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n‘b_oult % in. thick on the large chisel, and less in proportion for smaller
cluscls,

The cutting edge is ground to an angle snited to the material heing
worked upon, as we have already discussed on page 137, and it should
not be exactly straight, but given a slight eurvature, as shown ir
Fig. 174, After forging to shape and roughly grinding, the chisel edz
should be hardened and tempered, as explained on pages 36-9. Conse
quent grinding after finishing should be carried out with care, as oth
wise the edge will be overheated and softened.  If this oceurs jt wil
be necessary to harden and temper the chiscl all over again. On nc
account should the head of the chisel be hard where it is struck by
the hammer,

The flat chisel is used for cutting shect and plate material, as showt
at ¥ig. 175 (a) and (), for cutting out slots after their outline ha
been previously drilled, as shown at (¢), for surfacing work as explained
later, and for misccllaneous entting jobs as they arise,

The Cross-cut Chisel. The cutting cnd of this chiscl is forged
to the shape shown at Fig. 176, the cutting edge AB being 1 in. tc
# ip. wide. From the edpe, the metal thickness tapers off slightly,
being slightly thinner at CD.  This is to permit the body of the ehise!
to clear when a groove is being cut,

A ittle less than
mdth of £lot

D

E (ol A removed with }
D 3

4
Flat chisal

Fic. 176.—Yoint of Cross-cut T1c. 177.—~Grooves cut by Cross-cut
i hisel.

The original use of this chisel, and from which it derived its name,
was for cutting grooves across the faces of surfaces which required to
be finished ofl flat, the grooves being the preliminary to the removal
of the main metal, with a flat chisel. ~ This is shown in Fig, 177, where
the face A B CD in the rough state must be finished flat down to the
line marked. Grooves are first cut with the cross-cut chisel as shown,
the width of metal between them being slightly less than that of the
flat chisel. This metal is then removed with the flat ehiscl, and the
surface finally finished by filing and scraping.  With the extension of
the usc of shaping, planing and milling machines, however, this meth
of surface production is only employed in cases where it would "01t
be convenicnt to use a machine.  The chiel uses of the cross-cut cln]sc
now are for cutting keyways, slots, and in entering places shere the
flat chiscl is not a convement tool,
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. . . 17

The palferonnd and diamond chiscls are shown at Tig. 178 The
’-.'.n\(-roum\ patterd is useful for cutting rooves such 28 oil grodowcs
in bearings and similat work. The diamond chiscl 18 often usc for

Pl P

(a)/.’a/f-h’cund Chsel (b)Diamsna’ Pointed ctisel
Tie. 178.

cutting holes in piates cuch as boiler plates. and for grooving the start
of a drilled hole to correct for an crror in the starting of the drill.
General Points on Chipping- The chisel should be held about
midway between the head and ecdge and at the correet inclination, as
if it is at too great an anglc the cdge will cut too deeps whilst if the
angle is not cnough the chisel will ceasc to cut. \vithin thesc limita-
Lions, the gmaller the angle 1he more effective arc the hammer blows,
and hence the greater the efficiency. The cdge chould be kept well
up against the shoulder formed by the cut and chip, and partic\cs of
metal should be kept away. hen the chiscl appronc\\cs the edge ©
a surface, p:\rticu\nr\y if the metal is cast iron, 1t should be reversed,
or the cut Laken at right angles 1o the previous onc. 1f this prccaution
is neglected the cdge of the metal is likely 1o be broken away.
Chipping Ribs. When @ surface, cuch as the base of 2 Bracket,
has to be Dedded on and serewed 1o the surface of 2 rough casting,
it would be 8 diflienit and tedious operation Lo mate the two surfaces
together if the surface 1o be fitted consisted of colid and continuous
metal, The bedding Logeiher is greatly facilitated, however, by cast-

“Rough face 0 which
brocket must be
Fersive
T1a. 170.—Chipping Ribs.

ina the hracket with ils base in the { i

e\l s has orm of 2 ribhed s :
ﬂ-ns is 1)_(‘(1(\0(1 on to the rough surface by chipping m\({ﬂi?\’lti?\r:’u'
<ibs until they contact at all points with the surface 10 whicfi\ t
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faces must be fastened. Such ribs are called chipping ribs, and their
use facilitates the attachment of extra brackets to the body or lege
of machine tools (Fig. 179),
‘The Centre Punch

This tool, which is shown at Fig. 180, is used when circular dot
marks are required, When a job has been marked out it is usual to
follow along the lines with small dot marks in easc the lines themselves

Fic. 180.—Centre Punch.

become obliterated. The surface which is so marked is then finished
to the centre of the dot mark. Centre punches are also used for mark-
ing the centre point of drilled holes for the purpose of giving a start
to the drill ; marking the centre of circles to provide a point for placing
one leg of the dividers to scribe the circle, and so on. Punches are
usually made of cast stee), being hardened and tempered in the same
way as a chiscl,
Drifts

A drift is a tool used to finish off small non-circular holes to shape.
Holes which are square, hexagonal, rectangular, ete., in shape, par-
ticularly if their dimensions are small, constitute very difficult problems
in finishing to size. They are gencrally finished very near to size and
shape with chise], file or any other convenient method, and then a drift
is made with its end to the exact size and shape of the finished hole,
all metal behind this being filed away for clearance. After hardening
and tempering, the drift is hammered, or pressed through the hole,
and if the previous work has been done properly the drift will just
clean up the sides of the hole to size and shape. A simple drift is
shown at Fig. 181 (a) and a more claborate onc made with a number

@

{d) A Pin Druft.

(VA Key Drift
Fic. 181,—Dnfts.
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of cutling edaes at (4). On
the drift shown al (b} cach
tooth removes a little bit more
nietal than the enc in front of
it, the final two or three teeth
being made to the finished size
and shape of the hole.  Diifts
of this tvpe arc generally
forced through under steady
pressure as from an frlior press
(Fig. 182). A Key-drift (Fig.
181 (¢)) is a tool for driving
out kevs from pulleys and
gears (keys such as that in
Yig. 187). The Pin-drift is a
round tapering punch for
drawing out pins such as are
wsed to hold erank handles, ]
levers, cte., on toshafts,  This Lones o Shipman, Lid.
is similar to a centre punch Fi6. 182, —~Arbor Press,

except that it has a flat point

and a longer taper (Fig. 181 (d)). Neither the key-drift nor the pin-
drift do amy cutting, but merely act as connexions between the hammer

and the objeet to be moved.

Scrapers and Scraping

The shaper, planer and milling machine have robbed the file and
chisel of a large amount of the metal removing they did in the past and
the use of surface grinding methods has supplanted a great deal of
seraping for the finishing of machine swrfaces and slides, It is not
likely. however, that seraping will ever be completely replaced as there
are still many oceasions where the lype of work renders grinding
ilpossible (e.g. Fig. 184) or where its quality demands the individual
attention associated with the seraping process.

It will be appreciated that a surface produced by chipping and
filing cannot be finished aceurately flat by these methods. Further-
more o machined surface, although being nearer to flatness than one
that has been filed, will probably still need slight correction due to
warping and distortion {aking place after machining,

The Flat Scraper. The flat seraper is a tool for working up the
surface of a flat Tace for the purpose of removing errors in flatness
mand leaving a smooth finish.  I'rom ¥ig. 183 («) it will be ';cc(n thnt
the fiat seraper resembles o file, and in many cases flat i(‘l‘:l Jers are
made from old files by flattening out the end, grinding and 1'.0-11"\11'dc‘nin r
A goad seraper should be made from the best slcclbprm'ur-ﬂ)l(c and 1;1’5
cdee kept in good condition,  As the entting force on a s:('r:x er fs’ com-
paratively light and without shock. its cdgct;lccd only be ";\!cn "1 S]l?";:t
d_rgrcc of temper, a fact which is favourable to its ;;u('(-—czsful \:‘ox'l'?l a
since the dine seraping cut which it takes tends to dull the cdge 1z 'lel'c
After the edge has had a preliminary erinding, taking e dp!t t‘
draw the temper, it should he tinished off by rlThhinn on a‘,l]reoi][:(:m,:
Ly Bolding the seraper close to the end and rubbingG the end on ﬂm’
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SR,
Iy - -
A = Gl

Aprrpx.  yadbout, ar
[ AR o] (@) Fiat Scraper
Dead Sk Ldge View
Chge P L Sharpening
{4 the Flat
raper
B [~
Oilstone
Sightly Pat

Sharp Luttin
. Hollow LR b
Section at AB  Sectionat £D
(8) Hal¥-Round Scraper
. 183.—Scrapers.

¥

stone with a rocking motion in a plane containing the edge of the tool
(see diagram). This should be repeated, in addition to stoning the
sides of the entting cdges, until the cdges are dead sharp. During
use, it will be necessary to bring up the edge from time to time by
end rubbing on the oilstone as just cexplained.

Using the Scraper. The purpose of the scraper is to correct
slight irreqularities from flatness, and if thesc are very great, the sur-
face should be brought nearcr to perfection by some method other
than seraping, as the process is rather laborious, and not intended for
the removal of much metal We will assume that a surface has been

[ieenan & Froude, Lid.
Fic. 184, —Using the Flat Seraper.
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o be seraped upP to o flat finish. The
4 of flatness with which 1o compare

the surface being serapeds and for s 8 _urface plate (Fig. 133) i

NECESSATY . { the surface to he v orhod on 1 smntler than the surface

plate it ‘enn be rubbed oy the plates otherwise the surface plate wi

have to he reversed and pibbed o the surface.

After thoroughty cleaning the plate and surface: the plate should

be smeared with a thiv jayer of prussian blue, or ved Jead in oil, the
other surface then \\\:\ccd on it and rubbed about slightly. 1f there
is any deviation from fatness: the high parts will be <meared with some
of the marking substance from oft the surface plate. These portions
must now he reduced in height by seraping. and this 18 done by holding
the seraper as ghown at Thg. 181 pressing on with the Jeft hand, anc
making short strokes 3 in. to 1in long ]

p\zmul reasonably fiat, and st
first thing pecessary 4 standa

) g. The seraper 18 1eft in con-
tnct with the surface for the return otroke but 1o prossure is appticd
to it 1laving gone over the surface with strokes in onc dircction, the
next set of strokes <hould be made at right-:mg\cs to the firsts and
this changing round proccdurc rcpcu\cd wtil sufticient mctal has been
rcmm‘cd. TFrom time to time, of course, @ irinl should be made by
rubbing the work on the surface platcs then working at {he parts where
the marking compound <hows cont act to be taking place- Gradually
the surface will be prought to such @ condition that its whole arcat is
covered bY gmall areas ol contact and it may be considered sufficiently
aceurate for average rcqu'\rcmcnts when these spolts at¢ Lin. to 5. in
apart. Much pnticncc and pr:\vl'\cc- is necessary for seraping nndx\‘\‘;'hm
the reader has \.)ccomc proi'\ci(‘nt at pmducin';_, a {lat surfi\’cc he m:\)l'
l\‘\‘(“l: tr}l: prm}qmng the hx{udsomc Yr(;s\‘cd cftects scen on the beds and
glides of machin ools.  For suceess al eutting K v s

and do not hold it 100 high. ting ee? the seroper shatp,

The Half-round Scraper: This serapeT (Fig. 183 b) is used for
working WP internal cy\indrica\ surfnces and is also a veT - useful
tool the kit of a cenire lathe turnct. 1t is often mn}dc {r
u_n.()\d \m\f-round file. Our remarks regarding the condition Oml
finish of the cutling cdae of flat scmpcrs npp\i?s 1o this tool :ql'l;(
hu\f-}‘mmd seraper 18 useful for finishing the surfaces of c'\'. Ari 10‘
bearings for the purpost of bedding n the shaft. 'I‘i\i% O)EY“;S T is
carricd out a8 follows : e will assume that the bc:\rh;ws 1'11‘ 3_101: 35
1;1\\;'(::4. nngl t}mt ;\t\c_\' I{u\'c ‘\)ccn Dored as near as pos%ib\g ‘fo‘r '?h‘(;‘sh\t:i?t
o be o Tunnng B s also t il the shaft hns : i
cmoothed on the parls where 1t h\kcit i‘t\: sb‘;i?;:xfm““e ‘or -0 H\CI‘\\')SC
roundness » eorrected. aring, and &9 out ©
The bottom halves of the bearings arc fitted int ition 1
casting which .supports them. and tTw. bHearing p:)‘:l?ox‘;)gs‘tfl?t‘l\ e
x%rc sn}c:\rcd \\'\\.h a H}'\\_\ laver of ted lead pnslcnm' prmq:\'n(\) Hl o Sl"lt‘\ft
shaft > plu(zc(\ in position, rotated for & {ew turns '\nd -t\‘ . e, TP
when the \\15._1\\ gpots on the bearing liners will \)é “;\ ¢ e taked outs
of_thc marking agent adhering to them. These .“1(?\\1\ up by trocey
with the 1\:1\&'-rmm(\ seraper. and the n.mr' i ~C.‘U‘Lds l}mﬂ' be Scmpcd
and removing the high spots rcplf:\ll‘(‘l u‘x\\tl'\(\mtb‘ (-)f ('{ymg in the shal
Pearints showsa covering of contact points 14 ]{( “;\ \P‘c uren of botl
ihie bottom liners have been complc\cd th f . b0 apart. Whe
1e shaft may rerain in positior
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the caps and top liners put on and the nuts pulled up untit the
shaft can just be rotated, Upon removal of the top liners the high
places will again e visible and these must be seraped until contact
over the whole area is obtained and the shaft is a good running fit
with the bearing cap nuts tight, It may be necessary to file some
metal off the flat joining fuces of the two bearing halves or, alternatively,
thin picces of sheet copper or brass (shims) may have to be placed
Letween them to open them out slightly,  Subscquent wear up to o
limited mmount may later be taken up by removing the shims and
re-bedding the shaft, or filing metal off the joint faces and re-bedding,
I the shaft is not re-bedded after such an operation it may only be
making contact with the bearing liner at top and bottom,

The Hacksaw., The hacksaw is the chief tool used by the fitter for
cutting-off, and for making thin cuts preparatory to other chipping
and filing operations. There are many sizes and types of hacksaw
blades on the market with special recommendations for particular
classes of work and in view of the varinble factors governing the sclec-
tion of a blade it is advisable to keep a stock of diflerent blades to
meet the different sawing conditions, A diagram of a hand-saw frame
‘s shown at Fig. 185, and the blade fits over two pegs which projeel

T Uames Nelt & Co 1t
Fia. 185.—Hacksaw Frame.

from the pins sliding in the ends of the frame. The wing nut at the
front end of the frame on some types, and the screwed handle on others,
is for tensioning the blade, and adjustment is provided in the con-
struction of the frame for blades of different Iengths, The Jength of
the blude is that between the outside edges of the hales which fit aver
the pins, and the most usual blade for hand work is one measuring
10 in, long by § in. wide. Blades may be of carbon or high-speed
steel, and may be finished either with the cutting edge only hardened,
or they may be hard right through.  The soft-backed Dlades are tougher
and less lable to snap than the all-hard blades, but are not as efficient.
High-speed steel blades, although more expensive than those of earbon
steel, will generally be found chieaper, if the cost is reckoned n terms
of nseful hife.

Hacksaw teeth are specified by the number of teeth per inch. the
piteh of the teeth being the reciprocal of this number (c.g. a blade
with 16 teeth per inch has o piteh of J in) (Fig. 186 (a)). If the
reader examines the tecth of a hachsaw blade lie will notice that the
tecth have o sef to the sides.  This causes the blade to cut s <ht widcr
than itself, and prevents the body of the blade from rublung or jun-
nming in the saw-cut. Often alternate tecth aré set to right ol lett,
every third or fifth tooth being left straght to break up the chips and
help the teeth clear themselves (Fig. 186 (4).  Fine-toothed blades,
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Work on Flat Surfaces

We have now discussed the characteristics and operation of the
tools used for cutting and finishing flat surfaces on the bench and we
might, with advantage, discuss one or two cases in which the use of
these tools will be necessary.

The fitter is the agent whose responsibility it is to finish and adjust
the machined surfaces of parts so that the parts assemble together
correctly and with satisfactory results. In the course of this work he
may have to make certain small details for which it would not be
worth setting up a machine,

Exavrre 1. Fifting a key,

Let us consider the job of fitting and keying a detail such as a lever
on to the end of & shaft, with a taper gib-headed key (Iig. 187). When
the details arrive at the beneh for fitting, the shaft will have had the hey-
way cut on a milling machine, the boss will have had its keyway cut by
slotting or key-scating if such a machine is available and the key may
have been roughly shaped up with metal left on all over for the fitter,

Taper b per foot
U /

¥ie. 187.—Lever fitted to Shaft with Taper Gib Key.

The shaft will have been turned so as to be the correct type of fit in the
hole of the boss <o that this aspect will not concern the fitter. I no
machining method is available for the keyway in the boss, the fitter will
have to cut it with hand tools, and even if it has been cut he may have
to file the taper on its bottom face. In this, and any other keying job, it
is important that a good fit is obtained between the sides of the key and
the keyways in shaft and boss. In this particular case of a taper key,
the top tapered face of the key must also fit all along the bottom of the
boss keyway, since ths fit, when the key is driven home, secures the boss
on to the shaft. The order in which thie work must be dene and the pre-
cautions neceessary may be summarised as follovws :

(1) The width of the heyways in the shaft and in the boss must be
exactly the same, and if they are not already so, the narrowest must be
fited on its sides. They can be tested for similanity and parallelism with
a block gauge or inside calipers.

{2) If the key has been roughly shaped to size, it must now he filed
up on its width 5o as to be parallel, and a nice push fit i the two heyways.
If it is in the rough material form, it must be marked out and cut to \hupc{

by a of sawing, chisclling and filing ling to circum-,
stances. This preliminary shaping should leave about jy in. on the width
and thickness, after which the sides may be finished as above,

(3) The bottom of the heyway in the Loss should now be inspected
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« this is 1 1 aot. the measurement between the far side
for tapcr.} A (tihﬁul:s ﬂoltrt,;)xﬁci)lf the kevway should be more at the front
(L’;;}ff :;?ecbggs than at the other. If the boss is 2 in. long. the difference
will be 2 in. ¥ 1 = 3% inch. This is not particular to a few thousandths

12 in. . :
-ary uch from its correct amount. If the taper is
but shouk}t ng: i‘fax?ox}(? (;):51 been put on, it must be filed. ;}t the same
not co;rc.ck, the depth of the keyways as being to the drawing.
e oy T boss must now be assembled on the shaft and the key finished
(4 TI}: )& and bottom faces flat, and with the correct taper on the
by e ]ds th}i)s file the bottom of the key flat and square with the sides,
top. ]TO fge the top to approximately the correet taper, until it can be
and .t H:n Jittle way. A smear of red lead paste or prussian blue on the
et ?aces of the boss keyway will now show whether the key taper
o s to that on the keyway. If adjustment is neecessary, take the
conforn;“iblc amount of metal off in doing it as the key may enter too
]f;?-SL I\‘\'i;cn the taper is correct, file the top down to it .\mtil the kc:\' enters
with the head end about } in. from the boss face. Drive the key in fairly
tight and drive it out again, examining its surface for polish where contact
has taken place. Finally touch up to get perfeet contact and until, when
deiven home hard, the underside of the head is 1 to } in. from the b9ss
face. Cut off any surplus length from tl}e tail end of the key, and finish
the head by smoothing up and chamfering all edges and corners.
1f the boss keyway has to be cut on the Dheneh, this should be made
the first operation. DMark off the keyway at cach end, and if possible,
run two sawcuts with their outer edges about % in. from the sides of the

. Y-oyway and their depth 3 in. less than the depth of the keyway. Remove

.intervening metal with a cross-cut chisel and finish the keyway by
* with a pamllel file, taking care that whilst you are watching for the
* at one end, the other end of the file does not wander and overstep
< mark, and test for parallelism with inside ealipers from time to time.

Exaxrrne 2. Squaring the head of a screw, and preparing @ suitable
liole in the cnd of a Ley.

The finished serew and key are shown at Fig. 188 (a), and the screw,
when it comes from turning, will have n solid head £2 in. dinmeter, with
a line turned on it to mark the end of the squared portion.  We will assume
that the key has been forged to shape, with the end left blank.

(i) Using a safc-edge file, commence to file the serew for one of the
flats of the square, terminating the {lat about ; in. short of the seribed
line. When the filing is about -% in. deep, test for flatness, and with
micromcter or calipers test for paralielism from the opposite 1urned edge
(Iig. 188 (b)). Correct for any crrors in flatness or parallelism, and com-
plete the filing of the flat until it measures I} in. from the opposite side
of the bolt head (i.e. one half head dia. (37 in.) + one half the square (3 in.)).

(ii) Turn over and file the opposite side of the square unti} it is fiat,
and paralltel with the first one, finishing it off to a width of } in. (Fiz. 188 ().

(1if) Commence filing the third Hat of the head and gfct it fiat square
with ane of the other faees, and parallel with the turned surface Gpposite
to it. Continue to file it down, maintaining the above relationships, until
it measures 17 in. from the opposite side. -

(iv) Yinish off by filing the fourth flat of the square, making it parallel
with the opposite one and finishing to § in, thick. Finish the m?d s'ho‘uldcrs
of the flats uniformly to the seribed line and file about 8 & jn. chamfer
an the front edges and eorners of the square, R

{v} With odd-legs find centre of key-boss, and seribe its centre lines
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(@) Marking-ofF the Key Boss
Ti6. 188.—Filing a Squarc-head Screw and Key.

AB and CD. With dividers, seribe and dot punch a -in, diameter circle.
Set dividers to one hall the diagonal of a }-in. square (approx. i} in.) and,
from the centre, mark this distance off on each centre line. Seribe and
dot punch the }-in. square (Fig. 188 (d)).

(vi) Enlarge the punch mark in the centre, and drill out with a drill
about 1§ in. diameter.

(vii) Use a square file to open out the drilled hole to within about
=% in. of the marking out for the square hole. (Bec careful that the file
does not cut on its sides and bite in beyond the marking out.) Check
the filing for being square with the face of the forging.

(viii} With a smooth file complete the filing of the squared hole. During
this finishing, the work should be constantly tried with the square on the
screw lead and the hole carefully filed until the square will enter with
2 nice sliding fit in any of its four possible positions. Finish the key by
taking off all rough corners and edges.  “The screw and key heads will be
improved by giving them a final potash surface-hardening treatment.

Examerr' 3. To fit the sliding block shown at Fig. 139 (a).

When they come to the bench, the slot in the casting, the cast-iron
block and the two stecl Tetaining plates will have been shaped or milled,
with a few thousandths left on for adjustment wlhen fitting. The block
has now to be Jet into its groove, and the retaining plates set and sccured
with serens,  As the block is required to slide it will be advisable to finish
scrape its bearing surfaces, i.e. top, bottom and sides.

(i) With a vernier, measure the width of the block and the sides of
the slot to sce how much material has heen left on. At the same time
check them for parallelism. There should not be much metal to remove,
suitable conditions being such that the width of the black at its corners
may just be forced a little way into the slot. The thickness of the block
should be about the same as the depth of the slot.

(i) If much material remains on the width it iy advisable te remove
most of it by filing. Verily from which part to remove it to bring the
size to the drawing dimension and sct to work. When filing, maintain
flatness, parallelism and squarencss as near as possible.  Continue removing
metal with the file until a corner of the block may just be foreed into the slot,
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TIIE BENCH (cont.). MARKING OUT, DRILLING,
SCREWING

Unless work is of such a simple nature that its surfaces can be
machined without any guldancc other than the measuring facilitics
at the di 1 of the , or unless the machine operator
himself is very skilled and may be relied upon to obtain the correct
surface relationships without any help, it is usual to indicate the
position of finished surfaces by lines scribed on the'component, These
lines assist the machinist in setting up the work in his machine, and
indicate to him the limit to which he may allow the cutting to proceed,
The process of marhng out is one of the shop activities for which the
fitter is g T ble, and is employed when the number of
similar parts to ‘be made is not great.  For large quantities, marking
out would be unduly wasteful of time and expense; in such cases it
is eliminated by holding the I t, whilst hini in a jig
or fixture, which locates it in the corrcet position, and provides some
means for guiding the teol or cutter in the proper path.

Tools Used for Marking Out

Before going on to the discussion of actual marking out examples,
we must take note of a number of workshop tools and appliances used
in connexion with marking out as well as for other purposes, and
with which we have not yct had occasion to deal. We have mentioned
the marling out table which is an essential part of the equipment.

The Ang]e Plate (Fig. 190 {a)) is for supporting a surface at
right-angles to the surface of the table. It is provided with plenty
of holes and slots for lating the bolts 'y to secure
articles to it. An adjustable angle platc is useful fer angular work.

Vee Blocks (1) are used for supporting shafts and bushes and are
generally made m pairs. It is important that a shaft, when resting
in the blocks, shall be paraliel with the surface table. This may be
checked by trying a dial indicator over the shaft at each end. A <haft,
clamped in a lonvv vee block, may he suppcrlcd perpendicular to the
table if the end of the shaft is square with the vee surfaces {¢). Vec
blocks may be of cast iron, or of mild steel hardened and ground, the
latter generally being used for the smaller sizes.

Parallel Strips {c). These are useful for supporting work on the
marking-nr[ table, and may be of cast jron smoothly machined, seraped
or ground, or of stecl which, when hardened and ground, makes very
durable strips. The corresponding widths of a pair of strips must be
of exactly similar dimensions, the strips must be perfectly parallel, and
all their faces square ; their lengths are relatively unimportant. Secveral
sets of strips of varying sizes should be available,

Spirit Level (f). If the top of the marking-off table is level, as
it should be, the spirit level is useful for setting Surfaces parallel to it.
The level is also necessary for levelling up machine beds and hblcs/

207
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TIIE BENCH (cont). MARKING OUT, DRILLING,
SCREWING

Unless work is of such a simple nature that its surfaces can be
machined without any guidance other than the measuring facilities
at the disposal of the machine operator, or unless the machine operator
himself is very skilled and may be relied upon to obtain the correct
surface relationships without any help, it is usual to indicate the
position of finished surfaces by lines scribed on the component. ‘These
lines assist the machinist in setting up the work in his machine, and
indicate to him the limit to which he may allow the cutting to proceed.
The process of marking out is one of the shop activities for which the
fitter is generally responsible, and is employed when the number of
similar parts to be made is not great. For large quantitics, marking
out would be unduly wasteful of time and expense; in such cases it
is eliminated by holding the p , whilst ini in a jig
or fixture, which locates it in the correct position, and provides some
means for guiding the tool or cutter in the proper path.

Tools Used for Marking Out

Before going on to the discussion of actual marking out examples,
we must take note of a number of workshop tools and appliances used
in connexion with marking out as well as for other purposes, and
with which we have not yct had accasion to deal. We have mentioned

the marking out lable which 15 an essential part of the equipment,

The Angle Plate (Fig. 190 (a)) is for supporting s surface at
right-angles to the surface of the table. It is provided with plenty
of holes and slots for odating the bolts y to secure
atticles to it. An adjustable angle plate 15 useful for angular work.

Vee Blocks (J) are used for supporting shafts and bushes and are
generally made in pairs. It 1s important that a shaft, when resting
in the blocks, shall be parallel with the surface table. This may be

cheeked by trying a dial mdicator over the shaft at each end. A shaft,
clamped in n’long vee block, may be supported perpendicular to the
table if the end of the shaft 1s square with the vee surfaces (). Vee
blocks may be of cast iron, or of mild steel hardened and ground, the
Tatter gméra“y being used for the smaller sizes.

Parallel Strips (). These are uscful for supporting work on the
matking-olf table, and may be of cast iron smooably machined, seraped
or ground, or of steel which, when hardened and ground, makes very
durable strips. The corresponding widths of a pawr of strips must be
of exactly similar dimensions, the strips must be perfectly parallel, and
all theie faces square ; their lengths are relatively ummportant.  Several
sets of strips of varying sizes should be available.

. SPirit Level (f). 1f the top of the marhing-ofl table is level, as

it should he, the spirit Jevel is uscful for setfing surfaces pam]{cl t&n.

The level s also necessary for levellng up machine beds and tables.
207
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yortically
{L. S- Starrett €O
T16. 100.'1’.0nc\\ and .\\urking-out Accessories:

pividers and Trammels (Fig. 191 (@ and b)) arc uscd for seribing
circles, mar dng off lengths, cte. Trammels 8¢ made 0 extend
\)cvond the ranfc of dividers, and thost shown at (B) have a bat 14 in.
ong. but two or moret of these bars may be jo'mcd poycther with sleeves
of the form shown. "l‘hc bent legs enable the trammels 1o bec usc

erms phrodite Calipers (d). In spite of its name: thisis o useful
1ool, being half calipers and hall dividers. \When a lin¢ has to BC
seribed \mm\\c {o an cdge. or an arc p'.\m\\c\ o the Tim of a circular
dise or bar the calipe? end 18 moved along in contact with the cage
and the linc seribed with the point of the instrument. A better name
to give this instrument in the workshop 18 jennies OF odd-legs.
Yecler Gauges (0) These formk & useful accessory not only on
the beneh. but also 0 connexion with many other jobs S

' in the shop.
They consis of n series of blades of leaves, ha Aing thicknesses rang
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ing from about 1} to 23 thousandths. Feelers may be used to gauge
small distanees (e.g. in flatness tests) and may be used in conjunction
with other gauges. For example: the width of a slot 17 in, (1-016)
could be mensured by using a 1-000 in. standard plug gauge together
with a fecler of 0-016 in. thickness.

