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INTRODUCTION

ArtHoucH this bouok is intended primarily for the ever
increasing number of those fitting up small workshops in
the home, when adopting light engineering work and model
engineering as a hobby, the more experienced worker may
find in its pages much of praciical interest.

‘Within the space available it is hardly possible to do
more than start the novice on the right road, but as his
skill and experience grow he will, we hope, be able to profit
from the more advanced publications available on this
subject.

In order that progress, both in equipping the workshop
and in the use of tools, may be made step by step, Part 1
of this book has been devoted to hand tools, whilst in Part
IT the selection and practical use of the electrlcally-drlven
drilling machine, the grindiug machine, and the lathe
are described.

Moreover, to help the novice to gain proficiency and to
maintain his interest, some examples of work have been
included which will not only enable him to put his reading
into practice but will, at the same time, serve to add to his
workshop equipment.

Hungerford 1975
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THE BEGINMER’S WORKSHOP
Part I




CHAPTER ONE

General Considerations - Benches -~
Storing Tools—Tool Racks-—Shelving—
Cupboards—Chests of Drawers-—Heat-
ing and Lighting——The Floor—Methodical
Working.

Ir my own first workshops are any guide, you must not
expect to start with a fully-equipped shop. For one thing,
this would be expensive, and, on the other hand, you
could hardly expect to be able, straight
PLANNING A away, to make proper use of a large
WORKSHOP number of special tools. Far better to
start with a few good quality simple
tools and to add to these later on as they are required.

The question of the quality of the tools must be stressed ;
always buy the best tools you can afford or are otherwise
able to procure. Do not be put off with any poor quality
equipinent that may be offered to you, and, when buying
tools, you will find it a good plan tc persuade a friend with
krowledge of the subject to accompany you, for if he is a
practical man his timely help may save you much dis-
appcintment later on.

A good tool will last a lifetime, and the money spent on it
will be amply repaid by years of good service.

As the choice of tools calls for some experience, I shall
give later some hints on what to lock for and what to avoid
when buying tools.

First of all, however, the question of the workshop itself
must be considered. |

If you have a parent or a relation who is himself a model
engineer or is interested in the use of teols, in all probability
this question will already have been solved. If not, it will be
a matter of persuading the household authorities to let you
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have a place, be it a room, an outbuilding, or even the
corner of a room, in which to pursue vour hobby so that
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to others, and without fear of : ‘nterruption while at work.

The household authorities may not, at first, take kindly
to workshop activities withia the house, but, if you form the
habit of working in an orderly and tidy manner, any
objections raised should socon cease when it is seen that vou
are considerate as well as being intent on your work,

Try, if you can, to get leave to werk in the house, as this
will make a big difference to the comfort of working in cold
weather.

Outside workshops require heating during the colder
months, both to make working possible and to prevent
rusting of your tools by damp.

However, there may be no facilities for establishing an
outside workshop, and assuming that the use of a room for
this purpose has been granted, the question arises as to how
it shall be fitted up. Obviously, the first requirement will
be a good strong bench, big enough to give plenty of room
for working. The bench can be either built on to the wall,
where the construction of the house allows, or if it is
robustly made, it should be steady when standing on its
own feet.

To facilitate working, the bench should be placed in the
hest light, and it is suggested that, to begin with, it should
be installed under the window so that the worker faces the
light, as shown in Fig. 1, which shows the bench as seen
from above.

At the outset, at any rate, the bench will have to serve
the novice for all purposes, including a mounting for the
vice, as will be described later.

As additional equipment, shelves will be required as well
as tool racks and, perhaps, cupboards to house the tools
needing greater protection. Fig. 2 shows the workshop as
it will now appear with this equipment in place ; the bench
seen in the foreground is that illustrated in Fig. 1.

If you are fortunate enough to have the use of a room with
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a larg: wi idow which is carried cutwards and returned on

two ¢ iwe. that is to say a large bay-window, this can be
made inte an excellent and well-lighted workshop, as
illustra:~_ in Fig. 3.

The drawing shows the arrangement in plan, that is to
say +he bird’s-eye view, and it will be seen that two main
benches are shown, one for general light work, and the other
to carry che vice and the machine tools as they are acquired ;
in additihbn, a heavy marble siab, which will be described
later, how been fitted into the window corner for doiug small
work witp the best possible lighting.

Adriledly, this is.an advanced. layout, but it is, never-
theless, well worth peuring in mind as an ideal and as a
future possibility ; 1o when arranging the workshop, work,
if vou can, to a dennite plan with a view to acquiring and
insts!iiocg at sovue future date all the tools needed to fulfil
vour ambitions. By so doing, constant rcarrangement of
the . urkshop can be avoided, and only tools useful for all
tume will be acquired.

Benches. As has previously been saiid, the bench should be
preferably of rehust construction and sufficiently firm on
its irgs to give srradiness when working. A suitable design
is siown in g 4. The legs should be at least 3 in. square,
aud th: top on which the vice is mounted should be made of
nlarke 2 in. thick.
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If you have had some experience of woodworking and
can obtain the necessary inaterials. you may be able to
make the bench yourself, but if not. it may be possible to
buy a bench at a sale or from a furniture store. Failing this,
a robust form of kitchen table may be used, at any rate as
a start.

In the drawing of the bench shown in Fig. 4 it will be
seen that an undershelf is fitted ; this is useful not only as
a storage place, but if heavy material is kept there it will
help to steady the bench and prevent it moving when heavy
filing is undertaken.

As previously mentioned, a slab, as shown at the right-
hand top corner of Fig. 3 can be used for doing small work.

[ used a heavy marble slab which is fixed to the window
sills with wood screws. These slabs form the tops of wash-
stands of a type now seldom used, and the complete piece
of furniture can often be picked up at a sale for a few
shillings ; the woodwork will come in useful for making
tool racks and shelves.

Now, as these marble slabs are very heavy, they will form
a steady foundation for mounting a small vice of the type
that is made with a clamp for attachment to the bench ; in
addition, these slabs usually have screw holes for fixing in
place.

This little extra bench will be found most useful for doing
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small work or for making drawmgs as in this position it
will be weli nghted and at a convenient height for working
~hen the operator is seated on a stool of the office pattern.

Storing Tocls As has already been pointed ovr, if the
workshop is fiztec out in a living room, any untidiness will
almost . ~a.ndy call for reproof, and, moreover, tools left
lying abous are casily mislaid or damaged. “ A place for
everythiny and =verything in its place ”’ is a good rule to
tollow.

Sorrs workers keep their tools in racks and on shelves
nea: at hand, Mt however convenient this may be, it has
its drawbacks, fc: the room is not then easily kept clean,

aad also soire of the finer tools may be damaged by
exposure to i,

For these re-sons, and perhaps also for the sake of
appearance, tirrs may prefer to store the workshop tools
in cupboards - r in small chests of drawers, where they are
out of sight and well protected against damage and casual
borrowers.

Ia the course of time, it i3 almost inevitable that a great
variety of materials and parts such as screws and nuts and
bolts will be accumulated in the workshop, and it is very
necessary that they should be stored in an orderly and
methodical manner, so that, for example, any particular
size of screw can be found at once and without having to
rumms . n a box full of oddments.

Tobacco and cigarette tins are excellent for this purpose,
so collect all you can from your friends and keep them in
readiness i« «rceive your purchases of screws and other small
material

Glass !z ving soap jars with screw tops are also most
useful, fo: == the con:2nts are always visible this may save
opening boxes to find what you want. If the lid is attached
wich wood screws to a beam or batten, as shown in Fig. 5,
the jar will take up very little valuable space and can be
readily unscrewed to get at its contents.

Cigar boxas, when obtainable, make useful receptacles for
storing larger accessories anc matertial,




Alihough it is hardly necessary to mark glass jars to
indicate what they contain, tins and boxes should always be
labelled io save time when looking for materials of any
particular size.

For this purpose, the titles may be painted on, prefzrably
with cellulose paint whick dries quickly and adheres firmly,
but it will usually be found sufficient to attach a gummed
labiel, or a piece of sticking plaster, on which is written
a list of the contents.

Tool Racks. When the tools are kept in racks, these can
be easily made by attaching a leather strap or strip,or a
piece of webbing, to-a length of wood which is then fixed
to the wall or window framing. The ds=sign of a simple tool
rack is illustrated in Fig. 6.

WOOD STRIP

~—

I

i

LEATHER STRi#
Fig. 6
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When attaching tool racks and other workshop fittings to
the walls of the room, do not use ordinary nails, as these
generally have but little holding power, and when they work
loose, ac in time they will, the wall will probably be much
damaged and hard words may result. On the other hand,
if Rawlplugs are properly used, the hold will be firm and the
walls will not suffer.

Before using Rawlplugs within the house, it is a good plan
to practise a few holes in a place that does not matter, but
with ordinary skil], and if reasonable care is taken, no
difficulty will be found in fitting these useful fixings.

Sheiving. Within the house, built-up shelves like book
shelves will generally be used, either standing on a (upboard
or fixed t, the wall by means of Rawlplugs ; only in the
case of a shed workshop will iron shelf brackets be employed
10 support lines of shelving. In everv case, the shelves must
be securely fixed, so that they do not fall when loaded with
heavy tools. .

Cupboards Small cupboards are particularly useful, as
they afford good protection for the tools and, at the same
time, may even enhance the appearance of the workshop.
Furthermore, the tools can then be locked up to guard
against would-be borrowers.

If possible, cupboards should be placed so that their
contents are in full view and can readily be removed when
wanted without having to go down on the*hands and knees.
When large cupboards are fixed to walls it may be necessary
to use brackets to give additional support.

Chests of Drawers. Although there are many forms of this
article of furniture, one of the most useful is the music
cabinet, which usually has some six wide but rather shallow
drawers that are ideal for storing files and similar types of
tools, where it is important that the tools should not
hecome damaged by being heaped one upon another.

Another form of chest, which can often be picked up quite
cheaply at sales, is the Wellington chest. This, again, has
six or more drawers placed one above another, but, in this
case, the individual drawers, being narrower and deeper,
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are suitable for holding larger tools and other items ol
workshop equipment.

With an ample supply of cupboards and chests of drawers
all the workshop tools can, if desired, be stored out of sight
so as to preserve the good appearance of the room and
disguise its real purpose.

Should the air of the room be liable to become damp,
this dampness will be absorbed by the woodwork so that
tools kept on wooden shelves may be damaged by rust ; this
is more likely to occur when the shelves are covered with
paper, for ordinary paper readily absorbs moisture. To
prevent rusting, therefore, from this cause, all wooden
shelves should be covered with some material, such as
plastic sheeting, which does not absorb water.

Even this precaution will not safeguard the tools from
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heating, and in this case, the tools should be oiled or
greased, preferably with a compound such as Rustveto,
which is specially made for this purpose and contains
lanoline or wool fat to render the coating impervious to
moisture.

Meating and Lighting. In factories a reasonable tempera-
ture of the air is maintained not only for the comfort of the
workpeopie, but also to enable them to do good work and
keep up the output. For the same reasons, the heating of
the home workshop 1s equally imsportant, and within the
house this should not be a difficult matter, but in the shed
workshop it will probably be necessary 1o use some form of
stove if work 1s to be carried on during the winter months,

As the workshop will probably be largely used after dark,
satisfactory artificial lighting is essential if good work is to
be done. The general lighting with which the room or
shed is equipped will probably not be sufficient for fine
or difficult work at the bench, and some form of additional
lighting will then be required. For this purpose, a movable
form of lamp, such as a reading lamp, will be found an
advantage, for then the light can be directed to the exact
spot where it is most required. The Anglepoise lamp,
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manufactured by Messrs. Terry, is made in two sizes, and
the larger when standing on the bench is instantly adjust-
able to cover a wide area, so that it should alone be able
to provide all the light necessary for working at the bench,
or for using any machine mounted on the bench top.

The Floor. In order not to add to the work of keeping the
room clean and tidy, care should be taken to prevent, as
far as possible, filings and lathe turnings from falling on the
floor ; for not only are these difficult to sweep up, but also,
when they are trodden about the room generally, censure
is almost sure to follow.

To overcome this difficulty, an old mat should be spread
on the floor underneath the vice where it will catch the
filings as they fall ; it is then an easy matter to take the mat
outside and shake it clean. In the same way, mats can be
used to catch the chips that fall from the lathe or driliing
machine.

It will be tound that chips and filings are easily trodden
into lino or soft wood floors and are then difficult to remove,
so take special care to protect the floor from damage of this
kind.

The bench top should always be brushed clean after
working, and the chips, when collected in a domestic dust-
pan, should either be taken vutside at orice, or placed
temporarily in a box kept for the purpose under the
bench.

Methodical Working. Finally, train yourself from the start
to follow a tidy and methodical way of working, so that
tools are put back in their places as they are used and you
do not waste time and temper in searching for them amongst
a heap of tools cluttering up the bench. When taking work
to pieces, place the screws and other small parts in a tray,
such as the lid of a tobacco tin, and you will not then have
to search the bench, or possibly the floor, for missing parts
when it comes to putting the work together again.

As an example of what is meant by this, when over-
hauling a motor car engine I used a wooden block drilled
with a numbered hole to receive each valve as removed,
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and set with nails for holding the spring, cellar, and cotter
belonging to each valve.

In this way, the parts were readily reassembled in their
original order, and there was nc danger of their not
working properly owiaug to wrong assembly.

Although this was in the early days of motoring when all
parts were hand-fitted and not mass-produced, the former
method of fitting is still used in some branches of engin-
eering, and nothing is lost, and probably much is gained,
by working methodically when overhauling any kind of
mechanical work.




CHAPTER TWOQ

The Vice—Hand Tools—Files—Hack-
saws — Hand Drills — Drills — Screw-
threading Equipment—Shears — Chisels
—Scrapers—Tools used for Assembling
Work — Spanners — Screwdrivers —
Piiers — Hammers — Punches — Soi-
dering Equipment—Qil Stones.

The Vice. Before any filing or sawing of material can be
undertaken it will be necessary to attach a vice to the bench
for the purpose of holding the work securely ; and aithough

the vice must, of course, be firmly fixed
?Qol.ﬁgfggi in place, its weight also helps to steady
the work.

It is important, therefore, that the vice should be fully
big for its purpose and capable of holding the largest
material that is likely to be used.

For general work, a vice of simple design and with jaws
not less than 4 in. in width will as a rule be found most
suttable.

A well-designed and robust type of vice is illustrated in
Fig. 7, and from the cross-section of this appliance shown in
Fig. 8 it will be seen that the jaws are closed by means of a
square-threaded screw working in a threaded nut attached to
the body casting. Although these screw threads are well
protected from iilings, nevertheless, they should be well
oiled from time to time to prevent undue wear taking place
and to enable the parts to werk freely.

As will be seen, the two jaws carry detachable hardened
steel jaw plates which have roughened surfaces to enable
them to grip the work more securely, but as it is generally
an advantage to have smooth jaws which do not damage
finished work, you may be able to get someone to grind

12
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these flat for you, or, perhaps, you can buy in the first place
a vice with unroughened jaws.

To prevent the surface of fimished work heing damaged,
two strips of sheet lead or copper should be gripped between
the jaws and then hammered over to retain them in place
when the vice is oybnbd these fittings, known as vice
clams, are illustrated in Fig. g. Clams are also procurable
made of thick red fibre and fitted with metal clips to hold
them in place on the vice jaws. Strips of cardboard will
also be found useful as
clams when gripping
small work.

The vice is secured
to the bench top by
means of large wood
screws, or preferably
with  carriage bolts
which have a screw-
threaded shank and a
Fig. 7 head to fit a spanner.
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Fig. g

The latter give a firmer hold and are more readily tightened.

As shown in Fig. 2, Chapter I, the vice is fixed near one
of the bench legs in order to give steadiness, but at the same
time care must be taken to see that ample room is allowed
for standing and for the free working of the arms when
filing.

em—————
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WHEN FIXING VICE
MAKE SURE THIS

LINE IS CLEAR OF i
THE BENCH
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Furthermore, the vice should be attached so that the
fixed jaw projects beyond the edge of the bench, as shown
in Fig. 10, otherwise you will not be able to hold long pieces
of material in a vertical position between the jaws unless a
packing pivce is used behind the work.

[

=

VICE SHOULD BE
FIXED SO THAT THWE
TOP IS LEVEL WITH
THE UNDERSIDE OF
THE FOREARM,

=3

Fig. 11

If the vice is set at the correct height for working, the
top . the jaws should be level with the point of the elbow
when the arm is bent, as shown in Fig. 11 ; but if the bench
is of the standard height of some 3 ft. and you are not fully
grown, you may find that the vice is too high for comfort-
able working.

In this event, you will find it better to stand on a wooden
platform or duck-board when working, rather than to cut
short the legs of the bench ; then, in the course of time, as
you grow taller the platform can be discarded.
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'The standard given for the height of the vice is that most
suitable for ordinary work, but for fine work the top of the
vice can be raised with advantage, in order to bring the
work nearer to the eyve without the operator having to
stoop.

For this purpose, a small vice may be gripped in the
bench vice, and if one with a swivelling base can be pur-
chased this will add greatly to its usefulness. The writers
use a small * Yankee  vice of this type, and it has proved
a great help when dealing with small w ::k,

As has already been mentioned, a -all vice can be
clamped to the marble slab described in the previrus
chapter ; if a good quality vice with an efficient clamp is
obtained, it will be found that this is a most useful appliance,
as it can be fixed where required and readily removed
when not needed.

To complete the arrangement of the bench, the bench
top should be set level with the aid of a spirit level, and if
n~cessary, thin strips of wood should be placed under the
feet for this purpose. This levelling will prevent tools from
rolling on the bench top, and may also be helpful, as we
shall see later, when using the hand drill in the horizontal
positical.

Hand Tools. In order to carryout the ordinary workshop
operations of filing, drilling, screw threading and soldering,
the appropriate hand tools will be required ; these,
amongst others, will be first described, leaving an account
of their practical use until later.

Clearly, it will be possible to describe only a few of the
tools in each class, and the reader is, therefore, advised io
consult tool catalogues to make himself familiar with the
large variety of types available. Nuch useful information
can also be gained by reading toolmakers’ advertisements
and by visiting the stands at exhibitions where tools are
displayed.

Files. Files are named according to their length, shape,
and the coarseness of their teeth. For filing a piece of
material to size, where a considerable amount of metal has
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to be removed, a 10-in. bastard-cut hand file would in many
instances be found suitable. This means that the blade of
the file, exclusive of the pointed tang, is 10 in. in length.
Bastard-cut signifies that the file has rather coarse teeth
for taking a heavy cut; the other grades of teeth in
¢ mon use are second-cut, smooth and dead smooth. A
i .1 file is one which, as illustrated in Fig. 124, has a flat
parailel blade with a smooth or safe-edge along one side
for use when filing against shoulders.

Other shapes of files in general use are the flat, square,
triangular, round and half~round, as depicted in Fig. 12
B, ¢, D and E respectively.

HAND FILE

@ T TR EEh @
ROUND

L In 4
® i A b

HALF ROUND

Fig. 12
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In addition to these forms, there are many varieties
intended for special purposes and less commonly used ;
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and further information about them and about files in
general can be found in “The Amateur’'s Workshop,”
(Argus Books Ltd.), where the subject is fully discussed.

Before a file is put into use, it is essential that it should
be fitted with a handle, both to enable proper guidance to
be given to the blade when filing and also to protect the
hand from damage by the pointed tang. For this purpose,
the file is secured just below the shoulder of the tang
between clams in the vice, and the handle is driven home
with light blows from a wooden or raw-hide mallet ; if a
mallet is not available, a piece of wood should be held
"ga;nsL the handie and struck with a hammer.,

It 1s important that a handle large enough to give a
comfortable hand-hold should be fitted, and in addition,
the handle must be driven on so that it lies in a straight
line with the blade of the file, as shown in Fig. 13.

Always buy your files from a repuiable tool merchant,
for then you will avoid getting poor quality tools that will
give you little satistaction.

The length of the files you should buy will depend largely
on the size of the work to be dealt with, and if you keep
adding to vour stock as required, rather than buying a
large number of files at the outset, in time you will acquire
a good selection suitable for all ordinary purposes.

For cutting brass and similar :lloys, the file must be
quite sharp or it will tend merely to skid over the surface
of the work ; a file that has been used to file steel will not
cut brass as it should, but, on the other hand, a file used on
brass will be perfectly satisfactory for filing steel.

To get satisfactory results, therefore, cither the files can
at first be used solely for brass and then given over to steel,
or a duplicate set of files can be bought in the first instance,
cr, as a further alternative and as a measure of economy,
one side of the file can be marked with yellow paint
indicating that it is to be reserved for use only on brass,




19

and the other side is then kept for filing steel.

Saws. For sawing metal, a tool termed a hacksaw is
used ; this consists of a frame to hold and strain the narrow
saw blade which is furnished wiih teeth after the manner of

a wood saw.
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Fig. 13

As this tool is used almost exclusively for cutting up all
the materials used in the small workshop, it is important
that it should be of good construction, and that blades
suitable for this purpose should be available.

Although a hacksaw frame adjustable for various lengths
of blades i1s shown in Fig. 14, on the whole I would re-
comend a simple non-adjustable pattern to take 10in.
(254 m.m.) blades; for not ouly is the latter type cheaper,
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but the short blades used are more readily kept on a
straight path when sawing anrd are not so easily broken.

As in the case of files, a coarse tooth is used for the rapid
cutting of heavy material, and a blade of fine tooth pitch
1s more suitable for small work ; moreover, a blade that
has been used on steel will not readily cut brass.

If we are to use the right blade for the job, two courses
are open to us : either to change the blade as required, or
to keep several frames fitted with different types of blades.

The former course is apt to be tiresome and often results
in using any blade that happens to be in the frame, although
it is umsuitable for the work in hand and may have its
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Fig. 14

teeth broken in the attempt. If, on the other hand, the
simple type of frame recommended is used, several frames
can be bought quite cheaply and, when used with the
correct blades for the work, the teeth will not be damaged
and better work and a considerable saving in saw blades
will result.

If much heavy sawing has to be undertaken, there is no
reason why a large or an adjustable frame fitted with a
10-in. blade should not be kept for this purpose. *“ Eclipse ”
hacksaw frames are available in many patterns suitable for
use in the small workshop.

Saw blades for these frames are made with teeth ranging
from 14 to 32 per inch. These blades can also be obtained
hardened throughout, or with only the teeth hardened and
the backs of the tilades left soft ; the latier are recommended
for the use of the beginner as they are much less easily
broken if the blade is inadvertently bent when sawing.

The Eclipse light pattern saw frame, illustrated in
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Fig. 15, holds narrow 6-in. blades with fine teeth. This
little saw will be found invaluable in the workshop for all
kinds of small work.

ff:—-’:_

Fig. 15

The small saw shown in Fig. 16 is made with a stiff back
of either brass or steel which is folded over the blade and
gives it support throughout its length. The blade, with its
fine teeth, is useful for slotting the heads of small screws and
also for cutting thin tubing and slitting sheet metal.

N

Tig. 16
The piercing saw illustrated in Fig. 17 is in many
respects similar to the ordinary fretsaw and, as will be seen,
the tension of the blade is adjusted by setting the frame and
springing it while the blade is clamped in place.
The 5-in. blades are made in various widths; the narrower
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are :ed, as will be described later, for cutting internal holes
ana -hapes in metal sheet and plate, whilst the broader
blades are more suitable for slitting and cutiing off light
sections of material.
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Fig. 18

The familiar fretsaw of the pattern shown in Fig. 18 will
be found useful for cutting sheet metal, for the great depth
of the throat enables large sheets to be dealt with or patterns
to be cut out as in ordinary fretwork. Special blades made
for cutting metal should be used ; these have a very rapid
cutting action, and, if reasonable care is taken, they are not
so easily broken as might be supposed.

Another special form of hacksaw is the Abrafile,shownin
Fig. 19 ; this frame carries a blade of circular section,
somewhat like a slender round file, which can be threaded
through a hole in the work and then used to cut out a larger
hole or any other pattern desired.

Hand Driils. We are here concerned only with hand
drills, for power-driven drilling machines as well as the
methods used in operating them will be described in the
Part Two of this book.
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Fig. 19

The light type of single-geared hand drill shown in
Fig. 20 is fitted with a small chuck that will usually hold
drills up to £ in. in diameter. The
heavier pattern drill, illustrated
in Fig. 21, is termed a breast
drill, as it has a curved plate at
its upper end against which the
chest is pressed during drilling,
thus leaving the hands free (o
work and guide the tool.
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In this case, a larger chuck capable of holding up to
} in. is fitted, and an easily-engaged two-speed gear is
incorporated in the machine. It will also be seen that the
operating handle can be adjusted to give greater leverage
when drilling large holes with the slow-speed gear engaged.

Drilis. As to the actual drills themselves, twist drills will
be found 1o cut more easily than other types, and, in addition
if care is taken when drilling, holes equal to the nominal
size of the drill can be bored with considerable accuracy.
For drilling sheet metal, the straight-flute type of drill is
recommended ; these drills are similar to twist drills except
that the flutes are straight instead of being formed on a spiral
path.

It should again be stressed that drills of good quality will
prove the most satisfactory, and these can be bought either
in sets or as individual drills, according t> requirements.

One disadvantage, perhaps, of these drills, when used in
the small workshop, is that owing to their special form
they are not readily resharpened with that degree of
accuracy which is essential for doing good work. You may,
therefore, have to ask a friend who has a grinding device
tc do this work for you.

The classification of twist drills up to } in. diameter is as
follows :—

Number sizes.

From No. 86 (0.0135 in. diam.) to No. 1 (0.2280 in.
diam.), advancing in steps of a few thousandths of an
inch.

Fractional Inch sizes.

From 1/64 in. (0.0156 in. diam.) to } in. diam., advancing

by 1/64 in.
Letter sizes.

From A (0.2340 in. diam.) to Z {0.4130 in. diam.),

advancing in steps of several thousandths of an inch.
Metrie sizes.

Many readers will be aware that the metric measurement
system 1s in the process of universal adoption. It follows
therefore that the three classes of drill mentioned will be
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phased out in course of time. Meanwhile, drill manufac-
turers have been increasing the range of metric sizes they
produce. The sizes available are now very finely graduated,
as may be inferred from an inspection of the tables at the
end of the book.

Screw-Threading Tackle. Screw threads are cut by hand by
means of taps and dies. The tap is screwed into a hole
drilled to the correct tapping size, as it is termed, to form
an internal thread, and the die is screwed on to round
material, again of the correct diameter, to cut an external
thread ; with the result tha. the two parts so threadel can
be screwed together, as is seen in the case of a bolt and its nut.

Taps and Dies. These are referred to both as to the outside
diameter of the work they are intended to thread, and to
the pitch or number of threads per inch, written t.p.i., that
they cut.

The pitch of a thread is the distance measured between
two of its crests, so that when a thread is described as 16
t.p.i. it means that the distance from the top of one thread
to the top of the next is ¥ in., and it is said to be of & in.
pitch.

In addition, the shape of the actual thread itself is always
of some standard form, such as the well-known Whitworth
thread ; but we need not here go further into this, except
to point out that nuts and bolts used together must have the
same form of thread, as well as being of the same diameter
and pitch.

The question of the form of the thread and the size of
the tapping hole required will be dealt with in a later
chapter, when the actual screw threading operations are
described.

When buying screwing tackle, you must decide what
standard of thread pitch will best suit the work you have
to do.

For wireless components and other small equipment of
this sort, the British Association, or B.A. standard of pitches
and diameters is generally used, and this will also be found
suitable for model engineering and other similar work.
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B.A. sizes are denoted by numbers, the largest, No. o,
being rather less than } in. in diameter and the smallest
you will probably need, No. 10, has a diameter of a little
more than & in.

To begin with, you will probably find that the alternate
sizes from No. 0 to No. 10 will be all that you need, and
any intermediate sizes can then be bought later as required.

The standard Whitworth sizes above } in. have too
coarse a pitch for small work such as model engineering.
The British Standard Fine, or B.S.F. sizes, although of
finer pitch, are still rather coarse for small engineering and
instrument work.

The Standard Brass thread of 26 t.p.i. in all sizes up to
4 in., and more, is suitable for threading the larger com-
ponents used in model engineering work.

To meet the special needs of the model maker, The
Model Enginecer many years ago very wisely introduced a
standard of 40 t.p.i. for all sizes up to } in. in diameter, and
having 32 t.p.1. for {5 in. and { in., and 26 t.p.i. for { in.
and # in.

Following this, taps and dies of 40 t.p.i. are now available
in all sizes up to 4 in. or more. These fine threads are
especially useful to the model engineer for threading thin-
walled tubes and piping.

From what has been said it will be apparent that fine
threads are tending to replace the older forms of ccarse
threads for small engineering work, and this has been made
possible by the accurate methods now used in making taps
and dies which produce a well-cut thread that gives a
secure hold.

When buying screwing equipment, it is also most
important to choose the best quality obtainable, and
moreover, it is a good plan to buy a set of tackle, provided
that it is exactly what is required, for then a box will be
included for storing the equipment and protecting it from
damage.

Taps. In the smailer sizes two taps are usually provided
for each size, that is to say a taper tap for starting the
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threading operation and a second tap for completing the
thread.

A third form known as a plug or bottoming tap is used,
particularly in the larger sizes, for cutting the thread to
the bottom of a hole. These three forms of taps are illus-
trated in Fig. 22.

Dies. For all small work
these are now made of the cir-
cular pattern shown in Fig. 23,
and it will be seen that the die
is split so that it can be
adjusted for wear, cither by

|
,

taper second plug means of a setting screw or
Fig. 22 by being pinched in the die
holder.

Tap and Die Holders. If you buy a set of screwing tackle,
a tap holder and a die holder will probably be included.
The tap holder illustrated in Fig. 24 is adjustable to fir
taps of different sizes, and when secured to the squared
portion of the tap’s shank it is used as a
turning wrench.

When applied to small taps, this type of
wrench may be found rather difficult to use
and somewhat cumbersome, and in that case
the holders shown in Figs. 25 and 26 may be
more convenient.

These holders have a two-jaw chuck which
is contracted by means of the knurled sleeve to grip the
squared end of the tap.

The die holder depicted in Fig. 27 is provided with a
set screw for holding the circuiar die in place, and some
patterns of die holders, and by far the most useful, have
guides for holding the die truly in line with the work. A
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holder of this type is shown in Fig. 28, and it will be seen
that below the die is a housing in which a circular gvide
collet is retained by means of a set screw. Needless to say,
a collet of the correct size must be used to fit the work being
threaded, but there is no diffi-
culty in this, as sets of collets
are supplied with die holders
of this type.

Some standard American
die holders are of tnis pattern,
but at present some- difficulty
may be experiencad in obtain-
ing these tools.

Another form of die collet
is shown in Fig. 29; here,
the die fits into a housing
which itself forms the collet or guide for the work.

Shears. For cutting sheet metal, the tool generally used

Fig. 26

is the hand shears or tinman’s snips, and both the straight
and the curved pattern are illustrated in Fig. g0.

The straight form is used for all straight-line work and
for cutting out large diameter circles, whilsi the curved
pattern is suitable for cutting out circles of small diameter
and for all internal curved work.

Fig. 27

As in the case of ordinary scissors, only thin material can
be cut owing to the limited leverage available. Where
thick sheet metal has to be dealt with, greater cutting
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pressure is required, and for this work a bench shearing
machine of the type illustrated in Fig. 31 is generally used.
‘ cotlet

ApL

iire

securing

chip clearance
slot

Fig. 28 (above)

die gu'des Fig. 29 (left)

As will be seen in the drawing, the system of linkage
employed provides great leverage and this is further
increased by using a long handle to work the machine.

Although this machine is undoubtedly useful in the small
workshop, its purchase would seem hardly justified unless
much sheet metal cutting is undertaken.

STRAIGHT

Q

CURVED
¥ig. 30
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When dealing with the use of the hand shears in a later
chapter, some ways of increasing the cutting power of the
tool and making it more easily operated will be described.

Fig. 31

Chisels. The four forms of metal-cutting chisels in
common use, or cold chisels as they are called, are illustrated
in Fig. 32 ; and of these the flat type is often used by the
model engineer for cutting metal in awkward places where
other tools, such as saws and files, cannot easily be brought
to bear.

The other three forms are used for special work, that is
to say for cutting heavy metal plate and keyways, forming
oil grooves in bearings, and clearing out the corners of cast
work respectively.

These chisels are usually forged from octagon tool steel
and are then hardened and tempered to enable the cutting
edges to withstand the shock of the hammer blows used to
drive the tool along the wark.

In addition to this pattern, Messrs. Moore & Wright
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manufacture a range of flat rectangular section chisels,
made of a special nickel alloy steel, which have superior
cutting properties and are more readily resharpened when

blunted.

CROSS CUT ROUND DIAMOND
NOSE POINT
Fig. g2

Scrapers. Although scrapers are made in a variety of
forms adapted for different purposes and for working on
flat and curved surfaces, a single flat scraper of the pattern
illustrated in Fig. 33 will be found sufficient for muost

purposes in the small workshop. The scraper is a most
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Fig. 33

useful tool for removing small amounts of metal when fitting
parts together, and, unlike the file, it will readily remove
the metal in exactly the place required.

Scrapers can be bought from the tool merchant, but
mechanics usually prefer to rake them from a discarded
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flat file, as files of good quality are made from steel which
is most suitable for this purpose. So if you have a friend
who is willing tc make you a scraper, so much the better.

The method of using and sharpening the scraper will be
described in a later chapter.

Tools used for Assembling Work. Although the size of these
tools will, of course, vary with the character of the work
undertaken, their actual form will be substantially the same
in all cases. For assembling models and other small work,
you will find it a good plan to keep a selection of these tools
in a box or drawer apart, so that they are always ready for
use and do not have to be collected from various places in
the workshop.

Spanners. The open-ended type shown in Fig. 34 can be
obtained to fit all sizes of nuts from 10 B.A. up to the very

Fig. g4

largest, and their size is always denoted by the size of the
nut they are intended to fit, and not by the width apart
of the jaws.

Spanners of the open-ended pattern have the disadvan-
tages that they arc apt to slip when in use, and also they

Fia, 35

engage with only two of the flats on the nut at a time,
whereas the types shown in the subsequent drawings make
contact with all six of the nut faces and thereby obtain a
better hold with much less liability to slip or damage the
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nut. If a spanner slips when turning a nut, it mav cause
unsightly damage which will spoil the appearance of a
well-finished piece of work.

The spanner shown in ¥ig. 35 is known as a ring spanner
and is largely emploved for turning nuts which are 1in
frequent use, such as those on the adjustable parts of
machine tools.

Fig. 36

Messrs. Terry make useful sets in thin material of both
open-ended and ring spanners to cover the range required
for all ordinary work.

The box spanner, Fig. 36, is generally used for heavy

Fig. 37

work, but it can also be obtained in small sizes suitable for
wireless and other similar work. As will be seen, the tubular
portion is cross-drilled to take a round tommy bar to give
the necessary leverage for turning the nut.

A more highly-finished form of box spanner is shown in
Fig. 37 ; here, the recess to receive the nut is machined
and the shank is fitted with a plastic or wooden handle.
These spanners will be found much the most useful form
for light assembly work.

For heavier work, this type of spanner is fitted with a
metal cross-handle, as illustrated in Fig. 38, and is then
known as a T-spanner.

Where nuts have to be fully and securely tightened the
socket wrench illustrated in Figs. 39 and 40 may be used
with advantage, for both a firm hold and good leverage are
readily obtained.
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These spanners comprise a set of sockets, which for
storing are threaded on to the turning bar and retained in
place by means of the spring detent shown on the left of
Fig. 39.

When buying spanners make sure that you select only
those of good quality and of sizes suitable for the work
vou intend to do, bearing in mind that you can always add
others later on as the need arises.

Screwdrivers. Three forms of screwdrivers are illustrated
“in Fig. 41 ; the first 1s the type commonly used by the
woodworker ; the second is the machinist’s screwdriver
which 1s fitted with a fluted handle to give 2 firm hand-hold
and 1s the pattern generally used by metalworkers. The
third form is smaller in size and has a blade adapted for
turning the small screws used in model engineering ~rd
instrument work., When using these tools, the tip of the
forefinger is placed in the recess of the swivelling tcp and
the handle is turned with the tips of the thumb and second
finger.

)
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These screwdrivers can be bought in sets to fit the screw
heads of a wide range of small screws.

It is important that not only should a screwdriver be
used that fits the screw head, but, at the same time, the tip
of the blade should be kept in good condition, so that it
does not tend to slip out of the screw’s slot and thus, perhaps,
mar the appearance of a carefully-finished piece of work.

combination round nose end nips

Fig. 42

Those wishing for further information on this point
should consult *‘ Sharpening Small Tools,” published by
Argus Books Ltd.

Pliers. Inspection of a tcol merchant’s catalogue well
show the great variety of pliers made for general use and
also for special purposes. There is, however, no need to
buy a large selection of these tools in the first place, as a
pair of combination pliers will probably be found sufficient
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for all ordinary work. Nevertheless, a pair of round-nosed
pliers and also a pair of end- or side-cutting pliers, as
illustrated in Fig. 42, will form a useful addition to the
tooi Kkit.

When buving, it is important to select tools of good
quality, as shown by the pliers being polished all over and
having a firm but smooth-working joint ; in addition, the
jaws should be well finished, so that they meet accurately.

Formerly, parallel-jaw pliers of American make could be

obtained at any good tool store. These tools were of good
quality with a fine finish, and as they were well designed
and accurately made of high-class materials, they gave
good and long service in the hands of a careful user.

Hammers. Two patterns of hammers are shown in Fig. 43.

The ball-pane or rounded face is used in the metal
workshop for setting and rounding over the heads of rivets
and pins. For general use, a hammer of some § 1b. weight
will be suitable, whilst for light work a small hammer with
a 2 to 3 oz. head will be required.

The cross-pane hammer is mostly used in woodworking
shops where the cross-pane is essential for setting and driving
nails in awkward places.

Best quality hammers have a finely-finished and polished
head, and the shaft is made of straight-grained hickory ;
in addition, the perfect balance can at once be detected
when the hammer is taken in the hand.
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Pin Punches. These tools, which are usually purchased in
sets, are used for driving out pins when taking machines
and other mechanisms to pieces. The drawing in Fig. 44
shows that the punch has a long parallel working portion
and a knurled shank to provide a good grip for the fingers.

Fig. 44

Soldering kEquipment. For ordinary soldering operations
quite simple equipment will suffice. This consists of one
or more soldering irons with a means of heating them, and,
in addition, a supply of solder and fluxing material.

Fig. 45

A soldering iron, as shown in Fig. 45, consists of a copper
bit, as it is termed, riveted to an iron shaft which is fitted
with a wooden handle. The bit illustrated in Fig. 454 is
pyramidal in form, and that in Fig. 458 is hatchet-shaped
for use when soldering seams and for penetrating into
awkward places.

Soldering irons are made in various weights, but for
general work a bit weighing from 6 to 12 oz. will be found
suitable.

Gas, when available, may be used with a Bunsen burner
or gas ring for heating the iron, which in the former case
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can be supported on an ordinarv laboratory tripod, as
shown in Fig. 46.

Self-contained gas-heated soldering irons can also be
obtained, and although this is a convenient method of
heating the iron, the attached gas pipe may be found rather
a nuisance.
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When a coal or coke fire is used for heating, the iron is
apt to become coated with ash ; also, it is more difhcult to
control the heat and this may result in the bit being over-
heated.

As an alternative to heating the bit with a gas burner, an
electrically-heated soldering iron may be used.

This has inany advantages, for the iron is then kept clean
and, as a result of the special manner in which the iron is
wound, there is little danger of overheating the bit.

The question of solders and fluxes will be dealt with in
a later chapter, where soldering operations will also be
described.
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Qilstones. For sharpening tools, such as chisels, scrapers
and pointed tools, in addition to any woodworking tools
vou may use, you will need an oilstone or, perhaps one
stone for rapid cutting and another for giving the final fine
finish to the cutting edge.

QOilstones are of two kinds : the artificially produced
carborundum stone, and the natural form, such as the
Avkansas which consists of almost pure quartz.

For restoring the damaged edge of & tool, an artificial
stone will remove the unwanted metal quickly ; and it will
be found that the India stones manufactured by Messrs.
Norton Abrasives are not only excellent for this purpose,
but their hard texture prevents them from becoming
unevenly worn or scored if reasonable care is taken.

To produce a bighly-finished cutting edge, the sharpening
operation is usually completed on a natural stone like an
Arkansas or Washita. The former is ra...er expensive, but
as it is extremely hard it will resist wear and should last
almost indefinitely. If a soft stone is purchased, it will be
found that the surface is easily scored and is apt to wear
unevenly, so that in time it becomes unfit for sharpening
tools accurately.

It is best to buy bench stones of the standard size, that
is to say they should be 8 in. long, 2 in. wide and 1 in thick.

Smaller stones usually make tool sharpening more diffi-
cult, especially in the case of the larger tcols, such as
scrapers, wood chisels and plane blades, which usually have
a place in the small workshop.

Read the makers’ instructions carefully and carry out
their recommendations as to upkeep, in order to ensure
good and lasting service from your oilstones, for the quality
of your work may in part depend on their efficiency.

Those wh» recuire further information about the selec-
tion and use of oilstones should consult *° Sharpening
Small Tools,” published by Argus Books Ltd.




CHAPTER THREE

Callipers — Rulers — Micrometers ~
Depth Gauge—The Protractor—Drill
Gauge - Marking-out-—Equipment re-
quired-—Marking-out Sheet Metal Work
—VWitness Lines — Marking-out Solid
Objects—Marking-out a Bearing Bracket
—Marking-cut the Centre of a Shaft—
Reading Machine Drawings.

In all mechanical work, where parts are machined or
formed with hand tools to fit together, some means of
making measurements will be almost esseniial both for

maintaining accuracy and for saving
EQUIPMENT FOR [oss of time.
mi‘;i?ﬁéhlg STND For example, if we have to fit a shaft

to a small bearing, we could go on
gradually removing metal from the shaft until it fitted in
place, but clearly a better method would be to measure the
bore of the bearing and then to machine the shaft to exactly
this diameter, less, of course, a small allowance to give a
working clearance.

How then are we to make these exact measurements ?

In commercial practice the bearing may be made in one
factory and the shaft in another, vet when the parts are
assembled in a third factory they are found to fit together
perfectly.

This result is obtained by the use of very accurate and
expensive gauges, but these methods are hardly suited to
the type of work usually undertaken in the small workshop,
where a single model only may be constructed and the
parts are then made and fitted together individually.

Caliipers. Let us again consider the shaft and its bearing,

What we are really concerned with here is the diameter
of the shaft relative to the bore of the bearing and quite

41
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irrespective of the actual size of the parts measured in
in¢hes.

The bore of the bearing can be gauged by means of the
inside callipers shown in Fig. 47. The legs are set with the
fingers to make contuct with the bore and the final fine
adjustment is made by tapping the callipers on a piece of
wood. To oper the legs, the callipers are held with the

Q@

Fig. 47

points uppermost and the jointed end is tapped on the wood,
whilst to close the callipers the legs themselves are lightly
struck against the wood.

The adjustment is continued until a slight resistance only
is felt as the tips of the calliper legs are moved to and fro
in the bore.

Fig. 48

The next step is to set the outside callipers, shown in
Fig. 48, exactly to the inside callipers, using the method of
setting already described, but great care must be taken
when doing this not to upset the adjustment of the inside
callipers.

The points of both callipers must be held quite square to
each other when testing the setting, as shown in Fig. 49,
otherwise a false reading will be obtained ; in addition,
the process will be made easier if the points of both callipers
are rested on a flat surface when testing the setting.
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The outside callipers can now be used as a gauge to
determine the diameter of the shaft required to make it a
sliding fit in its bearing, and, moreover, it will be apparent
that only simple tools are needed when this method is used.

QUTSIDE
CALLIPERS
o L

INSIDE
CALLIPERS

i

Fig. 49

As to the accuracy of the method, the writer found that,
when making a series of measurements, errors of one
thousandth of an inch could quite readily be detected, but
some practice will be needed before this degree of accuracy
of working is acquired.

The work of setting the callipers will be made easier if
the screw-adjustable pattern is used ; these are illustrated
in toolmakers’ catalogues and also in Fig. 56, where the
dividers of this type are illustrated.

If desired, the setting of the inside callipers can be
measured against a rule and the outside callipers then
adjusted to the same mark on the rule, but in this case
quite large errors are almos* sure to arise and this method
is not recommended except for making rough measurements.

As an alternative method, instead of the inside callipers,
a piece of metal rod can be used to gauge the bore, and the
outside callipers are then set to this.
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For this purpose, the shank of a drill which exactly fits
the bore can be used, or a tapered cotter pin such as is used
for assembling machinery will make a useful gauge. The
latter can be inserted in the bore of the bearing and marked
with a pencil at the line of contact, as illustrated in Fig. 50 ;

PENCIL MARK
BEARING /

P |

CALLIPER
JAWS |

\

Fig. 30

TAPER PIN

the outside callipers, when set on the gauge piece just shori
of the pencil mark, can then be used for determining the
size of the shaft required to fit the bore.

The Rule. So far, we have considered only the relative
sizes of components without giving their actual size such
as we could state numerically, or could show in a mechanical
drawing.

When actual linear dimensions are required they can be
measured, although not really accurately, by means of a
rule of the pattern familiar to all workers.

These rules are made of steel and the graduations are
machine engraved to ensure the accuracy of the markings.

Tempered steel rules are best, as they resist wear and are
not so liable to become rusted from handling.
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A large rule of 1 ft. or 6 in. in length will be required,
and in addition, a short g-in. or 4-in. rule will be found
handy for small work. :

Rules are generally made with several sets of graduations
ranging from } in. to 1/100 in., and although the latter
fine divisions may be useful at times, they are difficult 1o
read accurately and confusion may easily arise.

Micrometers, For the accurate measurement oflength in
the workshop, that is to say in terms of a thousandth of an
inch, it is usual to employ a micrometer, which ronsists of
a steel bow fitted with a fine measuring screw ; or a sliding
gaugs with a vernier attachmeni may be used for this
purpose.

These rather expensive instruments are usually graduated
to read in thousandths of an inch.

The micrometer of the form in general use has a range of
only 1 in., and separate instruments are required for making
inside and outside measurements, as well as for determining
the depth of holes and dimensions of height.

The vernier slide gauge, on the other hand, has a long
graduated scale which enables a single instrument to make
both inside and outside measuremenis up to a length of
12 in. or more.

Those who, at this point, require further information
about these toots should refer to ““ The Amateur’s
Workshop,” published by Argus Books Ltd., whilst
particulars of the patterns in general use will be found in
toolmakers’ catalogues.

The Depth Gauge. The gauge shownin Fig. 51 is used for
measuring the depth of a hole or shoulder, as indicated by
the rule when the base piece is in contact with the surface
of the work.

The narrow rule fitted is usually graduated in 1/64 in.
on one side and in 1/100 in. on the other,

To use the gauge, the base piece is pressed against the
work and the rule is pushed downwards until it meets the
bottom of the hole whose depth is being measured ;
the clamping screw is then tightened to enable the gauge
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to be handled without fear of upsetting its adjustment.
Tha Protractor. This instrument, which is illustrated in
Fig. 52, is used for measuring and marking-out angles.

‘iji]_gi_l_{.L_l

Fig. 51

The rectangular stock or base is graduated in degrees from
o to 180 deg. at either end.

When the protractor has been set as required, the
movable blade is locked to the stock by tightening the
central clamping screw.

Fig. 52

The Drill Gauge. As will be seen in Fig. 53, one form of
this gauge is made with a series of holes ranging from 4 in.
to } in. in diameter . ad advancing in steps of 1/64 in.

‘These gauges are accurately made of hardened steel, and,
as far as the hole sizes allow, can be used for determining
the diameter of shafts and other components in addition
to their normal use for gauging the size of drills.

Besides the fractional inch gauge illustrated, a similar
pattern can be obtained with holes indicating the diameters
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of the number-size drills from No. 1 to No. 6o, that is to say
from 0.040 in. to 0.228 in., advancing in steps of a few
thousandths of an inch. These drill gauges are also marked
with the decimal inch equiva-
lents of the drill sizes.

In addition to its use for
measuring the size of drills and
other small components, this
gauge, as will be described
later, can be employed for
determining the size of the
tapping holes required for small
taps used to cut screw threads. O

Marking-out.  Marking-out 27/64
is, briefly, the process of draw- O
ing lines on the surface of the
work to indicate its finished 716
size and, at the same time,
marking the centres of any

drill holes required, and scrib- O
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Marking-out flat work or O O 13/64
sheet metal i1s very much the 31/64 ’ O

B same as making a mechanical
drawing, and, here, at any
rate, you will be able to make
use of any geometry you have
learnt.

Before any marking - out
work can be undertaken a
few simple iools and materials will be needed, and these
will now be described.

In the first place, it is essential that the marking-out lines
drawn should be clearly visible to act as a guide when later
the work is being formed to shape.

If the material used is sheet copper-or brass, the lines will
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probably show up clearly, bui in the case of steel the surface
will have to be painted with a marking fluid to ensure this.

Blue-colcuvred, quick-drying, marking fluid can usually
be purchased from the tool merchant, but if there is any
difficulty about this, some French polish or spirit varnish
with a little blue dye, such as methylene blue, added will
make a good substitute.

Fig. 54

For scratching the lines on the surface of the work a
scriber, as shown in Fig. 54, 1s used ; this tool has a
hardened-steel sharp point and a knurled handle to give a
good finger-hold.

To cover the usual range of work when drawing lines at
right angles to a base line, one or more squares, as illustrated
in Fig. 535, will be required.

A 6-in. square should be
ample for larger work : a 3-in.
square will be found most
generally useful : and it is an
advantage to have a 1-n.
square for small work and for
checking the squareness of
edges when filing. Messrs.
Moore & Wright make a full
range of accurate squares
suitable for use in the small
workshiop.

For laying off distances and
for scribing circles a pair of
dividers 1s essential. The pat-
tern illustrated in Fig. 56 is
adjustable by means of a screw
and is greatly superior to the
plain type. To set the dividers, Fig. 55
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one point is placed in an inch mark on the rule and rhe
other point is then adjusted until it lies exactly in the
graduation line required.

When lines have to be scribed at a fixed distance from
the edge oi the work, the jenny callipers shown in Fig. 57 are
used.

The legs are set to the required distance apart by placing
the point in the required graduation on the rule, and the

—trma
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other leg is then pressed inwards until 1t makes contact
with the end of the rule.

To use the callipers, the curved leg is pressed against the
edge of the work and the sharp point is used as a scriber,
but care must be taken to maintain the callipers at right

Fig. 57

angles to the work, otherwise the line marked will not be
at the correct distance from the base throughout.

When the point of intersection of two scribed lines is used
to denote a drilling centre, this point is marked with a
fine-pointed centre punch, as illustrated in Fig. 58.

90° POINT

60° POINT




50

As an aid to locating the punch exactly at the required
point, a magnifying glass can be used with advantage, and
the punch, while held vertically, is then struck a light but
firm blow wiih a small hammer.

Marking-out Sheet Metal Work. As a practical example of
marking-out let us take the sheet metal packing-piece or
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Fig. 59

cover plate shown in the drawing in Fig. 59 ; its thickness
does not matter for our purpose, as we are concerned only
with its shape as seen from above.

The drawing represents a square plate with rounded
corners and having four holes equally spaced at a given
distance apart.

The drawing also shows the exact dimensions required,
that is to say the length and breadth of the plate, the posi-
tion and size of the holes, and the radius of the rounded
corners.
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To make a start, take a suitable piece of flat sheet metal
and with a rule and scriber draw a straight line along one
edge, as indicated in Fig. 60.

The edge of the sheet is then cut and filed exactly to this
line as will be described in detail in the next chapter. The
straight edge so formed is called the datum edge, as from it
the dimensions of the work are marked-out in accordance
with the drawing.

Apply the square to the datum edge and scribe a line,
AB, Fig. 61, at right angles to it to represent one side of
the square ; then set the dividers to exactly 2 in. and scribe
an arc of a circle, CDE, from a point on this line.

Apply the square again to the datum edge and draw a
vertical line, FG, through the extreme edge of the arc to
mark the opposite side of the square.

Set the jenny callipers to exactly 2 in., and with the
curved leg against the datum edge mark off the line, GB,
to complete the square. The next step is to mark the lines
Hj and KL W1th the j Jenny set to £ in. Set the d.lVidCl‘S to
hn&e FG and HJ mark off the distance HM, and also LN
in a similar manner.

With the square against the datum line, draw the two
vertical lines OP and QR through the points M and N
respectively.

Set the dividers to 1} in., and from M and N scribe arcs
to cut OP and QR at S and T. Mark the points M, N, S
and T with the centre punch to denote the drilling centres
of the four holes.

When doing this the centre punch must be held exactly
vertical, otherwise the centres will be drawn over to one
side and the holes will be drilled out of their correct position.

The appearance of the work will now be essentially as
shown in Fig. 62, and it only remains to complete the
marking-out in the following manner. Set the dividers to
$ in. and mark off the radius of each corner as shown ;
then reset the dividers to } in. and scribe the dimension
lines of the four holes. The final siep is to scribe and
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punch-mark what are described as the witness lines.
Witness Lines. When small holes are being drilled, the
circle scribed to show the diameter of the hole will clearly
LU LU LI T UL § R UUIL S SUNE | S o oSN TSN S
HIGLICALC 11 UIC AUl 4t SLAPLIE 15 dl a4l OII=CCILre, Dul In ine
case of larger holes, one or more witness or guide circle:
should be scribed within this circle to make any error of
drilling more readily apparent as the work proceeds.
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Fig. 62

A witness line, outside the circle indicating the hole
diameter, as shown in Fig. 62, may be found useful as a
check on the final accuracy of the drilled hole, and wiil
also serve as a guide should the position of the hole have to
be corrected later by filing.

To make sure that these lines do not become obliterated
until they have served their purpose, they may be lightly
marked with a centre punch as shown in the drawing.

When marking-out a piece of work in which holes of
various diameters have to be drilled, you will find that
mistakes can be avoided if the size of each hole is marked
opposite to it with the scriber.
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The work is now marked-out in accordance with the
drawing and is ready for drilling and cutting to shape.

Marking-out Solid Objects. So far, we have considered
only flat work, but when we come to marking-out solid
objects some additional equipment will be required.

BRACKET
POR SCRIBER 7

SCRIBER MAY BE INSERTED
HERE FOR WORKING CLOSE
TO THE BASE

YCLAMP FOR
FINE ADJUSTMENT _
SCREW. & { | /P LAR

AETRACTABLE
PEGS v,

[

~VEE FQR USE ON
CYLINDRICAL WORK

Fig. 63
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In the first place, a flat surface on which the work can
stand must be provided, and for this purpose a surface
plate, as illustrated in Fig. 64, is generally used, but a sheet
of plate glass makes a satisfactory substitute.

The surface plate is a heavy.rigid iron casting whose
upper surface has been machined and finally hand-scraped
to a high degree of flatness, but a machined casting will be
sufficiently accurate for ordinary marking-out purposes and
has the advantage of being very much cheaper.

For scribing lines on the work at a given height above
the base, the surface gauge is used instead of the jenny
callipers. ,

The surface gauge made by Messrs. Brown & Sharpe is
illustrated in Fig. 63, and it will be seen that the pointed
scriber can be set in any position required and also adjusted
for height by sliding on the pillar. In addition, the height
of the scriber point can be set by swinging the pillar,itself,
whilst the final exact setting is made by means of the fine
adjustment screw shown.

The retraciable pegs fitted to the base can be pushed
downwards to guide the gauge along a reference surface,
such as the machined edges of the surface plate.

The height of the scriber point is set against a rule, held
truly vertical to the surface of the marking-out table either
by being pressed against a rectangular.block or angle plate,
Fig. 64, or by being clamped in a special rule holder or stand.
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Full directions for making a simple but efficient rule
stand are given in Chapter Five.

When cylindrical work has to be marked-out on the
surface plate, it is usually held in position by means of a
V.block, as shown in Fig. 6g, or two similar blocks may be
used to support long work.

O SURFACE

WORK
4
_ !
SURFACE PLATE
Fig. 65

To denote drilling centres, as in the case of sheet material,
two lines are scribed at right angles, and to facilitate this,
the work, where it will not stand firmly and evenly of its
own accord on the surface plate, may be secured to an angle
plate as shown in Fig. 64.

Marking-out a Bearing Bracket. Now that the tool
equipment required has been briefly described, let us take the
bracket shown in ®ig. 65 as a simple but practical example
of marking-out a solid object on the surface plate with the
aid of the surface guage.

The problem here is to mark-out the boss so that it can
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be drilled and bored to receive a bearing bush or liner ;
the centre line of the bearing must be exactly 2 in. above
the base line in order that the shaft it carries will be truly
aligned in the machine to which the bracket is attached.
In the first place, the under surface of the foot piece must
be made flat, as will be described in the next chapter, so
that it will stand on the surface plate without rocking.
This surface, corresponding to the datum edge of the
work in the previous example, is called the datum surface,
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and it is on this that the bracket is finally bolted in place in
the machine of which it forms part.