The seribing block, square, protractor, cte., which we have alrendy
described, will also be needed for marking off.  In addition, a number
of thin steel wedges, packings, jacks (Fig. 191 (e)) and other oddments

(L. 5. Starrett Co.

(a) Diriders, (%) Trammels, with Joining Slkeeve above, () Teeler Guuges,
Finding the Centre Scribing a Parallel/ @
of aBar Line Wedge

@) (&)
Fic. 101,—Marking Out and General Accessories.

will be uscful. These are gradually collected as different needs arise,
and they should be kept in a box along with an assortment of bolts
and nuts, clamps, etc.
Exe“nples of Marking Out

Ve will now discuss the marking out of a few typical com)
first of all reminding the reader that for a scribed)lrzne to bepg?sig;es’
it is first nceessary to prepare the surface which is to receive it. TheY
rough faces of castings which have to be marked should be brushed
over with a little whitewash which, when dry, will show up a lme
seribed on it.  Machined surfaces may be prepared by brushing them
over with copper sulphate solution which leaves a ¥

on the surface, This shows up a scribed line vertbm fin of copper

y clearly,
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(1) Brush one side over with copper sulphate solution and drive n
piece of lead, brass or hardwood into the hole. With the odd-legs find
the centre and dot punch it lightly.  Set the dividers to 1}§ In. and seribe
the 3] in. diameter hole cirele (Fig. 193 (h)).

S holes
equa//y spaced

.i__ L, -
RN :
0
s
. Il
W
o (B Centre Found. Hole
¢ ia Cirele Seribed.
(a)Plate tobe Marked Out Lepcle Serbed.
18 *
AT
(@) Hote Centres Marked

() Fiats and Centre Line
Marked
Fic. 193.—Marking out a Plate.

(2) Clamp the dise to an angle plate with fitter’s clamps. Sct the
ing block point to the centre dot, and from a rule held vertieally
against the angle plate read off the height of the scriber point, Raise
the point 2} in, and scribe o linc for the top flat on the dise. Lower the
seriber point by 4% in. and scribe n line for the bottom flat. Adjust the
edge of a square to intersect the centre dot and scribe a vertical line on
the dise, using the square blade as a guide. The plate is now as shown
at Fig. 103 (c).

(3) The angle between any pair of 5 equally spaced holes is 332 = 72°,
ence the two upper outside lioles will have their radial centre lines inelined
at 90 ~ 72 = 18° with the horizontal centre line, and the line j
the centre of tllc plate to cach of the lower holes will be inelined at 3% = 36°
with the vertical centre line. Set a protractor or bevel gauge so that its
Dblade is inclined at 18° with the base and adjust it up to the work (using
a parallel strip for packing il necessary) so that the edge of the blade
intersects the centre dot of the dise, In this way mark the radial centre
lines for each of the upper outer holes, Set the potractor so that its
blade 15 inclined at 36° with the vertieal (54° with horizontal) and in the
same way as belore, scribe the radial eentre lines for the two lower holes
(Fig. 193 (d)). The work may now be removed from the angle plate.

(4) Dot punch the hole centres very lightly, and starting at the top
hole set the dividers to the next hole and run round to check that the
lole centre distances are all equal. If there is any slight discrepancy it
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Tncrease, and decrease this setting of the seriker peint by % in. (0750),
and seribe lines (vi) for the slot sides. Reset point of seriber to slot centre,
reduce it by 3} in. (3-230) and mark the machining line round the edge
of the base (line vii).

(4) From the sides of the bracket, with odd-legs set at 1 in., mark
the other centre line required for cach of the four 3% in. holes. Dot punch
hole centres, scribe hole cireles, and dot punch the remainder of the marking
out to complete.

Exasrerr 4. To marlk out the bracket shown at Fig. 195 (a) whick is lo
be machined on the base, boss faces and boves,

(The holes in the casting will be cored about } in. less than their finished
diameters.)

Before we proceed to a consideration of the marking-out methods to
be used, it will be well for us to discuss the machining of the bLracket, as

0 (B) First Settin
v s Les(jein
marked

I~ Mark
centre fine
et Jevel
with seriba
lng block

% g ,
5
(@) Bracket
S A
out
Fdge of base. f
sislbee, g0
[}
Line(i)
Set
square]

(e 2rd.Setting Mark(un&(v)

d)3rd Setting, /

Seribe centre lind
Fic. 195.—Marking out a Bracket.

e method chosen for machiing will influence the scheme to be adopted
for marking it out, Ve will summarise the pomts in connexion with the
machining :
. (1) The boss faces may be faced on the planer or shaper, at the same
time tlat the base is being machined or they may be machined at the
time of horing.

(2) The holes may be bored on a lathe faceplate (the bracket revolving),
or they may he done on lathe saddle, milling machine, boring machine, etc.
{bracket stationary and teol revolving).

3 I be casier to get the 2 125 dimension correct by facing the
top boss face, and measuring its distance from a plug in the already bored
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EIISSSSSSO

(a) Taper Shaok Drill.

. Fo=-SS e

{8} Tarallel Shank Drill.

{c) Jobber's Drill. [Samuel Osborn & Co, Lil
F16. 196.—Twist Drills,

Drilling Operations on the Bench

The fitter. during the course of his work. will have much occasion
to make use of various drilling operations.  We have already discussed
the twist drill as a cutting tool (p. 139), so
that we may now consider drills themselves,
and the drilling processes likely to be en-
countered on the bench,

The drill is a tool for originating a
round hole. We say ** originating ™ to dis-
tinguish between cutting a round hole from
the solid metal, and enlarging a hole that
has already been cut such as is carried out
by reamers, counterbores, cte.

The twist drill is the most commonly
used variety of drill, and twist drills are
specified according to the end by which they
are held, called the shank. Drills may be
taper shank, parallel shank or jobber's drills,
and are shown at Fig. 196.  Jobber’s drills
are shorter than the other varieties and are
usually confined to sizes up to } in. diameter.
Above about } in. diameter, the sizes of
drills advance by #ths in. and metric sizes
are obtainable in full and § mm. sizes.
Below 1 in. there is a wide range of letter
and number drills. particulars of which are
given in the Appendix. These drills are
held in the machine by speeial chucks, an
example being shown on the electric drill at

Fig. 203, Very often. due to slipping in the - AL ‘///
drill chuck, the shanks of jobber's dnlls w
become scored, and the size markings ob- 2z

hterated. The drill gauge (Fig. 197) [L. S. Stareett Co,
enables any drill to be readily selected by Fig. 197.—Drill Gauge.
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DRILLING OPERATIONS ON THE BENCH

.

(a) Taper Shank Drll,

= FoSS o~

@) Parallel Shank Dnll.

(c) Jobber's Drill.
Fre. 196.—Twist Drills.

Drilling Operations on the Bench

[Samuel Osborn & Co., Ltd.

The fitter, during the course of his work. will have much oceasion

to make nse of various drilling operations,
the twist drill as a cutting tool (p. 139), so
that we may now consider drills themsclves,
and the drilling processes likely to be en-
countered on the bench.

The drill is a tool for originating a
round hole. We say “ originating ” to dis-
tinguish between cutting a round hele from
the solid metal, and ecnlarging a hole that
has already been cut such as is carried out
by reamers, counterbores, cte.

The twist drill is the most commonly
used variety of drill, and twist drills are
specified according to the end by which they
are held, called the shank. Drills may be
taper shank, parallel shank or jobber’s drills,
and are shown at Fig. 196. Jobber’s drills
are shorter than the other varieties and are
usually confined to sizes up to } in. diameter,
Above about } m. diamecter, the sizes of
drills advance by {;ths in. and metric sizes
are obtainable in full and } mm, sizes.
Below } in. there is a wide range of letter
and number drills, particulars of which are
gwven in the Appendix. These drills are
held in the machine by special chucks. an
example being shown on the electric dnll at
Fig. 203, Very often. due to slipping in the

drill chuck, the shanks of jobbers dnlls
become scored, and the size markings ob-
literated. The drill gauge (Fig. 197)
enables any drill to be readily selected by

e have already discussed
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HOLDING WORK FOR DRILLING 219

pressure necessary,  The length of feed that may be given to the drill
varies from about 2} in. on the small sizes to 3 in. on the large, and
some braces take a taper shank drill whilst others require a square
shank. The brace is a slow way of drilling, because only about half
a turn may be given to the drill for each stroke, but in awkward
situations it is a valuable means of overcoming difficultics,

!
Lo Pressurctrm

|
l.
-
© i

Clamping
irm and

i, 202 (a).—Rreast Drill. FiG. 202 (4)—Ratchet Brace,

Electric Hand Drills. For quickness of operation, the clectric
drill has a great advantage over the breast drill, for not only does it
leave both hands free to guide and feed the drill, but also rotates the
drill with more uniformity, and possesses that extra amount of weight
Necessary to give impro(‘cd balance and mnnipu!miun. A swAit_ch is
incorporated cont enient for the hand so that the drill may be positioned
hefore 1t iy started up. Electric drills of the breast type may he
obtained to take drills up to about $ in. diameter, and an example
of one 15 shown at Fie, 203. For small drills up to } in,, a lighter,
ligher speed type may be obtained rather similar in shape to a
pistol, and operated with one hand. Where extremely high speeds are
;lccessary, small hand drills driven by a compressed air motor may
be used.

Holding and Locating Work for Drilling i i
Unless work is so large and heavy that there is no danger of
moving, or beng rotated with the dnil, 2t should always be cla | )
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[Wo'f Llectrie Tasls 144,
Fi6. 205.—Eleetric Drill.

or held by some method, and too much attention cannot be given to
clamping beeause unclamped or insceurely clamped work is not ounly
a danger 1o the operator, but also a cause of inaccurate work and
broken drills, The chief danger in drilling occurs just as the drill
point breaks through at the underside of the part being drilled.  Whilst
the point is being resisted by solid metal, the feeding pressure causes
some spring to take place in the machine and the work, putting them
into a similar eondition to a strong spring which is compressed slightly
under a load.  As soon as the drill point breaks through, most of the
resistance against it suddenly vanishes and the stress in the machine
releases itself by imparting a sudden downward push 1o the drill, just
ns a sudden relieving of the load from a spring would allow the end
of it to jump up. The sudden downward push on the drill generally
causes one or both of the lips to dig in, often with disastrous results.
When feeding the drill by hand the pressure should be eased off when
the point is felt to be hreaking through, and for this reason small drills
should always be fed by hand.  Special care is necessary when drilling
thin plate as the drill point often breaks through before the drill is
cutting on its full diameter.

The Vise. A great deal of drilling work may be held in a vise
and a good example of n vise suitable for this is shown at Fig. 204.
Care should he exercised to ensure that when the drill passes through
the work it does not drill into the hottom of the vise. °

1. Pardieon & Som,
T16. 204.—Vise for holding Work on Drilling Machine.
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Clamps and Bolts. The tables of most drilling machines nre
rovided cither with Tee slots to accommodate bolt heads, or with
ong slots running through. Whichever be the case the slots enable
olts and clamps to be used as shown at Tig. 205, When using this

Squares
feaded
ol

@ Clamp

5""] I s : Packing

= &
Futviomof O Gpetine TR0
Tee Slo*

I'iG. 205.—Clamping Work on to Drilling Machine Table,

nethod of holding, the packing for the outer end of the clamp should
be as near as possible the same height as the work, and the bolt
should be cither in the centre or nearcr to the work, as shown in the
liagram.

Vee Blocks.  Cylindrical work which has to be drilled perpendicular
to its axis is best supported on one or more vee blocks. When the
hole has to pass through the centre of the work, the centre line should
be scribed across the end of the bar or bush with a scribing block,
the line being continued along the curved surface of the cylmder as
far as to where the hole must be. A centre dot may then be punched
on this line for the hole centre and the circle scribed with dividers.
The work is now adjusted so that
the centre mark on the end of the
cylinder is vertical when tested
with a square from the machine
table at the same time that the
hole centre is under the point of
the drill. This is shown at Fig.
206, where is also indicated a
U clamp which holds the work
and permits the drill to pass
throughit. When clamping work
on to vee blocks ar tables always
apply the clamp at a point where
its pressure is supported direetly
underneath. (Nofe.—If a bar or  Frc. 206.—Sctting and Clamping for
bush hasa hole in its end so that Drilling a Shaft.
the odd-legs cannot be used to
find its centre, this may be found as follows: (1) Seribe a line across
the end as near central as can be judged. (2) Turn the bar half a
turn, and try the scribing point along the line. If they are at the
same height when the linc is level it is on centre ; if not, scribe another




Centre Line JHHC prosen. o

rst Lirs midhway botwsen set the seriber midway be-
cribed \/\/ s tween the two and scribe a
4 / line which will be the centre

N\

< line (Iig. 207)).
s Angle Plate. When a
"~ hole has to be drilled parallel

to a face, an angle plate pro-

l}’}.’"’ Scribed, vides a convenient method of
after tursing and such a set up is
Shaft b turn 1 support, and sue It

shown at Fig. 208.
Locating Drilled Holes.
F16. 207.~Tinding Shaft Centre with Vee Vte have already discussed the
Blocks and Scribing Block. marking outofdrilled holesand
might add that a hole should
never be started without some form of Iecation even if only a punch mark
to indicate the hole centre, and provide assistance for the initial starting
of the drill point.  When a hole is being drilled to marking out, a careful
watch must be maintained at the commencement, to cnsure ithat the

U

TFio. 208.—Drilling with Work Clamped to Angle Plate,

full diameter of the hole will coincide with {] i

| . i e marking, and the dri
point should be lified once or twice before the point Impression l'mgl?clsl
the full dinmeter. If it is scen that the drill has wandered fror;x the
centre 1t must be * pulled ™ over by culting a groove down that side
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of the impression to whick it is desired the drill shall travel. This
is shown at Fig. 209, and the groove may be cut with diamond chisel,
half-round chiscl or centre punch. The correction of the drilling must
be accomplished before the drilled hole has rezched its full diameter,
as after that very little may be done to pull the drill over, It is

F\‘ Drill Fosnt
@‘ Harking

Tie. 209.—Correcting for Drill starting off Centre,

easier to start a reasonably small drill on a given centre than a large
one; also the point and web of a large drill being relatively thick,
considerable pressure is required to feed a large drill through the work.
For these reasons, when a hole to be drilled is greater than §-in1 in,,
it is generally advantagcous to drill through first with a drill about
T in. If thisis centred correctly the larger hole will be correct, as the
second drill will follow the axis of the smaller one.

Accuracy through Method. Most workshop jobs may be com-
pleted satisfactorily and with no apparent difficulty if only they are
done by the proper method. Tackle them any other way, and the
most aggravating hitches occur, with everything secming to go wrong.
Driiling is no exception to this rule, and the most simple job is worth
a little thought before commencing to drill.

Many drilling jobs are concerned with two plates which have to
be bolted together, a plate which has to be screwed on to another
face, a bracket base which has to be sccured to another casting, and
5o on, The fastening is cffected by bolts passing right through (Fig.
210 (a)), or by some form of screw which passes through onc plate
and screws into the other. To locate one plate in an accurate position
relative to the other, dowels are often used. Thesc are pins made of
silver steel (about 19, carbon) accurately ground to size, and driven
into well-fitting holes in both plates. With such an arrangement,
however many times the plates may be dismantled, they can always
be put together in the same position. The bolts or screws are not
;xpectcd to provide this location, because they are clearance in their

oles,

Now in cases such as these, the actual positions of the holes are
relatively unimportant, but unless the holes in hoth plates are exactly
coincident (in line), the bolts, screws or dowels will not pass through
to enable the fastening to be made,

To ensure that the holes shall be in alignment, various methods
may be adopted.

¢
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Joser onc must be drilled smaller O allow for {apping 1he thread.
This may be carried out ns follows : () drill through both plates with
the smn“cr dnil as above and then, after taking them apart, open ox}t
the holes in the upper plate, or (b) mark out and clamp together, drill
upper plate and allow the drill point 10 .pcnctmtc. the surface of the
3 °$ r. Yake the
Jates apart and usc the drill-point indentations s & guide for drilling
the gmaller Tioles in the lower plate. 1f this second method is cmp\oycd
and there are dowel holes {o be put i these should be drilled in both
plates at the same time and not sp(.)ttcd through for subsequent drilling
as in

Collar Collars on Shaits. The above
pr'mc'\p\c must be followed when# collar
and shaft have to be drilled for the
purpose of pinning the collar in pos'\tion
3 with a pin running Tight through (Fig.
- SR 011). In theory, if 2 hole is drilled
: dead central in ihe shaft, and 2 similar
onc in the collar, they may »e assern
bled, and the pin driven home. 1
practices it is extremely difficult to &C
pm,g“,,n,m;“gmq.m\,\cdco““ a hole dead contral, and a8 the pin 3
and Stinfte the above €ast must be @ good fiv
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both parts, drilling the parts separately would inevitably lead to failure
in entering the pin. If the collar is assembled on the shaft and the
two drilled at once, a slight error will not affect the job and there will
be no doubt about fitting the pin through,

Location of Faces.—Clearance for Bolts and Screws. It is
only in rare cases that the shank of a boalt is made a dead fit in its
hole for the purpose of positioning the part, and when this is done
the bolt is called a fitting bolt. Generally, it is easicr and just as
effective to use dowels, or a fenon and tenon slof. A tenon-slot location
is shown at Fig. 212, but it should be noted that if a location parallel

G

One Dowe! for
Endwise Location

Fig. 212.—Locating with Tenon and Slot.

to the slot is required an additional dowel is necessary. When two
dowels are used for locating they should be as far apart as is reasonably
possible because in that way they are more efficient in their function
of locating (Fig. 210). Any necessary location having been provided
by dowels or other means, the clamping bolts or screws are made slightly
gleamnce in their holes, and this clearance provides for slight variations
in bolt and hole, mis-alignment of thread, ete. The following table
may be used as a guide for the all y for

TABLE 20. Borr axp Scrow Horr CLEAmancES

1 . I - N - 3, [
Diameter of bolt or serew . | Up to 4 in. 'y in. to } in. Over § in.
Clearance on diameter of hole 2 in. l orin. gr 0. 0T {gin.

Reaming . i
4 drll cannot be relied upon to produce a hole having sulliciently
g0od qualities of finish and accuracy for many purposes, and when
accurate holes are required a reamer must be used for finishing to size.
he reamer does not originate the hole in the same way as the drill,
but merely imparts to the previously drilled hole the necessary smooth-
ness, parallelism, roundness and accuracy in size. Reaming, however,
will not correct any errors which may be in the hole with regard to
Its position, or direction, because the reamer merely follows the
Previously drilled hole, and if this hole were drilled out of square, or

LT, ¥
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incorrcetly positioned, then the reamed hole will have the same
defeet.

Hand reamers are operated by hand with a tap wrench fitted
on the square end of the reamer, with the work held in the vise. Some-
times the square end of the reamer is held in the vise and the work
fed on to the reamer by hand, These reamers cut on the flutes which
may be straight, or helical. and arc tapered at the end for about } of
their length, 1he extreme front end diameter being about 0-010 in. Jess
than the reamet size. The shank is a few thousandths of an inch
less than the diameter of the flutes, A straight fluted hand reamer
is shown at IMig. 213 (). The minimum amount of metal should be

= o= " . ‘ R‘E

{Samuel Osborn & Co., Lid.
{c) Chucking Reamer.

Clearance  Driving Pin » Taper to suit
- uz

Mackine

(d) A Tloating Nolder,

TG, 213.—Reamers.

’:f"' rcx‘nm':]ll' by‘ l?z‘md reaming, from 0002 in. to 6-003 in. being
cient, as this class of reaming must be regarded essentially as a
cetive rather than a metal-cutling operation, and if too muc‘h is
N 3 oy £) ol . .
ved, not only will UIL.C‘dr\'ZLS of the reamer rapidly wear and lose
r size, but also the finished hole may be oversize and inaceurate
e the problem of high speed in entling does not cnter i‘ntc;
I-reaming operations, these reamers may be made of cast stecl

A <13 H

on the larger sizes case-hardencd mi i
§ . ase-he e , i
o g I mild steel gives satisfactory

l\I\achme Reamers, The solid fluted machine reamer is similar
e hand reamer except that it has a taper shank. These r;:'xme‘r%
have straight flutes, but more often they are cut with a 1cft| hnn(i
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helix as shown at Fig. 213 (5), the angle made by the flute, with the
Iength of the reamer, varying from 4° to 8°. The helix is made
left-hand to counteract the tendency the reamer would have to serew
itself into the hole if the flutes were right-hand, and even straight-
fluted reamers have a slight tendency to draw in, Machine reamers
may be of carbon or high-speed steel.

Chucking reamers arc machine rcamers with shorter flutes as
shown at Fig. 213 (¢), and may be either of the type known s rose
reamers, or flufed reamers, The rose reamer does not cut on the diameter
of its flutes but is bevelled off and clearanced to cut on its end, the
diameter of the flutes being about 00002 in. per in. of length fess at
the back than at the cutting end (body clearance). Reamers of this
type will remove greater amounts of metal than fluted reamers, but
when doing so do not give such accurate holes, and should be followed
by a fluted reamer when accuracy is desired. They are uscful for
enlarging cored holes, and other work of a rougher nature. The
fluted reamer cuts on the flutes in the same way as an ordinary solid
reamer.

Floating R 8. R g lly give better holes when
they are used with a floating holder, to permit the reamer to follow
the previous hole naturally and without restraint. The end of a drill
or reamer fitted into a machine is normally rigid, but when a floating
holder is used it is free, and within limits may.“float” about and
follow the previous hole, A diagram of such a holder is shown at
Fig. 213 (d), from which it will be seen that whilst the cross-pin drives
t};’c socket round, it docs not prevent it from floating or wobbling
about.

Expanding Reamers, All cutting tools are liable to wear, and
to the reduction of their di i by the grindi 'y to
keep them sharp. This dees not matter in the case of many tools,
but it is important in a reamer, because we rely on its size to impart
accuracy to the hole it produces. When a solid reamer becomes worn,
therefore, it must cither be ground down to the next size smaller, or
the tecth slightly enlarged by softening the tecth, expanding them
slightly by hammering their fronts with a punch, re-hardening and

[Buck & Hickman, Lid.
I'te. 214.—~Expansion Reamer.

grinding up again to size. To avoid this, expanding reamers are
made. These are of various types, o common one being shown at
Fig. 214, When the reamer has lost its size the diameter of the flutes
is increased slightly by springing them open with a tapered pin operated
by the screw, after which they are re-ground to the correct size. The
amount of expansion possible varies from 5 to 10 thousandths of an
inch on the ciameter.



the same

Iland reamers arc operated by hand with a tap wrench fitted
on the square end of the reamer, with the work held in the vise, Some-
times the square end of the reamer is held in the vise and the work
fed on to the reamer by hand. These reamers cut on the flutes which
may be straight, or helical. and are tapered at the end for about 1 of
their length, the extreme front end dinmeter being about 0-010 in. less
than the reamer size. The shank is a few thousandths of an inch
less than the dinmeter of the flutes, A straight fluted hand reamer
is shown at Tig. 213 (¢). The minimum amount of metal should be

{t) Machine Reamer (Spiral Flated).
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{Samuel Osborn & Co., Lid.

{¢) Chucking Reamer,

Clearance

Driving Fia
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. Mackine

(d) A Tloating Ilolder,

F1a. 213.—Reamers.

left for removal by hand reaming, from 0002 ;
sullicient, as this class of rcaming must be regarded cssentially as a
correetive rather than a metal-cutting operation, and if toa much is
xtx,lln‘wc('!. nc;t onl‘y will the edges of the reamer rapidly wear and lose
et size, but also the finished hole may 1 ize” i A
) > fini ay be oversize and inaccurate.
Since the problem of high speed in cutting does not enter i‘nto
hm;d-rcutr;un;i' operations, these reamers may be made of east steel
and on the larger sizes case-hardene i i tisfactory
and on 7 d mild steel gives satisfactory
Machine Reamers. The solid fluted machi
to the hand reamer except that it has g t
may have straight flutes, but more

n. {o 0-005 in. heing

ne reamer is similar
! aper shank. These reamers
often they are cut with a left-hand
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helix as shown at Fig. 213 (b}, the angle made by the flute, with the
Jength of the reamer, varying from 4° to 8° The helix is made
Ieft-hand to counteract the tendency the reamer would have to screw
jtself into the hole if the flutes were right-hand, and even straight-
fluted reamers have a slight tendency to draw in, Machine reamers
may be of earbon or high-speed stecl.

Chucking reamers arc machine reamers with shorter flutes as
shown at Fig. 213 (¢), and may be cither of the type known as rose
reamers, or fluted reamers.  The rose reamer does not cut on the diameter
of its flutes but is bevelled off and clearanced to cut on its end, the
dinmeter of the flutes being about 0-0002 in. per in. of length less at
the back than at the cutting end (body clearance). Reamers of this
type will remove greater amounts of metal than fluted reamers, but
when doing so do niot give such accurate holes, and should be followed
by 2 fluted reamer when accuracy is desired. They are unseful for
enlarging cored holes, and other work of a rougher nature. The
fluted reamer cuts on the flutes in the same way as an ordinary solid
reamer.

Floating Reamers. Reamers generally give better holes when
they are used with a floating holder, to permit the reamer to follow
the previous hole naturally and without restraint. The end of a drill
or reamer fitted into a machine is normally rigid, but when z floating
holder is used it is free, and within Jimits may.* float ” about and
follow the previous hole, A diogram of such a holder is shown at
Fig. 213 (d), from which it will be seen that whilst the cross-pin drives
u‘l:’ socket round, it docs not prevent it from floating or wobbling
about.

Expanding Reamers. Al cutting tools are liable to wear, and
to the reduction of their dimensions by the grinding necessary to
kecp them sharp. This dees not matter in the case of many tools,
but it is important in a reamer, because we rely on its size to impart
aceuracy to the liole it produces. When a solid reamer becomes worn,
therefore, it must cither be ground down to the next size smaller, or
the teeth slightly enlarged by softening the teeth, expanding them
slightly by hammering their fronts with a punch, re-hardening and

[Buck & tickman, Lid,
Tr6. 214.—Lxpansion Reamer,

grinding up again to size. To avoid this, expanding reamers pre
made. The;g are of various types, a cmm‘nnn one bginn shown at
Fig. 214, When the reamer has lost its size the diameter of the flutes
is increased slightly by springing them open with a tapered pin operated
by the scrfcw, after which lhi:y are re-ground to the correct size, The
amount of expansion possible vaties from 5 to 10 ti ;

inch on the diameter. ousandths of an
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If trouble §s experienced duc to this being too much, it may be neees-
sary to rose Teom the hole sfter drilling and before flute reaming.
Counterboring. The preparation of holes for certain purposes
involves increasing the diameter of the hole for n certain distance
down. This is called counterboring, and is done with a entter of the
type shown at Fig, 217 (a) which cuts on its end as shown at (4). The

{a) Counterboring Cutter,

(B)Counterboring

Te, 217,

projection at the end of the cutter may be fmzwne
it, or serewed in as a peg, and by piloting 1 ths ha
the cutter, keeping it concentric. The semews: e porzoits @
cutter to be used on different holes by kovme = <t @@ pexs of vzsious
sizes, Thesc arc often called pez cuzi— o o wse for them
is in cutting the counterbore for the ke

at (¢). Another use for cutters of thes
tion often performed round holes &z
to provide a flat scating for the szt
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Countersinking. Countersunk _hcnd screws  and wood-scrgws
require a 90° chamfer cut round their hole as a seating for the under-
side of the head. This is cut by means of a countersinking cutter as
shown at Fig. 219, More often than not, countersinking is carried
out with the point of a drill after it has been ground to an included
angle of 90° This is unavoidable if a countersinking cutter 1s not

50>
\»/ \/
N /7

:'//’/’ — ‘w 3
7 //l// R\ i\\:\\x

(a)Countersunk Scresv. (B)Countrrsinking Cutter

Fic. 219.—Countersinking,

available, but involves some drill wastage beeause the drill has to be
ground to 90° to do the countersinking and then reground to 120° for
its normal work,

Screw Threads.—Thread-cutting at the Bench

The cutting of internal and external threads with hand tools is an
important part of the work of a fitter.  VWhen a line is marked round
a evlindrieal bar so that it advances in the form of a screw, the effect
is cquivalent to that of wrapping a triangle, or inclined plane, round
the bar, This is shown at TMig. 220 (a), and for ordinary threads, the

Triangle ABC wrapped reund bar

by bringing C fowards you.
(C wraps round to B)

i iB ; N\ X ¢
l ‘ l Pitch of thread for single thread.

i ead mults - i
| ! ‘ ‘.m for rulti=storé thread (8) Thread Cut as a
@~ Lircumference of Bar = red— Groove to enable
(@)Screw as Inclined Plane (HWedge) Hut to £ngage_

Wrapped round Cylinder

Fig. 220.—Development of Serew Threai,

distanee the line advances whilst it makes
the bar is ealled the piteh of the thread.  When viewed from the side
of the bar the thread is not perpendienlar but slopes at an angle o
This anule is ealled the helir angle of the thread, 1f we reg’xrt(:l th;
thread as a sloping pline wrapped round the ¢ p

! vlinder, we sec that
. . ‘..- .. . . v . ’ . :
an objeet resting on this plane and moved round it, will be caused to

onc complete turn round
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move along the bar beeause of its rising up the plarne, and the distance
that the object moves parallel to the bar in one turn will be the pitch.
In order to put this into practical effect, our thread line must be made
into a groove, Fig, 220 (b), so that engagement may be clfected with
corresponding grooves in the inside bore of the nut, which fits the
serew, Thus, when a nut is turned on a screw, for cvery turn it mokes
it moves along a distance cqual to the pitch,

Locking Power of a Thread. If we pursue our consideration
of a screw as an inclined plane, a wedge is an inclined plane, so that
the principle of the screw is identical with that of the wedge, Let
us consider the clamping of a plate to o surface as shown at T'ig, 221,
where the bolt and nut method is shown at the left, and the wedge

Tuustrng Force
(o, Spinnen)

Pressare of Jevy
Heds,

T frassure Y PRSI \
etween
Flates F/‘!J:;;l'; /:;;.:nw

T
[N j\ @) fpumatent Hedge

e 77 Fressure of Bokt
Fine Thread  Zeieel et

‘ SN \\\\\\\

® Equivalent Wedge
&)

Faurly Coarse Thread

>
L j ASSMNNNNNANNNN
T ) 1 }

Eguivalent Wedge

Very Coarse Thread

Fic. 221,—Diagram to show a Screw Thread and its Equivalent Wedge
clamping a Plate.

at the right, (The wedge will require an upper surface to balance
the pressure it excrts on the plate, and allow 1t to be * wedged ” in,
In the bolt this pressure acts through the threads and is transmitted
to the bolt head which presses ngainst the under surface as shown.)
A very sharp wedge as at {e) will have a small angle and, if the reader
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American Standard (Sellers) Thread. This is the American
equivalent of our Whitworth thread (Appendix ).

International {Metric) Thread, The standard thread used on
the Continent.  The thread form proportions are the same as the
American standard (Appendix 4).

The Unified Thread. During the 1939-13 War a8 great denl of
eonfusion was caused by dilferent thread systems in use on equipment,
and after the war o number of conferences were held with the object
of standardising this and other aspects of enginecring practice. The
Ottawa conference of 1943 between Ameriea, nada and Britain
achieved much in this fiekd and as a result the Unified thread standard
was published in 1940, There arc two types of this thread: the
Unified Coarse (UNC) and the Unified Fine (UNF) (Appendix 3).

British Association (B.A.) Thread. This thread is used for
instrument work (Appendix 6).

British Standard Pipe (B.S.P.) Thread (often called * Gas™
Thread).  The chief use of this thread is for gas- and water-pipes, but
it is used for other purposes where a large diameter with a relatively
fine thread is required.  The thread shape is Whitworth. The B.S. 1.
size is specified according to the bore of the tubing upon which it is
cut, and this is apt to be misleading.  For example, a §-in. B.S.P. thread
is the thread that would be put on the outside of a tube of }-in. bore,
and has a top diamcter of 0-825 . (Appemdix 7).

~
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Cutting Internal Threads—Taps )

A tap may be regarded as a bolt with a perfeet thread cut on it,
which has been provided with entling edges and hardened, so that
when it is serewed into a hole it cuts an internal thread which will
fit an external thread of the same size.  Taps are made of high-carbon
or high-speed steel by turning a serew. and then cutting flutes along
it <o as to provide cutting edges, ns shown at Fig, 223 (¢).  The shank
of the tap is left plain and the end is squared to accommodaie the
tap werencl (d), which is used to serew it into the hole.  After harden-
ing and tempering, the flute at the front of the threads is ground
up to provide the neeessary sharpuess on the threads for cutting
(I, 2238 (o).

Taps are usually made in sets of three to cut any particular size.
These are ealled taper, intermediate and bottoming 3 or taper, 2nd and
plug. The taper fap has its leading end tapered off for a length of
S to 10 threads, and this is the first fap to use, the tapered end per-
witting the tap to enter the hole and cut to the full thread gradually.
The sccond tap has only two or three threads chamfered. and follows
the taper tap; if a hole is open at both ends Lhis tap is suitable for
finishing the thread in it. The thread on the plug or bottoming tap
runs to its extreme end and this tap should be used as the final tap
when a full thread must be cut to the bottom of a blind hole.

Drilling and Tapping a Iiole. For tfapping. a hole must first
be drilled to a dinmeter approximately equal 1o the bottom of the
thread, and these core diameters are given in the tables of serew threads
in the Appendix. The core diameter mny be found by sublracting
twice the depth of thread from the top dinmeter, and for the Whitworth
shape the depth of thread is 061 3 piteh = ~;—-—”~'-(.,4'-»—-.—-. Thus for

) ) ) No. of Lp.i.
(sny) a serew of 7 i, dinmeter with 11 1.p.i. Whitworth form, the
b4 300 98
donble depth of thread would be /ﬂ)——‘:-’-' = 11512
the core dinmeter : 075 — 0-316 = 0-634 in. The tapping drill must
be chaosen as the nearest size lareer than this, which is

§on (04625) - Jping fe L ing (0-617),

When the hole to he tapped is “ blind 7 (i.e_only open at one end)
it should be drilled one or two threads deeper than is required for the
finished depth of the tapped hole

[For ordinary purposcs, tapping holes are often drilled larger than
H'w theoretieal core dinmeter shown above, as this facilitates the tap-
ping process without prejudicing the thread unduly, Recommended
practive for this is to drill a hole, which when tapped will resnlt in a
thread about 88-500 of the full form and for Whitworth threads such
tapping drill sizes are found from the formuln T = D ~.‘1-];;og
(D — top dia, of thread, p -- piteh).] et

Having drilled the tapping hole, the taper tap is fixed in the tap
wrench and started in the hole, but before commencine Lo \'('rc“"ilt
round for cutting the thread, its position must he :uljl?qtc(l‘xintil it
stands square scith the top surfuce of the work, and it must be m'tint'\incld
square,  This may be assisted by setting the tap vertieal ;’»'itil a :mnll

== 0-116 in., and
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squate or, better still, after drilling the tapping hole, Ieave the work
in the same position, replace the drill by a small centre like a lathe
centre, Enter the tap and keep it straight for the first few turns by
keeping the centre in contact with the centre hole in the tap. For all
materials except cast iron 2 little Russian fat or whale oil on the tap
will lubricate its action and improve the finish of the threads. When
the taper tap is felt to have started its work and its squareness has
been checked, the cutting of the thread may proceed, but the tap
should not be turned continuously, but after about every half-turn
it should he reversed slightly to clear the threads. At the same time,
the facility or otherwise with which it is doing its work may be felt
from the resistance encountered at the wrench, and if any stilfness
develops, no force whatever should be used, but the tap carefully
wriggled backwards to clear it. When a blind hole is being tapped
the tap should be withdrawn from time to time and the metal cleared
from the bottom of the hole, Ultimately, if the hole is straight through,
the reduction of resistance will indicate that the taper tap is cutting
a full thread and it may be removed from the hole whichh may be
finished with the second tap. When a blind hole is being tapped
resistance will be felt when the end of the tap reaches the bottom of
the hole, and no force must be used at this point, as the tap may be
broken or the thread stripped. Remove the taper tap and take the
second one down as far as it will go, finally cutting the threads at
the bottom of the hole with the plug tap. Great ecare should be exer-
cised when using small taps, particularly in blind holes, but in spite
of his care the reader will occasionally have the misfortune to break
a tap in the hole. When this happens he may be able to get it out
with a punch, but if it resists all other means it mnst be softened by
heating, and drilled out, the hole afterwards being re-tapped.

Tapping by Machine. When large numbers of holes have to be
tapped, hand-tapping is a <slow process, and the work is expedited by
driving the tap with the drilling machine, running on a slow speed.
The main precaution to be ohserved is to provide some means whereby
the tap drive from the machine is nat solid, but incorporates a slipping
device which will come in
to operation when the
tap sticks in the hole, or
reaches the bottom, and
50 avoid breaking the tap.
One type of machine tapp-
ing attachment is shown
at Fig. 224 in which it will
l)c' seen that the tap is [Hlerhert 1tamt & Sons.
driven through the dogs ¥16. 223.—The Pearn Tapper.
{notches) which are kept
in engagement by the spring. If the tap sticks, the resistance causes
the dogs to ride over one another and compress the sprng. With
the attachment shown, the machine must be reversed to serew the
tap from a blind hole. Other attachments are made with a reversing
arrangement incorporated. (
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ing ernal Threads—Taps )
Cu?\“::plxl:\tav be regarded as a bolt with a perfect thread cut on it,
which has been provided with cutting cdges and hardened, so that
when it is serewed into a hole it euts an internal thread which will
fit an cxternal thread of the same size.  Taps are made of high-carbon
or high-speed steel by turning a serew, and tl}fzn cutting ﬂu‘tcs along
it so as to provide culting edges. as shown at Fig. 223 {¢). The shank
of the tap is left plain and the end is squared to accommodate the
tap werench (d). which is uscd to screw it into the hole.  After harden-
ing and tempering, the flute at the {ront of the threads is ground
up to provide the necessary sharpness on the threads for cutting
(Fig. 223 (¢)). ‘ _
Taps arc usually made in scts of three to cut any particular size.
These are called taper. intermediate and bottoming ; or taper, 2nd and
plug.  The taper tap has its leading end tapered off for a length of
8 to 10 threads, and this is the first tap to use, the tapered end per-
mitting the tap to enter the hole and cut to the full thread gradually.
The sccond tap has only two or three threads chamfered, and follows
the taper tap: if a hole is open at both ends this tap is suitable for
finishing the thread in it. The thread on the plug or bottoming tap
runs to its extreme end and this tap should be used as the final tap
when a full thread must be cut to the bottom of a blind hole.

o, Drilling and Tapping a Hole. TFor tapping, a hole must first
be drilled to a diameter approximately equal to the bottom of the
thread, and these core diameters are given in the tables of serew threads
in the Appendix. The core diameter may be found by subtracting
twice the depth of thread from the top diameter, and for the Whitworth

0-64
No. of t.p.i. Thus for
(say) a screw of § in. diameter with 11 t.pd. Whitworth form, the

2 X 0-64 128
double depth of thread would be T 0-116 in., and
the core diameter: 075 — 0:116 = 0-634 in. The tapping drill must
be chosen as the nearest size larger than this, which is
3 in (0-625) 4 J¢ in. des ) in. (0-G41).

When the hole to be tapped is “ blind ™ (i.e only open at one end)
it should be drilled one or two threads deeper than'is required for the
finished depth of the tapped hole

{For ordinary purposes, tapping holes are often drilled lareer than
the theoretical core diameter shown above, as this facilitates the tap-
ping process without prejudicing the thread unduly. Recommended
practice for this is to drill a hole. which when tapped will result in a
thread abont 88:539, of the full form and for Whitworth threads such
tapping drill sizes are found from the formula T =D ~ 1-1328p
(D == top dia. of thread, p == piteh).] }

Having drilled the tapping hole, the taper tap is fixed in the t
wrench and started in the hole, but before commencine 1o serew it
round for cutting the thread. its position must be :\djﬁstcd‘x'mtil it

stands square with the top surfuee of the work, and it must be maintained
squarc.  This may be assisted by setting the tap vertieal with

shape the depth of thread is 0:64 X pitch =

ap

a small
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square or, better still, after drilling the tapping hole, leave the work
in the same position, replace the drill by a small centre like o lathe
centre,  Enter the tap and keep it straight for the fiest few turns by
keeping the centre in contact with the centre hole in the tap.  Yor all
materinls except east iron a little Russian fat or whale oil on the tap
will lubricate its action and improve the finish of the threads, When
the taper tap is felt to have started its work and its squarencss has
been checked, the cutting of the thread may proceed, but the tap
should not be turned continuously, but after about every half-turn
it should be reversed slightly to clear the threads. At the same time,
the facility or otherwise with which it is deing its work may be felt
from the resistance encountered at the wrench, and if any stiffness
develops, no foree whatever should be used, but the tap carefully
wriggled backwards to elear it. When a blind hole is being tapped
the tap should be withdrawn from time to time and the metal cleared
from the bottom of the hole.  Ultimately, il the hole is straight through,
the reduction of resistance will indicate that the taper tap is cutting
a full thread and it may be removed from the hole which may be
finished with the second tap. When a blind hole is being tapped
resistance will be felt when the end of the tap reaches the bottom of
the hole, and no force must be used at this point, as the tap may be
broken or the thread stripped. Remove the taper tap and take the
second one down as far as it will go, finally cutting the threads at
the bottom of the hole with the plug tap. Great care should be exer-
cised when using small taps, particularly in blind holes, but in spite
of his carc the reader will occasionally have the misfortune to break
a tap in the hole. When this happens he may be able to pet it out
with a punch, but if it resists all other means it must be softened by
heating, and drilled out, the hole afterwards being re-tapped.

‘Tapping by Machine. When large numbers of holes have to be
tapped, hand-tapping is a slow process, and the work is expedited by
driving the tap with the drilling machine, running on a slow speed.
The main precaution to be observed is to provide some means whereby
the tap drive from the machine is not solid, but incorporates a slipping
device which will come in
to operation when the
tap sticks in the hole, or
reaches the bottom, and
50 avoid breaking the tap.
One type of machine tapp-
ing attachment is shown
at Fig. 224 in which it will
be scen that the tap is
driven through the dogs
(notehes) which are kept
In engagement by the spring. If the tap sticks, the resistance causes
the dogs to rid¢ over one another and compress the spring.  With
the attachment shown, the machine must be reversed to serew the
tap from a blind hole. Other attachments are made with a reversig
arrangement incorporated. °

[Herbert Hiunt & Sons
TG, 228, —The Pearn Tapper.
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Ground Thread Taps. The ordinary tap suffers from the dis-
advantage that any hardening, distortion and scaling which may have
oceurred to the thread is detrimental to its shape, and for accurate
work the thread may not fulfil requirements. To overcome this, the
threads of ground taps are form ground to their exact shape after
hardening, thus allowing a perfeet thread to be produced.

Cutting External Threads—Dies

The tool used for cutting external threads on bars or tubes is ealled
a die, and in principle consists of a nut having portions of its thread
circumference cut away and shaped to provide cutting edges to the
remaining portions of the thread. After hardening and sharpening
up on the cutting cdges. this is screwed on to the bar upon which the
thread is to be cut.  In order to hold and manipulate the die it is
carried in the centre of a pair of operating handles called stocks. There
are various forms of dies, and some of the most usual are shown at
Fig. 225. At (a) is shown a solid die, whilst at (b) is a split dic together
with its stocks. The split permits of a certain amount of adjustment
in the size the die will cut by springing it a small amount open, or closed,
by means of the screws in the stocks. The solid die nut is not usually
employed for cutting threads from the solid, but for rectifying damage
and knocks to cxisting secrews. The dics shown at (¢} consist of a
pair of dics or jaws which fit into the stocks and are clamped by a
screwed ring.  These dies slide and may be adjusted by scerews which
bear against their outer faces, This permits the dies to be set a small
amount open whilst the first cut is taken down a bar and closed in to
the correct size for the finnl finishing cut. A rather similar arrange-
ment is shown at (d). but in this case the dics may be opened sufficiently
to admil the unserewed bar between them. By this means a thread
may be cut by threading the dies over the bar, clamping them tightly
to the bar and rotating, then passing backwards and forwards over
the portion that has to be screwed and gradually closing the dies until
the proper diameter is reached. For culling fine threads on large
glmmctcrs this method is better than starting from the end, as by clamp-
ing the dics on to the bar first, the problem of maintaining the thread
square with the axis is facilitated. N

The action of dieing a thread is very similar to that of tapping,
except that it is more difficult to start the die square. Gcncmlly’
only one or two of the dic threads are chamfered, and this does not
give as much assistance as the long taper on the taper tap, In starting
the dic, great care is necessary, therefore, to maintain its face as near
as possible square with the bar, at the same time that the dic is pressed
on to the end of the bar to help the commencement of cutting. The
action is assisted by chamfering off the end of the bar for a ai.stancc
equal to about two threads, When the cut is under way the die
should be worked backwards and forwards similar to the method
explained [ox: tnm‘)ing,jzmd_the threads should be supplied with some -
form of cutting oil.  Certain designs of stocks and dies incorporate a

bush for guiding the bar or tube being serewed so that the thread is

cut square, This mecthod is shown at Fig. 225 (), and is preatly
superior to a plain die, particularly for serewing B.S.P. tlxrchsg:\'ilcr'c
¢ »

a fairly fi 3 2 i
irly fine thread has to be cut on a large dinmeter.
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dating the centre. On some Iathes the spimllc-nn\c is threaded to
cnable chucks and face- -plates to be screwed on (Fig, 231). but this
practice is giving way to other methods. One of theve s the flangal
spindle (Fig, 202), whilst anotlier, as emplayed on the wackine at
Fig. 227, is the American long taper type nose where the chuck or plate
is sccured by n draw nut and driven by a key, The considerations for
abandoning “the serewed nose are (1) the lnluhl\' af the thread to wear
or become damaged and thus fose its centralising aceuracy, (2) to
guard ngainst the chuck serewing off when the machine is provided with
a stopping brake, (3} that the enlarged end of a flanged spindie
contributes to its strength and stiffness,

The Driving Plate screws on to the spindle-nose and earries a
projecting pin which drives work held between centres by engaging
with a dog or carrier (Fig. 220) clamped to the work,

TG, 220 —Lathe Carrier.

Chucks may be of the t-jaw independent. or 3-jaw sclf-centring
patterns. Fach jaw of the $jaw chuck is opernted by o separate
square-threaded serew, whilst in the 3-jaw type all the jaws close m
together, actuated by the seroll, which is a spiral groove cut on the face
of a flat dise, The pnnnpk- is similar {o the movement of a nut by

IF Protand (o, LeL (Fthard Lol o Cu., 24,
(o) Independent § faw Chan k. (313 jaw Scifeentting Chaek (Shaming Seroll),
(awaage revermbie.)
116, 250.—Lathe Clincka,

8
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out of truth with the centres and increasing as the tool approaches
the hieadstock.  When the work is reversed in the machine to finish
the portion previously covered by the driving dog, we shall be tuming
it up to o similar dizmeter but on a stightly different centre, and instead
of \Lc two turned surfaces matching up, a step will be lelt, the effect
being as shown exaggerated at Fig, 237 (4). Great eare shoull bhe
taken to ensure that the headstock eentre is perfeetfy true, and the
following precautions should bring this nbout without difliculty (the
truth of the live centre may be tested with a dial indicator). The
shank of the centre should he perfectly round and straizht, and a
peefect fit in the bore of the reduction sleeve which should also fit

Hole Soindle  Taper Reduts
eArough Kose y S
Spindle

e e ——
(2)Adapting the Centre o the

Hoge of the Lothe (c}Use of the Malf-centrs

Step wheve turaing joins
| Frevicusly turned porticn

el
L] A

s3]
@) Effect of Live Centre not Rurning Trur
(Excgzerated)
16,

perfietly in the taper hole in the spindle.  These surfaces should not
be alloned to heeomie hnocked about and should alsays be eleancd
brfore fittmg together, A punch mark or scribed hine should be put
on them so that they may always be fitted in the same relatnve
posiion,

Lathe contres arc wsnally made of carbon too) stee) and shonld be
laniened with little or no temper.  Extreme hardness 1s not as neces-
sary for the line centre beeause it 1s not subject to wear, but af the
tmlvioek eentre is not very hard ot will soon seize up, When the
centre paints need renovating the uperation 18 best performed by put-
ting each onc tn turn in the s}mullc, rminning the lathe, and grinding
them with & toolpost grinder belid 1 the tool-post and fed with the

compound slide set at 30° with the spindle axis. The tool st grindeg.
27

1 o small electric grinder rather hike the breast dnll shay
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hut we cannot see whether the whole length fnside the spindle is true,
and if it does not run true, then the hole we bore will have an error
which is shown exaggerated at Fig. 238 (c).

The travelling steady (Fig. 238(d)) is fixed to the carriage and
travels along with the tool, supporting the bar against the thrust
of the cut by means of jaws which are opposite the tool and slightly
behind it, so that the bearing is taken on the round portion which
the tool has just finished. This steady is used in cases where it
would not be convenient to turn half-way and reversc the bar to
complete the turning as is necessary when using a fixed steady.
The reader should observe with regard to this steady that when the
tool and jaws are set and clamped, the diameter turned is invari-
able, being that diamcter which will just pass through the three
points made up of the tool and the steady jaws. The turned bar,
then, should be parallel, but there is no assurance that it will bz
straight.

Graduated Sleeves. The compound and cross-slides are moved

by means of a screw which engages with a nut attached to the slide,
the serew gencrally being cut with a square, or acme thread. The
hand lever, wheel or knob is pinned or keyed to the end of this
serew, and in addition there is a graduated
sleeve which has a number of divisions
shown on it, with a zero (0) mark scribed
level with its edge on some stationary face
{Fig.239). Thisis for obtaining an accurate
measure of the slide movement and the
maximum use should be made of it, but
it is first neccssary to caleulate the value
of its divisions. This is easily done by
dividing the number of divisions into the Fic. 239.—Indicat~
movement given to the slide by one turn of '"ﬂslf?"!'oé’f‘_"iﬂ“e'
the screw,  For example, if one turn of the ment of Slide.
screw moves the slide 0-200 inch (), and .
there are 100 divisions round the sleeve, 1 division will represent
0-200 2
100~ 1000
for one turn of the handle is casily checked with a rule, as it is almost
sure to be an even fraction of an inch (c.. 3, 3, 1, 4, 4, etc.), corre-
sponding to a whole number of threads per inch on the screw.

in. of slide movement. The movement of the slide

Stops. Many lathes are provided with stops for the earriage and
cross-slide, which permit the slide to be brought to the same posttion
every time. They are useful when a number of similar articles have
to be machined, as they save the time of constant checking, and free
the mind of the anxiety of machining undersize. Fig. 240 shows a
carriage-stop being used for facing blanks in a 8-jaw cluck. The
previously machined face of the blank is always set against the inner
face of the jaws, and the stop set so that when the carriage is against
it, the blank will be the required thickness. When working amainst
a stop, care should be cxercised to use the same pressure against it
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TURNING ON CENTRES 235

find the centre, odd-legs, vee blocks ang Seribing blocy, (pp. 209, 162)
or the ccntrc-ﬂnding Square of {],e combination Set may o used, Ty
holes may then be drilleq by SUpporting 1, bar Yertieally under the
spindle of o sensitiye drill, care being exercised to hold the bar Tigidly
and feed the Centre drijy carcfully, g these are rather delicate and soop
break, Another method of centring js to use the g.jaw chuck of the

the dril] s held in o Jacob chuck in

00 large ¢, g0 up

the 3»jnwstcady May be used ns shown gt Fig. 338 (b). Thelathe method
i i t, e bar ¢y, be d to I,

5 ri
is central With the chuck,
fter the hoyp has beey centred, o driving dog must be clam, ed
it, and the lathe Prepareq i ivi
centres ang setting i?e Machine tg 4 Stitabje Speed for the 8iz¢ of the
o

tailstocl; first, ang the enq fncing carried oyt before any othep turnin,

is done (Fig., 237 (e)). 1t this facing js Jeft untj) later, and the ends

of the par aTe not square with the axis, one Side of the centre hoje

Will have Jesg bcnring surface thyp the other, ang the centre, in bedding

itself 1n, will wear inore off thay side thap the ot] €I, causing the centre
e cr,

0¢ 0 become § ightly cecentric wig, the turneq diamet,

Before fitting 4] eiween the the centreg a lit, sian
fat op other Swmitable lubricant should p, Put in the tailstoc centre
hole, and thep the tajlsy k centre adjust, d, untj} he, i

eld an, thed, it eap Just be fat that th 8tipping i
¢ feel mugt be neither tog SY nor too tight, and th, Justmeny

should pe felt from time to time as jt may get tight dye to the bar
EXpanding Wwith the heat of the Cutting or loose dye ear
tailstoc): centre hola, When adjusting the tailstoek do not loosen the
S2Mmping serew Fight off, Ly have it 5o thay it grips the barref .,
sligh!ly. It shoulg be clamped up tightly afier the Proper adjustmcn:
a3 been Obtaineq, When the ends of the ar have been faceq, the
facing tool shoylg be taken oyt and a straight Tougher, iy, cutt;
i i et in ¢,

SVerythmg o Now ready for taking a cyt along ‘I'c. bar, ang aftep
Calipering o, rough bar, ang determining from, g drawip, o Datterp,
bow mygj, material there js tg be removed, 5 \Pughing oy May pe
Put on gng g0 {arriage foed engaged, The des ol g, roughing oy
Will dopeng N how mucl, meal there 1y to | VG on g S2¢ ang
Tength of gpa Machine and on the rigyets "ok rp there j
Ot mucly metal o come ofl, & small cut R
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find the centre, odd-legs, vec blacks and seribing block (pp. 200, 162),
or the centre-finding square of the cumbinnlion sct may be used. The
holes may then be drilled by supporting the bar vertieally under the
spindle of a sensitive drill, care being cxercised to hold the bar rigidly
and feed the centre drill carefully, as these are rather delicate and soon
break, Another method of centring is to usc the 8-jaw chuck of the
Jathe to hold the bor, whilst the drill is held in a Jncob ehmek in
{he tailstock.  I€ the bar is too large to go up the hollow spindle,
{he 8-jawsteady may be used as shown at Fig, 238 (b).  Thelathe method
is convenient, because the end of the bar ¢an be faced to length at
the same time, When a large smount of centring has to be done a
special centring machine is o more convenient method than any other,
"Fhis generally consists of a short bed with a self-centring chuck mounted
at one end. A drill spindle is mounted on the bed so that its axis
is central with the chuck.

After the bar has been centred, a driving dog must be clamped to
it, and the lathe prepared by attaching the driving plate, fitting the
centres and sctting the machine to a suitable speed for the sizc of the
bar to be turned. If the ends of the work were not faced to length
with the centring operation, the half centre should be fitted to the
tilstack fiest, and the end facing carried out before any other turning
is done (Fig. 237 (¢)). If this facing is left until later, and the ends
of the bar are not square with the axis, onc side of the centre hole
will have less bearing surface than the other, and the centre, in bedding
itself in, will wear more off that side than the other, causing the centre
hole to become slightly eccentric with the turned diameter,

Before fitting the bar between the lathe centres a little Russian
fat or other switable lubricant should be put in the tailstock centre
hole, and then the tailstock centre adjusted, until when the bar is
held and turned, it can just be felt that the centres are gripping it.
The feel must be neither too easy nor too tight, and the adjustment
should be felt from time to time as it may get tight due to the bar
expanding with the heat of the cntting or loose duc to wear of the
tailstock centre hole.  When adjusting the tailstock do not loosen the
clamping screw right off, but have it so that it grips the barrel very
slightly.” It should be clamped up tightly after the proper adjustment
bas been obtained. When the ends of the bar have been faced, the
facing toal should be taken out and a straight rougher, with cutting
angles suitable for the material being turned, set in the tool-post.
The nose of the tool should be adjusted to be level with the centre,
and itg ovethang from the tool-post support as small as possible. At

the same time it should be possible for the tool to be brought to the

endof the bar without the necessity for a large projection of the tailstock
barrsl to avoid the tool or carriage fouling the tailstock body.
Ererything is now ready for taking a cut along the bar, and after

calipering the Tough bar, and determining from the drawing, or Pauf‘i'; q

O% much material there 15 to be removed, o roughing cub may of

R““ﬁ%" and the carriage feed engaged. The depth of the roul;"‘.m""nc':It

slrcn..i%m? o how much metal there is to remove, 0’;{ m;[stlllxirc is

mat r;uc)° the machine and on the ngidity of the work. e

¥ ' metal to come off, a small cut should be taken, an
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certain dircetion, so that when he wishes to move it away from him,
he does not do the reverse.  This is hecause the movemerts genesally
required for cortection are so small that no chieck {e.g. sight or feel) is
possible, nnd the process of trial and error necessary to bring the job
parallel is often a trial of one's patience, If the work is not parallel,
and there is not much material on it with which to make the necessary
experimental cuts, adjust the tailstock a little and then feed in the
tool until it just skims the work at the smaller end, Take the reading
on the graduated dial, move the tool to the other end and feed it in
until it cleans up the diameter to the same as that at the smaller end.
Qbserve the reading on the graduated dial which, if the sctting is
correct, should be the same as before.  If, to bring the two ends the
same, the tool has been moved beyond the previous reading, then
more movement of the ailstock is needed, whilst if the previous reading
is not reached, the tailstock movement has been too much. Do not
try to remember these rules but use the method, and reason out the
correct solution.