Accordingly, the centre line of the bearing is scribed 2 in.
from the datum surface.

After the face of the boss has been painted with marking
fluid, the casting and the surface gauge are placed on the
surface plate as illustrated in Fig. 65.

The next step is to set the point of the scriber exactiy
2 in. above the base line, as shown in Fig. 66. This is done
by holding the rule in a truly vertical position against an
angle plate, or by clamping it in a rule hoider, and then
setting the scriber point to the 2-in. mark by using the fine
adjustment screw for the final setting.

When set, the scriber should lie horizontally, or nearly
so, for in that position not only will it mark better, but it
will be less liable to deflection when meeting any irregu-
larities on the surface of the work.
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Now, grasp the base of the surface gauge and move the
scriber point right across the surface of the boss so that a
clear, even line is marked ; when doing this, the scriber
should be allowed to trail somewhat, otherwise it is apt to
dig into the work and form an irregular marking.
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Fig. 67

To scribe the cross-centre line, the casting is placed on
its side as shown in Fig. 67. The diameter of the boss was
found to be 1 in., and its outer diameter lay } in. from the
edge of the casting ; the scriber point is, therefore, set
to 1 in. against the rule, and the cross-line is scribed
across the centre of
the boss, B

As in the case of
the sheet metal com-

ponent already refer- = J’[,.
80SS~__

red to a centre
punch-mmark is made | f\
at the intersection of

the two cross-lines, of \\ ’//

and from this centre

]
both the hore diameter JORE —
and the inner witness —
lines are scribed with WITNESS LINE

the dividers. Fig. 68
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The marking-out is completed by dotting the circum-
ferences of these two circles with the centre punch, in order
to ensure their remaining visible throughout the subsequent
machining operations.

The appearance of the finished work will then be as
depicted in Fig. 68.
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Fig. 69

Marking-out the Centre of a Shaft. Anoperation commonly
required in the workshop is to mark-out the centre of a
round shaft. For this purpose, the shaft is placed in a
V-block, or in a pair of similar blocks, on the surface plate
as shown in Fig. 6g.

The point of the scriber is set to the approximate centre
height and a short line is scribed across the centre ; the
shaft is then rotated some sixth of a revolution and a second
line is scribed ; this procedure is repeated until the shaft has
been completely turned.

It will be found that the marking lines now enclose a small
central space, and if the scriber point is reset to the centre
of this area, the cross-centre lines can be readily marked-out.
If the two centre lines are required to be exactly at right
angles to each other, the horizontal centre line alone is
marked with the surface gauge, and the vertical centre line
is then scribed from a square standing on the surface plate.

Those who desire further information will find the whole
subject more fully dealt with in ‘“Marking-out Practice”
published by Argus Books Ltd.
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Reading Machine Drawings. Machine drawings are issued
as a guide to cnable workers to make mechanical parts in
the workshop.

These drawings usually comprise a general arrangement
drawing giving a picture of the work as a whole, and, in
addition, detail drawings showing the form and dimensions
of the several parts,

In the general arrangement drawing the appearance of
the component is represented separately in the three planes
in space as illustrated in Fig. 70 ; that is to say the plan
view as it is seen directly from above, the front elevation
as viewed from in front, and the end elevation showing the
component as seen end-on.
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plan | 3 elevation
Fig. 70

Those who are familiar with mechanical drawings are
able to combine these three drawings in the mind’s eye, as
it were, and to visualise the object as it would actually
appear ; but for the benefit of those who are unable to do
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this, the modern method of isometric projection combines
these three drawings in a single view, as seen in Fig. 7o,
which shows clearly exactly what the object is like and thus
prevents any mistake being made as to its real form.
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Another form of drawing, whig¢h is often used to show the
internal construction of mechanical work, is the sectional
drawing. These drawings are not only a great help to the
mechanic when dealing with complicated work, but they
also lessen the work of the draughtsman by simplifying
and reducing the number of drawings required to show all
the details of construction and the position of the individual
parts.

A typical example of sectional drawing is given in Fig. 71.
which shows in section a bush inserted in a housing.

Unless otherwise indicated in the drawing, these sections
are always taken through the centre line of the component ;
and in order to make the relation of the parts clear, the bush
is hatched with a series of parallel lines, whilst the shading
lines on the housing are drawn at right angles to those on
the bush. _

Conventions Used in Drawings. For the sake of uniformity,
certain methods of drawing have been adopted and are now
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in general use ; as a guide to their interpretation the more
common conventions are now described.

Screw Threads. In Fig. 72 the various ways of representing
both external and internal screw threads are illustrated ;
those shown at A and D are detailed drawings of the thread
form, and the shading is added to improve the appearance

EXTERNAL THREADS
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Fig. 73

and to make the drawing suitable for reproduction in the
Press.
Of the remainder, C and G are the simplest, and, as they
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take but little time to draw, this method is now largely
used in the drawing office to save valuable time.

Nuts and Bolt Heads. These are always shown insolid form
unless a sectional view is necessary for some special reason,
and the full diameter of the nut across its corners is repre-
sented as in Fig. 734 ; but where the nut has to be shown
at vight angles to the former position it is drawn as in
Fig. 73B.

Centre 'Lines. In all drawings the centre line of each
component is shown by a chain-dotted line.

These lines are important to enable measurements of
dimensions to be taken readily. For example, the centre
lines of the cylinders of a petrol engine are drawn so that
the exact distance between the cylinders can be measured
in the workshop.

Hidden Parts. These are represented in the drawing by
broken lines as shown in Fig. 74, which depicts a bearing
bracket fitted with three inset bushes. The use of this
convention saves much work, as otherwise several drawings
might be required to show the exact relation of the parts.

—

Fig. 75



65

.

squares
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Fig. 76

Dimensions. As shown in Fig. 75, these are indicated in
inches, and parts of an inch, by figures between arrows
pointing to the lines which show the limits referred to.
Where space is restricted, the position of the arrows and
figures may be arranged as illustrated in Figs. 75a and v58.

Flat Surfaces. When a flat surface is formed on a shaft
this is indicated as shown in Fig. 76a, and in addition, the
surface of the flat is sometimes drawn with the diagonals,

as when a square formed on a shaft is denoted in the manner
illustrated in Fig. 75B.




CHAPTER FOUR

Filing — Pinning — Draw Filing — Filing
Aluminium — Scraping — Sawing Metal—
Marking-out the Work—Using the Hack-
saw — Sawing Curves—Cutting Metal-—
Cold Chisels-~Hand-Drills—The Drilling
Operation—Polishing—Reaming—Screw
Threading—Cutting Threads-—Soldering
—~Hardening and Tempering.

“ CLEANLINESS 1n the workshop is the first essential, and is
the basis of accuracy and efficiency. Without it good work
can only be produced with difficulty, if at all. A <¢lean

workshop inspires good work ; a clean
USING HAND machine and a clean work bench
TOOLS produce it.” These words are itaken

from the Introduction to a handbook
on engineering workshop practice published in the early
part of the recent war ; they were intended for the host
of inexperienced but willing people who were, at the time,
flocking into our munition factories,

Nevertheless, this good advice has lost none of its force
even today, and its import should be borne in mind by
amateur and professional worker alike.

Beginners should cultivate the right way-of working from
the start, so that in time the maintenance of tidiness and
cleanliness in the workshop becomes a fixed habit.

As it is almost impossible’ to keep the wooden b2nch top
perfectly clean while working, spread newspaper where you
put down your work or fine tools, and change it frequently
so that you can be sure that it is always clean and free from
filings or emery dust. Keep some trays or old saucers handy
in which to put smal! parts when taking work to pieces.

Filing. I have already described the forms of files in
common use and have pointed out the necessity of fitting
a proper handle to the file. Further the importance of

g6
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having the vice firmly secured to a rigid part of the bench
has been stressed.

The question of using different files for various types of
metals has also been dealt with.

When it comes to the actual filing operation, the method
used varies somewhat for heavy or light filing.

When a bastard-cut file, for example, is used for the
quick removal of a large amount of metal, not only must
considerable downward pressure be exerted to keep the
file in cut, as it is termed, but the heavy work entailed is
carried out largely by putting one’s back into it rather than
by using the arms alone, for the arm muscles, particularly
in the case of the casual worker, quickly tire, whereas the
powerful muscles of the back are better adapted for pro-
longed heavy work.

The file is held as shown in Fig. 77 and the palm of the
ieft hand is used to apply the downward pressure required ;
the feet should be well apart with the weight taken on _the
ieft foet, which is advanced and the left knez slightly bent,
as illustrated in Fig. 78.

Fig. 77
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Clearly, for heavy filing one must be well above the work
so that the downward pressure can be maintained and the
body movements given full play ; if there is any difficulty

about arranging this, you will find it a great help to stand
on a slightly raised platform.

Fig. 78

The chief difficulty the beginner finds when filing is to
file the work flat, for he tends to press the file handle
downwards at the beginning of the stroke and to press too
hard with the left ‘hand towards the end of the stroke.
This results in what is called fiddling, after the manner of
using a violin bow.

It is only with long practice that the art of filing with an
even flat stroke is acquired.

It is important that on the return stroke the downward
pressure should be relaxed in order to prevent damage to
the file teeth, but the file should, nevertheless, be kept in
light contact with the work surface so that the sense of
direction is not lost,
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For light filing and for finish filing the work, the body is
kept more upright, the feet should be closer together, and
ihe work is done alinost entirely with the arms ; in addition,
the work can with advantage be held higher. and not
below the level of the elbow.

The file is then best held with the tips of the fingers of
the left hand, as this gives more delicate control.

When filing, the stroke should always be in the direction
of the long axis of the blade, as shown in Fig. 79, and not
across the axis of the file, as shown in Fig. 8o, as this will
tend to roughen the surface of the work.

To maintain an even surface, it is helpful to change the
direction of filing from time to time, as shown in Fig. 79 ;
the fresh file marks then show up clearly and indicate
exactly where the metal is being removed.

Fig. 79 Fig. 8o

The flatness of the surface should be frequently checked
with a straight-edge or a rule, whilst its squareness can be
tested with a small try square.

The work should always be held so that it does not
project more than is necessary above the vice jaws, other-
wise it will tend to vibrate, after the manner of a tuning
fork, and a screaming noise will be produced, accompanied
by a ridged finish on the work,




70

When metal is filed in the ordinary way, a rough, burred
edge will be formed on the side away from the worker ;
this should be removed with a fine file to form a slightly
chamfered edge.

Pinning. It may be found, particularly when using a fine
file on steel, that the teeth become clogged or pinned, as it
is termed, and in consequence the surface of the work is
scored.

This can, to some extent, be prevented by chalking or
ciling the face of the file and reducing the downward
pressure applied.

The clogged teeth should be cleaned by means of a wire
brush, such as a strip of file card glued and screwed to a
wooden backing, as illustrated in Fig. 81.

FILE CARD TACKED AND
GLUED

WOOU HANDLE
Fig. 81

Where particles of metal, called pins, become firmly
wedged between the file teeth, they must be removed with
a pointed piece of mild steel
rod, otherwise deep scores will )%
be formed on the surface of —
the work.

Draw-filing.  This method =
of filing is used for filing flat
surfaces and also to remove o
the marks formed by the r‘i_-;—?
ordinary diagonal filing. In —

this operation, the file, held Fig. 82
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evenly in the two hands, is worked to and fro along the
surface as depicted in Fig. 82.

Care shouid be taken to keep the file level and no
allow it to rock or the surface of the work will bec
rounded.

Draw-filing is particularly useful for accurately finishing
long narrow surfaces, for it is a scraping rather than a true
cutting action, but it is, however, difficult to apply to
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LEATHER LIFTING TAB 16-18" FILE

WOOD BASE FILLETS!
Fig. 83

short work as_the length of the stroke is then too limited.

Hollow-curved surfaces can also be finish-filed in this
way by using a half-round file, or in the case of very small
work a round file will be found more suitable.

Another method of draw-filing, largely used by instru-
ment makers, is to place a large flat file on the bench and
to move the work to and fro along it whilst maintaining
firm but even downward pressure. The file should be
brushed clear of filings at frequent intervals to prevent the
work being scored. A large file will be found most suitable
for draw-filing, as it allows the whole surface of the work to
be kept in contact with the blade. For the sake of con-
venience, the tang should be nicked on the grinding wheel
and then broken off ; the file is securely mounted on a
wooden base, as shown in Fig. 83, and a leather tag is fitted
to enable the file to be easily raised and turned over when
the reverse side is needed.

One side of the file should be marked with yellow paint
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to indicate that it is to be used only for brass, whilst the
other side is reserved for filing steel.

Filing Aluminium and its Alloys. Now that the mndel
engineer is making ever-increasing use of aluminium al. ys,
particularly for small engine parts, some hints on filing this
material may be found useful.

Owing to its rather soft nature, aluminium tends to clog
and pin the teeth of an ordinary file.

To overcome this difﬁculty, special files known as milling

coem thao haose Lo

1 <A
uj_(.b nave i)L,\.,Il u[iuuuucu, anu Ul l.u\..E»C tne pest KNnowrl 15,

perhaps, the Dreadnought file 1llustr:':1ted in Fig. 84.
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Fig. 84

As will be seen, the cutting surfaces of this file are quite
different from the teeth of an ordinary file, for, here, a
series of curved cutting edges are widely spaced so that the
intervals between them allow the filings to escape and not
become wedged between the teeth.

This method of construction not only effectively prevents
pinning, but also promotes free and rapid cutting.

However, to obtain a good finish on aluminium parts, an
ordinary file should be used, and to lessen the tendency to
pinning only light downward pressure should be employed
when filing ; in addition, turpentine may be found helpful
when applied to the teeth of the file.

Scraping. When components such as lathie beds and slides
are machined by milling or pianing, their surfaces are left
slightly irregular, and also the parts may be somewhat
distorted when clamped in place during machining.

To correct these errors a process of hand scraping is
employed, by which small amounts of metal are removed
from any high places, and in this way very accurate flat
surfaces are formed suitable for use in the highest class
machines,
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This work is carried out with a scraper of the pattern
illustrated in Chapter Two, or a tool made from a discarded
file, as illustrated in Fig, 85, may be used.

The first step is to make the surface as nearly flat as
possible by filing or machining, as it is important that the
work should not rock on the surface plate if’ a clear picture
of the high spots is to be obtained. |

The work is then lightly rubbed on a surface plate, or
sheet of plate glass, which has been smeared with a thin
coat of marking compound ; the high spots are then shown
up clearly by the marking compound transferred to them.

otislone

S J

section

Fig. 85

The blue marking compound, which can usually be
obtained from a tool merchant, is best applied to the surface
plate in a thin, even coat by means of a piece of wash-
leather glued to a flat wooden strip.

To remove these high spots, the work should be secured
in the vice and the scraper, held firmly in the two hands, is
used to pare away the metal, at the blued areas only, with
well-controlled but decisive thrusting motion.

The correct angle at which the scraper should be held,
so that it cuts freely and without digging into the surface
of the work, will soon be found with a little practice.

In the first stage of the operation the scraper should be
worked in one direction only, and, after re-applying the
work to the surface plate and taking a second set of rub-
bings, the scraper is worked across the previous line so that
the two series of scraper marks are formed roughly at right
angles to each other.

This process of taking transfer marks, and then scraping
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them down. is continued until the blue marking is found to
be evenly distributed over the surface when the work
is applied to the surface plate.

Although at first this may take a considerable time,
with practice it will be found easier to estimate exactlv
where and how much metal should be removed to make the
surface flat without undue waste of effort.

When the scraper is used on hard cast iron it may be
found that it is soon blunted, and on no account should the
work be continued if increased pressure has to be used to
make the tool cut, for this will only result in forming an
irregular and unsightly surface on the work.

To sharpen the scraper, it should be worked to and fro
along the oilstone after the manner of sharpening a wood-
working chisel and as illustrated in Fig. 86. When both
sides of the blade have been stoned, the end of the blade is
applied in a vertical position to the stone, as shown in the
drawing, and the scraper, while firmly held, is moved to
and fro along the stone with a slight rocking motion to
conform with the curvature at the end of the blade.

In time, as the tip of the blade becomes worn down with
stoning, it may be found necessary to have it reground to
restore the original form of the cutting edges.

Sawing Metal. The various forms of metal-cutting saws
and saw blades commonly used in the workshop have been

~described in Chapter Two.

Before starting the actual sawing operation yec'i must
make sure that the saw blade is suitable for the work in
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Fig. 87

hand, and reference to Fig. 87 will show that there are two
main essentials : first, the pitch of the teeth, whether it be
14, 18, 24 or 32 tecth per inch, must be sufficiently coarse
to allow the chips to escape and not clog the saw ; the
broader the work surface the coarser the pitch should be.
The second and more important point is that the pitch of
the teeth must be such that the tips of at least two teeth are
always in contact with the work.

If this is not the case, all the cutting pressure may fall on
a single tooth, as represented in the drawing, with the
result that this tooth will probably be broken off and the
blade ruined. The narrower the work surface, the finer,
therefore, should be the pitch of the teeth.
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Marting-out the Work. The next step is to mark-out the
work to enable the sawing to be accurately carried out,
that is to say the cut must not encroach on the finished size
of the work nor should an excess of metal be left behind,

SAW BETWEEN THESE
TWO LINES

DIMENSION LINE Wn

\\\\\'
\

N
\

MATERIAL TO BE CUT _ \l
OFF \

Fig. 88

for this will later have to be removed by what may amount
to a laborious filing operation.

To denote the exact position and direction of the cut,
therefore, two lines should be scribed on the upper and
front faces of the work, as shown in Fig. 88.

The distance apart of these two lines should be a little
greater than the breadth of the saw cut, which should be
kept close to the outer line but just clear of the inner
dimension line indicating the size of the finished part.

Some mechanics prefer to saw along a single witness or
guide line, but in this case the line is obliterated as the work
proceeds and it may, at times, be necessary to disengage the
saw to see the direction the cut is taking.

Using the Hacksaw. As shown in Fig. 89, the saw should
be started against the edge farthest from the operator,
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otherwise contact with the vertical face of the work at its
near edge will probably break off the saw’s teeth.
Deliberate, even sirokes should be made at the rate of
some 60 a minute and, at the same time, the saw must be
well controlled so that the blade travels in a straight line

and does not jam in the cut, as this often leads to breakage
of the blade.

always start a saw cut

on the side of the work
W\ furthest from you

Fig. 8g

To prevent uneven wear of the teeth, use the whole
length of the blade and not merely its middle portion.

When sawing heavy section material, tip the saw from
time to time so as to lessen-the work surface in contact with
the teeth ; this will enable the saw to cut more freely.

Pressure must be relieved on the return stroke to avoid
blunting the teeth, but the saw must not be actually lifted
in the cut.

Should a blade be broken while cutting, the new blade
should be started in a fresh place, as the previous cut will
be narrower than that made by a new blade. This is due
to the fact that the teeth are set, as it is termed, that is to
say alternate teeth are bent outwards, as shown in Fig. go,
but with use this set is worn away so that an unworn blade
will tend to jam in the cut and will have its set worn away
unduly quickly.
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Sawing Curves. The hacksaw, owing to the width of its
blade, is not well adapted for cutting on a curved path,
and for this purpose either an Abrafile or a fretsaw 1s
generally used.

SET.

Fig. go

The Abrafile, described in Chapter Two, has a siender
blade of circular section and will readily follow a curved
line marked-oui on the work.

If the figure to be cut is enclosed on all sides, a pre-
liminary hole is drilled through which the blade is threaded
and then again secured in the saw frame.
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The work is gripped in the vice so that the cut is made in
a downward direction and with the saw blade held
horizontally.

For larger work the fretsaw, with its deep throat, will
be found more suitable.

In this case, the work should be secured with G clamps
to a wooden table held in the vice by means of a projecting
tenon,
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Fig. g2

The blade is mounted in the frame so that it cuts on the
downward stroke, as illustrated in Fig. 91.

Cutting Metal. Apart from the various types of saws which
have been described, the cutting of metal, as far as bench
work is concerned, is carried out with shears and cold
chisels, all of which have been illustrated, together with a
short description, in Chapter Two.

Shears are used in exactly the same way as scissors, and
the cut is usually made with reference to a guide line, as
shown in Fig. g2, where the work is viewed during the
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operation from the side, but when the shears used are of the
pattern shown in Fig. 93, that is to say with the upper blade
placed to the left side, cutting is more easily controlled if
the work is viewed directly from above.

When cutting deeply into sheet metal, it raay be found
that with some shears the cut edges of the work tend to get
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Fig. 93

in the way of the hand, but when the blades are of the
cranked form illustrated in Fig. g4, this difficulty is largely
overcome,

For cutting out curved work in flat sheet metal, either
the shears with curved blades illustrated in Chapter Two
are used, or a special type of shears with narrow blades,
known as alligator shears, can be employed.

The curved-blade shears can also be used for such work
as trimming the edges of a sheet-metal cylinder.
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The chief difficulty in shearing heavy-gauge sheet
material is to obtain sufficient cutting pressure, but this
can, to some extent, be overcome by gripping one leg of

Fig. 94

the shears in the vice, as shown in Fig. 95 ; this allows the
full weight to be applied to the other leg and, in addition,
better control of the work is then obtained.

Fig. 95




82

The ordinary tinman’s shears are made with one long
leg to afford greater leverage, but if an extension, such as a
length of tubing, is fitted to the workshop shears in order to
obtain increased leverage, care must be taken not to strain
the joint and so upset the contact between the cutting edges
of the blades.

When cutting sheet metal, the points of the blades must
not be allowed to cloge fully, as this will make an unsightly
mark on the cut surfaces of the work.

Using Cold Chisels. In the small workshop the cold chisel
is used mainly for cutting sheet meta] and triraming
castings.

Although the various forms of cold chisels in common
use have been described and illustrated in Chapter Two, it
should be pointed out that for cutting sheet metal, sup-
ported on a block, the edge of the chisel should be curved,
as shown in Fig. g6a ; further, the cutting edge should be
formed to the correct angle of some 60 deg., as shown in the
drawing, for if the cutting angle is too acute the edge will
be easily broken, and if too obtuse the chisel will not cut
freely.

CORRECT INCORRECT
O, ® © @
edge correct angle too anqle too
curved angle obtuse acute
Fig. g6

Cold chisels are supplied by the makers with the edges
correctly ground, and when blunted they can be re-
sharpened on a carborundum bench stone, but when the
chisel becomes badly worn, regrinding will be necessary.
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After much use, the top of the chisel will become burred
over as shown in Fig. g7, and the sharp fringes so formed
are apt to cut the hand, or metal particles detached by the
hammer blows may endanger the eyes ; this end of the

chisel should, therefore, be kept smooth either by grinding
or filing away these rough edges.
For cutting sheet metal two methods are in common use.
In the first, as illustrated in Fig. g8, the work is supported
- on a heavy iron block, and, with the chisel inclined away
- from the operator, the cut is made towards the body.
A succession of cuts is made in this way until the chisel

Fig. 97
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breaks through all along the scribed line and the work is
parted off.

Tt should be pointed out that considerable distortion of
the metal is caused both by the hammer blows and by the
wedging action of the chisel point ; in addition, this dis-
tortion will be increased if an attempt is made to cut
through thick sheet metal at a single passage of the tool, or
if the work 1s not well supported. on a rigid cutting block.

CHISEL HELD AT'~
ANGLE AND GUIDED
Y VISE JAWS

‘w

.,

Fig. 99

For this reason, when it is important to maintain the
flatness o1 the material, it is better to use the hacksaw for
cutting thick sheet metal.

In the second method, the work is held in the vice, as
shown in Fig. 9g, and the vice jaws are then used to guide
the cutting edge of the chisel. The chisel should be held
at an angle to the work, so that it advances along the line
of the cut when struck with the hammer.

Although the material held between the vice jaws will
remain straight, the upper strip, particularly if it is narrow,
will be distorted by the chisel and will tend to curl up into



85

a spiral, which when straightened out will have curved
sides and so will be of little use where a straight-sided strip
of metal is required.

When surfaces, Such as those on a casting, have to be
rendered flat by means of a cold chisel, the work must be
first marked-out on its sides to indicate the exact level of the
surface throughout.

The chisel is then worked across the surface, using a part
only of the cutting edge to enable the chisel to be driven
by light hammer blows ; following this, a second series of
cuts is taken crossing the first diagonally.

Do not carry the chisel right to the far edge of the work
or the metal will break away, but work from the edges
towards the centre.

When the chisel is used on large surfaces, preliminary
cuts should be taken across the work in two directions with
a narrow cross-cut chisel, and this is followed by cutting
down to the grooves so formed with an ordinary flat chisel.

Drilling with the Hand Drill. A drilling machine is con-
structed to drill holes truly vertical to the surface of its
work table, but when a hand drill is used this alignment
has to be maintained with one hand whilst the other turns
the drill.

Usually, the drill is aligned with the aid of the eye alone,
but some of the larger hand drills are fitted with a spirit
level to enable the drill to be held horizontally.

When small drills are used, the hand drill is best held in
the vertical position, as the weight of the tool itself may then
impart sufficient pressure for drilling, and, moreover, fine
drills are less liable to be broken when used in this way,
especially if they project for only a short distance from the
chuck.

As a check on the position in which the drill is held, a
small square may from time to time be applied te the work
surface and held in contact with the drill.

It is important that the hand drill should be held steady,
otherwise a bell-mouthed hole will be formed and there is
an added risk of breaking the drill.
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With larger drills it is better to use the hand drill in the
horizontal position, for this allows greater pressure to be
exerted by pressing the body against the breast piece, and
at the same time it is easier to maintain the proper
alignment.

It may be remembered that it was suggested that the
bench top should be set horizontally with a spirit level ; if
this is done, the spirit level attached to the drill can be used
to align the drill truly with the work held in the vice.

Where the hand drill is not fitted with a level, the writer
has, on occasion, used a small circular spirit level bor-
rowed from an old camera and attached to the shank of
the hand drill by means of a metal clip.

The Drilling Operation. The location of drill holes is
usually marked by the point of intersection of two cross-
lines, scribed when the work is being markéd-out for
machining.

A punch mark should be made exactly at this point, and
from it the circumference of the hole is scribed with the
dividers, as was described in Chapter Three, and as is
shown in Fig. 100.

Now, it will be clear that, if the drill is not held truly
veriical to the work surface, its point will wander in the
direction in which the drill points, but as sc-n as the drill
has entered up to its full diameter this wandering will be
checked by the sides of the drill itself. If, thereforve, a
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Fig. 100
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Fig. 101
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hole a.nd is entered up to the full diameter of the shank,
or nearly so, the drill following will be much less liable to
wander, as its cutting edges will have much greater support.

Except in the case of small holes, the centre drill should
be followed by a p;lot drill, as represented in Fig. 100, and
the hole formed is, in turn, opened out with a larger drill,
but one rather smaller than the size of the hole requxred

It will then be clearly seen if the drilling is so far con-
centric with the marked-out hole, but if this is not the
case, the hole must be trued by filing, before the final drill
is used.

However, this pro-
cedure should, as
far as possible, be
avoided by trying to
ensure that the drilling

is accurately carried 7 A/
out from the start. /
When drilling blind . ‘ /4 |

holes it is very import-
ant to start the driil
correctly, for, in this
case, the farther the
drill has entered the
more difficult it will
be to correct any error
of centring ; but if it
is found that the drill
has started off-centre,
then the shallow hole
must be corrected, by -Fig. 102
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means of a small round-nosed cold chisel, to make it traly
central with the scribed circle denoting the true position.

Avoid drilling in to the side of another hole, as shown in
Fig. 102, tor this will almost certainly break off the point
of the drill ; but when this has to be done, fit a metal
plug into the cross-hole to support the point of the driil
-as it breaks througlh.

When drilling a hole in an inclined surface, as shown in
Fig. 103, it may be possible to avoid the hole running down
the incline if a small centre drll 1s first used, but it is better
to form a flat surface for the drill; either by filing or by
cutting out a step with a small cold chisel.

Drilling Sheet Metal. Two ///
difficulties commonly  arise
when drilling sheet metal. First
a burr tends to form on the
under-side of the sheet, as
illustrated in Fig. 104, and
interferes with the assembly
of the work at a later stage.
This can usually be overcome
by supporting the work on a
piece of metal instead of wood.

Secondly, the work is apt to
spin and the hands are not free o prevent it ; but if a
clamp of the pattern shown in Fig. 105 is used to secure the
work to the bench, the sheet will be firmly held, and,
moreover, this will at the same time stop the work from
riding up on the drill and thus causing a burr to be formed
on its under surface.