We will now diseuss one or two typical centre turning jobs, Imt
must impress on the reader that for every job there is generally more
than onc method of approach, We will endeavour to give what we
consider to be good standard practice, leaving any improved modifi-
cations for adaption by the more expert of our readers.

Exavrir Y. To turn up the mandril shoun at Fig. 212 (a) from mild
steel 1§ in. diameter, 0} in. long.

Mandrls are used on the lathe, as will be explained later, for finishing
work on centres swhuch has been partly finished in the ehuck.  They should
be hardened ana ground on the top diameter (as is called for in this case),
and the centre holes are recessed as shown to prevent any damage to them
when pressing, or dnving the mandril into the work, We must leave
a grinding allowance of 0020 in. on the top diameter. The lengths on
the mandril are ummportant, and the reduced diameters at the ends, which
are for accommodating the dnving dog, need not Le worried about as to
accurate measurement.

{ia) Mold the bar in the 3-jaw chuck, face one end, centre drill and
recess centre hole.  Iteserse in chuck and treat the other end the same
way {Fig. 232 ().

0

3

(3) Mark out centres with ndddegs, centre punch and drill ecentre
holes on sensstine drfling machine. i

1 (i) is adopted, before proceeding to the turning, face the ends and
recess the centre hioles, tsing the half centre to support the work at the
tailtnck end (Fig. 237 (¢)).  As metal 18 fared away from l}:c centre hole,
it will probably be necessary to go back to the drilling machine and decpen
it somewhat. )

(ii) To allow 6020 in. grinding, the top diameter of the mandril must
be turned to 1-233 A -020 = 1 272 in. approximately. If it is brought
to between 1-270 and 1-276 and reasonably parallel, it will be satisfactory.

Fit a driving dag at one end, place between centres and using a straizht
fouzhing tacl, turn the bar to 15 in. diameter as far a3 the dog will al)a:’r.
Two cuts alons should be sufficeent and at this stage a check may be made
for turming reasonably parallel (Fig. 282 fc)). .

(i) Change the dog B the ather end of the bar, clean off the smtarn
fortinn, ther, turn down ta 1 in. diameter for 3 length of 1§ 1. (d).
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(iv) Swing the tool round in the post. or #it another tool with a straight
face, <t at 45 and chamfer the end (c).

{v) Clamp the driving dog on the 1-in. diameter portion, using a piece
of shicet copper or brass under it 1o avoid damage to the turned surface.
Place between centres, reduce and chamfer the other end as at (iii) and (iv).

{(vi) Finish off by turping the lop of the mandril to 1-270/1-276 in.
dimmeter. Do net worry unduly about the taper as the grinder will set
his machine to pive it correctly.

T ok ~ FKecess for
101 Centre Hole

.7 LN ”
r g / Zidia i deep

N (o PO - 70N
.i___..H__., <|B o R S T
Werambeor 7off M.S. Case-harden
,;'L_' DL5* and Grind 7[7;7 Dia.
(a)sandril
o) :
B I <+ | N i T
(2) Face End. Recess”
and Centre Drill (e Turn Top
(d)Finisk Top Dia. Reduce Frds () ChamFer

NPT . H .Y A H N
Ira, 212.—Operations in Tarning o Mandril,

rmf:;l\)!‘(l)i((‘{xltx;\;f]s};_urp c:]l;:cs frlmn all corners with an old file. Tnspect
, e, and 3f any burrs have been throw c it
entre Dol 1] A ) n up round them fit the
2{:1{!‘ :lt(nlr( "t"d ;.lll\l' Y .sn;nll cul with the side ool to remove them (Lll(t'\ln
we centre holes with a centre drill i ' |
¢ : if they arc at ail
: : . h < ilt i v all rough, 1
;:‘:\.:lr‘u‘ ‘h.ul not h(c}\ h.m.s!n:d l).\" grinding, much more :wcu?acv \\fotllll((i
n;-c -».e-)“"t !‘(‘;}\l}l’(‘(l in finishing its top diameter. It would have been
H 4 < . O M 3 ) g
“-"(lm ‘\‘3:\- o m_xxh’ this to drawing sizes after making sure that the live
centre . running dead true (the reader should realise the reason for this
alsa the necessity for good, smooth centre holes) h o

Jbxasenn 200 To turn the pin showen at Fig, 243 (
mild steel 1Y fn. diameter, T% in. long o
i,

{in) Hold the bar in a 3-jaw choek, f;
Ja) Tlold the bar BER ko face one end and dri g
Reverse iu chuck, faee other end to length and centre d‘ril(llrzi?‘ig‘:h?":'?‘(tbr)(;.

a), from a picce of
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r

(i%) Mark out centres with odid-legs, centre punch, aml drill centres
on sensitive drilling machine.

1f method (ib) is ndopted, before proceeding to the turning. face ends
to length with the half centre and deepen the centre holes slightly if facing
removes most of the countersunk portion.

(i} Fit dog or carrier to one end, place between centres and turn top
of bar to 1% in. diameter up to carrier, using a straight roushing tool.
Two cuts should be sufficient, and at this stage a check may be made for
parallelism, the tailstock being adjusted if necessary.

(iii) Change the dog to the other end of the bar, clean off the unturned

1
l— [l 7 e — -‘3:’;‘
- 3 Sg
T'T——}—————ﬁ L
i s
on
Zx Fed.
(@) Pin

(B)face Ends and Centre (e)Turn Top and Reducs

(&) Finish Shank and Shoulder
T'1G. 233.—Turning a Pin.

portion and commence to turn down for the 07350 in. diameter portion,
stopping the tool when the turned length is 42 jn.  Continue thi until
the reduced diameter is about % in. (= -750 - and fevel up the
shoulder a3 near as possible with the same tool (Fig. 243 (o).

(i¥) Grind a tool to a 4 in. nose radius, and set it so that the shoulder
v';my be faced, and the shank turned at the same setting (Fig. 243 (d)).
;gu_ﬂrcfup the shoulder as fac in as the turned l]iumﬂl‘;, and to barely
0-‘;(1;.‘ rom the end. Use the micrometer to turn the shanh to abeut
0560 in. diameter, disengage the feed when the tool 15 about
the shoulder and continue by hand (do not let the carriger pav

ta the shoulder. Return the tool and set it to cut the shank l:;:;;;l?::’

diameter (not more), by turning a length of about }in, and »

& m, from

miing,*
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until the correct size is reached. Ynaage the feed, and when the tool
approaches te within about 4 in. of the shoulder, disengage the feed with
the richt hand. allowing the left hand to continue the rotation of the
traverse wheel so that the earringe movement is al the same rate as before.
Pransfer the right hand to the erossestide handle, and as soon as the tool
touches the shoulder, press it in suificiently to ensure that thie shoulder
will skim up, then, without any pause, commencee to feed the cross-slide
slowly outwards with the right hand. This will comiplete the shauk and
the shoulder, and by working this way a clean-looking joint between the
two surfices is obtained.

(v) Set nny tool having a strajght portion at 4537 and turn the chamfer
on the end.

{vi) Remove the work. take off the carrier and put a carrier on the
staller dinmeter, first wrapping a picee of sheet copper or brass round
to prevent damage.  Put in the Iathe and finish the top diameter to 11 in,
With a file remove the sharp edges from each end of the 1} in. portion.
If, during the process of turning, burrs have heen thrown up round the
centre holes, these may be removed by replacing the halfl centre and using
the ending tool again, or they may be taken off with a half-round scraper.

Exanerr 8. To turn the pin showen al Fig. 244 (a) from steel 2 in.
diameter, 5 in. long.

(i) Centre, and face the ends fo length as explained in (i) and (ib)
for Example 1.

(ii} Attach driving dog and turn down to 13} in. diameter as far as
the dog (3 cuts along should be suflicient for this),

(ili) Reverse (-n'd for end, and turn the top down to the previously
turned portion.  Now rough down the  in. diameter portion until it is
about 3t in. dizwmeter, with the shoulder roughly squared up to 2: in.
from the end of the bar (Iig. 24t (1)), C *

{iv) Reverse, and put a dog on the reduced portion.  Rough down to
10 ine (= 1-250 - ) diameter, leaving the collar roughly .:qunred up
and 13 in. wide (= 730 - ). Rough the end to 2% in. dinmeler ]ea\'inf:
1} in. (1:300) between the two shoulders (Fig, 244 (). ’ -

v) ]}cvcrfc with dog vn the smnall end, and finish the I in. diameter
as explained in Fxample 2 (iv).  This dinmeter mav be ﬁnisﬁcd to calipers
ns the fractional dimension means that it may he finished o within 0-010 il{
of size. The collur will now be , in. over its finished size. With .ﬁlc.
remove sharp edges from end corner of har. ) '

. (vi) Reverse, put dog on 7 in. portion with hrass to prevent damage
Finish the lnrgq dinmeter to 1-250 in. {micrometer) and face co.ll'lr m(lf
necessary) to L in.over §in. Finish the small diameter to ? in (cal‘i yers)
and fuee collar to leave a full 11 in. between them.  Finish ﬂ:c t(; t II"’ i
dinineter (calipers). . U

{vii} Check that the work is nice and firm between the eentres, grind
up o side tool to J, nuse radius, and face the collar to 0-750 in wide, £ iy
this operation lock the carriage so that it cannot mm'e‘ '\lo;)ﬂ ﬂc- b (;)l‘
on most lathes a serew or handle is provided for this pur ;oscb ]:‘.e ]i] ‘
lnnl. towards the shoulder with the compound slide set }'1r{xll‘cl‘t t?m b (Ilc
taking small cuts down the shoulder and testing with par io 0 o DO
the 0730 in. is reached.  Leave the cor ith p mieromeler wntil
t I C ¢ the corner with a0 4 in. radius blending
in to the 1250 in. diameter (Fig. 214 (d)). ) a

(viii) Tile o picee of material to 1-305 in. (micrometer or vernier) f
retting the tool.  Loosen the carriaee and with the same t lfr_’“’cr) '9‘1‘
clean out the corner radius at the § in. dinmeter, I)()H[.)(‘r 11 0‘(.) as in (Vi)
crosseslide indicating steeve when the too) just‘skimqhth(‘xc"uddmg on the

o A hi cerreios s s i § in. diameter,
Lock the earringe again, eheek the work for firmness l)ct\\-o;n CCHU:(:S and
¥ U
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set the tool from the other shoulder with the sctting piece. With the
100! thus set, face down the shoulder (Iiz. 283 (d)), stopping when the
1 in, diameter is reached (as noted on the slecve).

(ix) Grind up a thin tool & in. wide, rounded on its end. Lotk the

% .
75
22 07507, 7500 o
7 0
+005,
—— s

v 73
' ndercut both
% faces azshown
(2)Pin tote Turned .
¥ %
. X
RIS
—_ 1
(8) Rough TurnTep ard § Portion (0 Reugh Opposite End of Fin

272,158 s
- 2dting
! Fiece v
—— - S
g - (e} Undercut
(d) Facing ?\ h
Shoulders. I

Fic. 28t.~Operations in Turning 8 Vin.

carriage and using the gradustions on the eross and compound slide sleeves
feed the 100l in ¢ in. each way, to give the undereut (Fig. 244 (e)).
(x) Remove all sharp edges with a hle, remave burrs from centre loles

and polish diameters with fine emery cloth and oil, if n nice finish is required.

Lxawrer 8. To turn the limit gauge ahown af Fig. 215 (a) from cast
steel, The gauge is to be hardened, and ground on its end, gauging
diameters,

The English equivalent of 30 mm. iz 1-181 in., and of 130 mm. it s
518 in. We shall therefore require s piece of material 1§ in. diameter

LW.T. 3
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gauge until the markings are seen to form; engage the feed and allow the
tool to traverse to the other end. If, after the first attempt, the markings
are not deep enough, repeat the process (Fig. 215 (c)).

(vii) Remove the knurling tool and with the tool used in (iv) and (v)
relieve the ends of the knurling {Fig. 243 (d)).

(viii) Finish the top of the gauging di: s to 30-3 mm. dj
(i.e. 30 mm. + } mm. (0020 in.) grinding allowance).

(ix) Remove sharp edges with an old file, and any burrs thrown up at
the centre holes. Inspect the centre holes 2nd remove any roughness on
the countersunk portion.

Chuck Work on the Lathe

If the reader studies the full possibilitics of the chuck, he will
find that its technique opens up a wide field of interesting work, and
offers much greater scope for the development of the higher grades
of skill in lathe work than docs turning on centres. Unfortunately,
many turners are too prone to the use of centres and many jobs are
machined in this way which could be turned much more accurately
and cfliciently by using a chuck, If the reader, therefore, wishes to
make himself master of the full technique of the Iathe, he should give
sufficient attention to chuck work, and allow himself to be guided by
those of his turner advisors whom he knows to make full use of their

-

700/ Post
Grinder

Sleere:
————t—-— heldin
Jaws

-y

Extension
Spind/e

(@)Chuck Jaws Strained and (B) Method of Correcting
only Gripping at fack

Fic. 215.—Holding in the Chuek.

4-jaw chuck, rather than by those who always incline to the use of
centres, or to the 3-jaw chuck. A chuck may often be used in con-
junction with the tailstock centre and the combination forms a very
rigid and satisfactory method of holding, particularly for heavy cuts
(sec Fig. 251), .
To be properly equipped, a centre lathe should be supplied with
both 3-jaw self-centring and 4-jaw indcpendent chucks, the 3-jaw
having two sets of jaws for the purposes shown at Figs. 210 and 212 (8)-
This 1s not necessary on the 4-Jaw because the same jaws may be
reversed.  The 3-jaw chuck is quick, and casy to use, because the
work is automatically self-centred (or at least it should be, blut never
1s for the greater part of the life of such a chuck). For this rcason
many turners, and particularly the impatient young ones, usc a }')“‘“1\
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gauge until the markings are seen to form; cngage the feed and allow the
too!l to traverse to the other end. If, after the first attempt, the markings
are not decp enough, repeat the process (Fig. 215 ().

(vii) IRemove the knurling tool and with the too! used in (iv) and (v)
relieve the ends of the knurling (Fig. 213 (d)).

(viii) Finish the top of the gauging diameters to 30-3 mm. diameter
{i.e. 30 mm. + } mm. (0020 in.) grinding allowance).

(ix) Remove sharp edges with an old file, and any burrs thrown up at
the centre holes. Inspect the centre lioles and remove any roughness on
the countersunk portion.

Chuck Work on the Lathe

If the reader studies the full possibilities of the chuck, he will
find that its technique opens up a wide field of interesting work, and
offers much greater scope for the development of the higher grades
of skill in lathe work than docs turning on centres. Unfortunately,
many turners are too prone to the use of centres and many jobs are
machined in this way which could be turned much more accurately
and clficiently by using a chuek. If the reader, therefore, wishes to
make himself master of the full technique of the lathe, he should give
sufficient attention to chuck work, and allow himself to be guided by
those of his turner advisors whom he knows to make full use of their

1
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foere el { | Ginder
laws -~
-
Lxtension
Spindle
(a)lhuck Jaws Strained and (B)Method of Correcting
only Gripping at Back.

Tic. 216.—Ilolding in the Chuck.

4-jaw chuck, rather than by those who always incline to the use of
centres, or to the 3-jaw chuck. A chuck may often be used in con-
junction with the tailstock centre and the combination forms a very
rigid and satisfactory method of holding, particularly for heary cufs
(see Fig, 251).

To be properly equipped, a centre lathe should be supplicd with
both 3-jaw self-centring and 4-jaw independent chucks, the $-jaw
31a\_'1ng two sets of jaws for the purposes shown at Figs. 240 and 2427().
This is not necessary on the 4-jaw because the same jaws may be
reversed. The 3-jaw chuck is quick, and easy to use, beeause the
work is automatically self-centred (or at least it should be, but neser
is for the greater part of the life of such a chuck). For this reason
many turners, and particularly the impatient young ones, use a 3-)aw
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it must be reversed in the chuck for facing the other side parallel.
A good method of setting this is to use inside calipers from the face
of the chuck to the machined face of the disc, tapping the disc until
its inner machined face is parallel with the chuck face,

His approach to chuck work will bring the reader into contact with
two aspects of lathe operation which we have not yet discussed. These
are: boring and the use of mandrils,

Boring
To form the surface of a hole truly, it must be bored with a single-
point tool. A hole which has been drilled and reamed may be cylin-
drical, parallel and accurate to size, but there is no guarantee that its
centre line will be true with the rotational axis of the work because
the drill may have run out a little, and the reamer will have followed
the drilled hole. Such a hole, therefore, may not be true with other
surfaces which have been turned on the work.

A lole may be finished to size by reaming, after boring, with con-
fidence, because if only one or two thousandths are left for the reamer

. (&) Set-cip for Boring
Clamping Screw Square End For Clamping
Too! N 7 Jool post.

(8) Boring Bar
Fic. 247.—Boring.

to remove it will follow the bored hole, and the accuracy will be pre-
served. This method, in fact, is often a quicker and better way of
finishing a hole to size than by horing it right out, because when boring,
the fear of overshooting the mark and making the hole oversize, tends
to make progress very slow on the last one or two cuts,

The set up for boring is as shown at Fig. 247 (a) and the tool used
should be as large as will conveniently pass clear through the hole,
A rood and easily made tool is one forged up from round material,
and supported on a small vee block as shown. For large holes a boring
bar should be used, as this gives greater rigidity, and the tool may be
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ENXAMPLES OF CHUCK WORK T
pot on the top dizmeter, the small exd being small enoush to entes
203 the other erd larx

enorsh o that the mandrl will rot pess right throush ¢ Te
canse suificient frietionsl eontact for the work to be driven smsiest

the cxtt the mandril is foreed into the kel on a rendnl Freve{Fig 1
Mandrils are wswally made of mid steel. 2nd ed.

A mandeil should pot be weed 5 by vsine o ittls extra fore!
fasettnrup in the chuck. a surface ray be Enkhed that war., Al
randls are triue when new, thes tend to bevome damased, bent or
wern on their centre boles. 2nd @ oine & wom mandsil the readsr
may be puttine his confidence in something which is wenik

Examples of Chuck Work. We will pow disenss the production
wethols for a few chuck jobs, cddina the proviso, zs befere, that
atternatives are possible. but the methods we give represent mood
standard practree.  As guidine o in chuek work. as well as in
rany other machining operations. the rezdsr should obwrve the
following =

{a} Always do as many operatios:
This ensures accurate results sutomatically. As a simple exan
coasider the tuming and bornz of 2 bush.  If turning and benne are
both carrted out at the samx ing in the ehuck. the bore 1< sure to
be tree with the outside diarmeter. v otk thod. esing separate
settms, always opens up the possibility of errer.

(4} Rouzh cut all surfaces to withm & in of sizs bef
menetny to finnh. Taking the bush aram; if tke top din
Enicked before the hole is started. the heary drilling an
et the kole out may distort the bush with keat, or move it in the
chock.  Both faults woald be fafal

Esurere 5. To turn the Eusk shoen 2 Fiz. 225 (a) from eaild sfoed
21 1n. dizmeter, 2} in. long.
Furs: Setlinz

{1) Yet up the material in the $-jaw chuck, keldin oo a lenzth of about
fin Set the lathe speed to tum 17 in. dixmeter (ic. about 160 R.POL)

(8) Face the end antil it cleans up.  Put a drif. abouat } in. diameter,
o tte tadstock. and drill throuzh the work. If the 2rill tends to wobble
abont when Rt 1s pressed against the work, press the teol azainst it to held
& <0l This may be taken away when the drill has s_&aﬂc&

When the 1-in. drill has been {aken throozh, replace it by a
azd enlarze the hole (Fiz. 249 (2} 5

(1) Tura the top of the bush to 13} in. (1530 + %) diameter. for a
kegth of 2 m, (Fiz. 249 (c)) R

(1¥) Set a bortng tool so that its poiat is on centre, and its body clears
tte bole when paswed throush. Commence to bore the‘ boledh; g:f;;ng
a3 em - & n. deep.  Obtain inside ralipers, micrometer and 1-t ux
snge. Aﬂcré taking pnne cut throusk, measure the bore, than prlx‘ecf]
with the borna until the fini-hed size is reached (Fiz 249 (d)). At this
«taze the reader may finish bore to the pluz gavze, or be may bore to
within about 0-00 . of size, and finish with a reamer.  1f be feels confident
etonch to finish the hole by boring, that may be done now: but if be
secides to wse the reammer, that operstion should be postponed il the
wock i otherwise finished, and reads to be talen from the T
&iring to the plug gouge, bere to the pside calipers and

L —

12 af the gore setlin:

in. drill
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until onhv 1 few thousandths remain in the hole.  Pat on the cut estimated
to brine the hole to size, and traverse it in for about I in., run back the
earringe and try the plog gauge.  IT it enters casily, take off some of the
cut, run the remainder of the cut slightly further in, and try again with
the plug. which should, this time, cither fit or be too large. 1If the plug
is too large ot the fiest trinf put ona little more cut and try again.  Eventu-
alty, the end of the plug may just be entered, and then the cut should be
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undd face up to the 2-in. dimension (g, 249 () her of the shoulder,
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(vii) Finish ream the hole if this has been left for reaming.

(wii) With an old file remove sharp edge from bottom corner of Lush,
with a half-round scraper do the same on the inside bottom corner. (A
half-round scraper is an essential item in the kit of turner’s tools.)

Second Setting

Either 1 (a). Set up in chuck, holding fairly gently. Turn top to
2} in. diameter and face to length (Fig. 210 (f)).” Remove sharp
edges with file outside, and half-round scraper from bore.

Or 1 (b). Press on to a mandril. Turn top to 2} in. diameter and
face end to length. Remove sharp edges with file. Hold lightly
in chuck. Remove sharp edge left from not being able to face nght
up to the mandril,

Parting-off -

The reader will find that his work will be facilitated by being able
to cut off a job after he has turned it up. This is called parting-off,
and is carricd out with the parting-off tool as shown at Fig. 250.

In theory, the process of parting-off in
the lathe is simple, The tool 1s clamped in
position and carefully fed to the work which
it proceeds to part off without difficulty. In
practice, particularly on a lathe which is be-
ginning to show signs of wear, the process is
far from casy, and when the reader has ex- ——-—]
perienced the tool digging in and breaking,
he will realise that theory and practice re-
quire considerable manipulation to make
them agree. However, in spite of any difli-
culties, let him not descend to the humiliation
of cutting off in the lathe with a hacksaw,
but persevere until he has overcome the
difficulties which confront him,

The parting tool should have less rake than
aturning tool for thesame material, and should Fic. 230.—Parting-off.
be narrower at the back than at the cutting
edge, with clearance all round. The edge may be slightly tapered so
that it cuts deeper at the side away from the chuck, The width of
the tool will vary according to the size of work, but should be between
}in. and § in. It should be set slightly below centre and clamped
tightly, with the minimum of overhang. Before parting-off, the earriage
should be locked against lengthwise movement, and the compound
slide set in line with the bed. Reduce the speed to about one-half
that for ordinsry tarning and feed in the Yool slowly by hand. When
it has penetrated to about the depth of its width, withdraw it, and
move it a few t Iths sideways with the )¢ d slide; feed
in again, and aflter a further similar penctration into the solid metal,
bring it out and move it sideways a slight amount to the other sidc
of its original position, and so on. This minimises the tendency of
the tool to dig in and cause trouble. With thesc precautions and carc
in feeding, the tool should do its work without trouble, but if there
is end play (lengthwise slackness) in the lathe spindle the tool may
still dig in, and the thrust arrangements on the spindle should be
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CHAPTER 11

THE CIIUCK (cont.}—TIIE FACE-PLATE—TAPER TURNING—
SCREW-CUTTING

The production of more complicated parts often requires several
settings to obtain the desired accuracy and, in addition, resort must
be made to various other methods and aids, The following example
will serve to illustrate this, and it will be obscrved that although the
busli does not greatly differ from the one we have already discussed,
the shoulder at the bottom of the larger bore makes considerable
changes neeessary in the method of turning.

Txamrrr 1. To mahe the bush shown at Fig. 2452 (a) from material
2§ in. diameter, 21 in. long.
1st Setting

(i) Set up in the 4-jaw chuck holding on a length of about § in.  Face end.

(ii) Drill through, about } in. diameter, and open out the hole with
a 13 in. drill.

(i} Turn shank to 1}3 in. diameter (1-750 + %) for a length of 2} in.
(Fig. 252 (b)),
2nd Setting

(i) Ilold on shank in 8- or 4-jaw chuck and set reasonably true.

(i) Rough face end, leaving about 4, in. on the total length; rough
turn head to 2§ in, diameter and open out the hole to 2} in, deep with
a 13-in. drill (Fig. 252 (c)).

iii) Rough bore hole to 13% in. (& in. less than size), to depth of
drilling.

(iv) With specially ground boring tool, square out the bottom of the
hole toa depth of 2} in. + 4% in. Ifn bed stap for the carriage is available
set this to the carriage when the tool face is the correct distance from the
end of the bush ns shown nt Fig, 252 (d). Ieed the tool by hand, con-
trolling the point at which to stop winding the cross-slide, by the graduated
sleeve. Take a preliminary note of the reading when the tool just skims
the surface of the bored hole, and when winding in to cut away the metal,
stop at the observed mark.

(v} With the same tool as (iv), finish boring the hole to the plug gauge.
The bed stop will look after the depth, and use the power feed until the
carriage is about } in. from it, when the travel should be completed by
hand,  If no stop is availuble, feed the last } in, by hand, stopping when
the tool is felt to contact the shoulder.

(vi) Finish face bush end to & distance of 2} in. from bottom of hole ;
finish turn head to 2} in. diameter. Remove sharp edges from end of
hole and lhead,
3rd Sefting .

(i) Obtain a picce of serap material about 1} in. dinmcter, 3 in. long,
and set it in the chuck with about 2 in, protruding. Turn this down up
to the chuck until fts diameter is such that the 1-230 in. bore of the bush
will be a tight press fit. Fhis is to he used as a peg upon which the bush
15 to be supported for its final turning (Iig. 252 (e)).

. (i} Press the bush on to the peg by winding the tailstock barrel against
it (take care to keep the axes of the bush and peg in line),
267
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nd]ustcd. diffienitics i
creome by working W} t
versed. § to ould always e
and the cranked arting 10 as shown at
ain this.
ig. 261 (n) from 1-in. diamelcr

6.

oV

lathe T¢

chuck.

o atl
Ex.\.\wx.xz

in the 3- or

bar.
Joirst Selting o
() Obtain @ piect of 1-in- diameter par and arip it tightly
A-jaw chuck with aboul 1} in- protru(\'\ng. .
down the top o 2% in. diameter for o ngth of about 1% in.
(626 in. diameter for & length of 11n. (rig. 251 (b))
43¢ and chamfer end of pin.
) undercut and skim

ut corners furt

Yace end,
H 625/

V) with tool W

o of head

i) part off, feaving head % in. thick.

Note.—The head of the piv \d be chamfered vefore parting off, and after
the purl'\ng tool hav pcnc\r:\\vd a distd about = in. If done ut

end of the chiamfer <hould be measuret 3 from the underside of the hiead.
Second Sctfing

) Tlold on Jhank 10 chuck. push underside of hea
& am
(i Taet Lop Fig. 251 (eN-

d against chuch

d chamfer {

} sl truc.
0

jow
f head an

() Turn, Chamfer: Undercut,
and _Part-2 f

N (o) Face ond Chomfer
Head

116, 251.-—'!‘um‘mg u Yin.



CHAPTER 1n

THE CHUCK (cont}—THE FACE-PLATE—TAPER TURNING—
SCREW-CUTTING

The production of more complicated parts often requires several
settings to obtain the desired accuracy and, in addition, resort must
be made to various ullm‘_ mcthofls and aids. The following example
will serve to illustrate this, and it will be observed that although the
bush does not greatly differ from the one we have aleeady diseussed,
the shoulder at the bottom of the larger bore makes considerable
changes necessary in the method of turning.

Exawrew: 1. To make the bush shown at Fig. 252 (a) from material
23 in. dismeter, 23 in. long,
8t Sefting

(i} Set up in the 4-jaw chuck holding on alength of about § i

(i) Dl through, about 4 in. diameter, and open out
a 33 i drill

(iif) Turn shank to 113 in, diameter (1730 + ) for u length of 2§ in.
(Fig. 252 (b))
2nd Selting

(i) Mold on shank in 3- or 4-jaw chuck and set reasonably true.

{ii) Rough face end, leaving about 4, in. un the total Jength; rough
turn head to 24 in. diameter and open out the hole to 2} in. deep with
a 1}-in. drill (Fig, 232 (c)).