As will be seen in the drawing, this clamp has 2 V notch
for the passage of the drill, and the two limbs of the V hold
the work securely, close to the drill hole.

Polishing Work with the Hand Drill.  The ends of rods,
the heads of screws, and other small parts can be polished
when secured in the drill chuck by revolving them against a
piece of emery cloth. The cloth should be supported on a
piece of wood to allow the end of a rod, for example, to

Fig. 1o3
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BURR SPU/l UP BY DRILL
Fl& 104

centre itself by indenting the surface of the abrasive material
Reaming. This is the process of truing holes and making
them to the exact diameter required by means of a reamer.
The hand reamer, shown in Fig. 106, is made of hardened

2V NOTCH

O\ HOLE BEING~ORILLED

Fig. 105

steel and has a number of flutes with accurately ground
cutting edges ; in this case the flutes are straight, but more
commonly they are of spiral form. The nose of the reamer

=
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is slightly tapered for a short distance to allow it t¢ enter
under-sized holes.

This tool is intended to be used for the removal of only
very small amounts of metal, that is to say to bring to the
full diameter holes which have been drilled a few
thousandths of an inch under the required size.

To use the reamer, the squared shank is gripped in a tap
wrench, or other form of holder, and the tapered tip is
inserted in the hole ; the tool is then turned in a clockwise,
or right-handed, direction until it has passed fully into the
hole.

The reamer is withdrawn from the hole by still turning
it in the same direction so as not to blunt the fine cutting
edges.

On no account should the reamer be forced into the hole
or otherwise roughly used, for this may result in blunting
or chipping the cutting edges.

When steel is reamed, a plentiful supply of lubricant is
essential. When reaming a long hole, the reanier should be
withdrawn from time to time, and after the chips have been
cleared from the flutes, it should again be lubricated before
the work is continued.

Screw Threading. Screw threading consists in forming a
thread either on the external surface of a rod or shaft, that
is to say a male thread, or in the interior of a hole when it is
termed a female thread.

As ready-made screws are usually purchased, the tapping
of holes to receive them is more commonly required in the
small workshop than cutting external threads, and so will be
first considered.

Cutting Internal Screw Threads. From the drawing of a
screw thread shown in Fig. ro7 it will be seen that the
outside diameter of the thread is equal to the diameter of
the rod, and corresponds with the nominal size of both the
tap and the die used for cutting this particular thread.
Further, it will be apparent that the diameter of the rod at
the bottom of the threads, or core diameter, is censiderably
less than the overall size of the rod.
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This core diameter will vary with the coarseness or pitch
of the thread used ; so to find the right size of drill to
form the hole for the tap, a table must be consulted which
takes into account both the cutside diameter of the rod and
the pitch of the screw thread.

The hole to receive the tap is drilled somewhat larger than
the actual core diameter, both to provide working clearance
for the tap and to allow for the spreading and upsetting of
the metal whicl: takes place during the tapping operation.

If the tapping sizes given in the tables are used, it may
be found that, except in the case of very fine threads,

T 1
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DIAMETER DIAMETER

||

Iig. 107

considerable difticulty is experienced in tapping the hole,
for the tap has to Lc worked in very slowly and carefully
to avoid breaking it,

If, however, ihe hole is drilizd rather larger than the size
given, the tap will cut much more freely and without
risk of breakage ; in addition, it will be found that the tap
can be more readily kept on a straight course m the larger
hole.

It matters little if the crests of the threads of the tapped
hole fall short of the roots of the external thread, for the
tips of a screw thread have but little strength.

An easy method of finding the right size of tapping drill
to use is to insert the tip of the taper tap into the holes in
the drill gauge ; and when a hole is found which admits
the tap as far as the bottom of the threads at its tip, this
hole denotes the size of the tapping drill.

If you have any doubt in this matter, drill some trial
holes of various sizes in a piece of scrap metal and tap them,
you can then select a hole which allows the tap to cut freely
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and at the same time shows that a full, or almost full, thread
has been cut. When you have found satisfactory sizes of
tapping drills for the taps you commonly use, make a table
of these for future reference.

When the tapping size hole has been drilled, its mouth
should be opened out, for a depth equal to about one and
a half threads, with a driil at least equal to the outside
diameter of the tap.

The appearance of the work is then as shown 1n Fig. 108,
which also illustrates the result of tapping a hole without
drilling a preliminary counterbore. Should an attempt be
made to enlarge the mouth of a tapped hole with a full-
sized drill, the counterbore formed will be found to be
off-centre, as shown in Fig. 108.

The next step is to tap the hole, using the taper tap at
the start. A tap wrench suitable for the size of the tap
should be used, for if too much leverage is obtained the tap
will be easily broken.

The tap must at all times be kept truly vertical to the
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work surface, and this is facilitated by using a nut on the
tap to act as a guide and to rnaintain an even bearing,
as shown in Fig. 109.

A check can also be kept on the alignment of the tap by
applying a small square to the surface of the work.

Thin material can usually be tapped to the full thread
diameter by the passage of the taper tap alone, but in the
case of thick metal parts, or when tapping deep holes, the
taper tap is worked in slowly by advancing it half a turn at
a time and then turning it back for a turn to clear the chips.

After the taper tap has been entered for some distance,
it should be withdrawn and the second or plug tap is
worked down until resistance is felt ; this process is then
continued until the hole has been tapped for the required
depth.

Always keep the flutes of the tap clear of chips and use
plenty of oil when tapping steel ; cast-iron and brass do
not require lubrication. Furthermore, when a blind hole
is being tapped the chips must be cleared from the hole,
otherwise it may be thought that the full depth has been
reached when the point of the tap bottoms on a pad of
cuttings. |
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Should a tap be broken off in the work, it can be removed
with a pair of pliers if a hold can be obtained ; but if the
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broken portion by carefully driving it round with a small
pin punch.

In the case of large taps, a pair of fine-pointed pliers,
or a tool specially made for the purpose, may be used to grip
the flutes and unscrew the broken fragment. If these
methods fail, the tap must be heated until it is softened and
then drilled out.

DIE | DIE HOLDBER
Fig. 110

Cutting External Thr . .-, For all the work undertakenin
the small workshop tn: circular split die of the pattern
shown in Fig. 110 is generally used. Formerly, these dies
were made with an adjusting screw, by means of which the
die could be set and correction: made for wear.

The die is held in the holder as shown in the drawing ;
the central screw, A, is engaged with the slot in the die
and the screws at either side, B and C, are then tightened
to secure the die in place and lock it against the central
sCrew.

The size to which the die cuts can be adjusted over a
small range either by expanding it by means of the screw
A, or by contracting it with the screws B and C.

The chief difficulty in cutting a thread with this type of
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die and holder is to form the thread exactly in line with the
axis of the work.

The end of the rod to be threaded should be well tapered
with a fine file to give the die a lead and to enable it to grip
the work without excessive downward pressure having to
be used.

Care must be taken to hold the dieholder truly square
with the work when starting the thread ; this can, if
desired, be checked bv means of a small square.

These dies are designed to cut the thread to the finished
size at a single passage over the work ; the chip holes
should be kept clear of cuttings, and when steel is being
threaded plenty of oil should be applied to the work surface
and the cutting edges of the die.

Formerly, dicholders could be obtained fitted with
detachable guide collets which ensured that the thread was
cut squarely, and also, when required, a collet of the correct
size could be fitted to engage the stepped part of a shaft
when threading a portion of smaller diameter at its end.

In Part II of this book full instructions will be given for
making dieholders and collets of this type.

Soldering. Soldering consists in joining together metal
parts by means of a solder, that is to say an alloy of lower
melting point which in part combines with the metallic
surfaces.

In addition to the solder, a flux must be used to prevent
the formation of metallic oxides which would interfere
with the process.

The best known flux is, perhaps, what is known as killed
spirits, that is hydrochloric acid, or spirits of salts, to which
metallic zinc has been added until all chemical action
ceases ; there are also vaiious proprietary liquid fluxes of
this type such as the well-known Baker’s Iluid. These
liquid fluxes are best applied to the work by means of a
tool formed from a piece of copper wire with a flattened
end as illustrated in Fig. 111.

The other class of fluxes usually have a resinous or fatty
base, and these generally have the merit that, unlike
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the former, they do not cause corrosion when used for
soldering fine wires and other parts used in instrument work.

As the makers of some electrically-heated soldering irons
advise that their products should not be used with an acid

flattened

Fig. 111

1'ux, care must be taken in such a case to select a flux which
does not damage the connections of the heating coils within
the iron.

As to the actual solder, the variety known as blowpipe
solder will be found most generally useful for all ordinary
work ; this has a high percentage of tin, which causes it to
run well and prevents it from tarnishing.

The compounds consisting of a combined solder and flux
mixture are now largely employed for special work, as they

tinning A d
Fig. 112 £ Sclaer

Fig. 113

are easy to use and some at least are free from corrosive
action.

These can be obtained in the form of either a liquid paint
or a paste. In addition to these, solder is available as a
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wire with one or more cores composed of a non-corrosive
fluxing material.
When an iron is used for the soldering operation, its tip

U,

PRI SO P o 1+ lo taveie 2 Lo 3
must first be tinned, as it is termed, that is to sav covered

’ solder
o fillet

-w
Fig. 114

solder
fillet

Fig. 115

with a coating of solder. After heating the iron to a tem-
perature sufficient to melt the solder, it is dipped in the
flux and then applied to the stick of solder ; the solder
should run over and adhere to the surface of the iron, but
if it does not readily do so, thc tip of the iron should be
cleaned with an old file to remove the flm of oxide and a
further trial made.

In this way all four faces of the tip should be tinned as
shown in Fig. 112 and the iron is then ready for use.

Should the iron be subsequently overheated, the tinning
will be burnt off and retinning will be necessary.

After the work to be soldered has been thoroughly

notch

\

Fig. 116

cleaned and rendered quite free from grease or surface
corrosion, it is painted with liquid flux and the iron, with
the solder adhering to its tip, is applied to the work and
slowly moved along its surface, as represented in Fig. 113.




a8

The same procedure is adopted when, for example,
soldering a bushing into a tank.

This shoula result in the application of a thin, even laver
or {illet of solder, as illustrated in Figs. 114 and 115, but
some practice will be required before this can be done neatly.

For soldering wires or Bowden cables, an iron with a
notch formed at 1its tip, as shown in Fig. 116, will be found
most convenient, as the solder will lie in the notch and is
then readily applied to the work,

Some combined solder-flux compounds can be used in a
similar manner with the soldering iron, but of these some
are better adapted for this purpose than others.

A process which is much more easily carried out than
soldering with an iron is known as sweating. This consists
either in coating the parts with a laver of solder, or merely
in applving to the surfaces concerned a solder- fux paint,
o+ paste, and then heating the parts while they are pressed
together, until the solder melts.

Sweating carried out in this way forms a neat joint, as
no superﬂuous solder is used, and, morcover, hardly any
skill is needed to obtain a good result.

Hardening and Tempering. The mild stcel used generally
in the workshop for constructional work cannot be hardened
in the ordinary way, but tool or carbon steel from: which the
workshop tools are made can be readily hardened.

The essential difference between the two tvpes of steel
is that mild steel has a low carbon content, whereas tool
steel has much more carbon combined with it.

Silver steel is a form of tool steel which can be easily
hardened, and it is, therefore, most useful for making small
tocls and other components which need to be hardened.

To harden tool steel, it is heated to a bright cherry red
colour and then quickly dipped in water. This leaves the
steel dead hard but rather brittle, so that where toughness
is required, as in the case of cutting tools, the work must be
tempered after being hardened, before it can be used
effectively.

To temper the steel, it must first be cleaned with a piece
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of emery cloth until it shows a bright surface ; it i1s then
carefully heated at a place well away from the cutting edge
and the flow of colour formed is closcly watched. The first
colour noticed will be a pale yellow, and, as the work is
heated further, this will be succeeded by a play of colours
ranging from a dark straw to a deep blue.

For ordinary metal-cutting tools a straw colour will give
abeut the right degree of hardness, and blued steel will
gencrally be found much too soft.

When the straw unt has spread to the cutting edge from
the heated portion of the work, the tool is again quickly
dipped in water.

Nowadays, metal-cutting tools are largely made of high-
speed steel, which contaius tungsten or other scarce metals ;
this steel is hardened and tempered by a special process of
heat treatment, and no attempt should be made to soften
or harden tools made of this material. Short lengths of this
steel, suitable for making tools, are supplied by the manu-
facturers properly hardened and ready for grinding to the
shape required.

Although, as has been said, mild steel cannot be hardened
as can tool steel, it can, however, have its outer surface
hardened, whilst the centre portion remains soft, by a pro-
cess known as case-hardening.

This consists of heating the steel, while in contact with a
case-hardening compound, so that extra carbon becomes
combined with the surface layers of the steel and, in effect,
converts this portion into tool steel.

This outer laver of tool steel can then be hardened in the
manner already described, but for most purposes subsequent
tempering is unnecessary as the inner portion of the steel
remains soft and retains its full strength.




CHAPTER FIVE
A Simple Depth Gauge—A Rule Stand.

Now that we have considered most of the ordinary workshop
aperations carried out with hand tools, it is time to put this
to useful account in making some small articles of equipment

that may be helpful in the workshop.
TOOLS TO A Simple Depth Gauge. The illustra-
MAKE tion in Fig. 117 gives a general view of

the gauge and shows the main points of
its construction and design.

You should notice two things : one, that the drawing is
three-dimensional, that is to say it represents the device in
three planes in space and shows its length, breadth, and
thickness in one view. The alternative to this is to make three
separate drawings, showing the plan view, as seen from
above, and, in addition, an end and side elevation to repre-
sent the end and side views respectively, Moreover, from
the single drawing you will be able to see at a glance exactly
what the gauge is like, just as though it were actually before
you ; you are, therefore, saved the trouble of trying to build
up in the mind’s eye a picture of the object from three
different drawings.

A drawing of this type is termed ‘sometric, and you will
see that, unlike an artistic drawing, all side and end lines
are parallel and do not converge to represent a perspective
view.

Secondly, you will see that all the parts are numbered, and
these same numbers are used in all subsequent drawings
whenever the parts are shown. When you do any machine
drawing or sketching for yourself, try to adopt this
methodical way of working in order to save confusion and
loss of time when making components from drawings.

100
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The gauge is used in the same way as the depth gauge
described in Chapter Three, that is to say, the base block is
held against the work while the spindle is pushed to the
bottom of the hole to be measured, and the clamp screw is
then tightened.

Although the spindle is not graduated, as in the former
case, it has the advantage that it can be used in very small
holes.

To record the actual depth,
the length of the spindle pro- =
jecting  helow the base is

measured with a rule. ’/@
The base block, part No. 1,

is best made of steel, both
to resist wear and to look more
workmanlike ; it is formed
by cutting off a piece 1 in.
in length from a bar } in. wide
and ¢ in. thick, or it can be .
sawn out with a hacksaw from
a larger piece of material.

When the base has been cut
to shape, the edges are filed
straight and square and the
surfaces are finished with a fine
file to give a good appearance ;
all edges are then chamfered
with the file to remove their
sharpness.

The upper and lower surfaces are best made flat by
rubbing the work on the bench file as previously described.

The under surface, where it will come in contact with
the work being measured, must be made quite flat by
using the scraper in conjunction with the surface plate.
The next step is to paint the upper surface and one side
with marking fluid to enable the drill hole centres to be
marked-out.

For this purpose, the jenny callipers are set to £ in. and,

Nrcages?

Fig. 117
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as shown in Fig. 118, a line is scribed along the upper
surface, and then on the front face with the callipers reset
to ¥ in.

With the callipers set to 4 in., the cross centre lines are
then scribed on these two faces, as shown in the drawing.

The points of intersection of these centre lines are marked
with a centre punch, and the upper hole is drilled } in.
right through to take the spindle, but if you happen to have
a §-in. reamer, drill this hole with a No. 31 drill and ream
it to the finished size. The two ends of the hole should be
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very lightly countersunk with a centre drill to remove the.
sharp edges.

"The hole at the side of the block is drilled with a No. 42
drill through into the previous hole ; it is then tapped to
receive the 6-B.A. clamp screw.

After the drilling and tapping have been completed, any
burrs which may have been formed are removed with the
scraper, and the base block is then finished and ready to
receive the spindle.

The spindle should be made from a length of }-in.
diameter silver steel, as this material is usually straight and
accurate as to size. Three inches will probably be sufficient
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for the length of the spindle, but, if desired, it can be made
to the full standard length of 6 in.

When the spindle has been cut to length, the ends are
filed flat with the aid of a square, and the upper end only
is rounded off and then polished by using the hand drill as
previcusly described.

The clanip screw can quite well be made from a knurled
terminal screw, preferably of brass, as this will not damage
the spindle.

The diarceter of the head of the screw must not be greater
than £ in. or the base block will not lie flat on the work
when measurements are being made.

The threaded portion of the screw should, if necessary,
be cut short so that the screw itself does not project unduly
and spoil the neat appearance of the finished gauge.

A Rule Stand. This easily-made form of rule holder is
used, as previously described, to hold the rule in the upright
position on the surface plate when setting the scriber point
of the surface gauge. The stand described was made to
take rules up to { in. thick and § in. wide. but it will also
accommodatec rules of other sizes.

The general, isometric, view is shown in Fig. 119, and
the component parts are illustrated in Fig. 120.

The base block is made from a 1}-in. length of }-in.
square steel bar, and, as will be seen, all the drilling work s
confined to the front face.

The steel block, part No. 1, should be carefully filed
square and to a good finish ; the edges are then chamfered
with a fine file to remove the sharp corners.

As it is essential that the holder should stand evenly on
the surface plate and without rock, its under surface must
be scraped true so as to form a good seating surface.

When this work has been completed, the front face is
painted with marking fluid and then marked-out as shown
in Fig. 120.

The hole to receive the 6-B.A. scresw, used to fix the spring
clip, is marked-out with the jenny callipers § in. from the
1éft-hand end of the block and on the centre line of the
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front face, that is to say % in. from either the upper or the
lower edge.

The holes for the register pins are marked-out & in.
from the right-hand edge and 4 in. from the upper and
lower surfa: es respectively. All these centre points are then
marked w.h a centre punch, and the screw hole is drilled
with a No. 42 drill to a depth of § in. and afterwards tapped

oo
|
msmwcs@\ BLOCK ;; !
PIECE _,{ y ;
\ / Il M!\RULE
i
f
I ,
!
i
i
|
A |
/ '

WASHER REGISTER SPRING
o PINS
SCREW 6 8aA
Fig. 119

for a depth of some & in. The register pin holes are drilled
with a No. 53 drill to a depth of } in.

To complete the work on the base block the register pins,
No. 5, have to be fitted. These are made trom + in.
diameter silver steel, but as the diameter of the drilled holes
is some three thousandths of an inch less than the diameter
of the rod, the silver steel wiil have to be slightly tapered
at its end before it can be fitted. An alternative method is
to use a piece of 16-gauge bicycle spoke and drill the holes
with a &-in. drill ; as in this case the difference between
the diameters is only one and a half thousandths, the spoke
can be pressed into the holes once it has been started by
slightly tapering its end.
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Tapering the rod is best done by supporting its end in a
notch filed in a piece of brass secured in the vice, and then
turning the rod with the fingers while it is filed with a fine
file. In any case, before fitting the pegs t-. the block, it is a
good plan to make a preliminary trial on a piece of scrap
metal to find out how much taper is needed to allow the
pins to be pressed into place.
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After two pins have been suitably tapered and cut off
to $ in. 1n length, their heads are rounded oft and polished
as previously described. Press the two pins into the block,
using finger pressure only, and check their vertical align-
ment with the square either resting on the surface plate, or
applied to the under surface of the block.

It vour drilling has been accurately carried out, the two
pins should stand vertically one above the other, but it this
ts found not to be the case, any error must be corrected by
filing o Hat on one pin.

When all is in order, the pins should be pressed home in
the vice, leaving 3/g2 in. of their ends projecting.

The next step 1s to fit the leaf spring, No. 6, that holds the
rule in position. This 1s made of 26-gauge spring brass,
as this material will not scratch the rule as would steel
clock spring ; and, moreover, it is much more castly diilled
and cut o shape.

The brass is painted with marking fluid, and after it has
been marked-out with the jenny callipers, a strip & in. wide
1s cut off.

In order to aftord a better hold of the material while it is
being drilled, it is not cut to length unul after the No. 34
drill hole shown in the drawing has been marked-out and
drilled.

The end portion of the strip 1s then polished with a piece
of fine emery cloth, and the free end 1s made slightly curved
with a fine file. When the strip has been cut off to a length
of 1} in., 1t is given a double curve, as shown in the drawing,
by bending it with the aid of the round-nose pliers, or it
can be formed equally well by bending against a piece of
rod held in the vice.

A distance piece, No. 2, is fitted behin¢ the spring to
allow the latter to bear evenly on the rule when in position.
This compenent is cut out from a piece of brass 5 in. thick,
and after it has heen marked-out in accordance with the
drawing, it is drilled with 1 No. g4 drill to form a clearance
hole for the screw.

To complete the list of components, o 6-B.A. brass,
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chamfered washer and a 6-B.A. round-headed, brass screw,
% in. in length, are required, that is to say paris 5 and 4.

The rule holder can now be assembled ; and it should
be noted that the register pins serve the double purpose of
aligning the rule and at the same time holding the spring in
position, for the spring should fit closely between the
projecting ends of the pins.

The rule should now be sprung into place, and if it is
found that the hold is too firm, or too light, the spring
should be removed and reset accordingly by means of the
round-nose pliers.
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chamfered washer and a 6-B.A. round-headed, brass screw,
% in. in length, are required, that is to say parts 2 and 4.

The rule holder can now be assembled ; and it should
be noted that the register pins serve the double purpose of
aligning the rule and at the same time holding the spring in
position, for the spring should fit closely between the
projecting ends of the pins.

The rule should now be sprung into place, and if it is
found that the hold is too firm, or too light, the spring
should be removed and reset accordingly by means of the
round-nose pliers.




INTRODUCTION PART II

WE have now finished considering workshop premises, the
furniture needed in them as well as the hand tools desirable
if a full range of activity is to be pursued.

The time has now come to review the machine tools
required if the beginner 1s to extend both his facilities and
his skill.




CHAPTER ONE

Lever-feed and Rack-feed Types — Electric
Drilling Machine—Driving the Machine—
Drilling Speeds-—Machine Vice—Table V
Blocks—Work Clamp—Drill Chuck—Table
Stop—Depth-drilling Stop and Gauge—
Drilling Operations—Drilling into a Cross-
hole—Drilling on an Inclined Surface—
Cross-drilling Shafts—Drilling for Tapping
—Tapping in the Driliing Machine—
Countersinks—Counterbores and Pin Drills.

Tue drilling machine, as opposed to the hand drill, has
the great advantage that it can be relied on to bore holes
truly at right-angles to the surface of the work and with
great accuracy as regards size and
THE DRILLING  position.
MACHINE This is ensured by mounting both
the headstock of the machine and the
work table in accurate alignment on a rigid column ;
further, the high speed obtainable with a power drive
makes successful drilling possible with even the most
slender drills.

Types of Machines. The smaller drilling machines are
usually of what is termed the sensitive type, that is to say
the lever mechanism that feeds the drill is so designed that
the pressure on the drill can be readily felt by the hand,
as distinct from the feed pressure which is applied by a
screw mechanism as in the lathe tailstock or in the cruder
forms of drilling machine.

In the simplest form of machine the feed lever is con-
nected directly to the drill spindle, which carries the
chuck holding the drill and is moved downwards when
pressure is applied to the hand-feed lever.

A well-designed machine of this type, illustrated in

109
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Fig. 1

Fig. 1, is the “ Model ‘Engineer” Drilling Machine which
takes drills up to 1 in. in diameter,

Although this machine cannot be purchased, as the
design hardly lends itself to economic commercial produc-
tion in view of the number of small components required
and the accurate hand-fitting of the bearings rightly
recommended ; nevertheless, castings of good quality are
readily obtainable, and from them an accurate, high-class
machine can be built by those possessing the necessary
skill and equipment ; moreover, the machine has b:en
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so designed that all the machining can be carried out in a

lathe of 34 in. centre height.
The writer built one of the machines several years ago
and, as a result of careful hand-fitting, no wear has become
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Fig. 2
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apparent and the machine’s accuracy has been main-
tained in spite of prolonged use.

Reference to Fig. 2, depicting the general construction
of the headstock, will show that a ball bearing is fitted to
the spindle to take the thrust of the feed lever, which 1is
returned to its upper position by means of a spring ; a
counterweight can, however, be used for this purpose to
ensure a very delicate and highly sensitive feed motion.
The three-step drive pulley, in conjunction with the adjust-
able jockey pulleys, provides for a wide range of speeds and
correct tensioning of the driving belt.

The Rack Feed Machine. When the larger sizes of
drills are used in machines fitted with a lever feed acting
directly on the drilling spindle, 1t will be found that con-
siderable hand pressure has to be applied to the feed handle
to make the drill cut ; those who have used a hand drill
will be well aware of the heavy pressure needed in this
case. Although the leverage, and with it the pressure on
the drili, can be increased by lengthening the feed lever,
it 1s not usual in small machines to provide a leverage
greater than about four to one if a lever of reasonable
length is to be used.

To overcome this difficulty and to provide adequate
drilling pressure together with a sensitive feed, a more
complicated mechanism consisting of a rack and pinion
feed 1is generally employed.

The headstock mechanism of a drilling machine of this
tyoe is illustrated in Fig. 4, and it will be apparent that,
when the feed lever is depressed, the pinion attached to it
will rotate, thus causing the rack of the spindle sleeve, or
quill, to move downwards and feed the drill against the
work.

The leverage obtained in this way is usually some sixteen
to one ; a great advance on the limited leverage provided
in the more simple type of machine.

The sleeve on which the rack teeth are cut is known as
the quill, and machines so constructed are called quill
machines to distinguish them from the previous type.
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the Champion drilling machine, illustrated in Fig. 5.

This machine, ence popular for many years, took drills
up to } in. diameter. A ball thrust bearing was fitted at the
lower end of the spindle and at its upper end the three-step
driving pulley was mounted on a sleeve in order to relieve
the spindle from side pressure due to the pull of the driving
belt.

- m e m e o oam
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Ig. 3

- The quill does not, of course, rotate but moves upwards
‘and downwards in the headstock under the control of the
ifeed lever. Further, it will be seen that the feed lever is
returned fo its starting position by means of a coil spring
contained in a housing enclosed by a cover plate.
. The drawing in Fig. 4 represents the working parts of
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Fig. 5

A 4 in. diameter canting work table was fitted and was
provided with a graduated angular scale and register pin
for setting the table to the exact horizontal position.

The great length of the sliding headstock casting where it
engaged the column made for rigidity and ample provision
was made for adjusting the belt tension by means of a
sliding bracket carrying the jockey pulleys. An adjustable
stop as illustrated in Fig. 4 could be clamped to the spindle
to regulate the depth of drilling. It is to be hoped that
someone will be found to market the machine again, for it
is one eminently suited to the needs of the amateurs
workshop.

The particular “Champion” drill illustrated was modified
by the author in order to provide a readily obtainable range
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of spindle speeds in conjunction with a motor fitted with a
2-stew pulley.

The Cowell drilling machine, illustrated in Fig. 6 is
designed for those who require a rather larger machine
of # in. drilling capacity and with a work table 5 in. In
diameter,

This machine is essentially of similar construction to
the preceding model, but has certain detail modifications.

As before, the spindle runs in a quill operated by a rack
and pinion gear, and the mounting of the drive pulley on
a sleeve ensures that the spindle is not subjected to the
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strain of the pull of the driving belt. A neat form of return
mechanism for the feed lever is enclosed in the housing
of the pinion gear.

The rotating work table is of the fixed type and not
tilting as in the previous machine; this overcomes the
difficulty that is sometimes experienced in resetting a
tilting table accurately after the machine has had much
use. The jockey pulleys slide on an inclined shaft so that

Fig. 7
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the belt can be aligned correctly with any of the steps of
the driving pulley when the speed is changed.

The ball handles fitted to the feed lever and the table
setting clamps make for easy handling and add to the
appearance of the machine as a whole. As with the “Cham-
pion” drilling machine, the Cowell drill depicted has also
been modified by the author to provide a suitable range of
spindle speeds.

Self-conrained Electric Drill. The drilling machine
shown in Fig. 7 1s the Black and Decker hand drill mounted
on a drilling stand specially designed for the purpose.
The drili itself can be readily detached from its stand and
used as a portable drill in the workshop or garage ; more-
over, it can be employed to mount a grinding wheel, a
polishing buff, or a wire brush for decarbonising.

Although this type of driiling machine has the advantages
enumerated above, it will be apparent that the limited
speed range, as compared with a separately-driven
machine, detracts from its utility as a general purpose
machine in the small workshop, where slow or moderate
speeds are sornetimes essential.

Driving the Drilling Machine. Drilling machines are
usually driven by means of a belt, for this provides a drive
that is both quiet and flexible and, at the same time, the
drilling speed is readily varied to suit the occasion by
moving the belt from one step of the driving pulley to
another.

In small machines, such as those described, the driil
spindle is driven by a round belt which is maintained in
line with the driving pulley by means of a pair of jockey
or guide pulleys.

The belt tension can be adjusted either by altering the
position of the jockey pulleys or by raising or lowering the
headstock on the column of the machine.

In some instances a countershaft is incorporated to
enable the machine to be driven by a flat belt from the
workshop lineshaft. The “Model Engineer” machine is
designed to carry a countershaft should this be required,
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and in this case a Delt-shifting gear is fitted to move the belt
on the fast and loose pulleys when starting and stopping the
machine.
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Fig. 8

Small high-speed drilling machines can be driven by
means of a sewing machine belt, but it is important, when
using these round belts of small cross-section, that the
fastener should be properly fitted te prevent its tearing out.

The correct method of fitting a steel U fastener is shown
in Fig. 8 ; it will be observed that the cut ends of the belt
are butted closely together, and the lower part of the U
projects but little below the belt to ensure that the fastener
is kept well clear of the bottom of the V in the pulleys.

When fitting fasteners of this type, the ends of the belt
should be drilled exactly centrally with a & in. drill,
ond at the correct distance from the joint to allow the
final closure of the fastener to bring the ends of the belt
firmly together.
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Fasteners fitted in this way should be noiseless in action,
and proof against tearing the belt provided that excessive
belt tension is not used. FKor those who wish to avoid
using belt fasteners, endless round belts are now obtainable
in lengths suitable for driving small machine tools.

Probably, the most convenient method of driving a
small driliitng machine is to employ a direct belt drive froin a
motor installed near the drill, as ilustrated in Fig. 9.
Although only a single driving pulley is shown, the speed
range of the machine will be correspondingly increased
it a two- or three-step pulley is fitted to the motor shaft.
The simplest form of installation is depicted in Fig. 4,
and it will be seen that all that is required is to fix the
motor to the bench and fit the belt.

In this case, the motor occupies vaiuable space on the
bench and Is not protected in any way. Method B affords
some protection for the motor, is more compact and, in
the case of a low bench, raises the machine to a more
convenient working position.

The arrangement shown in Fig. ge s widely used, tor
the bench top is then but little encumbered and the motor
15 well protected from metal cuttings.  When the motor is
installed in this way below the bench, it can be attached
to a wooden base sliding in strips secured to the underside
of the bench top ; this allows the motor te be easilv
removed for periodic cleaning and oiling.

When much fine drilling has to be undertaken, the
raised position of the drill, as in Fig. g8, will be found a
great conv=nience in affording the operator a comfortable
working position without excessive stooping being required
to bring the eyes close to the work. Before leaving the
subject of driving the drill, it must be emphasised that a
switch should be fitted close at hand to enable the machine
to be stopped instantly in an emergency.

Drilting Speeds. When planning the drive of a drilling
machine, account should be taken of the size of the drilis
to be used, for although a heavy machine must be capable
of driving large drills at comparatively slow speed, a
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sensitive type of machine used for light drilling with fine
drilis will need to be driven at high speed.

The following table gives the speeds recommended by
dnll manufacturers for drilling mild-steel for commercial
puarposes, but in the small workshop, where the rate of
production is of less importance, these speeds may be
reduced.

Drill diam, High-speed Steel Drillsif Carbon Steel Drills

in in, r.p.m. r.p.m,
w5 4,000 1,800
2,000 900

«g 1,500 6oo

3 1,100 450

Y 900 340

# 750 280

5 650 240

3 | 550 210

These speeds may be doubled when drilling brass and aluminium,

Although the figures given above are by no means
absolute, they will serve as a guide when arranging the
details of the drilling machine drive from an electric motor.

It will be apparent that high-speed steel drills can be
driven at much higher speeds than carbon-steel drills,
and for this reason they are to be recommended for use
with high-speed self-contained electric drills ; moreover
the former retain their sharpness for a longer time and are
much less easily broken.

When drills are driven too fast the cutting edges may
become quickly blunted, and overheating will arise which
will draw the temper and soften the drili point. The speed
should be reduced when drilling cast-iron otherwise the
cutting lips may become worn and the drill will then tend
to bind in the hole.

It i1s important where high drilling speeds are used that
the cutting edges of the drill should be maintained in a
really sharp condition in order to ensure free-cutting and
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avoid rapid blunting of the drill point ; it may, therefore,
be advisable to restrict the speed until some experience has
been gained.

Drilling Machine Equipment—Drills, These have
been described in Part I where a list of the sizes manufac-
tured will also be found.

Machine Vice. For supporting the work cn the machine
table when drilling, a machine vice will be found essen-
tial both to align the material correctly and to prevent it
from turning with the drill and damaging the fingers.

Fig. 10

A small, accurate machine vice, manufactured by Messrs.

Myford and well-suited for use in connection with the
small drilling machine, is illustrated in Fig. 1o. It is
essential for accurate drilling that the work held in the
vice should lie paralle! with the drilling machine table
and at right-angles to the drilling axis ; to ensure this
the work surface of the vice must be parallel with the under-
side of the sole plate, and the fixed jaw must stand at right-
angles to this surface.

When these conditions are satisfied, any work secured
in the vice will automatically be truly aligned in the drilling
axis.

As will be seen in the drawing, a loose, swivel jaw-piece
is included for holding tapered or irregular work, and
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Fig. 11

bolting slots are provided for securing the vice to the work
table.

Heavier vices of greater holding capacity and suitable
for use with Jarger drilling machines are also obtainable,
but it is advisable to check the accuracy of any vice, not
of reputable make, before putting it into use.

Table V Blocks. A V block or a pair of V blocks is
used for holding round shafts and other parts on the work
table of the driiling machine. The Eclipse V blocks,
illustrated in Fig. 12, will be found especially serviceable
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as they can be readily clariped to the work table as tllus-
trated in Fig. 19. The work itself is secured in place in
the block by means of the screw-clamp supplied with each
set of two blocks.

Another useful appliance for this type of work is the
Myford saddle or table V block, illustrated in Fig. 13.

The sole plate can be drilled, as required, for bolts to
secure the device to the work table and, if necessary,
clamping strips can be fitted to the upper surface of the
blocks to hold the work in place.

Work Clamp. For s~curing work, such as sheet metal,
which cannot be held ir the vice for drilling, a work clarnp
of the pattern illustrated in Fig. 11 will be found useful.

As will be seen, a V notch is formed in the clamping
limb to provide a space in which the drill can operate.
The work should be supported on a piece of ebonite,
hardwood, or metal in order to protect the table from




possible damage and also to prevent a burr being formad
on the under-side of the work.

Drill Chuck. It is always advisable to fit a best-
quality chuck to the drilling machine, for this will ensure
that the drill is always held truly and securely, provided
that the chuck is treated in a reasonable manner.

Table Stop. During some drilling operations it is
necessary to swing the drill table to the side and, at the
same time, to maintain exactly the height to which it is
set. This can be ensured if an adjustable stop collar, of
the form shown in Fig. 14, is fitted to the column of the
machine. When the height of the table has been set, the
stop is brought into contact with the under surface of
the table bracket and then clamped in place.

Full directions for making this attachment are given in
Chapter Six.

BRASS PAD
I.’ig. 14
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Depth Drifling Stop and Gauge. When it is required
tu drill a number of holes to an equal depth, it saves much
time and uncertainty if the drilling machine can be set
to drill to a definite limited depth. In the case of a
machine such as the Champion, iliustrated in Figs. 4 ard 5,
this is readily ensured by using the adjustable clamp collar
fitted to the spindle.

The collar is set by means of a rule, as shown in Fig. 15,

Fig. 15

and, when the adjustment has been macde, the collar is
secured in place on the spindle by tightening the clamping
screw ; the downward travel of the spindle is then limited
by the collar coming into contact with the face of the
driving pulley.

To measure the downward feed of the drill when using
a quill-type of machine, the quill itself is sometimes
graduated, or as an alternative method, a portion of a rule
is fitted into the split quill-housing, as shown in Fig. 16.
Here, a small leaf spring is fitted behind the rule to provide
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trictional contact, and thus enable the rule 1o be set to
the zero position at an inch mark at the start of the drilling
operation.

The simpie lever-feed drilling machine can also be fitte.
with a depth stop and gauge, bur the actual construction
must depend on the design ¢f the individual ma-'ine.

Drilling Operations. The general principles involved
in drilling with a drilling machine are similar to thos:
eraployed when using a hand
driil, as described 1n Part One
which of course should be
read before the present vol-
ume. In the former case the
machine has its own motive
power and ensures accuracy
of dnlling alignment, leaving
only the feeding of the dnll
and, perhaps, the steadying
of the work to the operator.

As before, the location of
the drill hole is accurately set
by marking-out, and its
centre is then marked with
a centre punch.

If a large drill is started in
the small punch mark so formed, it is quite possible that it
will wander from the true centre owing to lack of guidance.
To obviate this, the punch mark is enlarged with a small
centre drill of the form illustrated in Fig. 17. When drilling
small holes it will be advisable te use the smallest standard
size of centre drill with a body of } in. diameter and a
drilling tip of 3/64 in. diameter.

These fine drills should be run at high speed with plenty
of lubrication and the feed should not be forced or the
slender drill tip may be broken off.

The centre drill is fed in until a countersunk hole is
formed equal to the diameter of the following drill. Should
the diameter of the hole to be drilled be appreciably

Fig. 1t
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greater than } in., it is advisable to drill a preliminary
pilot hole both to save time and (v enable the larger driil
to cut more freely and with less feed pressure.

The next step is, therefore, to drill an § in. pilot hole
in the work, and there need be no fear of this being out
of centre if the } in. centre drill has been previously entered
to its full diameter.

Finally, the hole is enlarged to its full diameter in one
or more stages, but it should be borne in mind that when
larger drills are used the drilling speed should be reduced
accordingly by altering the position of the belt on the step
pulleys.

When driliing holes in sheet metal, it 1s advisable to
secure the work to the drilling table by means of a clamp
as illustrated in Fig. 11, and, in addition, the rate of
feed should be reduced when the drill is nearly breaking
through or it may grab and dig into the work.

If the drill is carried right through the work, take care
that the drill point does not come into contact with the
table ; a work table honeycombed as a result of thought-
less drilling is the sign of a careless workman. Damage of
this sort can be avoided, either by allowing the drill to
pass through one of the table slots, or by supporting the
work on a piece of metal, ebonite, or hardwood. Before
drilling a second hole, remove any burrs formed by the
nrevious drilling as these will prevent the work from lying
flat on the drill table.

When fine drills are used, there is a tendency for the
drill to become jammed in a deeply drilled hole ; this
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Fig. 18

can be avoided by withdrawing the drill at frequent inter-
vals and freeing it from cuttings: with an oily brush while
the machine is still running. _

Drilling into a Hole. Where a hole has to be drilled
to meet the side of a previously drilied hole, as shown in
Fig. 18, there is the danger of the unsupported drill point
being broken off as it breaks through. This can be avoided
if a plug of material similar to that of the work is fitted to
the first hole, so that the drill point is supported throughout
its travel.

Drilling on an Inclined Surface. Should an attempt
be made to drill a hole on an inclined surface, the drill
will naturally tend to travel down the slope, and the
side-strain imposed may break a slender drill or, at best,
it will cause the hole to be drilled out of position. It is
advisable, therefore, to prepare a flat work surface, either
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by filing, chipping or machining, prior to the marking-out
and drilling operations.

Cross-drilling Shafts. An operation often required in
the workshop is the drilling of a hole exactly across the
centre of 2 round shaft. When a iig suitable for this pur-
pose is not available, the following method may be adopted :
a line is scribed through the centre of the shaft, as described

in the section on marking-out in Part I, and this line is

CLAMPS HOLDING
VEE BLOCK TO
DRILL TABLE

SQUARE FOR!
ALIGNMENT
OF WORK
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continued for some distance along the shaft, as represented
in Fig. 19. A centre punch mark is then made on this
line to locate the hole at the required distance from the
end of the shaft.

Next, the shaft is clamped i a V block resting on the
drill table, with the scribed diameter line set vertically
bv means of a square.

A small centre drill 1s then used to enlarge the punch
mark and to form a bearing for the point of the drill which
tollows to torm the cross-hole.

Dritling Holes for Tapping. Although a list of tapping
size holes is given in most books of reference, these holes
will In many cases be found too small for general use and
may be the cause of broken taps anc out of line threads.

A method of selecting the correct size of tapping driil
for a particular tap was described in Part T ; briefly, this
consists in trying the tip of the taper tap in the holes of
the drill gauge unttl a hole 1s found which admits the tap
as far as the line indicating the bottom of the first thread.

If o parallel hole is drilled and tapped, the result will
probably resemble the appearance shown in Fig. 20a,
where 1t will be seen wat the metal surrounding the hole
has been raised 1n an irregular burr which will prevent the
proper scating of a component against this surface. To
avoid this, the hole, prior to tapping, should be enlarged
to the full clearing size for a depth equal to some one-
and-a-half threads, as shown in Fig. 208.

If an attempt 13 made io enlarge the hole after the
tapping operation has been completed, the mouth of the
hole will not be formed concentric with the bore as the
inclination of the threads will cause the point of the dnll
to be pushed to one side of the hole.

Tapping in the Drilling Machine. Although a tap will
tend to keep upright in a hole which has ample clearance,
and its squareness with the surface can be checked during
a hand-tapping operation, machine tapping has the advan-
tage that the tap is entered and guided truly in the work
throughout the tapping operation. In commercial prac-



tice the tap is mounted in a drilling machine or in a
special iapping machine, and a friction-driven tapping
attachment is used to drive the tap and to prevent breakage
when the bottem of the hole is reached.

This principle can be readily applied to the drilling
machine with the tap held moderately tightly in the ordi-
nary drill chuck. The tap s rotated either by pulling
on the belt ov, preferably, by turning the spindle b\, means
of a handle scun(‘d to its upper end. The construction of
a handle specially designed for this purpose is fully des-
cribed in Chapter Six.

Fig. 20

As, when tapping in this way, both hands are occupied
in hclding the work and tirning the machine, the down-
ward pressure required to start the tap can be applied by
means of a length of cord ati:ched to the feed lever, and
having at its lower end a loop (o form a stirrup for the foot.

Countersinks. In order to allow screws with conical
heads to lie flush with the surfuce of the work, the screw
holes are recessed with a countersink having its cutting
edges formed to an included angle of go deg. The commercial
cutters with four or more cutting lips are liable to chatter
and form a recess with a rough, waved surface ; and
although better results are obtained by using a very slow
speed, this is not always possible in the case of the small
drilling machine.

If, however, a flat-faced countersink having a single-
cutting edge and a guide edge is used, this tendency to
chatter will be prevented.
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Full directions for making a cutter of the. type suitable
for use 1n the small drilling machine are given in Chapter
S1X.

Counterbores and Pin Drills. Tt is a rule in good
engineering practice that where a nut or screw seats on a
component it must do so on a flat surface truly square with
the line of the screw hole.

When, therefore, a rough casting is drilled for the
passage of & bolt, it is essential that, at the same iime, the
surface against which the nut bears must be correctly
machined.

Again, where the work is recessed to receive the head
of a cheese-headed screw, the bottom of the recess must
be formed with a flat surface to afford a proper seating
for the screw head.

‘These machining operations are usually carried out by
means of a tool known as a counterbore, pin drill, or spot-
face cutter.

Directions for making two types of this cutter are given
in Chapter Six, and reference to the illustrations in that
section will show their usual form.

When using these cutters a pilot hole 1s first drilled to
fit the central guide pog, and after the machining with the
cutter has been corapleted, the pilot hole is enlarged to its
finished size.

It is advisable to run these tools at a slow or moderate
speed in order to avoid chatter and to enable the depth of
machining to be more readily controlled.




CHAPTER TWO

The Grinding Head—Driving the Machine
Electric Grinding Machine—Angular Gring-
ing Rest—Grinding Operations—Grinding
Twist Drills.

As it is impossible to do good work with biunt or incorrectly
sherpened tools, the importance of installing proper
grinaing equipment and adopting a sound method of
sharpening the workshop tools can
THE GRINDING hardly be overstressed.
MACHINE Apart from the minor sharpening
operations carried ¢ut with the aid
of carborundum or oil bench stones, as described in Part I,
the bulk of this work is done on a carborundum wheel
mounted on the spindle of a grinding head.

A simple and inexpensive form of grinding head 1is
illustrated in Fig. 21, where it will be seen that the spindle
carries a grinding wheel at either end ; usually, a coarse
wheel for roughing and a fine wheel for finish grinding are
fitted.

The spindle runs in bearings machined in the iron
casting, and a small range of adjustment is provided by
splitting the bearings on one side to enable them to be
closed on the shaft by means of a clamp screw.

Needless to say, precision fitted bearings can hardly be
expected in a machine of this type where the first cost is
low, but if the spindle and bearings are later accurately
hand-fitted by an experienced worker, the machine will
run almost noiselessly even at high speed. A rather more
elaborate form of grinding machine is shown in Fig. 22,
and although the grinding rests are not designed for angular
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setting when grinding tools ou :he side of the wheel, this
could be made good by fitting angular tool rests of the
type described later in this chapter and in Chapter Six.

Driving The Machine Small machines can be driven
from an electric motor by means of a sewing machine
belt joined with a U fastener, as described in the case of
the drilling machine.

The.grinding heads illustrated have a pulley fitted to
the spindle between the two bearings ; this usually eniails
driving the machine from a motor or lineshaft situated
either above or behind the grinder, as shown in Fig. 45,
in Chapter Four.

If, on the other hand, the pulley is fitted to one end of
the spindle and a single wheel only is mounted on the
shaft, then a belt drive can be taken from a motor fixed
helow the bench.

Where, as shown .a Fig. 46, Chapter Four, the driving
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pullev projects bevond the edge of the bench. there 1s no
need to cut a gap in the bench top for the passage of the
belt.

A motor mounted below the bench has the advantage
of being well protected from the abrasive dust formed
during grinding and, further, 1t docs not then occupy
valuable space on the bench top.,

It is true that with this arrangement a single wheel only
s available, but this may be found sufhicient ifor most
purpeses in the small workshop.

Shoald it be decided, however, to install both a rough
and a fimsh-grinding wheel, then this method of driving
can still be employed il two grinding heads are used and
are driven from a single motor ; but in this case the
erinding head nearcer the operator should he mounted
on awooden baseso that it can be readily detached from the
beneh top to give full access to the second machine.

When this form of installation is adopted, the grinding
rest can be made to serve either machine it each is fur-
nished with a base bracket to which the rest can be tians-
ferred when required for use.

Where the erinding machine is installed near the other
machine tools, 10 1s essential that they should be prowected
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from abrasive dust either by means of a light wooden
screen or by the temporary use of a large sheet of card-
board.

If the best results are to be obtained when grinding
tools, it is important that the wheel should be driven at
a surface speed of approximately 5,000 ft. a min. in accor-
dance with the following table :

Wheel diameter Rev. per min.
1in. 19,000
2 9,500
3 6,400
4 » 4,800
5 » 3,800
6 7y 3,200

The ‘ool merchant will supply grinding wheels suitable
for ordinary toel grinding in the small worishop, but if
further information on this subject, or about tool grinding
in genecral, is scught, reference may be made to Sharpening
Small Tools, published by Argus Books Ltd.

The Electric Grinding Machine. The “Black and Decker”
seli-contained grinding machine, illustrated in Fig. 23,
has the advantage that it can be placed in any required
position on the bench, or cn a side bench where the
danger from abrasive dust is well removed from the
machine tools; in addition, its position can be fixed with-
out reference to the requirements of a belt drive.

Two 5 in. diameter grinding wheels are attached to
the spindle to provide for rough and finish grinding res-
puctively.

Although the yrinding rests fitted are intended for use in
connection with the periphery of the wheel, it should not
be a difficult matter to make and fit adjustable angular
rests for grinding tools on the side faces of the wheels.
As already mentioned these rests are described here and
also in Chapter Six.
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Angular Grinding Rest.  Some form of adjustable
rest is required to support the tool and to enable it to be
presented to the grinding wheel so that the correct angle
18 automatically ground at the cutung edge.

In factories the periphery of the wheel is generallv used
for tool grinding, but in the small workshop this work wili
be facihirated if] instead, the flat sides of the wheel are used ;
for 1t 15 much easier w set the grinding angle from the flat
side surface than from the curved periphery of the wheel.

It is recommended, therefore, that a simple, adjustoble,
angular rest of the pattern illustrated 1n Fig. 24, should be
used when fixed to the bench adjacent to the grinding
head, or to the machine itself.

A convenient wav of making an adjustable rest 1s w0
use the hand rest belong e 1o the lathe, as shown in Fig.
z5. The base portion is fitted with a pillar which at s
upper end carries a work table that is readily adjustable
to any required angle by means of the engraved graduared
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Fig. 25

: - Although grinding heads are obtainable with grinding
- rests incorporated, these rests, except in the more expen-
- sive machines, are generally designed for grinding tools

- _on-the periphery of the wheel as in the case of the grinding
- machine illustrated in Fig. 22 ; bus just as an angular

rest can be made for attachment to the bench, as described
in Chapter Six, so also can this type of rest usually be fitted
to the machine itself without great difficulty, if the method

. 'of grinding the tools on'the side-face of the wheel is pre-
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Grinding Opeérations. Apart from grinding twist drilis,
the chief use made of the grinding machine in the small
workshop is for sharpening the lathe tools. = Now, this
operation rmust be carried out with considerable accuracy,
otherwise the free-cutting properties of the tool may be
impaired or the strength of its cutting edge reduced.

If a new lathe tool or one that has been ground in a
factory is examined, it will be found that the areas ground
to form the cutting edges are flat, uniform surfaces, but
on the other hand, a tool ground by an inexperienced
workman without proper equipment will, in all probability,
show a series of small ground surfaces crossed by uneven
ridges. 'The even, flat surfaces in the former case give the
true tool ferm, and the ridges and hollows in the latter
largely detract from the cutting efficiency.

This difference of surface finish probably results
from an angular grinding rest being used in the factory,
and a method of free-hand grinding being adopted by the
casual worker.

The advantages gained when using a proper rest are
so outstanding that they should not, if possible, be
neglected ; moreover, when attempting to grind free-
hand and using the eye and the hand to guide the tool,
any small slip may result in much time and labour being
wasted in making good the grinding error.

As has already been mentioned, the use of the side
faces of the wheel is to be preferred for ordinary tool
grinding in the workshop. When the periphery of a small
wheel is used to grind a tool, the surfaces so formed will
be markedly concave, and where two such surfaces meet
at the tool’s cutting edge, this edge will be undercut and
weakened ; further, not only is it a difficult matter to
adjust the height of the rest to grind an exact angle, but
the setting of the rest will necessarily vary according to
the thickness of the tool.

If, on the other hand, the side of the wheel is used, the
rest can be readily set to grind an exact angle on the tool
irrespective of the tool’s thickness.
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A convenient method of setting the rest is illustrated in
Fig. 24, where it will be seen that a sheet-metal template,
cut to the required angle, rests on the work table and the
upright edge is brought into contact with the wheel. In
the drawing the template is shown mounted in a rule holder,
but a rectangular block may be used to maintain the tem-
plate in a vertical position.

SIDE OF TOOL END OF TOOL TOP SURFACE OF TOOL

Fig. 26

To set the work table, the upper hexagon-headed screw
is slackened, and it may be necessary, at the same time, to
slacken the lower screw to enabic the gap in the table to
be adjusted to clear the sides of the wheel. When these
adjustments have been made, both these screws should
be firmly secured to prevent the table from shifting during
__the subsequent grinding operations.

It will be noticed that the template is cut to an angle of
" 12 deg. at one end and to 11 deg. at the other. The reason

. for this is that when grinding the tool on the coarse wheel

to form the clearance angle the 12 deg. setting is used, and
this is followed by finish-grinding to 11 deg. on the fine
wheel.

In this way little metal will have to be removed at the
final grinding operation, and not only will the whole
grinding process be quickened, but there will be less
danger of overheating the tip of the tool.

Although ‘the question of the form and the angles at

thecuttmg ‘edges of lathe tools is dealt with in Chapter
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Five, 1t will be advisable here to consider briefly how
angular grinding is employed to form a typical lathe tool.
Other tools vary in form, but the methods used for grinding
their cutting angles are the same.

The stages ir. the finish grinding of a knife tool are
illustrated in Fig. 26. First, the side clearance is ground
with the grinding rest set to 11 deg. ; next, the front clear-
ance angle is formed with the rest in the same position ;
then, with the rest reset to 20 deg. in the opposite direction,
follows the operation of grinding the slope on the upper
surface, or the side-rake angle as it is termed and which
will be explained in Chapter Five,

When applying the tool to the grinding wheel, the tool
must be kept moving in a direction parallel with the side-
face of the wheel ; it must not be allowed to dwell and
only light pressure should be used, otherwise it may be
overheated and its cutting properties spoilt.

In spite of advice that is sometimes given, on no account
should the tool be dipped in water to cool it during the
course of the grinding operation, for this will almost
certainly result in the formation of surface cracks in the
cutting edge, and, when the tool is put to work, particles
of metal will break away leaving the cutting edge blunt or
jagged.

Nevertheless, where much metal has to be removed,
the tool must be allowed to cool during the grinding opera-
tion, and this can be hastened by letting the tool lie on a
metal block. Should several tools have to be ground, it
is better to deal with each in turn for a short time so that
cooling can take place meanwhile.

The final sharpening operation consists in honing the
tip of the tool to an angle of 10 deg. on an oil stone ; this
is carried out with the aid of a stoning jig, and the process
will be described in the appropriate place in Chapter
Five.

Grinding Twist Drills.  Although an experienced work-
man can, with the aid of a gauge, grind a large drill with
some degree of accuracy, this is far from being the case
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| where a novice is concerned and the drill is of small
diameter.

If the drill is ground so that the cutting lips are of
unequal length or do not lie at the same angle with the
long axis of the drill, then the drill will neither cut a hole

- true to size nor will it pursue a straight path.

Fig. 27

- If, from lack of proper equipment, free-hand grinding
" has to be used, some idea of the hand movements required
vhen grinding can be gathered by rolling the conical
ace of a large drill against the side of the stationary grind-
ng wheel. These movements should be practised until
“the tip of the drill can at all times be kept in level contact
. ;';"wﬁhs the wheel ; and after making a trial passage of the
r_drﬂ]{ on the revolvmg wheel, the tip should be measured
. with the rule and protractor to see if the grinding has been
© " carried out correctly.
. On the other hand, a quick and reliable method of
: -grinding twist drills is to use a grinding jig in accordance
. with ordinary workshop practlce
e _j'_;ffA_ small accurateiy made jlg sultable for use 1n thc small
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workshop is the Potts drill grinding jig, illustrated in
Fig. 27 ; this appliance will sharpen drills up te } in. in
diameter.

The jig itself is attached to the bench by means of the
base bracket shown in the drawing, and after the spindle
(A) has been set parallel with the axis of the wheel spindle,
the clamping screw is tightened. To give the correct
back-off or clearance angle, the calliper jaws (C) are set
to the diameter of the drill shank.

Next, the spindle (A) is moved towards the wheel until
the drill carrier (D) is just clear of the side of the wheel ;
the wing nut (E) is then tightened.

The drill is then placed in the jig, as shown in the
drawing, with one lip in contact with the lip gauge attached
to the carrnier (D).

When the grinding wheel has been started, the drill is
fed towards the wheel by means of the feed screw shown at
the extreme right of the drawing. The grinding operation is
then carried out by swinging the jig about its pivot (H).

Both lips of the drill are ground in this way, with the
same setting of the feed screw, until they are evenly ground
over the whole of their surfaces.

Some makers of both belt-driven and self-contained
electric grinders supply twist-drill grinding jigs for attach-
ment tc their machines, but when purchasing these
appliances it is advisable to make sure that they will deal
with the smallest drills that are likely to be used.




General Description—Types of Small Lathes
—-Methods of Driving—Lathe Accessories
--l.athe Maintenance.