{iii) Rough bore Lole to 13} in. (g in. Jess than size), to depth of
deilling,

(iv) With specially ground boring tool, squarc out the bottom of the
hole toa depth of 2} in. + 3 in.  If a bed stop for the carriage is available
sct this to the earriage when the tool face is the correet distance from the
end of the bush as shown at Fig. 252 (d). Feed the tool by hand, con-
trolling the point at which to stop winding the cross-slide, by the ;:mdun.t(-d
sleeve. Take a preliminary note of the reading when the tool just skims
the surface of the bored hole, and when winding in to cot sway the metal,
stop at the observed mark,

(v} With the same tool as (iv), finish boring the hole to the plug gauge.
The bed stop will look after the depth, and use the power feed until the
camjage is about § in. from it, when the travel should be completed by
Jand.” If no stop is available, feed the last § in. by hand, stopping when
the tool is felt to contact the shoulder.

{¥i) Finish face bush end to a distanee of 2} in. from bottom of lole
finish turn head to 21 in. dumeter. Remove sharp edges from end of
hole and Jiead.

ﬂnl‘:‘;'rll[ng iat about 1} in. dinmeter, 3 in. long,

) Obtain a piece of scrap materiat abou! in. dia , 8 in, long,
and set it in (i:cp(-huck wl!hlubaul 2 . protruding. ‘Turn this dow;: u{l p
1o the chuck until ite dianicter is such that the 1-250 in bore of the : u~x|l /
Wil be a tight press fit, This 1s to be used as 2 peg upon which the bush /{.
B to be 5 its final turmng (Fiz. 252 (e). )
. (i) 1&«‘?3‘112?,‘3,5?2“'10 the peg by winding the tailstock barrel against
I {take care to keep the aaes of the bush and peg in linc).

2

67 .“ -

Fuce cod,
he hole with
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yare-out Bottom O

(a)S
W

Open- at Hole Rough
(@) 0pe" %f‘n %e:’xd °

) Peg for Last Qperation- (P Finish Turn 7ep. Finish Bore End
a52.—T urning & Bush.

{
11G.
face the

¢ shank
ce the en¢
g75 in. (1) plug gaugC.
cdges from all

remove sharp
eg out of bush.

053 (a) Jrom a casting

(iii) urn th
(iv) Bore the cn

Y nd half 10
chucek,
he ring sho
all oucr.

TaMPLE 9. To turn t «on at Fig
. of machining
1st Sciting
get up in 4-jaw chuck holding inside the pore on the outside of
the chuck jaws:
ii and rough turn top\yig. 23
d top diameter Fig. 253 -
, o radius tool.
holding on 1oP diameteT. Press machined
\sct top diameter truc with clock indicatoTm

\;Fig. 253 (¢)-
m corners.

and Setling

) Clamp in 4-jaw chuck

face back auainst jn
(i) Rough face an

3 and bore

i) I inish face
.¢ all sharp cdoes fro
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o
=

8 “ (\\
(@Ring 20 be Turned Radizs Too ?\
@) Ring £ be Firrmed W

{8)face and Turn Top.
e an /?add/sp &) Face and Bore

Fre, 253.~Turning 2 Ring.

Combined Use of Chuck and Tailstock Centre

When a bar is held in the lathe and subjected to a heavy roughing
cut, & considerable deflection is likely to take place under the pressure
of the tool, ‘It.shou)d be our object to support the work in such a
manner that it is as stilf us possible in order that the deflection may
e reduced to a mimmum. When & bar is held hetween centres, the
centres merely provide supports but do not contribute to the stil;’ness
of the shaft, and its ability to remain straight under pressure. Such a
shaft, when loaded, will be bent to the circular shape shown exaggerated
stFig. 253 (o). If, now, one end of the shaft is held in a chuck, whilst

i

BT TS T e T

_
Toof Pressure Prehsure
£nds simply End burlt-
3’/ supporte: "

Egurvalent Type oF Beam and Shape of Deflection
{&)8ar Supported on Centres (&) Lar Held :rz [664_1:1' and Supgarted
T fuCentee

I'te. 254.~Deflection of Work supported o the Lathe.

1hc‘othcr is supported by a centre, the chuck end of the shaft js kept
hatizontal by the restraining effect of the jaws, and 15 unable to t-~
Up an angular curcetion. Such a shaft will bend to the shape shov.
Santenated at Fig, 254 (b), and whilst there is stull some deflectid |
its amount will be less than that for the case where the ends are simy
supparted Ly centres, For heavy roughing cuts, therefore, we car
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THE FACL-PLATE a1

the face-plate opposite to the work, so that the face-plate is epproximately
in balance,

(ii) Pull the Jathe round and tap the work until tl:e marking out is true,
Set the seribing block on the bed or carriage and use the seriber point to
test the truth of the marking out. Tull up the clamping Lolts tight.

{iify Clean up the hole with a boring tool (or preferably & borinyg bar).
Check the 2-in. dimension by measuring from the step to'the edze of the
hole, and adding half the hole diameter to the measurcment observed.
If not correct, adjust, take another trial cut and cheek egnin, Check
slso that hole is central, by calipering between each edge, and the cdge
of the plate.

{iv) When the hole is correctly positioned, finish bore it to the plug
gauge (Fig. 236 ().

The next example illustrates the use of the face-plate to complete
the machining of a component which, for its first setling, has been
beld in the ehuek.

(S Bare tict:
fre
5wy

Rough and
/ Finish Face,
Rough Recess

Ring or Plate Finet Sottinn dn Chack
(Taped Sebiired b (B) First Setting in Chu
lole face-plate —_

Locating Ring us i (e}

Work Located on Face-plate
(il A

B
.
s
T
2'dra tosuit
Recess in Work

a

Fim'sh Turn Spigot

fﬁ

.~ Roweh Fo d Turn Spigods
Faced-up B\ \ e oss Toaiy 2
[N X g
/308 (ra
@ f“ﬁi;‘if‘»’nfm'nf{' (oot oF 7500 Sharper)

Fig. 237.~—Operations for Turning round Dlate,

Exasric 4. To turn the cosling shown at Fig. 257 (n) which kas to be
mackined on the faces shown *—"—" .

In work of this type it is important that the faces qf the machined
casting shall be parallel, and that the spigots on each side of the plate
shall be exactly true with one another, and with the 1}-in. central hole
(Le. all of them on the same sxis)



agu THE LATHE

1st Sclling

(i Jiold in 4-jaw chuck on the 71-im poss.  Set true on the diameters

and on the un-muchiucd top facc of the base get lathe at about 25—
M.

R'i('\i‘) Rough fact: yeaving -1 in. on base thickness. Rough turn

spizot yecess 10 6Li ine diametels S i deep- Rough bOTC central hole

1nin. dinmeter- . .

(i) gquare ont. recess to GIY iM diametcT (¥ig. a57 (D))

(iv) Finish face phase 0 thickness. . .
) 1vith same rool 1S ip (i) finish boTte Teeess. 'lrE\\'crsc the earragc

its diameter with 2 vernieT. allowing for the double
jaw thickness (¥ig. 159 (b)) Face the bottom of the reeess with the

il
Finish bote the 11 in central hole 1o the Jtandard plug gauge
(lathe speed may be increased for this poring): Remove all sharp cdges.

and Selling
1) Fit the f:\cc-p\:\\c, serew o ring of cast iron or steel to it and sct
:\ppm.\"\m:\icly truc. The Ting should be g 0in diameter and 3~ i thick
with tapped holes for SCTCWS. ¢ o number of such TIngs is available, &
suilable onc may be sclected for any job ~uch as this.

{ii) Turd a spigot on {he Ting 10 it the reees? just qurned in the job,

nd face up true.  The spigot <hould be about s i high so that the
on its pottom {face (Fig. a37 (e))-

(i) Clamp the job to the face-plates locating it 01 the ting.

(iv) Rough facc front. and rough turit 5 000 in. »pigot to 5 N

) \vith side tool, finish face to 2 in. thick. turd spigot {0 Doy iD-
diameteT and squarc out corncrs {inish loweT face 10 make spigot 3 in. high.

(v Finish turtt spigot 1O 4-009 5000 in. diameter with 2 knife tool.
Measure with & verniet (Fig. 257 (D)-

(vi)) Remove all sharp cdres with file and seraper.

The componcnt shown at Iig. 238 (@) 18 vx‘svntiz\“\‘ a fncc-plate
job, a8 it could not BHe set up the chuck with suificient accuracy 10
bore the hole par 1el with the basc.

Examri To bore the hole and facc the bosses on the component shown
at Fig. 258 (n)-

rhe hracket is o casting, and the hole will be cored about 13 i diamcter.
The base should be machined pefore the Lracket comes to the lathe for
horing.
15t Setting
. (1) serew the face-piate 1o the lathe. and bolt an
get the angle plate 44 in. from the centre of the lathe, by clamping @ mandril
\{\'\\\'(‘L‘h t:\c centres, and adjusting the angle plate until the distanct
setween the mandril and the anole plate is 3 in., less 1 ndri
c . ang ; s )i wif t 0
diameter (¥ig. 258 (). ' he mand

(i) ("l-.unp the bracket to the angle platc and sct the cdee of its base
flush \\'xt\} thie edge of the angle plate. This will bHring the Yored hole
square with the l.cw__zlh of the brachel. Sideways adjustment may be
eltected by threading # mandril through the cored hole, holding it petween
the centres and setting the bracket until the clearance between the
uuu‘\d\nl‘ and U‘\c hole is the same nt cach side. Tiahten up all ci‘xmps’
and balance the face-plate with a lump of lead 8 o 1o the
e plate. 1} ad bolted oppositc 1o the

(iii) Roueh face the outer bess and rough bo i

i toust 9 ¢ o re the hole Fig. 25

(iv) Finish bore the hole to the 1g-in. plug gauge mxtl i?ni:\dlsf('\c)')'
Serape shatP cdye from corner of hole. = EE shfact

angle plate to it.



TAPER TURNIN

a
1

A ]

" Bal
(@)Bracket to ke Bored /;;l«’ fones

B)Setting Angle Plate (€)racket Set-on Apgle Flate

(B)Setting with Strip
Paralléh —forFacing Boss__
Strip

Fic, 258.—Boring and Facing Boss of Nracket,

2nd Setting

() Turn the bracket round, and with the help of a parallel strip set
the ‘machined face of the boss parallel with the face-plate.  Clamp up
bght (Fig. 258 (ay).

(if) Rough and finish face the other side of the boss. Remove sharp
€dges from hole.

Taper Turning. Many lathe johs require that the turned surface
thall be conycal instead of cylindrical in shape, and the production of
sueh a surfaee is called taper turning. We saw in Fig, 226 (a) that
when the too] 15 fed parallel to the spindle a eylinder is turped, pin

,/ -
/%/n/uﬂy/e
of Zap

Axis of Revolution
of Work s

Strajght Line
Movement o

I'iG. 259.—Taper Turning.



15

the tool 18 atill kept 1 e % .zox\}nl planc through the '_\\"ox\-)k
axis, ond moved & an angic with this xS, a cqmcn\‘ surfnce {m\ ' c
i, 259) The same effect will be obtaincd if the to0 moves
and the ccorle 1S is ltered to D€ n

tion.
of turning taper surfaces: the chief of

which pbeing 88 follows : . i |
Compottnt Slide Vethod. Guding the tool at @ guitable ang c
py feeding it with the compoum\ e set ab the cpm:ct angic. Th

% or bLOTING: put the engt!

method may be

of surfuce th ; urned 18 ite | of the comp
Sa0 Limits s me o short jobs is

slide. Anoth

. (he Slide W tends to cause fatig

the opvmlor, an cing turned. A du

showimg this mc : 1 5 ¢ 4t Fig. 200

i) Forming rool. A short extler L per may be turned with a
flat tool sct at the correet angle 08 Jhown 8 Tig. 261. This method

is only pr:\c\icnh\c for short Wo¢
there is 8 tendeney for the wor
rough finish.  The cdge of the tool must be cxactly straight 1
is to be pecurate. \We have already used
small chamfers on the corners of example> under discussion.

i
i Half Angle
K of Taper

Tic. ‘ZG\.—-—Tum’mg a Tapet with @ Straight Tool.

(i) Selting over the Tailstock. This method is limited to the P

duction of slow external tapers on work held between centres

this method for turning
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tool is fed in its normal dircction parallel to the bed, whilst the teork
is causcd to rotate on an axis inclined at an angle. This is achieved
by sctting over the tailstock centre, so that instead of the line of the
centres being parallel to the bed, it is inclined at a small angle. Then,
when the tool moves along the bed, it will cut o taper on the work,

Tailstock
Set-over
Lothe

Taper Angle =2a

is €

s
A
Axis of.
e Reyolution
Too/ Movement @ ri

Faralfe! tolathe
Axts BC

(@) Taper Turning by Setting-over Tailstock
' 3 223 ol =
' 9*‘—'——'%’————4*—3}—
T ——— :
? Kt ==

(3) Diagram for Example(c)

I1c. 262.—Taper Tutning with Talstoek Sct-over.

the angle of which will be fwice the inclination of the centre lines
(Fig. 262), We have already discussed, and illustrated. the method
by which the talstock is set over (p. 244 and Tig. 233 (b)) ; the amount
of set-over is determined as follows:

When a taper has to be turned, its proportions will be given in
one of three ways :

(a) As 1 in so much, e.g. 1 in 10 on the diameter.

(4) As so much taper per foot of length, e.g. 4 in. per foot on the

diamecter., 3

{¢) The total angle of the taper will be given in the same way as

the angle of a wedge.

{a) The total taper on the work will be found by dividing its length
!’y the length in which unit taper occurs, and the tailstock set-over
s me half this amount.

For example : To find the tailstock set-over to turn a taper of 1 in 20
o0 a job 9} in. long.

Taper on diamcter =1 in 20, .

Taper on a length of 9} in, = 9} — 20 = 0 1623 in.
- . 04625 = 0-231 in., i.c. sbout 1 in. /7
' Tailstock set.over -—g s



THE LATHE
\otizonta\ plane throngh the .work

ina !
with {his axis. o conica\ gurfact will be

axis, & a4 moved & an angic ¢
roduced g, e same € will be obtain if th tool MOVES
i its origd 1 dircetion & v the .corle axis ¥ altered b bhe at an nglc
ith the 1 th ol motio
There a1¢ ious methods of turning {aper gurfaces, the chicf of
which being qs follows: - )
Conpount Slide M thot Guiding he ool at @ suituble angle
1t with the compo\md Qide set @ the cprrect angle s

by feeding it wi :
mcthod may be used for external turning, °F boring,

Tic. 260 Taper Turning with Cumpnund Stide.

f surfact that may be turned is limited to the travel of the compound

lide. Another factor which limits this method 10 chort jobs 1S that
he shide may only be fed by hand. which {ends to cause fatigue to
the operatols and srregulanity in the surfact being turned. A diagram
howing thas method of taper turning 15 <hown at tig. 260.

(1) JForming Tool. A short external tapet may be turncd with a
flat tool set at the correet angle as 3 i

iw only pnurﬁvab\c for short work. as if 8 long surface 15 being turnc
there 18 @ tendeney for the work to vibrate and chatteh resulting ina
xh'cmgh finish. The cdae of the ool must be exactly straight if the work
is to be accuratc. \We have already used this method for furning

small chamfers on the corners of examples under discussion.

.
i patf A ngle
5 of Taper

Ti6. ‘Zm.——Tum'mg a ‘Tapes with @ Straight Tool.

(i:ﬁ) Selting over the Tailstock. This method 18 limited to the pro-
duction of slow external tapers on work held between centres. The
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tool is fed in its normal dircction parallel to the bed, whilst the work
is caused to rotate on an axis inclined at an angle. This is achicved
by setting over the tailstock centre, so that instcad of the line of the
centres being parallel to the bed, it is inclined at 2 small angle. Then,
when the tool moves along the bed, it will cut a taper on the work,

Tailst
Taper Angle <2e ailstock

Set-over
Lathe Axis €
——
4
Axis of,
< Reyolution
ool Movement @ Work
Fargilel tolathe
xts BC

(a)7aper Jurning by Setting-over Tailstock

Z
e e = iyl ":}‘:
J S =a

(3) Diagram for Example(c)

TG, 262, —Taper Turning with Tailstock Set-over.

the angle of which will be ficice the inclination of the centre lines
(Fig, 262). We have already discussed, and illustrated. the method
by which the tailstock is set over (p. 244 and Fig, 233 ()} ; the amount
of set-over is determined as follows :

When a taper has to be turned, its proportions will be given in
one of three ways:
{2) As 1 in so much, e.g. 1 in 10 on the diameter.
() As so much taper per foot of length, e.g. 1 in. per foot on the
diameter.
{¢) The total angle of the taper will be given in the same way as
the angle of a wedge.

(2) The total taper on the work will be found by dividing its length
by the length in which unit taper occurs, and the tailstock set-over
is one kalf this amount,

¥or example : To find the tailstock sct-over to turn a taper of 1 in 20
on a job 9} in. long.

Taper on diameter =1 in 20.
Taper on a length of 9} in. = 9} < 20 = 0-1625 in.

. 04625 = 0:231 in., i.c. 15 in.
Tailstock set.over = ode 5 = 0-231 in,, i.c. about }} in.



a0

m I the total taper T foot of Yenath 38 -
other 1enath 3% in propmﬁm\ and the cet-over I8 ont h:}‘\f. of this.
Yor exampie The {ailstock cetoover 10 jurn 0t Laper of 3 in. peT oot

siven. the {aper on any
= -

on 9 job 14k i long. 3 wa B o0
14 H3 LAY . ou .,
potal tapet in 14} i Jength =~ —1-3'- Wy W x3” 5 in.
3
120 =y
Tailstock ~ct-over s G0l T & in.

o taper 18 given asan included angle., the tailstock centre

() when th lstoc
wit te the 110:1x\s\ock 1S inclined at

must be set S0 that the line joinin
one hatf this angle. ) .
n Fig. a2 (0 1t I = 1ength of work: &% tm\stock set-over and

o = -.mg{;‘ of taper. \C
Then the angle ABC willbe 1 and ;,\13; —ein b2 30 AC=AD sin 32

Yor exnmple To find the tailstock set-over 10 turn o aper of 6° on

n jub j2 in. lond.
In this ease AR - 10 and =z = 3
AC - col-oveT 7 12 % sin RO s = 0 398, i.c. about & in.

el

When the Lailstock has heen set oveT as near as possib\c to the
caleutated amonnt, the turnibe is pvr\"urmm\ in the usual way, until
the small end of the tapet will enteT the gauge (€€ Jater). after which
the tailstock must he nd}ns\cd to correet any crrot prcscnt, and o
second trial ent {aken.

\lthough the line joining the contres 18 inclined at an angle, their
Jdirections are not along this line but il p:\m\\c\ with the bed. This

anses thert disposition relative to the cenirc hole in the work to be

as shown at Tig. 268 and leads to some distortion in the holes, par-
ticularly when the taper 18 large. A

\\ﬂ other  point connexion with this
. \\\\,,» method 18 that the set-over (\cpcnds on
— ..1\3\;\\1 ) the length of the job. €0 that if the same

N e 22T K 3 \ Q

\\\\-\\\ g taper has to be turncd on 2 number 0

N \\\\ picees whose lengths vary Slightlys then
j there will be some variationin the tapers

Fre. 2 \ifrect of setting aver unless the tailstock is ndinstcd to suit.
Tailatock Centres The safest way. if poss'\\)\c, is to cnsurc
that both Jength of work and depth ©
centre hole are kept the same on all bars. Stilt bearing this point in
wind, the reader should vizualise the offect on the turngd taper when
the tailstock end of the work is badly out of square and has m;t been
faced up. ) ’ . I
(iv) Lang Taper 11 ales.  When @ taper hole is relatively small and
lony, i3S not practic: ble to hare 1t with a ool and it 18 formed witl
a taper reamer. We have already Jiscussed the drilling of small tapc
\}\\-‘\\\'\\cs with n taper reamer, and the reamer for \:\rﬁ;r holes is ver
shmilar. Generadly, for laxger work, the hole is first ;(mﬂhcd m{b wit
o pouziung reatner, the teeth of which are designed to Tremove met

S te pent its besty U o peami S 3 1
quickly, o3 A its best, taper reaming is 8 slow job. Pingrams of roug
o
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Finishing
Fic. 263.—Taper Rteamers.

ing and (inishing reamers are shown at Fig. 264, where it will be seen
that the teeth of the rougher are notched to help cutting and break
up the chips. When reaming a taper hole it should first be drilled
as true as possible to a diameter slightly smaller than the small end
of the taper.

The Testing and Measurement of Tapers

The most satisfactory method of testing a taper which has to fit
a similar taper, is either to turn the one to fit the other, or to work
to taper plug and ring gauges of proved accuracy. When tapers have
to be produced which do not fit other tapers, or in cases where some
latitude is allowable, it is possible either to measure the taper angle
with a protractor, or to find the taper by measuring at two diameters
a certain distance apart, with ealipers or micrometer.

Diagrams showing taper plug and ring gauges are shown at Fig. 265,
and when they are used they must gauge not only the taper, but also
the diameter of it at some point. On the plug gauge this is often
arranged for by marking a line round the gauge at the large diameter
of the taper, and the plug must be let into the hole being gauged
until this line is flush with its large end face. The ring gauges are
often made with their large end diameter equal to a stated dimension,
and when using this gaupe, its end must stand at a certain distance
down the taper, from its largest dimension. Instructions for this are
often given on the working drawings, but
1f they are not, it is a fairly simple matter
to work it out; for example, Fig. 266 (a)
shows the drawing of a taper, together with
particulars of the pauge which is to be
used for it. The difference between ke
drawing dimension and the large end of
the gauge is 00375 — 0 8§73 = 0-0625 10,

(ie. % in

(Rron d 51y,
Fi6. 265.—Taper Gauges. AN
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gipee the gaper is 2 M per foof of length, 8 ditterence of & M

P
on the dinmete? will cnrnzsptmd toa fength differenct along the {aper of
1

T g =1

- 1"
Fetal Teper 2 per ft

Tlence when the taper is finiched the end of {the gauge must
11 in from the Jhoulder on the work (Fig. 260 (.

Use of Taper Gauges

When a taper 18 being furned or bored, the gause should be tried
as soon A4S abhout nn ineh length of om,u\gcnu-n\‘ can be obtained. Put
Y lnugnm\inn\ chalk mark on the male portion (i.c. plug gauge, OF
bar to be tried), fit the work and gange together and rotate them
onee oF twice, When they ar¢ taken apatt the ¢halk will be seen to
have heen rubbed awa¥ more al one end if the fit is not correet, 8D

the seting must he adjusted until the chalk mark 18 rubbed cqually
all along its length. After rc-:xdjmtmvnt of the selting, be carcful
not to remove Lo0 anich when faking frial cuts bheeause, 48 we have
ween from the nbove examples SPRLD Laken off the diameler of o % n.
per ft. taper, allows the gause 1o move & further 12 in. along the work,
and at this rate the taper may be down to SiZC before it. has been
correeted.

Vorse tapers are commonty used in the workshop and pnrt'\cu\m‘s
of these @#re given 10 the Appon(\ix.

Tapers #7¢ turncd on the more c.\:pcnsi\'c\y (:qu'\ppcd lathes with

the aid of o taper {urning attachment, and when W€ come to 2 further
djntassion of the lathe wWe hope to give p:\rt'\vu\nrs of this method.

Scrcw-cutting jn the 1.athe

o many peravis conneeted with the lathe: _inelnding somnc enchers
of its &(:(-hni(mc~-~thc he-nll and end-all of lathework 18 the cutting ©
p ECTCWS This attitude s:prr:uh to those who are learning 1o nscﬁt 3
maching, with the result that many of them wish 1o cut ¢

iy he mos!
dittienlt and uncommon serews long before they have mastered th

higher aspecls of simple turning. Lot s warn the reader ageins
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such a misapprehension; screw-cutting does not occupy such an
important place in the technique of this versatile machine as many
people would have him believe. It is uscless to he able to cut the
most wonderful screw if one cannot plan and execute one's work so
that its axis is in the correct relation to other important surfaces on
the same job.

For cutting an accurate screw, it is necessary that the relation
between the movement of the saddle, and the turns of the work, should
be carefully controlled. This is brought about by means of the lead-
sererc, the Jong screwed shaft which runs along the front of the bed.
This serew is driven by a train of gears from the spindle as shown at

Gear Keyed to . .
Spendje - ] Work solidly fixed to Spindle

. via Driving Plate (or Chuck for
Ly Sprndle Chuck Work)

é h RH.Thread

Teol fixed
toNut viz
Carrvage

Gear Keyed to ! RH Thread

Leadscrew -‘—‘

: Bl iy \\\‘\\\\\\ \“\ﬂ\\
RS
%jrm. 267.—1 i jon of S ting

1235, Usually the drive is first carried to o spindle called the stud,
iich for all purposes may be assumed to be the spindle itself, as it
ates at the same speed, and in the same direction, unless c,nuscf]
reverse by the tumbler mechanism, From the stud, the dm'fa is
weyed to the leadscrew by a train of gears, and to vary the relation-
P between the turns of the leadscrew and those of tlx.v: stud, these
s may be varied. In Fip. 235, gear A on the main spindle is
>wn driving the stud gear D through B, and since A and D are the
ne size, the stud revolves at the same speed and in the same direction
. To reverse the stud for the purpose of reversing the feed or
dserew, the nut holding the top quadrant is Toosened and the_qundr':lu!t
ung sothat B comes out of engagement with A and C‘gocs in. l( ;s
permanent mesh with D.) A now drives D through Cand I‘l w 1'153 h,
 introducing an additional gear, causcs a reversal in the rFurgc ":::
. To drive the leadscrew or gearbox shaft nnuthc}’.g('a;‘ ] 'Sdl‘c
< the stud and, as shown in the diagram, E then drives F, an 4-/[\




i)
() Gauge i Finished Fosition
Taper-
t stand

Q(RG.IG:\\\g'mg a
of the &F g

is ('\n'\s\\(‘d the end
¢ work (ng. 066 (1))

F16.

Scrc\\"cmting in
Ta many, pers
of its Lechmque— e beall @
o SCTCWs This attitude SP ds to thos
taching wi the rest
dittientt and

higher

mastcr

- have
cader

¢
, the T

asp



SCREW-CUTTING IN THE LATHE 219

such & misapprehension; screw-cutting does not occupy such an
important place in the technique of this versatile machine as many
people would have him believe. It is useless to be able to cut the
most wonderful screw if one cannot plan and execute one’s work so
that its axis is in the correet relation to other important surfaces on
the same job.

For cutting an accurate screw, it is necessary that the relation
between the movement of the saddle, and the turns of the work, should
be carcfully controlled. This is brought about by means of the lead-
serew, the long screwed shaft which runs along the front of the bed.
This screw is driven by a train of gears from the spindle as shown at

Gear Keyed to o 3
Spindle Work solidly fixed to Spind/e
. via Driving Flate (or Chuck for
-eLy Spindle Chuck Kiord)
Y a2
- i
g I R.H, Thread
Intermediate .
Toof Fixed
ear toNut-via
S Carrizge
Gear Reyed to ! RHThread
Leadscrew

X

i%j‘m. 267.—Diag i ion of S tting.

Fig. 225, Usually the drive is first carried to a spindle called the stud,
which for all purposes may be assumed to be the spindle jtself, as it
Totates at the same speed, and in the same direction, unless caused
to reverse by the fumbler mechanism. From the stud, the drive is
conveyed to the leadserew by a train of gears, and to vary the relation-
ship between the turns of the leadscrew and those of the stud, these
gears may be varied. In Fig. 233, gear A on the main spindle is
shown driving the stud gear D through B, and since A and D are the
same size, the stud revolves at the same speed and in the same direction
35 A. To reverse the stud for the purpose of reversing the fee’d or
leadscrew, the nut holding the top quadrant is ! land the q
snung sothat B comes out of engagement with A and C goes in. (B 1s
In permanent mesh with D.) A now drives D through Cand B which,
y inerducing an additional gear, causes a reversal in the dnr_echun
o D. To drive the leadscrew or gearbox shaft another gear E is put
o0 the stud and, as shown in the diagram, E then drives F, and G,
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which is keved to T drives 11, giving @ compound train. ID the arrange
1 show! i win from L 1o 11 maYy be obtained by pack'mg
1 out level with 1 and putting & single connee ing gear on the lower
quadrant. To prm’idc nd)ustmcnt for correet meshing, the pin carrying
1 and G maY be moved along the q\mdrant and the whole assembly

The connexion hetween the eadserew and the saddle 18 cffected
by a nut, fixed to the incide of the apron, and gerewed o suit the
endserew. This nut i¢ made in one or two halves and arranged
in such a way that, by operating # jever at the front of the apron
the halves may be engaged with the 1eadserew g, 236). .\\'hcn
the nut I8 engageds the saddle moves alond the bed 8 distance
cqual to the piteh of the Jeadserew for cach lurn of the screws an
sinee the tool which is used to cut the thread on the work is for &
purposes solid with the carriagCs this moves {he same distance.
thus have 8 rotation of the work, combined with a fixed long'ltudinnl
movement of the tool for cach turn the work makes and the result is

n serew formed on the work as shown di'mmmmnt'\czﬂly at Tig. 207.

Gears for Serew-cutting. \We may now procccd with the
dc\crm'\nul'\on of corew-cutting ratios. The speed ratio between
the leadserew and stud is ('(m'lr()\lcd by the gear drive connccl'\ng them,
and as We have pre\'ious\y seen, this relation depends only on the
number of tecth in the gears, with small gears furning more times
than large ONes. The types of gear connesions on & lathe arc simple,
and compunnd. In the simple train shown ab Tig. 268 the gear on

o°

Sud revolving at same speed

(f’“ N / o machine spindle
ag o e pe rexcrsed by tumbler cars
\; .1777’/ ‘ { Y gears)
. H /' k\' /’:}
Te e LN X
n —dap- V0 peadserew B
priver (A) \; 1 o { W
A R S
R o\ i }
N i
Interimedicte Y V74
e S
priven(l})

Ti6. ap3.—-Simple Gear Train.

the stud drives direet through the intermediale gear to the gear on
the leadserew: The intermediate gear has no cliect on 'Lﬁc‘ ratio
between driver and driven, but merely acts a8 a connexion bct\\"ccn
the two, :mf\ cerves 1o keep the rotation of driver and driven in the
same dircction. A compound train is shown at Fip. 269 Ilcre the
intermedinte stud carries two genrs which arc kcvca l.(-xrvc‘thcr so that
they rotate as @ \'mil. The drive now is, (@) stud on to dri\'c;l inter-
mediste, (by driving intermediate on o leadscrew, SO that as well as
acting as @ connexion between ctud and leadserew the ix\{érnlcd' te
gears influence the ratio Letween stud and 1cadscr’cw. recinte
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@f( Intermediate Sted
?”’ =

k\\ Legdscrem
Dertl’/L'/
Drlye/r{l)l
twogears Driver(E) \\
Ir:yianwqcm 0 ) v
cndrevolveas one

Dnvcn{}‘/
Tic. 269.—Compound Gear Teain,

We shall appreciate most readily the determination of the ratio
to cut any given screw if we first consider what happens when we

cut a serew with a —}ratiu between stud and leadscrew. When the

spindle turns once, the leadscrew turns once, the tool moves along
one pitch of the leadscrew, and therefore cuts a thread of identical
Spindle turns - —{he
Leadscrew turns &
will move 1 pitch of the leadscrew whilst the work tums trice, and
the thread will have a pitch of ene-kalf that of the leadscrew or, it
will have fwvice the number of threads per inch.
Bu I%’%:%mmns that we must hach 2
since a small gear rotates faster than a large one with which it is
engaged.
Hence we may say
Driver teeth  Leadscrew turns Thd. per inch on Jeadserew

piteh on the work. 1If the ratio is

Driven teeth = Spindle turns _ Thd. per inch on work "
or just s Drivers _ T.P.I on leadserew _ _Pitch to be cut
S Prven = T T.IL to be cut - Pitch of leadserew

) . 1
(Smce Pitch = m)

When the fraction representin QII; VS has been found, it must be

thrown into one containing numbers equn] to the numbers of tceth
in whatever gears are av: cailable to make up the drive. Often lathes
are "‘lmppcd “with a set of gears ranging from 20 T. to 120 T. in steps
of 5

I'xmrxr 6. Calculate the gears for culting the follocing screxs on a
:ﬂl)lne‘nllx a legdscrew of 4 T.P.1. (a) 9 T.P.1., (b) 12 T.P.L, (c) 22 T.I".L.,

1e) Drivers  T.P.L leadscrew

4
Driven ~ T.P.L to be cut o'
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T

452 rues e
20 ) o
sultiply {op and hottom by 7y A simple train with 20 T, on

. . i .
the stud driving (hrounh A0 inte redinte 1o 45 Tt on the Jeadscrew.

Prisers A _l ~ ‘.’._(1

) Driven 12 3 6o’
je. N <imple train with oy TLoon Jud driving o 60 T. 0N the Jeadserews

Piners r ‘:'B‘
Q) el 0 N0

Simple {rain with 20 op, drnand 1o T.
I Privers i
) Driven o

L3

‘20 .
which would pive a5 if mu\\\p\\m\ Lop and pottom by b
.t}

But as ? 1a5 Tt is heyvond the capacity of the usual sct supp\'\cd
with @ athe, W€ cannot oblaitt you as 8 simple {rain. Let us conver
to & cmnpuum\;
on 4P
135 9 > o’
multiply the first fraction bY 5, and the second bY 6. This gives
o0 > K\l
4 - O
This s 8 cmnpu\\m\ {rain with o P, on Ahe stud driving 49 1. in the inter-
medinte and #0 T, on e m\vrnm\in\v anving 90 . on the lendsercey:
AWhen the pitel, jnstend of the thread, peT ine his given, the methot
is similar

ExAMrLY 7. Caleulale the gears for culting the _follo:cing screws on @
Jathe with @ feadserat having 6 threads per inch.
(a) in. piteh. o 200 in. pitehe (€) o threads in 3 ine
() o0 thireads per foot.

(@) \When the piteh js piven W€ have that

Privers Piteh 0 he cut
Pnven iteh of \m(\.\crc\\"

cinee the loadserew has G 101, W piteh js L ine

Privers W B 3
1ilence . AR . :-;G = 8 2.
1rnven b a2 1 g2 106

et 45
Jultiplying Lop and bottom by B pives Q‘("\ as o stmple train.

PIrivers o200

» ere W€ have A pie
Iiriven

»
o

But since 0-200 = ‘i‘(\' this pives us

SR T 12 O

Yo 500
{.c. €60 T.on the stud driving through an iu\crmcm:\\c to 50 T. on !
Jeadserew. .
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. . . . 3 31
(c} 5 threads in } in. gives a pitch of 7 + 5 =7 x 5=
Drivers J; 18 9 43
Driven =
i.e. a simple train with 45 T. driving 50 T.

. . . - . 12,
(d) 50 threads per foot, i.e. 50 in 12 in. gives a pitch of 50 o
Drivers 12 72 36

Tlence Driver = F ~50 — a3

i.e. G0 T. on the stud driving 50 T\ on the intermediate and 30 T. on the
intermediate driving 25 T. on the leadscrew.

Note.—When the reader has made a fraction of the respective thread
per inch, or of the pitches, lie need not worry in remembering which are
drivers and which driven if he realises that to cut a finer thread than that
on the leadscrew, the leadscrew must turn slower than the spindle, snd
vice versa.

The Lead of 2 Thread—Multi-start Threads

So far we have only considered the case where a threaded shaft
has a single thread running along it as shown at Fig. 270 (a). It is
possible, however, for a piece of work to have several separate and
independent threads running along it, and Fig. 270 (1) shows a cylinder
Piteh Fitch ead.

NI

Ve
J- WA
bl PR
i (U

{a)Single Thread (3)3-Start Thread of Srmilar Prtch
(Starts pumbered 1,2and3)

Fic. 270.~Single ond 3-Start Threads,

[

with three threads. Such a serew would not look much different from
one having only a single thread, but if one thread is followed round,
it will be scen that there are two more fitted in between, and in one
complete turn round the bar the thread advances three times as far as
H it were a single thread. This distance that any one thread advances
along the bar whilst it makes one complete turn is called the lead.
The different threads are called starfs, and we may have single-start,
tvo-start, three-start, ete., threads, Multiple start threads arc com-
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monly used on fountain-pen caps <o that the cap may be screwed up
quickiv. In any thread the pifek is the distance between two adjoining
threads, so that in a three-start thread. since there are three separate
threads, the lead will be three times the pitch.  In gencral, we may
say that if there are “n ™ starts, then lead == n x pitch. A single-
start thread has pitch cqual to lead. ) .

Now the piteh of the thread determines its dimensions (height,
thickness, cte.). and if the reader has followed our discussion regard-
ing the leadserew-speed ratio for cufting, he will see that it is the
lead which must be uscd when calenlating the serew-cutting wheels.
Ience use the lead when caleulating wheels for multi-start threads.
{Note.~—~The leadscrew is always single-start.)

Exavrrr 8 Calenlale the change wheels jor the following (hreads,
(a) 16 thd. per inch 3-start, (b)) ] in. pilch 3-start, (¢} 3 thd, per inch 2-starl,

Leadserew has o4 thd. per inch,

{a) 16 T.P.1. 3-start has a pitch of J; in,, and a lead of 4% in,
Drivers lead of thread 1203

" Driven T lead of leadserew © 1 T 16~ 4
ie. 30 T, driving 40 T. in a simple train.
() § in. pitch 3-start has a lead of 3 3 2 =2 in.
Drivers % 36 90
“ Driven 178 T

i.e. 00 T. driving 20 T, in a simple train,

() 3 'T.P.IL 2-start has a pitch of 3 in., and a lead of § in.
Drivers £ 8 80
J
EY

=y T

** Driven
i.c. 80 T, driving 50 T. in a simple irain.
Lathes with Screw-cutting Gearbox

On the more expensive lathes it is not neeessarv to fit up the drive
to the leadscrew every time a thread has to be cut, because the ratio

et e T
e i i}
MELAIEANSREIIES ]
A b S e
PN PEATEEIP I FOPRTS 1V

[y
[®]

~0O

D

Cemcemtmmcmma

\¥
1

Fic. 271.—Quick Change Gear-box for obtaining Feeds and Threads.
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required can be sclected with a gearbox. Full instructions are gener-
ally given on such lathes and a diagram of such a box is shown at
Tig. 271, The reader will notice that this box cnables different feeds
as well as threads to be obtained.
Cutting a Thread

The form of thread which we shall usually require to cut is the
Whitworth, and particulars of this thread are given in the Appendix,
p- 296. Screwing is usually the last operation to be performed on an
otherwise finished piece of work, and when the diameter of the screwed

w
ting up to Shoulders
and Chuck Jaws

Tic., 272.—Serew-cutting Tool (for Vee Threads),

Cranked Tool for Cut-

portion has been turned down to the top size of the thread and the
change wheels fitted, a serew-cutting tool must be obtained, This is
similar to a parting tool, with its end ground to the vee form of the
thread, and rounded off nt the point to suit the radius at the bottom
of the particular thread to be cut (Fig. 272). For obtaining the correct
angleon thetool a screw-cutting gauge (Fig. 273 (a}) is necessary, whilst

el

(@}Screwcutting and Centre Gauge

? Tnternal Tost
(6.2)

(5.3)

(b)Setting the Screwcutting Tool
Fio. 273,
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o gct the radius at the end. 2 pitch gande (Fig. a74) is useful. This

fatter gangt which incorporatcs templates of the usual range of threads,
ne

in als0 usefud for inspeeting the correeiness of pitch at tne commences

ent of cutting, and for Jetermining
or cerewing cast iron and brass, {hie serew
o top ake, whilst foT stecl,

thot for an ordinary furning . ) )
snhsf:xctorﬂy to form it must be

et on eentrt and with its qxis square with the axis of the work. This
ccond scting is pcrfm-mcd with the aid of the serew-cutting gauge,
as shown at Tig., 27 The tool must now be traversed 8 number

under the control of the leadserew and fed

a .
of times along the work
deeper cach tim¢ until the thread has been cut to the correct

depth (o7 cHohtly lesss to leave for finishing with @ chaser): The

= - . . -
pruccdurc adopted for this progressive feeding IR of the {ool varics
amongst different turncrs, and many feed straight in with the Cross-

{James Chesterman & (o, Iad

116G, o74.—Serew Pitch
Gauge.

dide.  This canses the tool to cut on Loth faces of its vee form
condition of cutting which is not always satisfnctory. Trom ¢X )cric;
of all methods, we rccmnmcm\ the following as hHeing th(; o;\};z v
the }wst results both in cutling and n HH\\T\pU‘ﬂﬁO“r.’ ¢

] Get, the compound qlide so that it makes half the thread a1
\nlh_lhc axis of the cross-siide (.. a7)e for Whitworth :m(:l 30°
metrie and 1U.8.8). This slide should be well adjusted sO that
movc_mcnt has o firm feel about it Set the cross-slide so that
tool just serapes the diameter 0 be serewed, and sct the croés*
stop 1o prevent the tool moving any further in. It there is no s
chalk the gmduntcd sleeve SO that the cross-siide may be .wour;
the same place each time.  After putting the machine on a slow-s’
engage the m\t,_m\d {he tool will move along, seraping '1‘ thin 1'.'
the thr.(::\d. _\\hcn it reaches the limit of The ﬂ\rc:\zl‘\\'ithd “w
cross-slide quickly and disengage the nut (the left h-md,kzhm 1 lri;
on the cross-stide handle and the right hand on ‘Lhc. lcvér folr(thé
Return the carnage Lo the starting position, wind in the cros

i



CUTTING A THREAD 287

to the stop or chatk mark, and put on a small amount of cut with the
compound slide. Engage the nut, and allow this eut to travel along,
end withdraw the cross-slide and nut at the cnd as before. Repeat
the process until the thread is almost to its full depth when, to clean
it out to form, the last cut or two may be taken by feeding straight

Attackment to
cross-shide

Stop red

for erabling
£ross-shide to
be Fed bo same
position

Lut, puton
with this

Cross-shide
handie

Stop bracket,
Ssolvd with
carriage

2
S adjustoste
stop nuts

Tic. 275.—Set-up for Cutting Vee Threade

7 with the cross-slide. The final finish should be given to the thread
with a chaser, as we will explain later. In Fig. 275, the successive
iteps of metal removal to form the thread are shown by dotted lines.
When used in this way, the top rake of the tool should slope back
»erpendicular to the left-hand edge of the vee as shown, nnd. the tool
will then cut very efficiently. The finish of the thread will be improved

by using cuttineg lubricant.
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to the stop or chalk mark, and put on a small amount of cut with the
compound slide. Engage the nut, and allow this cut to travel along,
and withdraw the cross-slide and nut at the end as before. Repeat
the process until the thread is almost to its full depth when, to clean
it out to form, the last cut or two may be taken by feeding straight

Altackment to

/
Metal removed eross-shide

inlagers thus

be fed to same
positior

Cross-slide

Stop bracket,
sofid with
carriage

Adjustable
Stop nuts

Fi16. 275.—Set-up for Cutting Vee Threads.

in with the cross-slide, The final finish should be given to the thread
with a chaser, as we will explain later. In Fig. 275, the successive
Slgps of metal removal to form the thread are shown by dotted lines.

hien used in this way, the top rake of the tool should slope back
Perpendicular to the left-hand edge of the vee as shown, and the tool
will then cut very efficiently. The finish of the thread will be improved
by using cutting lubricant.



an taken to d

)
with the sereve-cntting tool, ohLAIR AN Ve Lheos s of:helc&:;ll'ss(})‘
it piteh, a chaser rest and a screse ring ;:mlgfz‘(or a btog;le {00"
canme size 1f a ring gauge > not available). Take ou .

R ——

preaset et
Inside
Lo e e e e e
2
Qutside

e, 276, —Internal and Fxternal Chasers.

e rest in the toolpost, so that its end lies along the wo
;‘(‘)‘;mpnurfst for the c}mscr[, and at such a height that the top «
chuser teeth will be about on the centre. Increase the lathe s
hold the body of the chaser with the left hand and the handle
the richt. Place the end of the chaser on the rest, pick up the t
from the end, and press the chaser tecth into the t_hrcad, when i
trim up the thread form, at the same time h:m'clhng along. R

this a fvw times and then tak

MY e the job to try on the ring gaug
. ‘\ \\\\&(\\i 1 the gauge will not screw on, 1
“ & s — the chasing, until the gauge s
on with a nice fit (IMigs. 27¢

) 277).

“ Locating the Tool in
Rest @ Thread. We have said nothis
regarding the method to be ad
to ensure that when the tool ha
taken along the thread and br
back to its starting position, ]
may be engaged 1o bring the ca
into such a position that the
follows the same thread agai
the number of T.P.1. being ¢
nultiple of the mumber on the
serew {i.c. 4, 8, 12, 16, 20, cte.
4 T.P.1. leadserew) the nut m
engaged anywhere and the to
follow the original thread. If
cver, this does not apply, the
Fie. 937 Chasine a Thread in Wil find that if he engages t]
the Lathie, indiseriminately, the tool will
ably commence to cut a sc
thiread alongside the first one and the job will be spoiled.  Th
several methods for ensuring that the tool shall follow the same
cach time.
(¢} Reversing the Machine,  If the lathe is equipped with a me
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reversing its spindle, the leadscrew nut may be kept in permanent
engagement and the tool returned to its starting position by reversing
the machine. The main precaution to be observed if this method is
used is to ensure that all the lost motion (called * backlash *') has been
taken up before the tool is fed in for each successive cut. This backlash
results in a pause in the movement of the saddle at each end, and if
the toolis fed on to the work whilst the earriage is stationary, the thread
will be spoiled. Always allow the tool to rcturn beyond the end of
the screw before reversing and feeding in.

The Hendey Norton lathe has & lever on the apron which reverses
the leadserew without reversing the machine, and this method is about
the most convenient of all for bringing the tool back to its starting

osition.

F (b) Marking the Lathe. By means of a bed stop for the carriage
or a bar placed in front of the tailstock, make some provision to allow
the carriage to be returned to the same pesition cach time, with the
tool beyond its starting position, Before engaging the nut for the
first time, wind the carriage back to this position and stop the lathe.
Pull the machine round until the nut will engage, and with it in this
position, make one chalk mark at the top of the driving-plate, and
another on the leadscrew opposite a corresponding one on some fixed
part of the machine., Start up and take the first cut, withdraw the
tool, and return the carriage to the stop. The nut must not be engaged
for the next cut until the driving-plate chalk-mark is at the top, at
the same time that the leadscrew mark is level with its neighbour.
With practice, the conditions may be caught whilst the lathe is running
slowly, but at first the reader should inch it round with the starting
handle until the marks are in their proper positions,

{c) The Chasing Dial. 'The chasing dial is a fitment to the saddle
which performs a_duty similar to that of marking the lathe as we
have just discussed. ‘The dial is shown at Fig. 278, from which it will
be seen that the visible indicating face is connected to the leadscrew
by means of 2 wormwheel. A common type used with 4 T.P.L lead

Hormwhee!
meshing with
Leadscrew
TI'ic. 278.—Diagram showing Chasing Dial
(See nlso Fig. 236 F.)
LW, L
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‘ .
! i
e
(The number of teeth in the wormwheel may be found by coun’
how many turns of the leadscrew are nceessary to cause one tur
the dial, with the saddle stationary.)

Cutting Left-hand Threads

Left-hand threads must be cut by reversing the Jeadscrew SO
it rotates opposite to the work, and hence cutting with the tool M
from left to right. This will often involve turning 2 groove i
work at the end of the thread to provide & space for starting the
The yrroove should be to the depth of the thread, and of a width
to 1-2 thrends.
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Cutting Internal Threads

For cutting internal threads with a single point tool, the notes we
have given for external work regarding the manipulation of the lathe
apply. In general, internal work is more difficult, because the tool
is often less rigid, and its progress eannot always be observed. The
hole for the thread should first be bored to the core diameter of the
thread, this being determined by subtracting twice the depth of the
thread from its top diameter (sec Appendix, p.230). When the hole
is *“blind,” a recess should be turned at the bottom as shown at
Fig. 279, the depth of this being equal to the thread, and its width

—
d %
I
SiE iz

- TSR A
ool Y% S
S 'gl
i
Pe—1
Srallym Recess
oxs:ble, as a Gurde
e o or egeh of Thread

Fi6. 279.—Preparation of Hole for Blind Internal Thread.

about 1-2 threads. Care will have to be exercised to avoid running
the tool into the metal at the bottom of the hole in such cases, and
a very slow speed, together with guiding chalk, marks or stops, must
be used as much as possible. For internal work it is helpful if a short
recess ean be bored at the front end, having a top diameter equal to
the outside diameter of the screw (Fig. 279). This scrves as an
indieator, and when the tool point just scrapes its diameter we know
that it has been taken in to the full depth of thread. Often, if there
is any length to spare on the work, the material used for the length
of this recess can be faced off afterwards.

It is not usual to feed with the compound slide when cutting internal
threads, but to feed straight in with the lide, and use the grad d
sleeve for putting on a suitable amount of cut each time. The com-
pound slide may be set parallel with the bed, and oceasionally a few
!?ousandths of cut put on with it, the object being to clear the sides
of the tool.

Finishing the Thread

Internal threads may be chased in the same way as external ones,
2n internal chaser being shown at Fig. 276, Owing to the greater
difficulty of manipulating an inside chaser, some turners prefer to
clamp it in the toolpost and feed it with the Jeadscrew after matching
up the threads on the chaser and work. If this is done the .chnfcr
i:ould be set so that it is in line, and this nlllz\y be dorne b};hnd;rmtmgé
the tops of its threads to the blade of a small square from the face of o,
the wé’tk. When the inside chaser is used by hand the thread shueﬂ;
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Cutting Internal Threads

For cutting internal threads with a single point tool, the notes we
have given for external work regarding the manipulation of the lathe
spply. In general, internal work is more difficult, because the tool
is often less rigid, and its progress cannot always be observed. The
hole for the thread should first be bored to the core diameter of the
thread, this being determined by subtracting twice the depth of the
thread from its top diameter (sce Appendix, p. 200). When the hole
is “blind,” a recess should be turned at the bottom as shown at
Fig. 279, the depth of this being equal to the thread, and its width

g 2

201

er of l

|
!
Thread

of Thread
Top Diamet,

Core Diameter

-

Shallaw Recess if

Undereat for

Run-out of Tool

33340, as a Gurde
I;';r Depth of Thread

Fie, 279.—Preparation of Hole for Blind Internal Thread.

about 1-2 threads. Care will have to be exercised to avoid running
the tool into the metal at the bottom of the hole in such cases, and
a very slow specd, together with guiding chalk, marks or stops, must
be used as much as possible. For internal work it is helpful if a short
recess can be bored at the front end, having a top diameter equal to
shc outside diameter of the screw (Fig. 279). This scrves as an
indicator, and when the tool point just scrapes its diameter we know
Shnt it has been taken in to the full depth of thread. Often, if there
is any length to spare on the work, the material used for the length
of this recess can be faced off afterwards. 5

It is not usual to feed with the compound slide when cutting internal
threads, but to feed straight in with the cross-slide, and use the graduated
sleeve for putting on a suitable amount of cut each time. The com-
pound slide may be set parallel with the bed, and occasionally a few
”rml;sandths of cut put on with it, the object being to clear the sides
of the tool,

Finishing the Thread

Internal threads may be chased in the same way as external ones,
an internal chaser being shown at Fig. 276. Owing to the greater
diffieulty of manipulating an inside chaser, some turners prefer to
clamp it in the toolpost and feed it with the leadscrew after matching
up the threads on the chaser and work. If this is done the _chuscr
should be set so that it is in line, and this may be done by adjusting
the tops of its threads to the blade of a small square from the face of
the work. When the inside thaser is used by hand the thread should



THE LATHE

first be tooled to it o that the work
consists of putting the radius of the tops ©

If a tap is available of the siz€ being cub: this orms P
of finishing the thread. ut the thread to Wi hin a few thousan ths
of its full depth an after fitting & wren

292

s full depth S
jus on

hole. Now Hring 1P the tailstock €€

1as thetap 2 va into
ith the tap centre hole by winding

ces into 1

7ap Followed uP
by back centré

Tic. agy.—T apping in the Lathe.

[he tapping operation is best pcrformcd by pulling the lathe round
by the belt with the 1eft hand, whilst the right hand attends to the
3 of L ailstock centre. This

foel of the wrench.

method of using the back centre 10 keep a tap D linc should alwayt
he used when tapping holes in the Jathe, and when a hole is tappec
from & drilled or hored hole without any previous screwing by & too

it is of great help n obtaining o ruc thread.

Change Wheels for Metric Threads
Sinee 1 i is cquivalent to 25+4 mm., 1O cut a thread of 1 mT

pitch (i.c. 254 t.pd) would TCquires on o lcadscrew of 1 t.pt

Aarivers

ratio of o = .
driven 254

|~

o 20
i 553

L. e,

1f instead of 1 mm. pitch we wish ihe ratio for a piteh of P mm., the
atio must be multiplicd by p- Thus to cut p mm. pitch on a

il
!..
10

above T
1 t.pte Yeadscrew requires & ratio 0
Hp
197 * * y y . @

Fina“.y, a leadserew with a finer thread than 1 per inch will have to
be driven faster in pmportion to its no. of tpi. I then the eadscrew
has n L.pl- instead of 1 t.pe cxpression 2) will become:
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. drivers . N
TRatio: g=— to cut p mm, pitch on a leadserew of n t.p.i.
Spn

- S )

And this is the formula for caleulating metric ratios. The reader
will observe that 127 appears in the expression as a driven wheel, so
that to eut metric threads on an English lathe we must have a 127 T.
gear as one of the driven gears in the train,

Exasrre 9. Defermine the gears for cutling the following threads on a
lathe 1with a 4 t.p.i. leadscrew, using a set of change wheels ranging from
20T. 10120 T, z_‘n steps of 5 T. with an additional 127 T. wheel.

(a) 1} mm. p., (b) 2§ mm. p., (c} 4} mm. p,, (d) 3-4 mm. p.

(a) Here p =1} mm. and = = 4.

Drivers _ 5np x4 x1F 30

Driven ~ 127 =~ 127 127

A simple train with 30 T. on the stud and 127 T. on the leadscrew,
(®)p =2 =31 and n = 4.

Ratio:

Ratio: pjem = 17 1@ T IE

A simple train with 53 T. on the stud driving 127 T. on the leadscrew.
(c}pm=di; n=4
5 x4} x4 5x3 x4 85 Driver

Ratio =

127 127 7 127 Driven®
() p=354andn=4,
. _Bx34x4_ 68
Ratio = 127 =7
But since we have no 68 T. gear we must compound it thus:
68 4% 17
27 Tt
N 4 x 85
M v 5: e —— 2.
ultiply top and bottom by 5 w1z
o 40 X 85
N i : -—
ow multiply by 10: 50 % 157

ie. a compound train with 40 T. and 85 T. as the drivers, and 50 T. and
127 T. ns the driven gears.

Exaxerr 10. Calculate ratios for the above threads on a lathe with a
6 Lpd. leadserec.
(6) p =1} and n = 6.
Drivers 5§ x1§ X6 45 .. .
Briver = 137 " i57 {Simple Train}.

T n =0
Esxﬂiﬁ S5 x3l x6 55x6
Driven 127 T 12w T 1T x4
38 x 60

=127 x 40 (Compound Train).






CHAPTER 12
THE SHAPING MACIHINE

‘Ihe main function of the shaping machine is the production of flat
surfaces. which are obtained by combining a line tool cut with a per-
pendicular feed. The arrangement of this is shown at Fig. 281 (a)
and the result at (b), where the tool repeatedly travels along the line

Fic. 28l.—Action of Shaping a Flat Surface,

AD whilst the work is fed a small distance each time, in the same
plane as the line of tool motion, and perpendicular to it. The tool
line eventually reaches a position A,B; and the combination of the
two movements results in the flat plane ABDBA; being machined.
The machine serves an important purpose in a general machine shop,
particularly on account of the quickness with which the work and
tool can be set up, and the good standard of accuracy to which a flat
surface ean be produced.

A diagram of a erank shaper is shown at Fig. 282, the term * crank **
being applied because the motion of its ram is derived from a erank
pin (sec later), The tool receives its straight-line motion from the
ram, which is guided by long, straight ways. Underneath the path
of the tool is the work-table, which is supported on ways perpendicular
to the ram and travels along these slides when a horizontal surface is
being machined, ‘The table ways are mounted on vertical slides so
that the whole unit may be moved up and down. Vertical surfaces
arc machined by employing a vertical feed of the tool or work, On
machines not provided with any automatic vertical movements hand
operation of the tool slide is used for shaping vertical surfaces. It is
now becoming general practice, however, to provide for a power vertical
feed for the table, and on some of the larger machines the head slide
is fed by an arrangement which notehes the actuating screw a small
amount cach time the ram reaches its backward position. Where
power feeds are absent the table could, of eourse, be fed by hand, but
this is too laborious and its up and down movements arc oniy employed
to suit varying heights of work.