As will be seen in the drawing in Fig. 28, which represents
a small lathe of the type generally used in the small work-
shop, the modern lathe is a highly developed machine

capable cf a wide range of work in
THE LATHE addition to ordinary turning operations.
. The smaller components shown in
" the drawing are named so that they can be readily identi-
fied when referred to both here and in later chapters.

The Bed. This is the main casting on which the other
components are assembled, and on its proper design and
construction the accuracy of the lathe as a whole will
largely depend.

When the bed is supported on two widely-spaced feet
it may be distorted if bolted down to an uneven surface
- such as the top of a wooden bench. This can be readily

_demonstrated by applying a test indicator to the free end
‘of a long bar held in the lathe chuck and then tightening
the holding-down bolts ; if the surface of the bench is
' _untrue, the test indicator will record the deformity imparted
" to the bed.
|  Should the bed be distorted in this way, the lathe will
- not machine truly, and packing strips must be placed
. under the bed feet to level the surface on which the lathe
‘stands.

The bed of the lathe illustrated has what amounts to

. a smgle fot-piece, and, here, distortion is much less likely
' to arise, when bolting down, as thls part represents the
_.-;Z-rnost ngld portlon of thc bed, | -
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On the upper part of the bed an accurate slide-way is
machined, composed of two shears, as they are termed ;
this carries the headstock and the tailstock in true axial
alignment and, at the same time, the saddle and the
tailstock are guided on a straight path as they are moved
along the bed. The bed shears fall short of the headsiock,
leaving a gap to ailow for turning work of large diameter.

Tk~ Headstock. This is a rigid casting fitted with
bee gs in which the lathe mandrel rotates. Different
types of bearings are used for this purpose, but plain parallel
bearings are, in general, to be preferred.

In order to provide the low mandrel speeds required for
some classes of work, a back gear, not unlike a motor car
gearbox, is fitted, consisting of a gear wheel reduction drive
between the belt pulley and the mandrel.

The lathe has, therefore, six speeds : three direct, and
three indirect through the back gear ; these are arranged
in even steps from the lowest to the highest mandrel speed.

The Saddle. As shown in the drawing, the base or
~sole plate of the saddie, which is guided by the shears of
the lathe bed, carries a cross-slide on its upper surface.
This slide has a travel of several inches and is controlled
by means of a feed-screw fitted with an operating handle
and an index. The index is divided intc thousandths of an
inch and is adjustable so that it can be set to the zero posi-
tion when turning work to an exact diameter.

- Bolted to the cross-slide is the top or tool-slide which
. also has an index fitted to its feed screw. The slide can

© be set to any required angle by means of its graduated
~+ scale, and in this way it is used for forming bevels or turning

short tapers.

A vertical plate, called the apron, is attached to the front
of the saddle sole plate ; this carries the quick or hand-
traverse gear which engages the toothed rack bar attached
to the front of the bed. The apron has also attached to it
the divided clasp-nut with its operating gear which closes
the nut on the leadscrew and thus provides the normal
feed for the saddle.
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The Tallstock. The body of this component is usually
formed in two parts : a sole plate to engage the slides of
the lathe bed, and an upper portion capable of being set
over across the line of the bed to enable tapers to be turned
on work mounted between the lathe centres. VVhen the
tailstock has been set either centrally or to one side, the
two portions are secured with a clamp bolt. The sole
plate is secured to the bed by means of a quick-acting
clamp and locking lever.

Fig. 29

The tailstock barrel, which receives support from the
whole length of the upper part of the tailstock casting, is
secured in place by the action of a clamp and locking lever
whenever work is mounted between the lathe centres.

To facilitate drilling holes to an exact depth, the tailstock
barrel should be graduated.

The Feed Gear. Where a separate feed shaft is not
fitted, the saddle is traversed along the lathe bed by means
of the leadscrew when engaged with the clasp-nut attached
to the saddle apron.

A handle is attached to the right-hand end of the lead-
screw to enable the saddle to be fed by hand when turning
short lengths ; in addition, the hand wheel carrying this
handle is fitted with a: index graduated in thousandths
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of an inch to permit of an exact length being machined
on the work,

When an automatic feed for the saddle is required, the
leadscrew is turned by the mandrel thraugh a train of
gear wheels mounted on the lathe quadrant, or banjo as
it is sometimes called.

The relative speeds of the mandrel and leadscrew de-
pend, of course, on the size of the wheels used, but reference
to the makers’ chart will show the wheel trains required
for either screwcutting or for crdinary turning.

To enable the saddle to be traversed either towards or
away from the headstock, a tumbier gear, consisting of a
secondary gear train, is sometimes fitted to the mandrel ;
this has the further advantage of providing a neutral or
no-drive position in addition to the forward and reverse
moverents.

Lathe Types. There is no need to give, here, a detailed
description of the lathes briefly refzrred to Lelow. for full
information in each case, together with illustrations show-
ing the constructional details, can be found in the respective
manufacturers’ catalogues.

The Perfecto Lathe. illustrated in Fig. 29, is of robust
design having an anvil bed that enables the purchaser to
mount the Lathe on the bench without fear of distorting
the machine and impairing its accuracy.

The Perfecto Lathe is available in three models. The

basic machine is not provided with a driving motor or
self-contained countershaft whilst the other two models
have motor driving units supplied as standard. The more
expensive model, seen in the illustration, has adequate
protection by guards fitted over the change wheels and
final drive belt, whilst the intermediate model has a guard
over the mandrel belt only.

The centre height of the Perfecto lathe is 3} inches
(85.7 mm) and its capacity between centres 16 inches
(406.7 mm). The mandrel is bored 5/8 in. diam. (15.9 mm)
~allowing the user rather more scope than is sometimes
~obtainable in a small lathe.




Fig. 30

The Myford MLIO Screwsetting Lathe, illustrated in Fig.
30 has been designed to provide the user with a simple
machine tool at a competitive price. The standard equip-
ment included i1s comprehensive and there 1s a range of
additional fitments obtainable that will greatly extend the
versatility of this very useful machine.

The illustration shows the lathe mounted on its stand
and equpped with self-contained motor drive through
V-belts.

The Myford ML7 Lathe. This machine has been
more recently designed and embodies many up-to-date
features which will be found particularly useful by the
model engineer, and also by those undertaking other forms
of mechanical work where a wide range of adaptability
is essential. The design includes the provision of a robust
and rigid mandrel which enables heavy cuts to be taken
when required. A very extensive range of accessories and
fittings is available, including gear cutting and taper
turning attachments.

As shown in Fig. 31 a very effective form of self-contained
motor-drive is fitted.

The Lathe Drive. Formerly, the alternative to foot
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power was a belt-drive taken from a power-driven counter-
shaft, but nowadays, manufacturers usually supply their
lathes with a self-contained electric motor driving-unit,
fitted either as a standard part of the equipment or at an
extra cost.

The ML7 lathe illustrated in Fig. g1 is fitted with a

l‘vylng 'dnlt Uf tl"lS i-\!rpp attachpr‘ fn fhp rear nF fhﬁ- ]'\prl .
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the constructional details of the device are shown in
Fig. 32.

Fig. 31

The electric motor is mounted on a swinging platform
to allow the tension of the motor-driving belt to be correctly
adjusted. This belt drives the countershaft seen at the
top of the figure, and the swinging bracket carrying this
shaft is controlled by a ball-ended lever for releasing the
belt tension when changing speed.

In addition, the position of this bracket can be adjusted
to set the belt tension correctly for the final drive to the
lathe pulley.,

As will be seen, a neat, well- ﬁttlng, siiding cover is
provided to guard the belts.




[
Y

Other methods of driving the lathe when installed in
the workshop will be described in the next chapter,

Lathe Accessories. Although the makers furnish their
lathes with certain accessories, the purchase of others is
essential before the lathe can be put to work on the more
usual turning operations ; some accessories, however,
such as a tool turret, whilst not indispensable, certainly
do add to the pleasure and convenience of using the lathe.
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backpiate conftaaccet

fixinq screws

Iig. 33

Chucks. Tuncse are attached to the mandrel either
. directly by having a thread cut at the back of the chuck
~itself, or more commonly by being bolted to a back plate
" which is in turn screwed on to the threaded nose of the
mandrel.
* The method of fitting a chuck to its back plate is illus-
_ trated in Fig. 33, where it will be seen that a raised bolting
- face is formed on the back of the chuck, and, as shown, 1t is
to this face that the back plate is bolted.
. The Self-centrmg Chuck, iltustrated  in Fig. 34, usually -
has three jaws, and it will hold the work ﬁrmly and W1th
but' little error of centring:’
“Two sets of jaws are prov1ded for holdmg elthcr on the
- -'out31de or on the inside of the work. s
. “When changing the numbered j Jaws, they must not only
' be inserted in their right slots, but the end of the thread on
" the scroll’ whlch operates the jaws must be engaged with
.. the jaws in the correct order startmg w1th No. 1 and .
© finishing with No. g jaw.
.. The. Four-Jaw. Independent - Chuck is shown in Fig. 35.

| '.'Here, the mdlvxdual Jaws _are moved one at-a tlme exther-
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Fig. 34

to centre the work accurately or to set it in any other
position required.

Directions for setting work in this type of chuck are given
in Chapter Five. As the chuck has four jaws it will hold
very securely even when the work is of irregular shape.

O

0, _K\X\\\\\\\\\\\\\\

B R

.

 Fig. 35
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When changing the jaws to give inside or outside grip-
ping, they are merely reversed in their slots, for each is
actuated by its own feedscrew.

Either of the two mandrel chucks described can be fitted
to the tailstock, if required, by means of the adapter shown

.. in Fig. 36, which has one end formed to engage the taper
©“in the tailstock barrel, and the other end is a replica of the
screwed nose of the mandrel.

The Drill Chuck. When drilling work, held in the
mandrel chuck, by means of a drill mounted in the tail-
stock, as described in Chapter Five, the drill is preferably
secured in a true-holding key chuck of the type illustrated
in Fig. 374 ; in this case, the chuck is mounted on a double-
taper arbor of the form shewn in Fig. 378.

The Drill Pad. 1If however, the drill is held in the
mandrel chuck and the work is supported and fed forward

Fig. 46

by the tailstock, then a drilling pad, as illustrated in Fig.
38, is used both to protect the tailstock barrel from possible
'damage, and -alsc to afford a greater arca of support for
- the work.

- As will be scen, two heads are supplied to fit on to the
“arbor when securcd by its taper in the tailstock barvel ;
~ the plain, flat head is used for ordinary work, and the
 V-grooved fitting will locate a round bar to enable a hole
e '*_-.t_p be c_h_lllcd through its centre.

Four-tool Turret. This device, which is illustrated in
Fig. 39, rcplaces the usual single-tool clamp fitted to the
lathe top slide.

- .. As four tools of different forms can, at the same ume,
be mounted in it, tool changmg fm mch tur mng opera ation _'
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is avoided, for thé turret has merely to be rotated to bring
any tool required into the correct position.

To facilitate accurate repetition turning of parts, a
ratchet gear locates the turret at any one of eight stations,
thus enabling the tools to be accurately reset to the work
as they are successively brought into use.

The clamping lever shown in the photograph secures
the turret firmly in place after its position has been set.

The Fixed Steady. When clamiped to the lathe bed, as
illustrated in Fig. 40, this appliance is employed to support
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the overhanging end of the work, such as a long shaft,
held in the mandrel chuck. This becomes necessary wher
the work has to be faced and axially drilled as described
in Chapter Five. The steady is fitted with three adjust-
able, bronze jaws which are set to make contact with the
work and thus afford it a supporting bearing.

Fig. 38

Fig. 39

The Travelling Steady. As its name implies, this form
of steady, which is illustrated in Fig. 41, travels in the
wake of the tool and gives support to the work in both a
vertical and a horizontal direction against the tool’s

cutting thrust.
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Fig. 40

Either hardened steel or bronze jaws are used, but the
latter may be preferred as they do not damage the finished
surface of the work. It is essential that the construction
should provide for fixing the pressurc pads securely,
otherwise they may become displaced during the course of
the turning operation.
~ Hand Rest. The rest illustrated in Fig. 42 is employed
when turning work with hand tools, as described in Chap-
ter Five,
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For this purpose, it is bolted to the lathe cross slide,
and after the rest itself has been adjusted to the correct
height to suit the tool used, it is secured in place by tighten-
ing the wing nut shown in the figure.

Lathe Maintenance. The first essential in looking after
a lathe is to keep the working parts clean and well oiled.

Not only should the slides and other parts be kept free
from metal chips, but when not in use, the lathe should
be covered with a cloth or sheet to exclude the dust that
is so harmful to the working parts.

A small brush can be used for clearing the chips from
the slides, after which they should be wiped with a clean
rag and then lubricated. Medicinal paraffin is a usefu!
lubricant for the lathe bed and slides as it does not become
sticky and form a varnish-like film on the lathe parts.
Where oil 1s used, any dried deposit can be readily removed
from the metal parts or paintwork with the aid of methy-
lated or surgical spirit.

A good quality thin oii should be used for lubricoting
the mandrel and other bearings.

The leadscrew and the feed screws of the slides should
also receive periodic cleaning and lubrication.

As the mandrel bearings of a new lathe become bedded-
i, they may require adjustment to remove any play both
in the journals and in the thrust bearing ; this should be
carried out in accordance with the instructions issued by
the manufacturers.

The gibs fitted to the saddle and slidss must also be kept
in proper adjustment to eliminate play, but over-tightening
of the slides should be avoided as this causes needless wear
in the feed mechanism ; moreover, a well-fitted slide
should move quite freely and without play if given only a
very small working clearance when tae gib is adjusted.

The thrust nuts fitted to the feed screws of the slides
should be kept in adjustment so that excessive backlash,
which would interfere with the proper working of the feed
mechanism, is not allowed to develop.




CHAPTER FOUR

Setting out the Machine Tool Bench—
Line-Shafts and Countershafts—Direct Drive
from Electric Motors — Installation of
Motors.

In previous chapters the driving of the individual machine
tools has been considered, but where the tools are grouped,
as often happens in the small workshop, and more par-
ticularly perhaps in the indoor workshop, then it is advis-

able to adopt a definite plan in

?gg;_’;‘fNM_‘?S?'NE arranging "the machines and their
WORKSHOP drives so that they can be used to
- the best advantage.
As the question of economy as well as convenience may
arise, in some instances a single electric motor may be
“made to drive more than one machine. Where a room
“within the house is fitted out as a workshop, compactness
~wmay be desirable both to save space and to maintain a
idy appearance.

In these circumstances, it is not unusual to find the
“anachine tools grouped on a single bench with sufficient
'space left for installing the vice and carrying out hand
~work. '

~ A convenient form of layout is illustrated in Fig. 43. It

shows the lathe and drilling machine mounted on the

bench and coupled to a common lineshaft driven by a

single motor:

When the operator works alone and only one machine
at a time is used, a } h.p. motor will generally be found
sufficient for \driving a 33} in. lathe, unless high speeds are
required andthe lathe makers recommend the fitting of
a larger -motox\.

| a‘ 163
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lathe drive pulley
f

motor.

Fig. 43

Although the lineshaft can be mounted to run in plain
bearings, ball-bearing shaft brackets are strongly recom-
mended for this purpose, as frictional losses are greatly
reduced and lubrication and other attention are then
required only at long intervals.

Shaft brackets of the plain or ball-bearing type, as well
as the necessary pulleys and shafting, are standard corn-

modities and can normally be obtained from the
- tool merchant. B
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Lathe makers usually recommend that the counter-

shaft speed should be some 400 r.p.m. ; this figure must,

therefore, be taken into account, when fitting the belt

pulleys, to ensure that the reduction ratio obtained will

provide the correct countershaft speed.

- If the motor installed runs at, say, 1,200 r.p.m., the

~ ratio of the diameters of the pulleys used should, thercfore,

be 1: 3, which means that if a 2 in. pulley is fitted to the
motor, a 6 in. diameter pulley is needed on the counter-
shaft or lineshaft.

When V pulleys are used in conjunction with a V belt,

P= PITCH DIAMETER OF
PULLEY
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these pulley sizes refer to the pitch diameter which is
measured from the middle line of the belt’s thickness as it
lies in the groove of the pulley.

This is illustrated diagrammatically in Fig. 44A, where
the belt is shown bedding deeply into the pulley.

The pitch diameter or effective diameter of the pulley
is then represented by the arrow-headed dimension line
which indicates the diameter taken up by the centre line
of the belt when lying in the pulley groove.

Where the belt runs on a large plain-faced pulley, as
shown in Fig. 448, the pitch diameter of the pulley is again
measured between two diametrically opposite points
lying on the belt centre line.

In the arrangement illustrated in Fig. 43 the lineshaft
takes the place of a separate countershaft to save complica-
tion and expense, and the machines are started and stopped
by using the switch controlling the electric motor. Either
machine can be temporarily put out of action by removing
its belt from the driving puiley and then suspending the
belt from a hook to keep it clear of the driving shaft.

It will be seen in the drawing that the position of the
motor necessitates a very short belt drive ; this is best
catered for by using a V belt in conjunction with a V
pulley fitted to the motor shaft, but the large driven pulley
should have a plain, flat face as the frictional contact
obtained will be ample for an efficient drive. The shelf
on which the motor is mounted will also provide space for
storing the lathe chucks and other accessories.

The vice is fitted directly over one of the bench legs in
order to afford a rigid mounting, and although some space
has been allowed for hand work, this might well be in-
creased by lengthening the bench for large work.

It is intended that the complete bench assembly should
be placed in a good light near a window and, when artificial
lighting is needed, an adjustable lamp bracket can be
attached to the motor shelf to allow the light to be swung
into a position to illuminate either of the machine tools or
the bench vice.
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It will be noticed that a grinding machine has not been
fitted to the bench, for in a compact assembly of this form
it is usually preferable to mount the grinder on a separate
shelf or small bench in order to keep abrasive dust well
away from the machine tools.

A rather more ambitious arrangement is illustrated in
Fig. 45, where it will be seen that a larger bench is used
which not only provides more space for hand work, but
at the same time allows the grinding machine to be mounted
in a safe place on the bench top.

More floor space will, of course, be needed, and it is
intended that the far end of the bench, as seen in the draw-
ing, should be placed towards the window so that the
operator has room to work and use the tools installed on
either side of the bench.

The grinding machine is mounted at one end of the
bench and a plywood baffle or screen is fitted to protect
the lathe from abrasive dust.

Although, for the sake of clarity, it is not shown in the
drawing, a metai dust shield should be fitted to the grinder
itself to limit, as far as possible, the dispersion of emery
dust and afford greater protection for the machine tools.

The grinder is directly driven from the motor shaft by
a pulley of the correct diameter to drive the grinding wheel
at the proper speed. As in the previous example, the
lathe and the drilling machine are driven from either end
of the lineshaft which may, in addition, carry a pulley for
driving attachments, such as a milling device, fitted to the
lathe saddle ; but it should be made clear that the amount
of power that can be transmitted in this way is limited by
the whip of the shaft when under load and the distance of
the pulley from a supporting bearing.

In order not to confuse the drawing, a stretcher or tie-
bar has been omitted, but if this is fitted across the tops
of the upright bench members, the rigidity of the assembly
will be increased and, in addition, the tie-bar will form a
convenient point of attachment for the bracket of the
adjustable lamp used to light the bench.
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There is much to be said for providing the extra space
shown in the drawing, for it will be apparent that on the
left side of the bench ample room is left for installing a

hand-shaping machine, or a larger drilling machine with
self-contained drive.

lathe with self contained W\

countershaft i
i \

lathe
motor

il

drill

Fig. 46

The arrangement illustrated in Fig. 46 is designed to

afford the maximum of free space on the top of a small

- bench by making the drives of the machine tools as compact
as possible.

The lathe is driven by a self-contained motor driving-
unit of the type now supplied by the makers of many well-
known lathes.

... - This unit has the advantage of taking up but little bench
. space as it requires.no separate countershaft or supporting
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uprights. The lathe with its drive-unit can thus be
mounted on the bench exactly where required and without
reference to any outside source of drive.

The motor driving the drilling machine is mounted, as
described in Chapter I, below the bench where it does not
encroach on the bench surface and, moreover, it is there
well-protected from chips although readily removable
when required. The belt passes through a hole cut in the
bench top and leads directly to the guide pulleys fitted to
the head of the drilling machine.

The grinding machine is also driven by a motor fixed
to the under-side of the bench top. These motors can be
easily removed for cleaning and lubrication if they are
attached to a wooden base which slides in runners fixed
to the under surface of the bench top.

Although, to simplify the arrangement of the drive, a
grinding machine with a single wheel is used ; as men-
tioned in Chapter 11, a second grinder can be installed in
order to provide both a coarse and a fine wheel for tool
sharpening. In this case, either the bases of the grinders
are secured to the bench by means of bolts fitted with wing
nuts, or the bases are made to travel in slides to enable
either machine to be moved into place when needed.

The motor is, here, in a convenient position for driving
any other machine that may be brought into temporary
use, such as rotary cutters and polishing wheels attached
to a flexible shaft carrying a driving pulley.

Although a bench of comparatively small size is shown
in the drawing, it will be seen that space is available for
hand work or for mounting additional tools.

It sometimes happens that, owing to lack of space, a
machine has to be installed in the workshop in a position
where a drive from the lineshaft or from an adjacent
motor cannot be easily arranged.

The best solution of this difficulty is to drive the machine
from a motor specially installed for the purpose ; but,
. -on the other hand, the expense may seem hardly warranted
. when the machine in question is but rarely used, and there
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is also the possibility that at some future date the tool may
be replaced by a machine with a self-contained motor
drive.

Nevertheless, a drive from some distant point can usually
be arranged with the exercise of a little ingenuity, and the
manner in which this difficulty has been overcome in a
shed workshop is shown in Fig. 47.

A long belt-drive is taken from the lathe countershaft,
installed near the roof of the building, to a second counter-
shaft attached to a beam at the other end of the workshop.
The belt is guided on its course by means of suitabiy
placed jockey pulleys.

The final drive to the } in. capacity drilling machine
shown in the drawing is by a chain and sprockets ; this
form of drive is used to give the necessary speed reduction
and to avoid the slip which would inevitably occur if a
short belt-drive were employed in this situation.

Two long cords, attached to the belt shifting gear of
the lathe countershaft, are brought to the drilling machine
by passing over guide pulleys ; these are used for starting
and stopping the drill.

Moreover, as an ordinary measure of safety, a switch
that can be operated hy either hand should be fitted near
every electrically-driven machine to enable it to be stopped
instantly in an emergency.




CHAPTER FIVE

vathe Tools — Measuring Instruments —
Chuck Work—Sliding—Surfacing—Boring
—Use of the Faceplate—Turning Work
between Centres—Mounting the Work—
Use of Steadies—Boring Work on the
Saddle—Drilling from the Tailstock—~Depth-
drilling—The D-bit—Tapping and Dieing
—Screwcutting—Turning with Hand Tools.

Lathe Tools. Before any turning operations are
described, it will be advisable to consider the formation
and sharpening of the lathe tools in greater detail, for on
these facto:s will depend almost entirely the success of

the machining processes described later
OPERATING in this chapter. Moreover, even if a
THE LATHE set of tools is purchased sharpened

and ready for use, these will inevitably
- become blunted and will need to be resharpened in the
same methodical manner as that employed in the first
instance by the toolmaker.
" When grinding methods were described in Chapter Two
" it will be remembered that the use of an adjustable, angular

- grinding rest was strongly advocated and the resort to

" free-hand grinding was deplored.

In this chapter is was also shown how the commonly
~used angles could be readily ground at the end of the tool
to form the cutting edges.

It will now be advisable to consider in greater detail the
purpose of these angles and to indicate the names by which
they are generally known.

- The Knife Tool. The most generally useful and there-

" fore the lathe tool most used in the small workshop is the

- right-handed knife tool, shown in Fig. 48, where the form
N 173 |
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angles are named and their values for ordinary work
specified.

These angles, which fall naturaily into three classes
according to the purpose they serve, can be described as
clearance angles, rake angles, and relief angles. Clearance
angles are those which keep the tool clear of the work
after it has passed the cutting edge, so that only the line of
the cutting edge makes contact with the work. The rake
angle represents the obliquity of the cutting surface pre-
sented to the work and on which the cuttings impinge.
Relief angles are formed to reduce the extent of the cutting
edge in contact with the work te allow the tool to cut freely.

Clearance Angles. These are given to allow the tool
to cut and not merely rub against the work. As shown in
Fig. 48a and B, it is necessary to provide clearance both
at the front and at the side of the tool, for the cutting edges
come into contact with the work in both these situations.
Clearance angles of 10 deg. can be used for all ordinary
purposes, but in any tool of slender form this should
be reduced to maintain the strength of the tool’s tip.

The principle underlying the provision of clearance is
common to all tools, and its application should be clearly
understood to enable tools of various forms to be sharpened
correctly.

Lathe tools should be examined frequently to make sure
that the cutting edges are in gcod order, because when the
clearance angles become reduced or obliterated by wear,
the tool’s cutting efficiency will be impaired and the finish
of the turned work will suffer.

Rake Angles. The rake angles provided in a knife tool
are shown in Fig. 48a and c, and it will be apparent that,
in this case, the side-rake is the more important as it ensures
that the steeply sloping surface behind the cutting edge
allows the metal to be easily shced off in the direction of
the tocl’s travel.

The front rake, that is to say the slope from the front
edge of the tool towards its shank, is of less importance in
a knife tool, which normally cuts but little on its front




175

edge, and it is therefore often omitted as in Figs. 48a and B.

One advantage of dispensing with the front rake is that
the height of the cutting edge does not decrease when the
front of the tool is reground.

|
|
i
L}
o

rake 1 K
\u
® o s
Sld'e front
clearance clearance
IO° top rake
e cutting
edge
Fig, 48

relief

A side-rake of 20 deg. in a knife tool will ensure free-
cutting in mild steel, but both this and front-rake are
either much reduced or omitted for machining brass in
order to prevent the tool from dlggmg into the work.

' When a tool such as a_ partmg tool is used to ¢ut on its

o 'front face, front-rake is g1ven where the tool is made for L
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A ﬂ knife (right-hand) ;3

left-hand knife opposite hand
to above

B brass oo

parting

for brass no lop rake

D threading [—-——:> % [[”]
.

E chamfering l ‘\\

Fig. 49

machining steel, as shown in the drawing in Fig. 49c,
but, as before, top-rake must be omitted in a tool formed
for cutting brass.
| Relief Angles. In (k= drawing of the knife tool in
- Fig. 49c¢, it will be seen that the front cutting edge slopes
sharply away from its point of contact with the work ;
this ensures that only a short length of the front edge comes
into contact with the work surface, and any tendency to
chatter is thereby reduced.

In practice, it will be found that the less rigid the work
* being turned, the narrower must be the front cutting edge
if chatter is to be avoided. If the extreme tip of the tool
1s slightly rounded, a better finish on the work will result
both when the tool is traversmg a.long the work or takmg a

s 1F'rstcmg cut across it. o .
From what has been saad rcgardmg tool forms the .
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purpose of the various angles and tool shapes represented
in the drawings should now be clear, and no difficulty

should be experienced when sharpening these tools or
others intended for special purposes. Finally, the impor-

tance of keeping the tools really sharp must be stressed,
| for on this will depend very largely the quality of the work
=" turned out.

An oilstone slip can be employed to give the final finish

" after grinding, or to restore the tool’s edge after it has had

a little use. It is, however, difficult to avoid rounaing the
cutting edges when using the oilstone free-hand, and it is
preferable to employ a jig or guide block for this purpose.

An easily made stoning jig with a wooden base and
steel side pieces is illustrated in Fig. 50. The base should
be clamped to the bench top, and the stone is guided by
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the side-members as it is moved to and fro across the end
of the tool held in place with the firigers. The double-
ended guide members allow an angle of either 5 or 10 deg.
to be stoned on the tool’s tip.

The drawing shows the front clearance of a parting tool
being stoned to 5 deg., and if the tool is held in contact
with the side-member, this will ensure that the front edge
is formed at right angles across the tool.

Those who desire further information on the subject
of grinding and stoning lathe tools may refer to Sharpening
Smail Tools, published by Argus Books Ltd.

Material for Lathe Tools. Formerly, lathe tools were
hand-forged from tool-steel to the rather elaborate shapes
then in common use even in large workshops. In some
patterns the ends were bent over to form a swan-necked
tool which was difficult to grind accurately as it would not
lie flat on the grinding rest.

Nowadays, it is more usual to use tools of simple form to
enable accurate grinding of the cutting edges to be readily
carried out ; in addition, tough alloy steels with enhanced
cutting qualities are now generally used even in the most
modest workshops.

The Eclipse brand of super high-speed steel is available
in short lengths and in sizes suitable for use in either the
tool-post or the four-tool turret of the small lathe.

This material is suppiied with the ends obliquely ground
to save heavy grinding when shaping the tool tip, and as
the steel 1s ground flat on all its sides, it will lie evenly on
the grinding rest and accurate forming of the cutting
edges is facilitated.

Measuring Inscruments. Two instruments are com-
monly employed in lathe work to ensure accuracy of
machining as well as to save time ; these are the screw
micrometer for inaking exact measurements of the length
and diameter of componants, and the test indicator used
for setting and aligning work in the lathe.

" The Micrometer. This instrument is shown in Fig. 51,

~and its component parts are lettered to make clear the
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" construction and method of using. It will be sesn that a
' thimble 4, attached to the screwed spindle B, can be
turned with the fingers to advance B towards the anvil C.
“When these two surfaces are brought into contact with the
- work lying between them, their distance apart, and so the
- ’f‘-__dxameter of the work, can be read on the scales engraved

(o : tha thimhla nd A tha elasva lqn ATFY 1T h Arn‘(.\nﬂﬂ
_'.U.ll uu. mimmoplc au.u o1 e SELL YL, u.o au.uvv nin u.xu ax v iy

| The spindle, where it lies within the sleeve, has a fine
~ ‘thread of 40 t.p.i., so that for each turn of the thimble the
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Fig. 51

_pmdle advances 1/40 in. (0.025 in.), as denoted on the
scale on the sleeve. The bevelled edge of the thimble is
__ wldf_:d_ into 25 equal parts, and one division of this scale
s, therefore, equal to 1/25 of a turn of the spindle or 1/40
X125 in., which is one thousandth of an inch. As an
example of how to read the micrometer, reference to the
drawing will show that the reading on the sleeve scale is
S one large division, which equaIs four small divisions of
25 thousandths, or 0.1 in., and in addltlon, a further small
. division, making a total of 0.12 5 in. The thimble scale
‘reading of three thousandths must be added to th.ls S0
hat: the mlcrometer reads 0.128 in, g el
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The micrometer is a finely-made but delicate instrument,
and if its accuracy is to be preserved it must be carefully
treated.

On no account should it be forced on to or off the work
being measured, and when not actually in use it should
be placed on a clean surface and where it cannot be
damaged by other tools or exposed to metal cuttings.

Although internal micrometers are available for measur-
ing the diameter of holes or bores, the external micrometer
described can be made to serve this purpose in the small
workshop by setting the internal callipers to the bore, and
then using the micrometer to measure across the points.

dia! test indicator
clamp

tock for swivel
' adjustment

locating pins
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The Test indicator. The more expensive form of this
.instrument, the dial-test indicator, is illustrated in Fig. 52,
“and here it is shown attached to the pillar of a base mount-
-ing, but it can, if required, be secured either in the chuck
-or-in the tool post of the lathe. When the contact point,
“which usually has a range of movement of } in., is pressed
sagainst the work, the indicator hand records thlS movement
n thousands of an inch. -

~Where the instrument is clamped in the tool-post with
\its ‘point in contact with a component mounted in the
lathe, any eccentricity of the work will be indicated when

the part 1s revolved by hand.

-An attachment with a pivoted lever can be used with

': -.-_"the instrument for setting the work from the internal
. surface of a bored hole.

A much less expensive pattern of test indicator, named

.._.-..-the **Unique™ and. zllustrated in Figs. 53 and 54, was once
. ﬁ.-;.avallable ERE O e -
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This well-made and serviceable instrument, in spite of
its smaller range of movement, proved adequate for
carrying out all the work-setting operations generally
encountered in the small workshop. As will be seen in
the drawing, it can readily be clamped to a lathe tool or
to a plece of material secured in the lathe-tool post. A
window is provided in the base portion carrying the scale,
to allow the position of the pointer to be read from either
side of the instrument. As in the previous example, a
lever attachment, shown in Fig. 54, can be fitted to enable
the work to be set from an internal surface.

Fig. 54

Turning Operations. When the lathe is used to
machine a component, three questions arise which have to

~be settled at the outset, namely : the lathe speed ; the -

_;tools

rate of feed ; and the depth of cut.

Cutting Speeds In commercial undertakings output is
maintained by running the machines at the highest
economic speed and by providing, where necessary, a
system of forced lubrication for the cutting tools. In the
small workshop, however, both this urgency and the
special equipment are usually lacking.

High speeds, used with a normal depth of cut, also have
the disadvantage that they cause heating and distortion
. of the. work ‘as well as more. rapld bluntmg of . the lathe_
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Although a surface speed of the work as high as 120 ft.
per min. can be used when turning mild-steel, the ordinary
lathe user will generally find it better to restrict the work

vt Ty Tt AWham rira~rhimise

bl)Ltd (R0 bLLVVLbll “)U Ll..ild 8\' iL lJLl. 1111l Y¥LRIL L lll(—lbllllllilg
cast-iron, these speeds should be halved, but doubled for
turning brass and aluminium.

: As the circumference of a 1 in. diameter round-bar is

 approximately } ft. in length, it follows that to attain a
surface speed of 50 ft. per min. the work must revolve at
200 r.p.m., or 320 r.p.m. for a surface speed of 8o fr. per
min. The slow direct gear should, therefore, be used in
this instance, but if the diameter of the work is reduced
to a half, the lathe speed can then, of course, be doubled.

Rate of Feed. If the feed is too coarse, or the cutting
edge of the tool in contact with the work is toc narrow, a
spiral groove similar to a fine screw-thread will be formed
on the surface of the work ; but as chatter and other forms
of inaccurate turning must be avoided by keeping the edge
of the tool narrow, it follows that it is the rate of feed that
must be adjusted to give a good finish to the work.

A feed of between 200 and 300 turns of the mandrel
for a feed of 1 in. will generally be found most suitable
for light accurate turning.

- Depth of Cut. Whena deep cut is taken with a normal
.. rate of feed, not only will both the work and the machine
be heavily stressed, but the heat engendered will cause
irther distortion of the work.
~Roughing cuts for the quick removal of metal are, of
course, permissible, but, except to save time, it is as a
rule preferable to take two cuts of medium depth rather
' than a single heavy one.
- The depth of cut to apply in any particular case will
"be learnt by experience and will depend, in part, on the
rigidity of both the machine and the work. The finishing
cut to bring the component to size should be limited to

a few thousandths of an inch, in order to leave a smooth
e surface and -ensure: accuracy: :

When surfacmg, that isto say' takmg a facing cut across
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the work, even finer feeds can be employed, and the use
of an automatic surfacing feed is here an advantage.

Use of Chucks. It will be found that most of the work
carried out in the small workshop consists in turning parts
held in the chuck but unsupported by the tailstock centre.

The self-centring chuck may, as a rule, be expected to
hold material within some two thousandths of an inch of
the true centre, but if the chuck is worn or has been strained
thi: error may be much greater.

Where a piece of work, without being removed from
the chuck, is turned, drilled, bored, and then parted off,
it matters little if the material is mounted somewhat off-
centre, for the accuracy of the machining of the various
surfaces in relation to one another will be unaffected. If,
however, the work is removed from the self-centring chuck
and then rechucked by one of its turned surfaces, any
subsequent machining will be out of line with the pre-
viously turned parts ; also, the amount of this error will
depend on the chuck’s lack of truth.

Although it is sometimes possible to make the chuck
hold truly by using a packing on one of the jaws, it will
often be found that the correction is required at some
point lying at an unequal distance from two of the jaws ;
moreover, the problem is further complicated when the
chuck’s error of holding varies with the position in which
the jaws are set.

Setting Work in the Four-jaw Chuck. These difficulties
of untrue centring can be overcome by using the four-jaw
independent chuck, which ensures that parts can be
chucked or rechucked to run truly.

Although an experienced worker will set the work
remarkably quickly, it is advisable for the novice to adopt
a methodical way of working from the start, in order to
save time and effort and to ensure that each adjustment of
the chuck brings the work nearer to the centre. In the
first place, the guide circles turned on the face of the chuck
should be used to set the jaws holding the work nearly
central. If a tool mounted in the tool-post is then brought
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close to the part while the lathe is turned by hand, the
position of any eccentricity will readily be seen. When
the gap between the tool and the work is at its narrowest
point, the jaw farthest from the operator is slackened and
the opposing jaw is tightened. This procedure is con-
 tinued until the work appears to run truly A piece of
chalk held to the work while the lathe is revolving will
then mark any high spot, and the chuck is reset accordingly.

slocombe
spring centre hole

plunger

60° point

Fig. 55

- To obtain real accuracy of centring, the test indicator
_is mounted in the lathe-tool post, and its button is brought
into contact with the work while the lathe is slowly turned
by hand ; this will enable the smallest error of centring
~:. to be detected and easily corrected.
- If, for example, the variation shown by the test indica-
tor is 10 thousandths, then the work should be set-over
‘half this amount, or 5 thousandths ; this procedure is
j{'-'-repeated when making any subsequent correction needed.
A component mounted in th~ rhuck can be centred
- with reference to an internal surface in a similar manner,
~-if the lever attachment is fitted to the indicator as previously
- described.
- When the work has to be centred in the chuck with
- reference to a previously drilled centre hole, the tailstock
centre can be pressed into the work to act as a guide at
~ the outset ; the centring.is then completed by using a
- device known as a centre ﬁnder or Wobbler and illustrated
~ in Fig. 55." -
The comcal pomt of the wobbler is engaged wuh the_ '
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drilled centre in the work, and the centre formed in the
plunger at the other end of the device is applied to the
tailstock centre ; the tailstock feed is then used to press
the plunger inwards against its spring. The point of the
test indicator is next brought into contact with the centre
finder close to the work ; and when the chuck is turned
by hand, the eccentricity of the wobbler is indicated and
then corrected as in the previous example.

When centring a part with reference to its bore or to
a drilied hole, a plug can be fitted to the bore and then
centred with the test indicator ; if the plug has a truly
formed centre hole, this hole can be centred by means of
the wobbler.

Turning Work in the Chuck. Here, the work is held
in either the four-jaw or the self-centring chuck and the
turning and other operations are carried out without
support being given by the tailstock. To illustrate the
methods employed, the machining of the smail part shown
in Fig. 56A will be followed step by step.
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Fig. 56

- The component in queetlon is 2 mild- steel, shouldered

o _bushzng with chamfered edges and havmq a through

.- 'bore of 1 in. diameter ; the d1men510ns to which the part

. has to be machined. are shown in the dxawmg

A length of 1 in. diameter mild-steel rod, as shown in
_Fig. 568, is used, and, to suit our present purpose, we will

take. it that a"_;box e of some_g in: has already been drxlled_.-_‘

: as w ai s chapter. e
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The rod can be mounted in the self-centring chuck as
it does not matter if it runs slightly out of truth, for there
is plenty of metal to spare ; but if the four-jaw chuck is
used, the work can, of course, be adjusted to run truly,
and, in addition, it will overhang less and so will receive
more rigid support from the mandrel bearings.

Before describing the actual turning operations, it
should be emphasised that, as mistakes resulting in spoilt
work are easily made when machining, it is advisable to
guard against this by adopting a methodical way of
working which keeps a continuous check on the progress
of the work. To save the machine drawings from damage

2" 2D
F "
3/8” -*-*—518 D
i" ¥ 478D

L

Fig. 5%

and to make clear exactly what is requ1red make a sim-
-plified dimensioned sketch of the actual part to be
machined.
~ As illustrated in Fig. 57, mark on the left of the sketch
the length of any turned portions, and on the right note
the diameters to be turned. To avoid errors when feeding

in the tool, start with the cross-slide index set to its zero . .

'f-iwf‘_POSltlon with the tool touchmg the work.  If the d1ameter._f.

f'of_' the matenal is 1 in. and it has to be rcduccd to 5 in.,
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then the final reading of the index will be approximately
6o.

Measure the diameter of the work with the micrometer
after taking a cut, and note on a piece of paper both the
work diameter and the index setting. A further measure-
ment should be made before taking the finishing cut to
ascertain the exact setting of the cross-slide required. If
the diameter of the work and the cross-slide settings
correspond throughout the turning operation, there should
be little chance of making a machining error.

To begin the machining operation, add a few drops of
machine oil to the mandrel lubricators, and then clamp
a right-hand knife tool in the tool post with its cutting
edge set to the exact centre height of the lathe ; this is
best done with the aid of a specially made height gauge
standing on either the saddle or the bed of the lathe, or
the ordinary surface gauge may be used for this purpose.

As the material to be machined’is 1 in. in diameter, the
low direct-speed of the lathe should be used to give between
200 and 300 r.p.m., in accordance with the calculations
previously cited.

The next step is to face the end of the work with the
knife tool as shown in Fig. 56c ; the tool is fed to the work
by means of the top siide after the leadscrew index has
been set to the zero position. If the tool is set correctly

to the centre height, no unsightly central pip will be
~ formed when a solid bar is faced.

~ To reduce the diameter of the bar from 1 in. to § in,,
the lathe is stopped and the cutting point of the knife tool
is brought gently into contact with the work on its outer
diameter ; the cross-slide index is then set to zero, and
when the tool has been moved clear of the work to the
right by means of the leadscrew feed, a cut of some 30
thousandths, or so, is put on with the cross-slide feed.
When turning short lengths of material, hand-feed for the
saddle can quite well be used, but the automatic feed
will, as has been pomted out, give better results and should
. be used in thlS 1nstance
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It will be clear that, where the pitch of the leadscrew
is } in., to cover the 1 in. length to be turned, the leadscrew
index will have to revolve exactly eight times, starting
from its zero position as previously set when facing the
end of the work.

In addition, the tool will have to be fed inwards by the
cross-slide for approximately 125 thousandths to reduce
the diameter of the bar to the finished size.

Start the lathe, and when the leadscrew index has
turned a few thousandths of an inch short of eight full
turns, throw out the leadscrew feed. The full number of
turns made by the leadscrew can be determined with the
aid of a rule or from a chalk mark made on the work.

This operation is repeated until the work has been
turned to the correct diameter as determined with either
the micrometer or the outside callipers ; but for the
finishing cut a feed of a few thousandths only should be
allowed in order to produce a good finish on the work.
To turn the reduced portion to an exact length of 1 in.,
the final few thousandths of an inch of traverse are made
by turning the leadscrew by hand until its index reaches
the zero position.

Next, the diameter of the head of the bushing is reduced
in the same way to 15/16 in. in accordance with the
dimensions given in Fig. 564, and the edges are chamfered
as shown in Fig. 56p, but the lathe may have to be run at
a slower speed for this latter operation if there is any
tendency to chatter. The form of chamfering tool used
1s illustrated in Yig. 49E.

Boring. This completes the turning of the outside
diameters, and the forming of the bore to size is now under-
taken with a small boring tool, as represented in Fig. 56E.
The form of boring tool used for this purpose is illustrated
in Fig. 58, and the position of the cutting edge when at
work is also shown in Fig. 58c. |

As the diameter of the work being turned is now less
than half of what it was when the machining was begun,
the speed of the lathe can safely be doubled, but only light
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cuts should be taken to avoid overstressing the rather
slender boring tool. The automatic feed for the saddle
is used, and the depth of entry of the boring tool must be
controlled by reference to the leadscrew index, in order

BORING TOOL

seen {rom

to prevent the tip of the tool from being forced against the
" shoulder formed at the end of the bored hole. Should the
- bore pasy right through the work; a packing of rag or\

- cotton wool should be inserted. to prevent. the cuttings \
“ from reachmg the workmg parts in the mtermr of the chuck




192

The next operation is to part-off the component. This
is done, as illustrated in Fig. 56F, with a narrow parting
tool of the form shown in Fig. 49¢. Until some -experience
has been gained, it is advisable to use the back gear of
the lathe for this aperaticn, and great care should be taken
to maintain an even rate of feed so that a coiled shaving is
produced which readily clears itself from the groove cut
in the work. Oil should be applied continuously with a
brush to promote free cutting, but should the tool dig
in and become jammed in the work, it is advisable to
slacken the clamping screws and remove it carefully,
otherwise its tip will almost certainly be damaged. When
using the parting tool it is essential that the cross-slide
should be properly adjusted to remove slackness and undue
backlash in the feed mechanism.

The final operation, after reversing the work in the
chuck, is to face its end as shown in Fig. 56G, and then to.
chamfer the rim in accordance with Fig. 56D.

Use of the Faceplate. Where the work is too irregular
" in shape or too bulky to be held in the chuck, it can usually
be clamped to the faceplate for machining, but if the
turning is to be accurately carried out, the faceplate must,
of course, run quite truly. The true running of the face-
plate can be checked with the test indicator, mounted in
the lathe toolpost and with its contact peint brought to
bear on the surface of the plate while slowly turned by
hand.

Untrue running mray result from the presence of dirt
or ~chips on the mating swfaces of the mandrel nose or
faceplate, and may not be due to inaccurate machining.

Fig. 59 shows an engine casting attached to the faceplaie
by means of clamping pieces and bolts. The rear face
of the casting has been previously turned so that it beds
evenly on the faceplate and thus ensures that, when the
crankshaft bearing is bored, as illustrated in the drawing,
it will lie truly at right angles to the surface in contact
with the faceplate. -

Should the form of the work riot permit it to be mounted
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in this way, or if, as shown in Fig. 60, the bore has to be
machined truly parallel with the base surface, then the
work can be clamped to an angle-plate which is in turn
secured to the faceplate.

This method of mounting allows the position of the
work to be readily adjusted when centring the bore.

It will be observed that a counterweight has been
attached to the faceplate. This should always be done if
the work is out of balance, otherwise inaccurate machining
may result. The position and size of the weight are adjus-
ted until the lathe mandrel, when running free and turned
by hand, has no tendency to stop in any one position.

When mounting work on the faceplate in the ways
described, a firmer hold will be obtained if a single sheet
of paper is placed between the opposed flat clamping
surfaces.

Turning Work Between Centres. Components that
project for some distance from the chuck in which they are
mounted often require additional support from the tail-
- stock centre to provide the rigidity necessary for machining.

To allow of this, the faced end of the work is drilled
with a centre drill of the type illustrated in Fig. 17, in
Chapter One.

The form of the hole so made is shown in section in
Fig. 614, and Fig. 618 represents the appearance when the
- tailstock centre is engaged. It will be seen that the centre
- “itself remains clear of the bottom of the hole, and a space

- is left which forms an oil reservoir for lubricating the work-
ing surfaces. Should, however, a defective centre drill
be employed, the centre may bottom in the hole, as shown
in Fig. 61¢, and no proper guidance will be provided.

Shafts, such as crankshafts and machine spindles, are
turned between the two lathe centres, and this method of
mounting the work has the advantages that no bending
strain is imposed on the shaft, and should remachining be
-required at any time, the shaft can be mounted to run
- truly on'the original centre holes.

.~ When centre-drilling the ends. of a long shaft which
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will not pass through the bore in the lathe mandrel, one
end is set to run truly in the four-jaw chuck and the other
is supported in a fixed steady secured to the lathe bed, as
illustrated in Fig. 62.
_ The end of the shaft so mounted is faced and afterwards
“drilled with a centre drill ; the shaft is then reversed in
the chuck and the other end is machined in a similar

Fig. 61

‘manner. This method of mountmg and dnvmg the work

can also be employed when turning the taper bore in the

i ~end of a machine spindle or mandrel.

- To prov1de for driving the shaft when it is mounted
between the lathe centres, as illustrated in Fig ig. 65, a lathe
carrier is attached to its end ‘as shown in Fig. 63 ; in

o addmon, to_ensure that the carrier does not slip, particu- -

l--f';'_i: ;--:a"i.__:_"-.larly when cuttmg a -s.screw'? t_hread:_ on the shaft, a small

ork to sgﬁ;e a bearmg fOrf’f_-’:
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the point of the clamp screw. Where finished work is
held in this way, a piece of sheet-copper should be wrapped
round the shaft to prevent it being damaged.

When the work has been mounted between the lathe
centres, the tail of the carrier is driven by a dog or bolt
attached to the driver-plate screwed on to the mandrel
nose of the lathe.

To prevent the dog from knocking against the carrier
during the turning operation, the parts should ke lightly
‘bound together with a piece of wire.

If the end of a shaft where it is engaged with the tail-
- stock centre has to be turned to a small diameter, it may
be found that the ordinary form of back centre will not
~allow the point of the tool to be ted far enough inwards ;




1G4

to overcome this difficulty a special cut-away or halt-
centre is used with the flat surface at the tip turned towards
the operator. A centre of this type is shown in Fig. 64.
The back centre should be kept clean and well-lubri-
cated, and it is engaged with the work just sufficiently
firmly to ensure that all side-play is taken up ; during
the subsequent turning operations the tailstock centre
should be reset in the work from time to time, as the heat

‘engendered by the machining causes the work to expand
’ "'ri:_"fl(':_x_)g_th and tighten on the centre.

- The actual machining of the shaft is carried out as in
'the previous example, but when a long or slender shaft is
" -'__'_j_i'bemg turned, it may be found ncee Ssary to give it support
- against the thrust of the tool by using a travelling steady,

- as illustrated in Fig. 65.

© This device is attached to the lathe saddle. and its two
.. .contact, pads <upp01t the work as 1hev fullow in the wake
":”of'thetool L
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Fig. 66

It is necessary, of course, to readjust the pads after
each passage of the tool along the work.

Boring Work on the Saddle. When a casting is too
large to be held in a chuck or mounted on the faceplate,
it can sometimes be bored and machined if clamped to
the lathe saddle, as illustrated in Fig. 66. The boring
operation is then carried out by means of a boring bar
mounted between the lathe centres.

This bar is fitted with a cutter which can be adjusted,
as shown in Fig. 67, to the radius required to machine
the bore to size.

An alternative method of driving the bar is to grip it
close to its end in the four-jaw chuck and to support the
other end with the tailstock centre. This allows the radius
of the cutter point to be accurately set by adjusting the
chuck with the aid of the test indicator. This fine adjust-
ment is made, when the bore is nearing its finished size,
by mounting the indicator on the lathe and resetting the
bar in the chuck with the point of the cutter in contact with
the button of the indicator. If the lathe is turned slowly
backwards by hand, a reading of the indicator can be
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taken both before and during the setting operation to
enable an exact amount of feed to be given.

Drilling from the Tailstock. When a drilling machine
is not available, the lathe may be used as a substitute by
mounting a drill in the mandrel chuck and supporting
the work against a drilling pad fitted to the tailstock. A
drilling fitment of this type is illustrated in Fig. 38 in
Chapter Three, which shows a tapered adapter fitting
into the tailstock taper and having a paraliel portion at
its front end to carry either a plain or a V-slotted pad to
accommodate round work.

On the whole, this is not a very satisfactory method of
drilling, for it is difficult in this case to keep the work in
position and to locate holes accurately.

If, however, the work is mounted in the mandrel chuck
and the drill is fed from the tailstock, very accurate work
can be done if reasonable care is taken.

For this operation the drill is held in a driil chuck
mounted in the tailstock taper by means of a tapered
arbor. As so many less experienced workers complain
that they are unable to drill a true axial hole in this
manner, it may be worth while to describe the operation
in detail.

bit

lock screw
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In the first place, the tailstock must be truly aligned
with the headstock, and properly sharpened drills are
essential for accurate work. Let us take as an example the
drilling of an axial hole {y in. in diameter in a piece of
round material mounted in the lathe chuck. The end
surface of the work must first be turned flat and without a
central pip. A small standard centre drill with a body
4 in.in diameter and with a 3/64 in. drilling point is secured
in the drill chuck fitted to the tailstock taper. With the
lathe set to run at high speed, the drill is fed into the work
until the parallel body portion has entered for at least
. An § in. twist drill is then secured in the drill chuck
and 1s entered for the full depth of the hole required. The
guidance afforded by the drilled centre will ensure that
the } in. drill starts truly, and if it is fed in carefully a
true hole should result.

The mouth of the hole is now enlarged with a larger
centre driil to form a guide centre for the {; in. drill which
follows and enlarges the hole to its finished size.

Sheculd a hole smaller than § in. have to be drilled, the
parallel, drilling portion of a centre drill can be used to
form the guide hole for the pilot drill, and the hole formed
by this drill is then enlarged to the full size to complete
the operation.,

Depth Drilling.  Where the tailstock barrel is graduated
as illustrated in Fig. 68a, the depth of entry of the drill

r% PENCIL MARK %

|Ii][ lil‘lilll_ll |

? WORK

Fig. 08
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PENCIL MARK

©

Fig 68

can, of course, be read d1rect1y, but when the barrel is
left plain, a pencil mark is made, as in Fig. 688, to denote
the start of the drill i}t the work, and its progress is deter-
mined by measuring wzth a rule the distance between this
mark and the edge of the tailstock casting, as represented
in Fig. 68c.

The ‘D’ Bit. A ready and accurate method of drilling
deep holes from the tailstock is to use a D bit of the form
shown in Fig. 69.

This tool is easily made from a length of silver-steel,
filed to the shape shown in the drawings, and then hardened
and tempered in the manner described in the instructions
for making a countersink in Chapter Six. It will be seen
..that both clearance and relief angles are formed at the
__'--_-'cuttmg point of the tool, and the flat surface behind the
e cuttmg edge lies a little above the diameter in order to
. maintain guidance.

“ It is essential when using these cutters to start them in
" a truly centred hole of a diameter exactly equal to that
- of the tool ; to give adequate guidance at the start, this
- hole must be formed to a depth equal to the diameter of
the cutter.

Dieing and Tapping in the Lathe. If reasonable care
__is taken, parts, held in the lathe chuck and turned or bored
. to size, can be threaded sufﬁmcntly ‘accurately. for most

: ’"f.{:purposes by mea,ns of a dxe or. tap gmded by the tazlstock R '_S_i_‘::‘:’:
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__ For cutting external threads, a dleholder, such as that =
- made by Messrs. Myford, and illustrated in Fig. 70, is .
~“-mounted by its tapered shank in the tailstock barrel. e
' The die, which is secured in the head of the die holder =
'fby the adjustmg screws, is then fed forward by means of
- the tailstock screw- feed to engage the work as 1t is slowly
'.--_:-rotated -
The lathe mandrcl is rotated e1ther by pullmg on the -
belt . or, preferably, by means of a specxal handle secured
- to the rear end of the mandrel itself. - While the first few
" 'threads are being cut, some pressure should be exerted -
g by the taxlstoc:k to overceine the-cuttmg pressure ‘and.so

“but as soon. as thc
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die has obtained a fair hold it will continue to cut as it
feeds itself along the work.
During the threading operation, the handle attached
to the die-head can either be controlled by the hand, or
_allowed to engage some part of the lathe, in order to
prevent the die turning with the work.
i “When a large thread is being cut in this way, once the

. die has obtained a good hold the work can be removed
from the lathe and the threading operation completed at
the bench ; this safeguards the chuck, which might other-
wise be strained in an attempt to prevent the work from
slipping in its jaws.

Tapping a hole centrally drilled in the work mounted
in the chuck is carried out by supporting the shank of the
tap in the tailstock drill chuck. The jaws are closed
sufficiently to provide guidance for the tap without pre-
venting it from turning freely.

A small lathe carrier is secured to the tap to afford the
necessary turning leverage, and, with the lathe mandrel
- locked, the tap is worked to and fro until the threading
~is completed.

thrust
collar

spigot

- adjusting
L SCrews

seating
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Here, again, if much resistance is encountered when
cutting the thread, the work should be removed from the
lathe and the operation completed at the bench.

Screw Cutting. Clearly, if a tool with a V-shaped
point is mounted in the lathe tool post, and a cut is taken
along a piece of work with a rather coarse automatic feed,
a spiral groove will be formed which is essentially a screw
thread. Reference to the makers’ screw-cutting chart will
show the arrangement of the change-wheels necessary for
cutting any particular thread ; but the operation will
be simplified if the beginner is content, for a time at least,
to cut only thread pitches that are a multiple of the lead-
screw thread of 8 t.p.i., that is to say 16, 24 and 32 threads
per in. for example.

The corresponding wheel trains are simple, too, and
merely call for a reduction of 2 to 1, 3 to I, and 4 to 1
respectively.

There is also no ditficulty in engaging the leadscrew
nut at the right moment, as any position relative to the
work will be correct ; but when odd pitches are cut, if
the leadscrew nut is not engaged correctly a second thread
will be cut on top of the previous thread.

It is now usual, however, for manufacturers to fit a
thread indicator to enable the operator to engage the
leadscrew nut at the proper time.

To put the matter briefly, if a V-pointed tool, formed
1o the correct angle, is mounted at centre height in the
lathe-tool post, and is used to make a series of cuts with a
feed equal to a multiple of the leadscrew pitch, then a
satisfactory thread can be readily formed on either the
external or the internal surface of the work.