The Shaper Drive
On the machine shown at Fig. 282 the motor is mounted on a
205
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Fig. 252 ¢ rank shaping AMachine.
1. \ ertical horizontal fecd selector

y. Ram
. Touol sid 1 teed directiont contro
[ Hanmdle fur clanyn® A 3. Leser for ud}mlmm\ of feed
1), Srew for adjusting position of ram . Honnmm\ wable ndiuslmcu! sCTewW
5, Serew {or foeking toal alute umit " Vertical able m\')uslmcnt
1 Spﬁ-‘l change lever M. Yeed shaft
.. starting fever . Toolbox
P, b of haft for adjusting stroke

IV IFICATION

n.
Maximuin tength of stroke 18
“Table, top (lcnr,z\h « width) 18 » 17

20

. horizontal travel on slides

- vertienl travel 12
Tool box. vurtieal udjuslmvm G

Number and Tanec of speeds obtainable s, 15-150 cyc\cs/min.
Number and Tangc of feeds 10. .010--105 in.
Swivel base, vire, width and depth of jaw 10 x 2%

- . vise opens 12
Gire of toot steel RN
1lors¢ power and spvcd Mri\"mg: motor) 5 % 1000

phatform at the reat and drives the gearboX intake pulley and clutc
by an enclosed vee belt drive. The gearboX provides for cight spec
and delivers the power to 2 pinion which drives the stroke wcheel (som
Limes enlled the bull wheel). Mounted on the face of the stroke whi
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of B, the ram will be at the extreme backward position of its stroke,
and when it is at CD, the extreme forward position will have heen
reached.  The forward (cutting) stroke, thercfore, takes place whilst
the crank rotates throught the angle B,KB,, whilst rotation through
B,LB, returns the ram to its backward position. If AC and AR are
forward . . AB o

——~—— time ratio can be found, because 5-= = cos (AR,
return AC

the return angle is twice this and the forward angle is the return angle
subtracted from 360°. When these angles have been found, the ratio

known, the

cutting time  1,KI3,

e S 2~

return tine 1,10,
and the actual times may be found if the crank speed is known, The
length of stroke is altered by varying the radius of the crank pin and
its block on the stroke wheel, and the mechanism for doing this is
shown at Fig. 285. If the reader Iays out the mechanism for various
settings of the stroke, he will sce that varying the stroke radius AR
also causes the angle B,LB; to alter. This causes some varintion in

cutting . . . 3
the e ratio for different settings of the stroke.

587118} mpe stroke
ssteing §°
B*stroke

Maximum_setting
Mipamym

Uiﬁz’l’;'/ ”3;‘1 Scale of wehes

Qoretal si0eways on
face of stroke whee!

i
\

Strsky whes! w

. ., f
Fig. 285.—Details of Mechanism for adjustinz Poution &
Crank M Mok on Stroke Wheed
(Details from dbe Dutler Mactine Tod Lo Lud? I
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of B, the ram will be at the extreme backward position of its stroke,
and when it is at CD, the extreme forward position will have heen
reached. The forward (cutting) stroke, therefore, takes place whilst
the crank rotates through the angle B,KB,, whilst rotation through
B,LB, returns the ram to its backward position. If AC and AB are
forward ,. - AR S
——— time ratio can be found, beeause 7 == cos CAB,
return AC

the return angle is twice this and the forward angle is the return angle
subtracted from 860°. When these angles have been found, the ratio

known, the

. . ST
cutting time _ B,KB,
ti =N
return time B,IB,
and the actual times may be found if the erank speed is known, The
length of stroke is altered by varying the radius of the crank pin and
its block on the stroke wheel, and the mechanism for doing this is
shown at Fig. 285, If the reader lays out the mechanism for various
settings of the stroke, he will sce that varying the stroke radius AB
also causes the angle B,LB, to alter. This causes some variation in
cutting
the
return

ratio for different settings of the stroke.

Maximum_setting 58 (183" mfe stroke
Winimum setting 3

== B “stroke
‘1’ Crankpin and
N\ siiding

block

o 3

¢
Scate of inches

Qoreta sidewsys om
face of stooke whee!

Stroke mhee!

Savared end of shaft
projects from side
of ‘machine

Fio. 255.—Details of Meclianism for adjusting Position of
Crank Pin Block on Stroke Wheel.
{Dclails from the Butler Machine Tool Co. Ltd.)
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THE HEAD AND TOOL BOX

- - -

(The Butler Machine Tool Co. Lid.

Fig. 288.—Headslide and Tool Box.

(Shown also is an attachment operated by Bowden eable for raning Lhe clapper box
on the return stroke.)

Fic. 287.—Shaping Vertical Face.
(Tool box swung so that tool will clesr face on return ‘«m\e;),_\

301
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otha

table which allows angular surfaces to be shaped by using the horizontal
feed of the table.  When the tool slide is being used to traverse cuts
it should be used at about the middle of its range of travel. If it is
high up the movement is easy, but there may not he suflicient length
of engagement to ensure accuracy.  When the slide is near the bottom
it generally becomes stiff and tiresome to operate by hand. The
oraduated sleeve on this screw should be calibrated and the valuc of
its markings memorised, since they control the amount of cut being
put on when shaping horizontal surfaces. The -same applies to the
horizontal table lead serew which controls the cut being put on when
shaping vertical surfaces. If there are no graduated sleeves it is a
good plan to make and fit them.
Cutting Tools

The general patterns of the tools
used for shaping are the same as for
turning (sce Fig. 126, p. 148), but
their shanks should be a little more
robust to withstand the shock each
time a culling stroke commences.
Yor this rcason a good solid shank
tool is preferable to a holder into
which tool bits are fitted. Slightly
more clearance should be ground
on the front (about 10° to 12° total),
and the other point. to consider
is the direction of the side rake.
When turning, the tool always
travels from right to left, so that all
straight turning tools have their side
rake sloping from left to right when
viewed from the shank end. The
usnal relative tool-work movement

ide Teol (c)Side 7oo! in shaping is from left to right, and
s4ting Down Cutting Up  this requires a side rake sloping in
16, 28%.—Rake Directions for the opposite direction (see Fig.

Shaping Tools, 288 (a)). When shaping down n

) vertieal face with a left-hand side
the side rake should slope as shown at Fig. 288 (b), but when the
om has been reached and more cut put on to tm{'crsc up again
rake needs to be the opposite way for correet eutting {Fig "8.‘} ?;‘))
¢+ thus not alwavs possible to work strietly accordine tt‘;)‘-thco;\"
the reader should observe the rule as mueh as possihble and for
sake of a good finish arrange that the last ent is takcxihin tl;e correct
ction for utilising the advantage of the rake. o
eds and Feeds
When turning in the lathe the material pas
orm rate, but in shaping, as we have seen &
284, the top) starts from rest, attaing o e
s down o yest aoain, It then makes o 1 -
acter, but in a shorter time. This rensd

Ser the fon
e

Wetd o
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peecise cutting speed rather diffcult, bt the £00wing appToXimate
method may b used a5 a zuide for setting the ma 5

Divide twice the Ienath of stroke (in feet) into the [ywest allowabls
eutting speed (for tuming) for the materisl cuncerned fuee Tabls 13,
p- 130). This will give the number of double stmles of the ram
per minute,

Thus, for shapinz mild steel on a S-inch stroke, 20 taking & cuttisg
speerd of 70 R per min,:

Number of mackine cycles (double strokes)

0

= 5—3 = 337 = 47 double strokes por min,

Feed

The feeding mechanism on many shaping machines mnshis of a
ratchet wheel heved to the table lsad serew, 2od 2otuatrd by a sainming
pawl which oncillates undsr the action of a connecting rud, the end
of which is given an eccentric motion from 2 flanse 0n the
side of machine.  With such 2 mechanism the ek i

of feeds s
limited. since the greatest movement of the paxl is such as to rive
up to alwut four teeth on the ratehet wheel, In general, it will be
found that for most jols one or two teeth of the wheel will prove
satisfactory, but the reader should work out for himeelf the vakse of
the feed given when the ratchet wheel is being v
tooth. Thus, if the ratchat wheel has, say, 2% teeth 2nd the
lead screw § threads per .

Feed for 1 tonth = % ~ } = 7 in. = about 0009 in. per stroke.
It should be remembered that the feed of the tonl skeuld orcur during
the return stroke of the ram.  On the 2bove armangement this necessi-
tates arranging the driving end of the connecting rod to ans side o
other of the driviny flangse centre, according to whether the tabls is
teinz traversed to the left or to the noht.

Makers are now providing machines wath more cumprzhensive
feediny arransements and thod used 03 the machine we Lave
shown 5 explained later.

Holding Work—The Machine Vise
Antmportant method of holdinz work on the
vise, and althouzh work can be machined by attachinz it to the top
or side of the table, the vise 15 by far t. e ord used,
except for eastings and sregular work. The shapie ma ]
of lirzr. robust eonstruetion, desizned specially for the machine n_nd
attached to the table by a generous. square base.  TLe upprr portion
1 mounted on the base throuzh a praduated tumtable, prrmitting the
1a%s to be used n lins_ or perpendicular to the ram. as well a5 at any
other posttion for angufar work. The base is Iined up on the machme
table by a pair of tenon picces which fit in a tee slot. nlly the,
13w pieces of the shaper vise are not Lardened. so that it »e Fxsxblr_'
to clean them up with the tonl (Fiz. 292 (4)) from time to tine wh
they beeome brurs~d cr damased.  The shding jaw 1 moved throu
a lare, square or acme threaded screw by a lonz, beasy handle,

15 not necessary to use a hammer on tbe bandle to tighter “Suvise

|

shaper is in the machine

v
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o202

table which allows angulaT surfaces 10 be s.'.lmp d by using

focd of the table. When the tool stide 1% heing used to traverse cuts
it Jould be used at about the middle of its rang® of trave If it 18

< casy, but there may not he sufficient length

Cutting Tools

The geners | patterns of the tools
used for shaping ar¢ the samc a8 for
turning (s¢¢ g, 126, P 148), but
their shanks should be 2 little mor¢
robust to withstand the shock cach
tfime @ cutting stroke commences-
Yor this reason a good solid shank
ool is prcfcrable to a holder into
which tool hits arc fitted. Slightly
more clearance should be groun
on the front (about 10° t0 12° total),
and the other point to consider
is the direction of the side rake.
WWhen turning, the tool always
travels from right to left, so that all
straight turning tools have their side
rake sloping from left to right when
viewed from the shank enc- The
usual relative tool-work movement

(bySidie ool () Side 700! in shaping 18 from left 10 right, and

Catting Lans Cutting Up. this requires 8 side rake sloping 10
s o b e direction {sec Tig
Y. agg.—1nke Directions for 'f\c\ opposte, ar . v 18-
Shaping Tools: 088 (a))- \When shaping don o

vertical face with 2 Jeft-hand side
tool the side rake should slop¢ 2§ shown at Yig. 288 (b), but when the
hottom has heen reached and more cut put on {o traversc up agall
the rake necds to be the opposite way for correet cutting (Fig. 238 (¢)!

1t is thus not always possih\c to work strictly according o theor}
but the reader should observe the rule a8 much as possi\)\c. and ¢
the sake of cood finish arrangc that the Jast cut is taken in the corre
dircetion for utilising the advantagc of the rake.

Speeds and Teeds

\When turning in the lathe the materinl passcs over the tool a
uniform rate. but in chaping, as We have seen from our discussion W
Tig. 254, the tool starts from rest, attains 8 maximum speed anc tl
slows down 1o rest again. 1t then makes a return stroke of the s@

characters but 1 o shorter time. This renders the estimation ¢
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precise_cutting speed rather diflicult, but the following approximate
method may be used s a guide for setting the machine,

Divide twice the length of stroke (in feet) into the lowest allownble
cutting speed (for turning) for the material concerned (see Table 13,
p- 150). This will give the number of double strokes of the ram
per minute,

Thus, for shaping mild steel on a 8-inch stroke, and taking a cutting
speed of 70 ft. per min,: i

. Number of machine cycles (double strokes)
= ‘:;%‘ = ;—(; = 47 double strokes per min.
Feed

The feeding mechanism on many shaping machines consists of a
ratchet wheel keyed to the table lead screw, and actuated by n swinging
pawl which oscillates under the action of a connccting rod, the end
of which is given an eccentric motion from n rotating flange on the
side of machine. With such a mechanism the choice of feeds is rather
limited, since the greatest movement of the pawl is such as to give
up to about four teeth on the ratchet wheel. In general, it will be
found that for most jobs one or two teeth of the wheel will prove
satisfactory, but the reader should work out for himsclf the value of
the fecd given when the ratchet wheel is being indexed by a single
tooth, Thus, if the ratchet wheel has, say, 28 tecth and the table
lead screw 4 threads per in.:

Feed for 1 tooth = 3% X } = 1} in. = about 0:009 in, per stroke.
It should be remembered that the feed of the tool should occur during
the return stroke of the ram. On the above arrangement this necessi-
tates arranging the driving end of the connecting rod to one side or
other of the driving flange centre, according to whether the table is
being traversed to the left or to the right.

Makers are now providing hi with more T e
feeding arrangements and the method used on the machine we have
shown js explained later.

Holding Work—The Machine Vise

Animportant method of holding work on the shaper is in the machine
vise, and although work can be machined by attaching it to the top
or side of the table, the vise is by far the most common method used,
except for castings and irregular work. The shaping machine vise is
of large, robust construction, designed specially for the hine and
attached to the table by a gencrous, square base. The upper portion
is mounted on the basc through a graduated turntable, permitting the
jaws to be used in line, or perpendicular to the ram, as well as at any
other position for angular work. The base is lined up on the machine
table by n pair of tenon pieces which fit in a tee slot. Normally the
jaw picces of the shaper vise are not hardencd, so that it is possible
to clean them up with the tool {Fig., 202 (b)) from time to time when
they become bruised or damaged.  The sliding jaw is moved through
n large, square or acme threaded serew by a long, heavy handle, and
it is not necessary to use a hammer on the handle to tighten the vise

1
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SETTING THE MACHINL FOR ACCURACY 303

lever C by means of the roller B. A spring-londed pawl (not visible)
is carried on this lever and this engages with the ratehet wheel ¥,
(The Dalf gear G is attached to the picking lever and this keeps B up
against the cam by the action of the spring-loaded rack D} Eis a
cam which is keyed to the feed lever J (Fig. 282), and when the box
is closed the face of E fits close to the face of A and its edpe eatches
a small length of B projecting from the face of A.  When the feed is
set at the full, E is in the position allowing B to be subjected to the
full throw of A. By rotating K, via J, its enm edge will take B partly
away from the full effect of A and so regulate the movement of the
icking lever. The intermittent rotation of F is transmitted through
hevel gears to the feed shaft M (Fig. 282) and thence into the box on
the end of the saddle. ere more gearing and clutches with control
levers (H and I, Fig. 282) allow selection to be made for direction,
and for horizontal or vertical movement,

Setting the Machine for Accuracy

The shaping machine, probably more than any other, is given much
hack work to do, and in some shops never rises above the position of
a means of removing metal and doing rough jobs. A pood shaper,
however, in the right hands, is capable of undertaking a wide range of

¥ic. 290.—Testing Shaper Table for Parallelism.

accurate work and often in less time than would be occupied by alterna-
tive methods.  Accurate results will be d by a few el Ty
setting precnutions carried out hefore o job is started and we advise
the rm(rcr never to go far with any important job (on nny machine)
without assuring himself that the fundamental conditions leading to
the desired result are all that they might be. In addition, he should
plan the method and onder of his work so as to take advantage of the
accuracy built into the machine. He will then be in the position, not
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PLANNING AND SETTING WORK 307
vise are correct o reasonable setting is possible right away, but these
cannot be relicd upon for accurate results,

Work bolted directly to the machine table may have an edge sct
perpendicular to the tool travel by sctting with ‘a square from the
side-face of the table,

Accuracy in vertieal facing, using the ram head slide, may be tested
by elamping a square to the table and checking the parnllelism of the
tool movement with its blade by means of feelers (Fig. 202 (a)). After
the travel of the tool hias been set correctly it should be used with feelers

@I Checking Head Stide g
& for Squarensss. &

r

Head
paiiaig

Test crer

Travel o)

and Square

(B)Rectifying Fixed
Jaw of

law of Vise

Fig. 292.—Accuracy in Vertical I'ncing.

to check the squarencss of the fixed vise jaw with the base, and any
error corrected by taking a light cut down with a knife-tool (Fig. 292 (4)}.
Angular Setting

In order to try the machined aceuracy of shaped angular work the
job must often be removed from the machine and should any correction
be necessary, the task of setting it up again to its original position may
occupy hours of work, This may be avoided by a careful preliminary
setting with vernier protractor or sine bar, and Fig, 293 gives some
indications as to how this might be done,

Planning and Setting Work

In the design and construction of machine tooly their makers v
to a great deal of trouble to cnsure that very nccurate geonu trecal
relationships are maintained between the slides, spindlcs and faces
which control the surfaces they produce, so that when usmg these
machines it behoves us to tahe advantage of such built ,mubllll"":
for aceurncy by using the facilities to best advantage i

On the shapi?

X . i
machine the long, accurate slides of the ram ensun that the Pﬂn‘[ the
the tool maintains an unvarying stmight hne, and the accuracd
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Vertical ways

o A
araliel strip
4
i AL Ll
o

|4

| Al J
a)Setting Head Slhide . . X
¢ w;thl Vernier Frotractor {B) Selting for angulsr position of vise

Fi16. 203.—Angular Sctting on Shaping Machine.

other machine surfaces ensures that this line is strietly perpendicular
to the vertical and horizontal slides of the table. Thus, as we have
seen from Fig, 281, the combination of the tool and table movements
resulls in a flat surface, hut this can only happen if other factors which
could upset the result are not overlooked. The chief factors which
could he detrimental to the plane accuracy of any single surface are
(a) wear of the edge of the {ool as it traverses across a surface, &) a
loose head slide or n badly adjusted ram slide allowing the tool path
to deviate from a siugle, constant line, (¢} movement of the work due
to faully clamping or support. Now for the geomelrical relationship
of two or more surfaces. The line motion of the tool point, when fed
downwards from the head slide accurately sct (see Fig. 202), sweeps
out a plane which is perpendicular to the table and perpendicular to
the front faces of the vertienl table slides (Fig, 204).  If, therefore, two
vertical faces of a job are eleaned up withou! moving the job they must
be parallel, and they must be perpendicular to a face which had
previously been set parallel to the vertical slides, Furthermore, if, at
the same sefling, a third face is machined horizonmlly, this must be at
right-angles to the ather two faces (Fig. 201y, We will discuss one or
twa_examples showing the application of the above principles,

In Tig. 205, A, B, C and D are the faces to he machined. The
horizontal faces must be parallel with the base and both must be n
the same plane. These faces must be square with the vertieal faces,
which themselves must be poarallel.  (The base is machined.)

(1) Check the table and head slide (Figs, 290 and 292),

(2) Sct and clamp the job to the table with a stop at the front
end {or hold in the vise),

(8) Yeeding down and across with side tools, roush out the four
faces to sithin about ¢ in. of size. °

(+) With rounded parting tool take out the corer undercuts,

(3) Obtain a tool which will cover both horizontal surfaces without
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30" with plane .
of vertical shde Vertical table
Taces Slices

rd 7
30" with
P/anfv swept v{zrlmaﬂmf? r:'.:»’:r
8150 parsitel with
vertseal tool e tee siots)
feed

FPlane 30°meh tatle (f
Aead set trog

Fic. 201.—Accuracy Relationships of a Surface shaped by Vertical Feeding.

being moved after setting in the toolpost (probably the parting tool
used for (4) will do this).

{6) With this tool machine both horizontal faces to within about
0-005 in. of size, then finish one face, leave the cut sctting alone, stop
the machine, wind the table across, start the achine and take the
same cut over the other face. Both of these faces should now be in
the same plane.

z,

N

Fi16. 295.~To be shaped on Faces A, B, C and D) (sec 1

2

&I




310 TIHE SHAPING MACHINE
(7) With side tools carclully finish !hc two vertical faces.
{8) Remove the job from the machine.

On the easting shown at Fig. 206 the two vertical faces must be
” ) T -t m - M
machined parallel and square with the base. The narrow horizontal

. -
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bee 5 ey 3 001" ——»-! e 23 e
W
L}'
e 12 -

f e
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& 'J Machine where shown 2

116, 206.—Cast Bracket,

facing must be square with the other two, and parallel with the base.
The boss faces must be square with the other surfaces.
1st Setting (Fig. 297 (a))

(1) Shape the base by clamping to an angle plate or to the side
of the machine table or by helding in the vise and packing.
2nd Setting (}ig. 297 (b))

(1) Clamp to the machine table against a stop and line up from a
tee slot,

(2) By feeding a LI side tool from the head, rough down the
upper verlieal face until there is about ¢ - 3% in. left on.

(3) Raise the table and with the same tool rough down the other
fucing as near as possible to the 2:375-in. dimension.  Rough the hori-
zontal facing using the cross feed.

{#) Lower the table and finish the upper facing to give drawing
thickness, °

(5} Wind the table over and set the tool to the 2-875-in. dimension
using & gauge or o picee of bar ground to size.

(6) Clamp the horizontal slide. Raise the table and feed down
from the head to finish the lower facine,

(7) Finish the horizontal facing with the eross feed.

The three facings now fulfil the requirements above.
3rd Setting (Fig, 207 ()

(1) Clamp across on the table, facings inwards, and set one of the
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(3) first_setting_Shape base [clamped {8} Second setting Clamped to tosse
t0 side of table} {ciamps and stop not shown)

Thus face set paraliel with
vertical shde faces of

\ \( machine
i

{c) Third slttin] 7 Shape boss faces (cornen of bracket broken to
show _boss)
Fia,

Shaping Operations on Birachet (sec text).

vertical facings parallel with the facings of the machine vertical slides.
This 1s best done by straddling the machine facings with a good paralict
strip and working with a height gauge or a sctting picce ground parallel
on its ends.  After setting clamp a stop behind the casting,

(2) Mount n side tool in the box and project it out enough for
everything to clear the top of the casting. Set the ram on a short
stroke and earcfully adjust its position so that the tool stops short of
the casting face (pull the machine round by hand for_tlus). i

(3) Rough and finish the sides of the boss by feeding down with

R. and L. hand side tools, .
The sides of the boss will now be square with all the other !'ncf
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(7) \With side tools carcfully finish {hc two vertical faces.
(8) Remove the job from the machine.

On the casting shown at Fig, 206 the two vertical faces must be
machined parallel and square with the base. The narrow horizontal

- -
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Jé' | Machine where shown =

Fie, 296, —Cast Bracket.

facing must be square with the other two, and parallel with the base.
The boss {aces must be square with the other surfaces,
1st Setting (Iig. 297 («))

(1) Shape the base by clamping to an angle plate or to the side
of the machine table or by holding in the vise and packing.
2nd Setting (Fig., 297 (b))

(1) Clamp to the machine table against a stop and line up from a
tee slot.

(2) By feeding a L. side tool from the head, rough down the
upper vertical face until there is about 35 - g in. left on.

(3) Raise the table and with the same tool rough down the other
facing as near as possible to the 2-373-in. dimension, Rough the hori-
zontal facing using the cross feed. )

(4) Lower the table and finish the upper facing to give drawing
thickness, N ° °

{5) Wind the table over and set the tool to the 2-375-in. dimension
using n gauge or a picee of bar ground to size.

(6) Clamp the horizontal slide.  Raise the table and feed down
from the head to finish the lower facing.

{(7) Finish the horizontal facing with the cross feed.

The three facings now fulfil the requirements above.
3rd Setting (I'ie. 207 ()

(1) Vlamp acress on the table, facings inwards, and set one of the
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\a

13) First_setting Shape base [clamped {8} Second setting Clamped to tsble
to side of table] {ctamps and step not shown}

Feed l

This face set paratiel with
vertical shae faces of
e

fc) Inird setting Shape boss faces (cornen of bracket broken to
Show boss)

Fig. 207.—Shaping Operations on Bracket {see text).

vertical facings parallel with the facings of the machine vertical slides.
This is best done by straddling the machine facings with a good parallel
strip and wotking with a height gauge or a setting picce ground parallel
on its ends, After sctting clamp a stop behind the casting.

(2) Mount a side tool in the box and project it out enough for
everything to clear the top of the casting. Sct the ram on a short
stroke and carefully adjust its position so that the tool stops short of
the casting face (pull the machine round by hand for this),

() Rough and finish the sides of the boss by feeding down with
R. and L. hand side tools.

The sides of the boss will now be square with all the other frces.



wischine 38 =
Ti6. ags.—Vee Block.

1st Setting (Fig. 009 (a))

(1) Hold in the vise with the base uppermost. Line up with the
\d finish the o within about

stroke of the ram. Rough a1
hnlf a 25 in- allowing for the opposite (top

) \Vith a parting tool take out the tenon slot 1o
and with Jp i each side on the width for opening out-
as near ws possible central with the cdaes of the base.
3) Finish the tenon slot to width with knife or poin
(4) Skim up the basc edges cquid\qtm\t from the sides of the tenon
ith vernier enlipers to aet both sides cqual (take the

¢ off the cdges and leave @ witness if poss'\blc).

minimuin

5) Finish the surface of the basc.

{The tenon 810 allel and centrally
to the bast cdges.)

2nd Setting (Fig. 209 (D))
1lold in vise or clamp base 1o table of machinc.

full depth + Jgin.
Get this slot

ted side tools.

located with respect

Line up.
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Fic. 299.—Shaping Operations on Vee Block,
INumbers on tools refet to operstion numbers in text )

(1) Rough and finish top surface,

(2) Nough sides of vee {cn\'in;: about )¢ in. on each.

(8) Set a 4%-in. parting tool central (from hase edges) and take out
the slot to depth.

3rd Setting (Fig. 299 (c))
. (1) Fit blocks or a strip into a table tee slot for positioning and
lining up.  Sct the head to 45° with & vernier protmctor (Fig. 293 (a)).
Fit suitable side tool.

{2) Press one edge of base against tec slot location and clamp job
down against a stop.

(3) Itaise table or move along until the tool just skims the vee
surface and traverse the cut across the surface,
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(4) Do not move the table. Unclamp, reverse and reclamp the job
whilst pressing ngainst the tee slot location. )

(5) Using the tool stide, traverse this side of the vee with the same
cut as in (3). It may or may not cut, according to the accuracy with
which the vee was roughed out. If it does not cut. move the table

.

until it does. Then reverse the job and take the same cut again on
the other vee side. )

(6) Assuming after a reversal of the job that the same cut has been
taken down each face of the vee, we have the vee sides central and
parallel with the tenon, and the semi-angles equal. . )

() It now remains to finish the vee to the 21-in. dimension. This
must be done by taking equal cuts from the faces, using the reversal
principle just described and arranging that the last cut down each face
is a very light skim of a few thousandths.

By taking advantage of the sctting and machining principles
discussed above, and by using the base edges as an auxiliary, we can
now be quite certain that the stipulated accuracics have been achieved.

An alternative method of maintaining the aceuracy of the vee sides
would be to locate from a tee-slot strip direct on to the sides of the
tenon slot whilst shaping the vee as explained for the 3rd setting above.
This would avoid cleaning up the edges of the casting for a location.
The practice of cleaning up one or both edges, however, as we have
described, often provides a more convenient locating face for subsequent
shaping and boring operations to the upper side of a casting.

Examples of Shaper Work

Exasrie Y. To shape up the block showen at Fig. 300 (a), all faces
to be parallel and square.

{1) Obtain a pair of parallel strips of such a height that when the
work is rested on them a portion of its thickness will projeet above the
top of the vise jaws. Rest the block on the strips and press it down
whilst tightening the vise. Set the machine to a stroke about 2 in.
longer than the work and move the ram longitudinally so that the
tool overruns the job by about 1 in. at cach end. Check the thickness
to see that there is suflicient on for machining and if so put on sufficient
cut to get below the seale.  Engage the traverse and let the cut travel
across,  When the first cut is complete put on a small finishing cut
with a finer feed if necessary and take this across (Fig. 300 (l)))r.’

(2) Turn the work on its cdge with a parallel under if nccessary,
hold in the vise with the machined face against the fixed jaw and
clean up one edge square with the face just machined. Obtaining
squarcness will depend on the squareness of the solid vise jaw and
upon the degree of contact between the two surfaces. For example
il the block is not parallel, the pressure of the moving jow on the OthCI"
fuce may cant the work and result in the machined surfrce only con-
tacting the fixed jaw in one place. This may be avoided by applying
the pressure through o small packing block ‘which loealises the effect
and minimises the tendeney (Fig. 300 ().

{3) Hold the work on the flat again, as at Fig. 300 (0), with the
finished face resting on the parallels and the machined edpe in contact
with the solid jaw of the vise, After tightening up the vise knock the
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(d) Holding with Pull-down
Strip

work down on to the paralicls with a lead, or rawhide hammer, until
the strips are tight at each end. If the unmachined edge in contact
with the loose jaw is not square there may be difliculty in getting
contact with the strips duc to the lifting tendency. In the author’s
experience this used to be overcome by using what was known ns a
“ pull down ** strip. This is & strip of steel, bevelled on one edge and
placed between the work and the jaw in a slightly tilted position so
;hﬁ when tightened it excreised a downward foree on the part being
held.

Take a cut over the face and cheek for parallelism with a micro-
meter. If the strips are tight this should be in order. Machine the
face down to size, allowing that the final cut shall be light with
fine feed.

($) Hold the job by its flat faces, knock the machined edge down
on to a parallel strip or to the vise bottom and finish the other cdge
to size. “Check for squareness and parallelism.

{5) Rotatc the vise to the other position with its jaws perpendicular
to the tool travel. Hold the work on parallels with one end protruding
a small amount from the end. Rough and finish the end using the
vertical hiead travel for the feed (¢).  Cheek for squareness both wnys
and correct if necessary.

(6) Reverse the work and finish the other end to length.

{7) With & file remove oll sharp edges and comers. During the
progress of the job the tool should be taken out if necessary and its
¢dge touched up on n grindstone. This should be done particularly
before taking a finishing cut.
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ExavrLe 2. To machine UP the casting shown al Fig. 301 (a). (To
be machined cchere showh wf

1st Setting . .

(N 1lold the job in the vise. clamping if poss_lb\c on.thc edgc of
the 1 in. X 3 in. step and the far side of the raised facing the step
being at the fixed jaw. 1f the vise jaws arc not deep enough to accom-
modate the raised facing hold on the sides of this and pack or Jac <
under the unsuppm'lcd portions of the base. ﬁct the rgugh cdge of
the basc nppro.\'imz\tcl_\' level. check the underside for being level ane
cot the cdge adjacent to the 1 in. X 3 in. step pm‘a“c\ with the tool
travel.

(2) Check 10 ensure that there is sufticient metal on for machining
and take @ cut over the face (put on @ cut decp €nOUE 1 to get under
the seale). Take additional cuts if necessary 10 bring the base thickness
1o about 2% (Fig. 301 (bY)-

(3) Put in a parting tool about 2 in. wide and sct it central with
the end bolt facings. also cheeking that it is central with the basc
Take it down to cut the tenon slot making the depth % in. plus th
amount allowed on the base for the finishing cut (¢). Open out th
slot to about 4% in: wide.

(4) Tinish the cides of the clot with o knife tool until its widt
is correct when gnugcd with a plug of slip gaugc (d).

5) Take @ finishing cut over the base

(6) vith a side ool skim up onc of the cdges {€)-

(There may not be metal allowed on for this, but the amount taken
off will not affect the job and the face created, being pnmllc\ with the
tenon stot. will be useful for subsequent setting. A witness should be
feft if pmsi\ﬂc.)

2nd Setting

(1) Clamp the job to the table of the machine and sct the machined
cdge p:\rallc\ with the tool travel. This can be done {rom the tool
itself, from 2 tee slot or from the edge of the table.

(2) Machine the 1 in. X §ine step. Use & side tool and get out
the corner with a sharp side tool or 8 knife tool (Fig. 301 () 7 Check
step for paralielism with machined edge.

(8) Scet the head to 05° with the horizontal and machine the stoping
top of the facing. Check with @ vernier protractor (o). i

(3) Swing round, re-clamp and face up holt facings.

3rd Setting
The slot 1M the facing must be pcrpcnd'lculnr with the base tenoh
slot. Tts bottom should be reasonably parallel with the face in which
it is cut

(1) Clamp the job to an angle plate and set the machined cdge of
base square with table. Bolt angle plate to machine tabie, scttinr«,r the
stoping face paraliel with the tool travel "

13
-

} Swing the machine head over q0° and machine out the slot in

the cqme manner as 1st setting (3) and (4). only working {rom the side
instead of the top (h)- ’
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Cut Finishing ) )
rethod of finishing the larger surfaces, of casuings

diseussed 15 1o employ @ broad parting tool an
1d be 3in. 10 2 d
*ie. 126 (¢) P- 148).

-oad
An attractive nw

ch as we have just
The tool shou

nd its edge must be par :
dth cut 18 put on

jon, & ones or pwo-thousan
feed which 15 yest worked DY
h stroke of the ram

¢ feed-serew {or eac
attractive than the usud

A finish, which is mor¢
can only he uscd on cast iron and the tod
. ;ith an oilstone.  Su is helped by liftin
by hand on t : v filing 2 very sma
the leading cdge © -¢ hard scale whic
the tool to jump. 1O not allow any
surface which is to e sO finished.
n at Fig. 302 (a)-

ExaMrLE 3 To shape 1P the casting show

This is an example of 2 job which offers several possibilities |

holding and sctting up- and when such cases arise in the cxperience

the reader he must usc his own pldgcmcnt as to which method
yearing in mind time. €ase and rigidity of setting, tende

employ, 1
of ecach method towards accurate results and so on.
.ould be as follows

One method in this cas¢ W
the bracket on its side to an angle P

(1) Clamp
of the machin . with the base uppcrmost.
Rough and finish the base (Fig. 302 (b)-

as possible horizontal.
base to an angle plate with the other surfaces

E (2} Seeurd the bas
machined uppcrmost. Place jacks OF packing un
cJamp down on e. holding on the extreme g
bracket. Set the upper surface horizontal,
1% i Jot and its lower land (sc¢ later) (Iig.
(3) Move clamps to hold at bottom of m
portion prc\'iously covered by clamps.
A second method, which permits all the machining to be d
i ly in the vise and par

one setting, i 10 hold the bracket part
clamps.  To do this it might be neeessary to move the vise nel
Before con

the cdac of the {ablc. and perhaps pack itup higher.
jng, the ver 1d be tested for its squarcenc

tical head slide shou
the table (se¢ Tie. ¢

202 ()
(1 1old the bracket po
clamp down. Set

chamfer on
might caus¢
ch on to &

302 (c)-
achined slot. M

Kk under the edg

the basc appro.\'\mntcly squarc ¥

surface appro.\'imntc\y horizontal (Iig. R
o and edge of base to within abou
ed for basc surface.

rtly in the vise, pa¢

base and
table, and the upper
(2} Rough shape surfac
of size. UsC side tool and vertical fe
machining check that the 4-750-in. and 1-500-in. dimensions
obtained (Fig. 302 ().
3) Rough the two facings adjoining the slot, making the

above the prcvious\_\' rough machined edge of the base. R

the slot to 3 in. deep, s 10 wide with its bottom side abot
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(a)Bracket tobe Shaped

(B)Clamped to Side of Table
For Shaping fase.

(f)bld -—‘ ()

(d) Held in Vise, Packed and
Clamped
Fia. 302.—Settings for Shaping Brachet.

from the base (4750 — 04750 4 J; in, to finish on two surfaces), Usc
side tools to o down the sides and match up the surface in the centre (f).

(4) Finish surface and edge of base.

. (5) Finish the two facings adjoining theslot.  Checek for the 1-500-in.
dimension with a parallel strip across facings, and a vernier between
the strip and the base edge.

(6) With n knife tool finish the side of the slot nearest the bnse,
making it 4000 in. from the base. Check over parallel strip pressed
on base, and edge being machined, with vernicr (4000 in. + thickness
of parallel).

{7) Finish width of slot to 1-300 in. (vernter or plug gauge).

(8) Finish slot to depth with parting tool.  Cheek with depth gauge.
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proad Cut Finishing . )
An attractive method of finishing the larger surfaces, of castings
¢ ] i oy & proad parting tool an

dead straight and oi\stoncd to a keen edae (s€€ Tig. o6 () P
st be s 4O the tool post with the minimuit of overhang,
and its edac mus pe parallel with the face peing MAC rined.  In opera-
,a0 c- Or two-thousnndﬂ\ cut is put on and the tool traverse
across with a coarst feed which 18 hest worke by hand, ta {ing 8 out
one complete turn of the table feed-screw for cach §trokc of the ram.
The result is o striped finish. which is more attractive than the usutt
feed MArTkS. The method can only be used on cast iron and the tool
must be kept very keen with an oilstonc. Success 18 helped by 1ifting
the tool cleat by hand on the return stroke and by filing & very sma
chamnfer on the leading edge of the face to remove hard scale which
might cause the tool to jump- Do not allow any oil of moisture to
get on to a surface which is to be s finished.

Examrit 3. Te shape UP the casting showen al rig. 302 (a)-

This is an example of & job which offers several possibilitics for
holding and setting up-. and when such cases arise in the experience ©
the reader he must us€ his own ]udgcmcnt as to which method to

employ. hearing in mind time case and rigidily of setting. tendency

(1) Clamp the bracket on its side to an angle plate OF to the side
of the machinc table, with the bhasC uppcrmost. et the basc 2% near
as poss'\\)\c horizontal. Rough and finish the basc (Fig. 302 (b))-

9y Sceurc the base to an angle plate with the other surfaces to be
machined uppcrmost. Place jacks OF packing under the far en an
clamp down on to these, holding on the extreme 3 in. ength of the
pracket.  Set the upper surface horizontal, machine cdge of base,
11 i slot and 1ts lower land (s¢¢ later) (¥ig. 302 (c))-

(8) Move clamps to hold at bottorm of machined slot. Machine
portion prcvious\y covered by clamps.

A second method, which permits all the machining to be done st
one setting is to hold the bracket partly in the vise and partly by
clamps. To do this it might be necessary 10 move the vise nearcr to
the cdge of the table and perhaps pack it up higher. Refore commenc:
ing, the vertical head slide should be tested for its squareness with
the table (sc¢ Yie, 202 (a))-

m 11old the hracket partly in the visc pack under the edge of the
base and clamp down- Set the base approximatc\v square Wwith the
table, and the upper surface nppm.\’imntc\\' horizontal (Fig. 302 (d)

('7‘) Rough shape surface and cdgae of base to within about 3% in
of size. Use side tool and vertical feed for bast surface. ﬁéforn
muachining cheek that the $750-in. and 1-500-in. dimensions Moy b
obtained (Y. 302 ()

() Rouch the two facings adjoining the slot. making them 11 i
above the prcvinnsly rough machined cdge of the base. Rougl{' o

-

the slot to } in. deep, 178 in. wide with its bottom side about LR
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— Clamped.

Fic., 302.~Settings for Shaping Mracket.

from the base (4-750 — 050 + Iy in. to finsh on tne surfnrr')mz?
side tools to o down the sides and match up the surface the cen!

(4) Finish surface and edge of base, Jo500 1
{5) Finish the two fncnwsndjmmn" the slot.  Cheek for 'I",:""”’

dimension with a parallel strip across facims, and 8 semi®

the strip and the base edge. o b
{G) With a knife tool finish the side of the st anI ”r vy

making it $-000 in. from the base. Cheek over l"“’””' T

on bntt‘. and edge being machined, with vermier (1 000 #

of pamnc)) )
(7) Finish width of slot to 1-300 in. (|murr or ’zl ,I»//u'/”'-\"‘
(8} Finish slot to depth with parting tool Chee




proad Cut Finishing .
iv wod of finishing the larger surfaces, of castings

a broad parting tool an

. and oilstoned to 2 keen edge {sce Tlg 126 (€), P- 148).
1t must b ¢ ricidly 0 the tool Jost with the minimum of overhang,

and 1ts c(lné must be pnm\\c\ with the face being machined- In operd-
. a onc- OF two-thousnndth cut 18 put on and the ool traverse

0
across with @ coarse feed which is best worked bv hand, taking about
onc complete turn of the table feed-screw 10T cach §\rokc of the ram.

the tool cleat 0y hand on the return 3 oke and bY filing & ; sma
chamfer on the leading cdge of the face to yemove hat scale which

might cause the tool to jump. Do not allow any oil or moisture to
get on 1o a surface which is 1o be so finished.

Fxamrie 3. T0 shape UP the casting showen al Fig. 302 (a).

This is an example of a job which offers several possibilitics for
holding and setting up: and when guch cases arise in the experience ©
the reader he must usc his own judgcmcnt as to which method to
cmploy, bearing in mind time, €as¢ and rigidity of sctting, tendency
of each method towards accurate results and so on.

Onc method in this case woult be as follows:

1) Clamp the bracket on its side to an angle plate Of to the side
of the machine table, with the bas¢ uppcrmost. et the base a8 near
ns possi\)\c lmrizontn\. Rough and finish the base (Fig. + 02 (bY)-

2) Sceure the base o an angle plate \ith the other surfaces to be
machined uppcm\ost. Slace jacks OF packing under the far end an
clamp down on to these holding on the extremC 1 in. length of the
pracket. Set the upper surface hori'/.onin\, machine cdoe of base,
1} in. ot and its lower land (sc€ later) (¥ig. 302 (¢))-

3) Move clamps 10 hold at bottom of machined dot. Machine
portion previousty covered bY clamps.

A sccond method. which permits all the machining to pe done ab
one setting. 18 Lo hold the bracket partly in the visc and partly by
camps. Yo do this it might be necessary 1o move the vise nearcr to
the cdge of the table. and perhaps pack it up higher. Before commene:
ing, the vertical head glide should be tested for its squareness with
the table {sc¢ Fig. 292 (a))-

(1) 1lold the racket partly in the visc. pack under the edge of the
base and clamp down. Set the basc 1\ppro.\'imntc\v square with the
table, and the upper gurface approximulc\y horizontal (Fig. 302 )

(2) Rough shape surface and cdge of base to within about <z in
of sive. LSt side tool and vertica feed for bast surface. Tefor
machining cheek that the 4-750-in. and 1-500-in. dimensions may b
obtained (Fig. 302 (M-

1) Rough the two facings adjoining the slot. making them 13 i
above the prcv'musly rough machined edge of the base. Rough ©
the slot to 1 in. deep, 17 e wide with its bhottom side about 45 1
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B)Clamped to Side of Table
For Shaping Base

- (&) {e)Set-up for Machining where
| Shaded

(d) Held in Vise, Packed and
Clamped

Fic. 302.—Scttings for Shaping Dracket.

from the base (4750 — 0-750 + 5 in. to finish on two surfaces). Use
side tools to go down the sides and match up the surface in the centre (f).

(4} Finish surface and edge of base.

(5} Finish the two facings ndjoining the slot.  Cheek for the 1-500-in.
dimension with n parallel strip across facings, and a vernier between
the strip and the basc edge.

(6) With a knife tool finish the side of the slot nearest the base,
making it $.000 in, from the base. Check aver parallel strip pressed
on hase, and edge being machined, with vernier (4:000 in. 4 thickness
of paraliel).

{%) Finish width of slot to 1:300 in. (vernier or plug gauge).

(8) Finish slot to depth with parting tool. Check with depth gauge.



gafety on haping Ma
We have alrcady ™¢ dc some referent to safety Cht pter 9 and
if by any chanct fhe reader ckipped t art jscussion ¥
hope he wil n back onsider it o ously as any other par
of his W The shapt is not cally an? dang than other
machint but as som 1e will get W uble in t ost innocen
cituations it may rth while {o issuc word advice. _
arc also € COUTAZ < this where ¢ shaper oncerne beeause 1
is often considercts .o the dr Ning machine e a Lm.d genera
purpos workshop wack which anyon can us odd jobs W ithout
mnuch super’ jsion advice it of the other M< hine tools have
their € vief o of dangeT in membe which Totate d the readcr
must have e 1 of lurid examy esofh ir heing by nunguar
dnrilling spindic ) heing wound up VY the carric athe.
e hopt he has peither s en NOT Cxpe ienced ither, but have no doubt
that he has heard accoull < which have nothing 3 telling
The onl¥ rotating ha#at on the shap is the square haft which
rojects from the sii¢ ¢ machin¢ ctting the troke. and this
can be dangerous after settng 8 ke we 10T5 move the
handle © it before starting up- is also 8 80O recaution no
o lean anvwhere pear this. 83 ihe rotating s red end ould win¢

up in loose clothing. The ram 1S the only other real source of dangcr,

and accidents can occut both by forgctf\ﬂncss and by knowing\y taking

chances. O the Intter aspeet. the writer Was once working & machine

on o fairly long stroke and thought there Was time to micrometer the

thickness of the job at its end. Unfortunatc\v the micrometer stuck
. " .

never e forgotich neither chould a known risk be cntcrtnmcd. Afte
setting Of resetting job, make surc that neither the tool nor an;
portion of the ram will foul anything on the table Yefore starting th
machine. Retter still, pull the machine round by hand to

There 18 <ometimes & {emptation to changC the stroke OF the settil
of the ram while the machine 18 running. This is taking 2 known T}
and should be avoided. Special eare is neeessary whcr:) a finc sett
to the forward €nc of the stroke 18 neeessary for shaping up to

ohftm(-\ion. and the machin¢ chould be putled round several tir
pefore it 18 ctarted up.

Many mishaps oceur through work being insccurely clamped
s‘uppor\cd against the force of the cut and it should be rememt
that @ considerable <hock force is exerted bY the tool ot the begin
of cach stroke. Stops chould always he used when jobs are clan
direet to the table and clamping chould be arrang¢
colid metal. Faulty clamping and sctting up, as well as being dangC
\(:m\ to 1\\_nc‘cx}n\tc results due 1o work cither moving or distbo‘
Yven if a job 1 well clamped it may be pushed off the table, or th

o come [
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broken, by winding in to a large cut that was not checked or has Jumped
on due to a Joose head slide.

The collection of the cutting chips on a shaping machine is n problem
that has never been solved, and when dealing with hard steel particularly
it is ndvisable not to stand at the front of the machine. Also, n\rciu
the floor often if you value the leather on your shoe soles.  Finally,
since accidents can happen under the hest regulated practice, eultivate
the shility to stop the machine quickly and always avoid standing in
the Jine of the ram,

Conclusion

We must now, for the time being, leave the reader to develop his
knowledge, hoping that he has benefited at least from some of our
discussions, and that we have stimulated him to further thought and
enquiry,  We encourage him to pursue his course, maintaining at all
times, and whatever his knawledge, the simple mind of a student, for
upon the simplest of foundations are built the most wonderful works
of Nature,
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Arrrxpix 3
Rritish Standard Fine
{B.S.F.) Bolts and Nuts

Whitworth Thread Form.
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Note. The tapping sizes given above for Wlitworth and ILS.E. threads are

tased on the formula T = 1Y — 1-132%p, and give 8 thread about 8% 5°,

farm fsee page 234),
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The Unified Thread
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Arenynix 7
British Standard Pipe Threads (B.S.P.}
(Thread Form—Whitworth)
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Arrexoix 0
Number and Letter Drill Sizes
Nusteen D
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Morse Tapers

. SIIANK, | TONGULL [ xoyway, |

< £
f:' sils |5, :.“:!!E z
% BEFafct ;51 1%
i P oy ly
E 355/ F LU
- 2L = |7 i

% 2

3] 30 ) s ) 24 |3h |2

3josf 2| oy}
G ENENEYERE

Y

‘¢2343 o3ma,

£2um o330

[ T=f=lel=]

333






Accidents, 100
Accutacy (in shaping), 303
Age-hardening, 49
Alr-tiardening steel, 58
Al pear drive, 11
Alloy secls, 55
Alloy cast irons, 12
Altoys, 48-53
Atuminium, 4%

alloys, 48
Aktminium bronre, 50
Angle plate, 207

use on drifling machine, 222
Angulnr testing, 168
Annealing, 33

close, G4
Anvil, 33
Apron (lathe), 218
Arbor press, 108
Are furnace, 23
Austenite, 30

1A, threads (table), 328
flabintt metals, 52
Back gear, N2
Bearing hrackets, 121
journal, 127
lubrication, 119-33
materials for, 126
metafs, 52
thrust, 127
Bed (of lathe), 210
fielt driving, 113-19
~ power transmitted, 118
— wpecds, 115
ver, 121
Rend—length of matenal for, 83
Tending, 81
Bessemer converter, 20
Bevel gauge, 168
Mast furnace, 3
Bolt, ftting, 2235
Bolts, BS.F. (tabie), 323
— Whitworth (tahble), 324
Boring fon lathe), 261
Rrace ratehet, 219
Hraes, 54
leaded, 54
varicties and uses, 53
Braziag, 103
Yrntieness (of metats), 23

35

DEX

fironze, 51
£1.5.1% threads (table}, 329
Rutt weld, 56

Calipers, 173
hermaphrodite, 208
Carbides (cutting). 57
Carbon (in iron), 6
<teels, 16
Care of tools and machines, 134
Carriage {lathe), 240
Case-hardening, 33
Casting, 66
Cementite, 6, 27
Centre drill, 250
of shaft, finding, 222
Centres (lathe), 236
Ceramic materials, 39
Chain coupling, 120
driving, 124
Change wheels, 250, 292
Chaser (lathe screw-cutting), 233
Chasing dial, 259
Chilling, 1t
Chisel (blacksmith's), 76
cross-cut, 193
cutting action, 137
flat, 194
balf round and diamond, 194
Chuck {lathe), 231
examples of use, 23563
C.L.A. index (surface fintsh), 133
Clearance (cuttinz), 137
far bolts, 224
Close annealing, 64
Cold drawinz, 63
rollinz, 63
shortness, 23
workinz, 4)
Combination square, 162
Compound slide, 243
Concentnaty, test lor, 165
Cone drive, 112
C.tymunl diameter fizure, 18T
Lontraction ton castingsy, 67
gonxmﬂcd atmenphiere, 56
Cooling streyses (castingy), 72
Copper, 49
tn alloyy, 53
Core box, 69
refnement, 43



Counterhore, 220
Countersink, 230
Couplings (shaft), 120
Critieal range, 30
Crucible process, 21
Crystal structure of metals, 2
Cupola, §
Cutting action {metal), 186
carbides, 57
feed, 151
lubricant, 153
rake, 137
speed, 149
tools—shaping, 302

Defleetion of bar in lathe, 269
Di} indieator, 165
Die, drawing, 64
for drop forging, 96
serewing, 237
Dowel, 223
Drawing, cold, 64
down (blacksmith), 81
Drift, 197, 216
{blacksmith’s), 79
Drill, breast, 218
cleetrie, 220
gauge, 215
grinding, 141
sizes (number and letter), 331
twist, 130, 215
Drilling machine, 218
Drilling, mise. hints, 143
Drive. all gear, 113
chain, 12¢
cone, 112
Driving belt, 114-19
power transmitted, 118
of machines, 110
plate (lathe), 2.1
Dirop stamp, 43
Duetility, 25
Duralumin, 49

Elasticity, 23
Eleetrie furnaee, 23
Flongation, 25

Face-plate, 270
uses, 270-3
Feed (culting), 151
Ferrite, 15
Ferrous metals, 4
File cuts, 1M
draw filing, 103
shapes and ues, 190

INDEX

tooth and cutting, 139
use of, 192
Finish (surface), 155
Fitting bolt, 225
Flanged spindle, 242
Flatness, 160
Flatter, 70
Flux for soldering, 101
Forge (blacksmith's), 74
Forging, drop, 92
(hand), examples, 87
Four high rolils, 60
Fuller, 77
Furnace (blast), 8
crucible, 21
clectric, 23
muflle, 32
open-hearth, 17
salt bath, 32
temperature micasurement, 33.

Gap bed, 210
Gauge caliper, 182
fecler, 200
for drill point, 142
material for, 183
plug, 181
point, 182
ring, 183
serew-cutting, 285
screw piteh, 286
taper, 277
wire (table), 330
Gear driving, 125
Geared headstock, 113
Grease lubrication, 132
Grinder tool-post, 248
Grinding tools, 134
twist drill, 141

Hacksaw, 201
IIammer-blow, 189

(fitters), 188

pneumatie, 91

power, 89

rawhide, 188

set, 70

stedge, 76

smith’s, 76
Hardening, 86

ape, 49

cnse, 43

work, 40
Hardening (secondary), 56
Hardness, 26
Headstocek, 240
Hearth, brozing, 104



Heat colours, 85
treatment, 31, 35
IHenting {of steel), 20
1ehx angle of thread, 230
Iligh frequency furnace, 24
Tligh-speed steel, 53
1ot rolling, 50
shortness, 25
working, 41

Indicator (dial), 163
Individual drive, 110
Iron, 2

alloy enst, 12

cast, 7

mallenble, 13

pig 2t

white, T

wrought, 13

Joints, brared, 103
riveted, 0%
soldered, 100

Journal bearing, 127

Knurling tool, 258

Lathe, 238
Lathesork examples, 233-60
Lead, 50
~tin alloys, 51
Leaded brass, 5
Lead of thiread,
Level, spirit, 208
Limit, 181
fauge, 181
Lubrieation of bearings, 120-33
for cutting, 153

Mallenbllity, 26

Malleable ¢ast iron, 15
Mandril, 262
Mangnnese {in cast iron), 12

Marking out, examples of, 207-12

table, 187
Martensite,
Mensurement, 174

of nngles, 108
Metal cutting, 136
Metric conversions (table),

threads (inble), 326
Micrometer, 175

indde, 177

metric, 184
Microstructure, 2
Mid wteel, 10
Mone taper shaok, 210

INDEX

Morse tapers (table), 333
Moulding eastings, 66
plate, 71

Nickel-chrome steel, 58
Normalising, 36

Open-liearth process, 17
Ore (iron), 3

Parallel strips, 204
Parallelism testing, 164
Parting-off (lathe), 205
Pattern {casting), 67
I'earhte, 27
Pearn tapper,
Permanent sct
Fhosphor bronze, 53
Phosphorus (in cast iron), 12
Thotomicrograph, &
Pig iron, 3
Pipe threads (table), 329
Pitch of saw teeth, 202

of thread, 230
Plasticity, 26
Ppeumatie hammer, 00
Power in the workshop, 110

transmitted by belt, 118
Press, Arbor, 103
I'ropertics of metals,
Protractor, 168
Puddling process, 13
Palleys, 110
Punch (blacksauth'sy, 70
Pyrometer, 311

3, 43

Quenching, 30

Rake (cutting), 137, 143
table of, 147
Rare metals, 39

Recalescence point, 30

Regencrative system, 18

Rivet diameter, 83
types, 0%

Riveted joints, 03

Riveting, 07

Rotling of steet (cold), 63
of stecl (hot), 59

toundness, 161

Rule {(contraction), 47
measurement, 172



Saddle (k\\hc), 230

Safety (induslrin\), 106
on shaping mace

Salt bath {furnace, M

Saw blade, choice Oy 201
rooth, 138

gearf weld. 86

Qeraptl (fiat), 108

Uu.s.5. and metric, aQ3:
\\'h'\lworth, 232
Scrcw-cuning in lathe, prt)
Qeribing block, 163
ccondary hardenings 56
jegrer cone, 33
shafting, main and counter: 11
Shaping accuricyy 305
examples of work, 314
flat surfacC. 205 )
machint, 296
__ cafety o 320
cetting work, 307
speeds and fecds, 302
vise, 308
Shortness (hot and cold)s 25
Siemens proccs;, 16
siticon (in enst iTon)s 12
Silver coldering. 105
S'm(crcd carbides, 57
Sledge hammer, 76
Slotted link motion, 208
Soldering. 100
fluxes, 1 )
sitver, 109
Solders {zoft), 51
Spccd. cutting, 140
Spelter, 103
Spigot, a42
Spirit jevel, 208
gptash Jubrication, 192
Spmf:wing. 220
Square combination 162
(\r\')‘ 161
- test of, 10

3
gquareness (cheek with din} indi-

Stamp drop. a3

Steady (lz\\he). 248

S\C(‘\. 15
air-hardenin 39
alloy, 33
upp\icn\iun:, 16

plisters o2

carbon stecls, 16

crucible. a1

high-spects 55

high tensile, 58

Lot die, 57

mild, 16

" non-shrink'\ng,” 57

roting. 39

gilver, 220
stocks, dic, 237
Stops o lathe, 249
Straightedgts 161
Strains o0 cooling (castings), 72
Strcngth, ultimate, 10, 26
Strcngth of cast ijron, 10

of wrought jron, 14
SLrips: pmal\c\, 207
stroke wheel (shaping machine) 296
v Su\)stitulc » gteel, 57
sulphur (in cast iron) 12
Surface accuracys 157

finish, 159

— proﬁ\cs, 155

gaudc, 163

plate, 160
gwage, 78

Table (m:\rk'mg out), 187
Failstock, 243
Tap, 23+

machine appers 235
Taper gauges. Prie]

Morse (table) 333

pin, 228

reamer, 77

shank, 210

urning, 273
Tapping in lathe, 292
'l‘cmper:\turc mcusurcmcnt, 33
Tempering, 37

colours, 3
fenon, 220
Tests for iron and steel, 44
'l‘hcrmocoup\c. 34
'I’\\rcc-high rolls, 60
Tidiness in the workshops 133
Tin, 51

-copper alloys, 53

- ery,” 51

.lead alloys, 51
Tolerance, 181
Tongs (smith’s), 80
‘Tools, cutting, 144
rToughness, 26
rammels, 208
Turning, examples of, 253-59



Turning, taper, 270
tool oft centre, 140
tool profiles, 149

Treobigh rolls, 30

Ultimate strength, 10
Unified thread, 327
Upsetling, 80

U.S.S. threads {table), 326

Vee belt, 128
Blocks, 207

Vetnicr enlipers, 178
metre seale, 185
protractor, 160
scale, 178

Vise, fitder's, 187
for dritling machine, 220

W

Wha

Whitwe
ant

Whitworth serew, 2

Wire draning, 63

Wrought fron, 13

Y-alloy, 49

Zine, 53
casting alloys, 55
~copper afloys, 54