The commdnly used Whitworth form of thread has
an included angle of 55 deg., and thread cutting tools
should have their points ground to: this angle, as shown in
Fig. 49D, but when sharpening these tocls additional
clearance must be gwen to allow for the spiral course of
the threac‘. PR g - :

I tis 1mportant to secure the tool cxactly at ccntre hclght |
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otherwise it will not cut the thread to the correct form.

An initial cut of 5 thousandths of an inch may be taken,
but this must be reduced as the work proceeds or the
slender tip of the tool may be damaged.

Until experience is gained, the slow speed of the back
gear should be used to allow time for the tool to be with-
drawn at the end of the cut ; il possible, a groove should
be turned in the work at this point to safeguard the tool.

When the end of the thread is reached, the tool is
withdrawn, the leadscrew nut is disengaged, and the saddle
is returned to the starting point. As the thread being cut
is a multiple of the leadscrew thread, the clasp nut can
be engaged at any point when taking the next cut. This
procedure is continued until the thread has been formed
to the full standard depth.

Internal threads are cut in the same Wway, but additional
care is required to ensure that the tool is not damaged

. when it reaches the end of the thread, for in this case it

. will be out of sight and its depth of entry must be controlled
by reference to the leadscrew index. The usual form of
~ tool for cutting internal threads is illustrated in Fig. 71.
Only a brief outline of screw-cutting procedure has been
given, and the question of cutting threads of odd pitch,
and the method of screw-cutting with the tool-slide set
at an angle have necessarily been omitted, but this subject
is flly dealt with in any practical text-book on lathe work,

Hand Turning Tools. In the days when the small
lathe was not often fitted with a slide rest, hand-turning
" “tools were Jargely used by the amateur and also by the
. professional instrument maker.
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In the hands ot the skilled craftsman the graver, shown
in Fig. 724, is capable of doing accurate turning over a
wide range of work, such as both parallel and taper turmng,
and also forming parts with curved surfaces.

The amateur, however, uses the graver mostly for
rounding the edges of work where he finds the slicie-rest
of little help.

A graver can be made from a discarded square file by
grinding the tip to the lozenge shape shown in the drawings;
the teeth on the blade of the file should be ground smooth
to save the hands from damage. To form a fine cutting
edge, the sharpening must be completed by stoning the
diamond-shaped area at the tip with the aid of a stoning
g which maintains the tool in correct alignment with
the surface of the oilstone ; this is fully described in
Sharpening Small Tools, published by Argus Books Ltd.

- Fig.g2
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The blade of the tool should not be less than 4 in. in
~length to provide a grip for the left hand, and a wooden
handle is fitted to afford the right hand a secure grip when
steadying the tool at its further end..
- The method of using the graver is illustrated in Fig. 73,
and it is important that the tool-rest should be set as
- closely as possible to the work to prevent the point of the
" tool from being drawn downwards and caught in the gap
 between the work and the rest.
- When the tool is presented to the work as shown in
- Fig. 734, it has no top or side rake and will then turn brass
to a good finish, but an even better finish can usually be
. obtained by rotating the toel untxl 1t has a negatwe rake
¢ in relation to the work surface, - =
Thc arrows in the ﬁgure mdlcate the du'ectxon m wh:ch
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the handle is moved when forming a radius on the edge
of the work.

When turning steel, the graver is applied to the work,
as shown in Fig. 738, and the rake angles then cause a
slicig cut to be taken as the tool is turned on its long
axis to form a radius on the work.

As only light cuts are, as a rule, taken with the graver,
the turning speed can be high, but if there is any tendency
to chatter, the speed should be reduced.

With practice, small parts can be turned paraliel by
hand-turning with the graver ; the handle of the tool is
steadied with the right hand, and the left is used to pull
the graver along the tocl-rest for a short distance towards
the left ; the grip of the left hand is then shifted and a
further cut is taken. Finally, the turned sections are
merged to form a continuous parallel surface.

If preferred, hand tools of the ordinary lathe tool form
can be used instead of the graver for finishing curved sur-
faces ; these tools are particularly useful for turning brass
and aluminium.

The square-ended tool, shown in Fig. 728, can be used
to form an external radius by swinging the handle hori-
zontally while the end of the tool is allowed to pivot on
the hand rest ; and, as in the previcus case, if the handle
is raised to give a negative rake to the tool, a very fine
finish can be imparted to the work.

The round-ended tool, depicted in Fig. 72¢, is used in the
same way for forming hollow-curved surfaces.




CHAPTER BIX

Colleted Die-holders — Drilling Machine
Tapping Handle—A Countersink—Pin Drills
~-Drilling ~ Machine Table Stop—Centre
Finder—Anrgular Grinding Rest,

As mentioned in earlier chapters it is now proposed to
describe the making of some useful articles of workshop
equipment. This will serve a twofold purpose in enabling
the worker to put his reading to
583?&23? yo Practical ‘account and, at the same
MAKE time, to provide himself with tools
| which may not be readily precurable.
It should, however, be borne in mind that the designs
-suggested are intended rather as a guide, and modifications
‘can be introduced where needed, either te suit individual
‘requirements, or to adapt them for use with other equip-
‘ment.
- Fitting a Collet Adapter to the Die Holder. As was
previously explained, it is a difficult matter to cut a thread
truly with a die holder that has no guide for aligning the
“with the work, but when a guide collet is fitted, as in
he American type of holder, «ccurate threading is a simple
nd certain procedure.
. The easiest way to make a holder of this pattern 1s to
fit an adapter for carrying the collet to a standard die
- holder of the type illustrated in Fig. 74, which also shows
. the adapter and its collet fitted in placg and secured by
| two countersunk screws.
- The first step is to forin a true scatmg for the adapter

© o in line with the die housing, for it is quite possible, as
oresented in Fig. 75, that the exlstmg surfaces will

‘require re; achmmg to bx mg thcm_ mto correct al’gnmcm . e
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To do this, a short length of round-steel of a diameter
greater than 13/16 in. is mounted in the self-centring
chuck, and its end is turned down to form a firm press-fit
in the die housing of the holder.

The die holder is pressed into place on the spigot and,
to give additional security, the grub screws used to hold
the die are screwed firmly home.

Reference to the working drawing in Fig. 76 will show
that the register on the adapter where it fits into the holder
is 11/16 in. in diameter ; the corresponding bore in the

LOCKING
SCREW

SYANDARD PATTERN §
&~ COLLETY (2

holder is, therefore, turned to this dimension and the face
of the holder is machined flat with a knife tool.

The adapter itself is now taken in hand, and for its
“construction a piece 11} in. in length is cut off from a steel

 bar 1 in. wide and } in. thick.

~ Prior to machining, the work is marked-out in accor-
- dance with the working drawing and as shown in Fig. 77a.
~ The cross-centre lines are scribed with the jenny callipers,

- and from the point of intersection the screw hole centres

.are marked-out with the d:vxdcrs set t0.7/16 in. These

P centres are then: drilled w:th a No. 34 drill to provxde:_l __
‘i_clearance holcs for thc 6 B A ﬁxmg screws. The ccntre__-..
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THIS BORE MAY
BE ECCENTRIC TO THAT
OF THE DIE-SEATING
S:—!NOEWN BY THE DOTTED
L

-----

AND THIS FACE MAY BE OUT-OF-SQUARE
WITH THE.BORE &

Fig. 75

of the work is drilled with a centre drill to form a bearing
for the centrefinder when setting the part in the chuck.

~ The appearance of the work when mounted in the lathe
is then as illustrated in Fig. 77A.

It should be noted that packing
pieces must be placed behind the
work to bring it forward in the
chuck jaws so as to allow £ in.
to project for forming the collet
boss shown in Fig. 77¢. The next
step is te drill and bore the part
, to 15/32 in., as in Fig. 978. The
136 collet boss is then turned to # in.

diameter for a length of { in.,
) as shown in Fjg. 77¢.

The work is now reversed in
the chuck and held by the collet
boss. The machining in the lathe
is- completed by turning - the
register to a depth of 4 in. and

Ny
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Fig. 77

then finishing the bore to exactly § in., as depicted in
Fig. 77p. -

The next eperation is shown in Figs. 778 and r and consists
in cutting the chip clearance slots with the hacl\saw and
file.

After this, as seen in Fig. 776, the screw holes are counter-
- sunk, and the adapter is filed to its finished shape. Finally,
. the hole for the 6 R.A. collet clamp screw is drllled and

'7_:,':_fi_l’tapped and thh _th'_ dd;tpter damped m__place in thej-_f- s
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die holder, the holes for the 6 B.A. fixing screws are drilled
and tdppcd -
. ‘Collets. The standard form of coliet shown in Fig. 78,
pan_ be machined from a length of { in. diameter mild- or
- silver-steel mounted in the lathe chuck. The spigot is
- turned to } in. diameter to fit the adapter, and a groove
should - be cut with a V-pointed tool to receive the point’
. of the fixing screw.
The gulde hole 1s drllled Centrally in accordance wrth:
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the method described for drilling from the lathe tailstock
and, finally, the collet is parted off. If the collet is to have
much use it should be case-hardened or hardened in the
manner already described, but, as a rule, this will be found
unnecessary in the small workshop especially if silver-steel
is used for the construction.
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Fig. 48

A Colleted Die Holder. This die holder, which is
illustrated in Fig. 79, has a central body piece machined
from the solid and carrying two handles.

Although the holder is primarily intended for hand
threading, it can be used as a tailstock die holder when
one handle is unscrewed. For the latter purpose, an
arbor is used with a tapered shank to fit the tailstock
taper, and a parallel portion on which the die-holder collet
slides to guide the die.

The holder is machined to take the standard form of

. collet used in the previous example.

| Three screws are fitted for holding the die when resting
. against the shoulder of the die housing shown in the draw-
ing, and the flared slot provided for chip clearance will
be seen towards the lower part of the front face of the
device.

The working drawings given in Fig. 8o will make clear
the actual construction of the holder and it will be apparent
that it can be made from a § in. length of 1 in. sq. mild-
. steel bar.

o ()ne end. nf the bar is ﬁled ﬂat and the centre is marked- |
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Fig. 8o

of the fixing screws ; but if three screws are fitted, as
shown in the drawings, these should be suitable for holding

most dies.
The handles are made from lengths of { in. steel rod,
reduced at the ends to } in. for threading and screwing

into the body. B o | _
. If the die holder is to be used for threading from the
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lathe tailstock, it is advisable to drill a cross-hole near the
outer end of one handle to take a tommy bar, so that the
arm can be readily removed when required.

A Tapping Handle for the Drilling Machine. As
described in Chapter One, the drilling machine can be
used for tapping holes when a tap is mounted in the chuck
and the spindle is turned by a handle secured to its upper
end.

An easily made handle for this purpose is shown in
Fig. 81, and the full working drawings are reproduced in
Fig. 82.

The collar (1) that carries the handle bar (3) is clamped
to the drilling machine spindle by the screw (6) whose
point engages in the spindle keyway. To alter the leverage
obtained, the screws (5) holding the clamp plate (2) are
slackened, and the handle bar can then be moved to any
position required.

The Handle Bar (3) is made from a length of } in. by
1 in. mild-steel. A } in. diameter hole to receive the shank
of the handle is drilled % in. from one end, and boib this
and the opposite end of the bar are rounded off by filing
as shown in the drawing. [he sides and cdges of the bar
are then draw-filed with a fine file to compiete the work
on this part.

(_:?'“*-.
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The Handle (4) of the rounded form shown in the draw-
ing is turned to shape with hand tools from a piece of
3 in. diameter round bar ; this is followed by using a
fine file and emery cloth on the rotating work uniil a good,
smooth finish has been obtained.

To avoid using hand tools, the handle can, if preferred,
be made in the form of a straight taper as in the drawing.

This taper is machined by setting the lathe top-slida to
an angle of some 2 deg., and the top of the handle is then
rounded or chamfered to give a good appearance.

After the handle has been turned to shape it is parted
off, but care must be taken to ensure that both the upper
end of the handle and the collar at its base are of equal
diameter, to enable it to be held securely in the chuck for
turning the spigot.

The handle is gripped in the self-centring chuck over its
two 4 in. diameters, but a piece of thin card or sheet-
copper should be interposed to prevent damage to the
work surface.

The spigot is turned to a good press-ut in the handle
bar, that is to say it should be made about a thousandth
of an inch larger in diameter than the hole.

The polishing operation is best carried out with the
spigot of the handle secured in the chuck of the drilling
machme, for a high speed is then available,and, in addition,
there is no danger of' the abrasive dust f'ormcd causmg

- damage to the machme as may happen when the lathe is

- used for this purpose and the slides are not well-protected
- by temporary coverings.

After it has been polished, the handle is pressed into the
bar with the aid of the vice, and the part projecting is
lightly riveted over with a hammer to make the joint
secure.

The Collar (1) is turned from a short length of 1 in.
diameter round mild-steel bar held in the self-centring
chuck. The central hole is drilled and finally bored to fit

.. the drill spmdle, and after the lower part has been reduced to

:5 / 16 in. in dlameter, the collar is parted oﬁ' %m in length
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The work is then reversed in the chuck to face the upper
surface of the collar. The dimensions of the slot to receive
the bar are marked-out by clamping the work in a V
block standing on the surface plate, and scribing parallel
lines with the surface gauge from the upper and lower
edges of the bore.

The depth of the slot i1s marked-out with the surface
gauge while the collar is standing on end on the surface
plate.

Cuts are then made with a hacksaw inside the scribed
lines and to a depth just short of the dimension lines
scribed on the outer diameter. The slot is filed to shape
to fit the bar, but the latter must stand slightly proud so
that it receives the pressure of the clamping plate.

The Clamping Plate (2) is best made by facing the
end of a short length of 1 in. diameter round-bar held in
the self-centring chuck and then parting off a disc § in.
in thickness. The central pip left on the work can be
removed with the aid of a scraper.

The position of the screw holes is determined by scribing
a line through the centre of the plate and marking-out
the two drilling centres with the jenny callipers set to
5/32 in. ; the two screw holes are drilled with a No. 2%
drill.

The collar with the uampmg plate In posmon is clamped
in the upright position in the machine vice, and the No. 27
drill is entered in the previously drilled holes and fed
into the collar for {4 in. This drill is followed by a No.
32 drill, and the holes so formed are tapped No. 4 B.A.
in the drilling machine without disturbing the setting of
the parts in the vice.

It now remains to fit the two 4 B.A. hexagon-headed
screws for the clamping plate and the 2 B.A. clamp screw
to the collar.

After the position of the clamp screw has been marked-
out, the collar is secured in the machine vice and a No. 2
B.A. tapping size hole is drilled on the diameter with a
No. 22 drill and then tapped "
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The three screws required are best made from hexagon
rod, but if this is not available, round steel-rod may be
used. The shanks of the screws are turned to size in the
lathe and then threaded with the aid of the tailstock die
holder. The hexagon heads are formed, when necessary,
by fling the round rod to shape, using a standard nut
screwed on the screw blank to act as a filing guide. It
is advisable to form the same size of hexagon on all the
screws so that a single spanner will serve for all adjustments,

When making the 2 B.A. clamp screw, its tip should
be reduced in diameter to allow it to enter the spindle
keyway, and a brass disc should be used to take the clamp-
ing pressure to save the keyway from damage.

As an alternative, the screws can be turned from square
rod held in the four-jaw chuck ; this will save the filing
work necessary in the previous case to form the heads to
shape.

To add to the appearance of the work, the screws can
be blued by heating them in the flame of a spirit lamp and
plunging them ints oil as soon as the desired colour is
-reached.

-~ Making a Countersink. As has been  pointed out
~commercial countersinks with several cutting lips are
“liable to chatter when used in small drilling machines,
- and, to overcome this, the single-lip form of cutter should

. be adopted.

A cufter of this pattern is illustrated in Fig. 83, where
“it will be seen that the point is formed to include an angle
. of go deg., and the flat cutting face lies a little above the
 diameter. This construction gives a single cutting edge
 whilst the other lip acts as a guide or steady to prevent
. chatter.

~ To make the cutter, a short length of % in. diameter

round silver-steel is set to run truly in the four-jaw chuck,

and the shank is turned to a diameter of } in. to enable

it to e held in the chuck of the small drilling machine.
. Ths work is then reversed inthe chuck and, after. it

has becn set truly, the t1p is f.urned to an- angle of 90 deg
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by setting the lathe top slide to 45 deg. The knife tool
used for this operation should be set to the exaci centre
height ; this can be checked, when facing the end of the
work, by adjusting the tool so that no central pip is formed.

The cutter is then removed from the lathe and secured
in the vice for filing the flat face on the tip as shown in the

us'eLus cos”
Fig. 83

drawing ; this face must be formed slightly above the
diameter, and a measurement taken with the micrometer
will help to determine this exactly. 7

The next step is to harden and temper the tool ; it is,
therefore, heated to a bright cherry-red and plunged into
cold water ; test the steel with a file, and, if the file slides
over the surface wuhout cutting the metal, the cutter is

e fully hardened.

Clean the work with a piece of fine, worn emery cloth,
and heat the shank carefully in a smal! flame until the tip’
“assumes a straw colour, then plunge the cutter into cold
water and the tempering is completed, leaving the tool
tough and not brittle as in the fully hardened state.

- Finally, the flat face of the cutter should be honed on

' an oilstone to finish the sharpening of the cutting edge,

but in both this and in any subsequent sharpening opera-
tions care must be taken to maintain the cutting edge
. above the diameter, -otherwise . the non-chattermg pro;
""‘-f-}pertxes of the tool wﬂl be lost S N ;
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Counterbores and Pin Drills. The purpose for which
these tools are used has been described in Chapter One,
and there are two forms in common use ; the two-lipped
flat cutter with a solid central guide pin, as shown in Fig.
84, and the cutter with two or more cutting lips and a
detachable guide-pin as illustrated in Fig. 85. The latter

~ is usually referred to as a pin drill, and it has the advantage
that guide pins of various sizes can be used in a single
cutter.

To make the flat form of cutter, a length of silver-steel
is centred in the four-jaw chuck and the shank’is turned to
the required diameter and length. The work is then
reversed in the chuck and, after it has been faced and a
light cut taken over the body, the central pin is formed
with a knife tool leaving a square shoulder.

The cutter is next gripped in the vice and the flat faces
are formed by filing, but care must be taken not to damage
the central pin. The two lips are then shaped with a fine
file to form the cutting edges as shown in the drawing.

l
}

Fig. 84

After the cutter has been hardened and tempered, as

described in the case of the countersink, the cutting edges

B  are carefully honed with an mlstone shp to lmpart the
i "._'-'.ﬁnal sharpness. | -

8 The pm drill. shown in Flg 85 is also made of sxlvcr-stcel
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and it will be an advantage to make a set of these useful
tools to cover the range of work normally undertaken.

In the smaller sizes 3/32 in.. diameter guide pins can
be used, but for sizes above and including & in. a } in.
diameter pin will be found more serviceable.

When making large cutters, a shank of reduced diameter,
as in the previous examples, may be required to fit the
chuck of the drilling machine, but smaller cutters can be
made parallel throughout, as shown in the drawing in
Fig. 85a.

A length of silver-steel is centred in the four-jaw chuck
and its end is faced with a knife tool ; then, as described
in Chapter Five, the central hole for the guide pin is
drilled to the required depth. The two cutting lips are
formed by making a cut on the diameter with a fine
hacksaw, as shown in Fig. 858, and at the same time the saw

FILE BOTH FACES
TO FORM CUTTING
EDGES
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. is inclined to make the cuts slope in accordance with the
- drawing.

- If preferred, two further saw cuts can be made to remove

" the surplus metal prior to filing the cutting lips to the

. shape depicted in Fig. 85¢.

- Should an error be made when filing the lips to shape,

this can be retrieved by again mounting the cutter in the

chuck and taking a facing cut across its end.

-~When filing the lips, the edge of the file should make
‘contact with the vertical face of the cutting edge in order

~‘to-give it a smooth finish. If a fine file is used for this

- purpose, the edges will be quite sharp and oil stoning

" after the cutter has been har dened and tempered may not
7 be needed.

" The guide pins are made of sﬂver-steel and there should
" be no need to harden them as they are readily renewed

'when worn ; in addition, there is no danger of an un-
__hardened pin breaking when in use.

e ~Drilling Machine Table Stop.  This  device, which

: ;wﬂl be found a useful addltlon to the dnllmg machme, 1s'
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llustrated in Fig. 14 in Chapter One, and the working
drawings from which it can be made are given here in
Fig. 86.

The collar, made of mild-steel or cast-iron to be in
keeping with the rest of the drilling machine, can usually
be machined from a piece of scrap material, but if this is
not available the part should be turned from a short length
of steel bar.

The turning operations involved are quite straight-
forward and consist in turning the outer diameter, drilling
and boring the part to make it a good sliding fit on the
machine column, and then parting off to the required
length.

The collar is finally drilled with a No. 22 drill, and
tapped to take the 2 B.A. clamping screw.

After the body of the clamping screw has been turned
and threaded as previously described, it is secured in an
inclined position in the machine vice. The hole for the
handle is formed by first entering the point of a fine
centre drill in a deep depression made with a centre
punch ; a small drill is then put right through the work,
and this is followed by a larger centre drill to make a
bearing for the No. 13 drill which enlarges the hole to the
finished size,

The next step is to grip the rod in the self-centring
chuck and part off the screw to the correct length ; the
screw is then reversed in the chuck and its end is faced
and finally rounded or chamfered.

The handle is made from a short length of & in. diameter
steel-rod which is held in the chuck of the lathe or drilling
machine, to enable one end to be slightly tapered with
the aid of a fine file. The vice is then used to press the
handle into place in the screw head.

A small pad, as shown in the drawing, is turned and
parted off from a length of brass rod ; this pad piece is
used to protect the drilling machine column from being
marked by the end of the clamping screw.

The Centrefinder or Wobbler. - A description of this




229

appliance was given in Chapter Five, where it was also
illustrated ; the working drawings reproduced in Fig. 87
show the details of its construction.

Tt will be clear that the body piece (4) must be straight,
otherwise the indications given by the device when in use
will be misleading.

A piece of silver-steel rod should be used to make the
body, and its straightness can be checked by mounting it
either in the four-jaw chuck of the lathe or in a true-
holding chuck in the drilling machine. Although the
trained eye can readily detect any material wobble, it is
best to use the test indicator to take readings at various
points, and to repeat these tests with the rod reversed in
the chuck. Moreover, if the rod is turned in the chuck
through an angle of 180 deg., and a second set of readings
is taken, errors arising from lack of truth in the chuck can
be eliminated.

Should there be any difficulty in finding a straight
piece of material, a rod should be turned to size in the
lathe using the travelling steady zs described in Chapter
Five.

The rod is centred in the four-jaw chuck and its end
is faced with a knife tool, set at centre height to avoid
forming a central pip ; the top slide is then set to 30 deg.
and the conical 60 deg. tip is turned to a sharp point.
~ Next, when the rod has been reversed and centred in
. 'the chuck, a } in. centre drill is fed in to form a parallel
bore for a depth of at least § in. ; a $ in. drill is then
- entered for the full length of the bore. The mouth of this
‘hole is opened out with a centre drill to form a guide
bearing for the drill used to enlarge the bore to its full
diameter.

If the drilling is carefully carried out it should be possible
to drill this hole accurately with a § in. drill, but if there
is any doubt about this, a smaller drill shouid be used
. and the bore is then finished with a small boring tool.
. To make the plunger (B), a length of silver-steel rod is
- gripped in the chuck and turned down to make it an accur-

#
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ate sliding fit in the machined bore ; a centre drill hole
is then formed in the faced end, as shown in the drawing,
and the piece is parted off to the correct length. The
plunger is next reversed in the chuck and the hole to
receive the spring (C) is drilled as previously described.

The length of the spring fitted should allow the plunger
to project as shown. To secure the parts in position, so
that the plunger does not fall out, the ends of the spring
should be opened out with the pliers to give a firm fric-
tional grip in both the plunger and the body pxece Fit
the plunger to the spring by turmng the former in a direc-
tion to close the coils of the sprmg, then insert the spring
in the body and continue turning the plunger until the
parts are correctly assembled.

An Angular Grinding Rest. The method of using the
angular grinding rest was described and illustrated in
Chapter Two, and the complete rest is shown in Fig. 88.

‘The rest is attached to the bench by means of the angle
bracket (C), to whxch the swmg arm (B) is secured by the

B .lower screw (D) - . | o
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At the upper end of the arm (B) the tilting work table
(4) is attached by the stud and nut (E) to the angle
bracket (¥), which can rotate on the upper clamping
screw (D].

It will be clear that, when the two screws (D) are
slackened, the table can be tilted to any angle required
and, at the same time, the slot in the table can be set to
clear the sides of the wheel.

Reference to the working drawings reproduced in
Fig. 8g will show that both the angle brackets (C) and
(F) have been made of } in. angle-steel as this was the
only material available at the time, but stouter material
of {5 in. section might have been used with advantage.

The drawings of the bracket (C) show the position of
the screw holes for attachment to the bench, and also the
location of the tapped hole to rececive the screw (D).

The length shown for the arm (B) may need to be altered
to bring the surface of the rest some distance below the
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centre line of the wheel to allow for the thickness of the
tool being ground.
- Both ends of the arm are drilled to give a working
clearance for the screws (D).
The mild-steel table (4) should be made fully large to
. give adequate support for the tools ; the dimensions of the
~ slot will depend on the size and thickness of the grinding
wheel fitted.

The upper surface of the table should be tiled to a flat
finish so that the tools will lie evenly and without rock.
. The table is attached to the angle bracket (¥} by means
. of a flush-fitting stud (E) fitted with a nut and washer.
~For the fixing screws (D) either hexagon-headed screws
_ can be used in accordance with the drawing, or, if pre-
“ ferred, studs and nuts can be employed similar to (E)
" only rather longer.
- In the latter case, to give additional security, the inward
ends of the studs should be lightly riveted over.




TWIST DRILLS

" dnchor Decimal inchor Decimal  Inchor Decimal  Inchor Decimal
- gauge mm Inch gauge mm Inch gauge mm Inch gauge mm Inch

80 0.0135 72 0.0250 64 0.0360 55 0.0520
035 0.0138 0.65 0.0256 0.925 0.0364 1.35 0.0531
79 0.0145 71 0.0260 63 0.0370 54 0.0550
o 0.375 0.0148 0.675 0.0266 0.95 0.0374 1.4 0.0551
o 0.0156 0.7 0.0276 62 0.0380 1.45 0.0571
G 0.4 0.0157 70 0.0280 0975 0.0384 15 0.0590
78 0.0160 0.725 0.0285 61 0.0390 53 0.0595
o .0.425  0.0167 69 0.0292 1.00 0.0394 1.55 0.0610
o 045 0.0177 0.75 0.0295 60 0.0400 i 0.0625
77 0.0180 0.77% 0.0305 59 0.0410 1.6 0.0630
: 0.475 0.0187 68 0.0310 1.05 0.0413 52 0.0635
0.5 0.0197 5% 0.0312 58 0.0420 1.65 0.0650
76 0.0200 0.8 0.0315 57 0.0430 1.7 0.0669
. 0525 0.0207 67 0.0320 1.1 0.0433 51 0.0670
7 0.0210 0.825 0.0320 1.15 0.0453 1.75 0.0689
055 0.0216 66 0.0330 56 0.0465 50 0.0700
74 0.0225 0.85 0.0335 & 0.0469 1.8 0.0709
' 0.575 0.0226 0.875 0.0344 1.2 0.0472 1.85 0.0728
L 0.6 0.0236 65 0.0350 1.256 0.0492 49 0-0738
73 0.0240 0.9 0.0354 1.3 0.0512 1.9 0.0748

- 0625 00245



. Gauge mm

fnch or

Contd.

Decimal Decimal Inchor Decimal fnch or Decimal
Inch Gauge mm Inch Gauge mm Inch Gauge mm Inch
A8 0.0760 40 0.0980 31 0.1200 25 0.1495
i 1.95 0.0768 25 0.0984 3.05 0.1201 3.8 0.1496
& 0.0781 39 0.0995 31 0.1220 3.85 0.1516
47 0.0785 2.65 0.1004 3.15 0.1240 24 0.152¢
- 2.00 0.0787 38 0.1015 i 0.1250 39 0.1635
. 2.05 0.0807 26 (.1024 3.2 0.1260 23 0.1540
- 46 0.0810 37 0.1040 3.256 . 0.1280 3.95 0.15565
I L 0.0820 2.65 0.1043 30 0.1285 o= 0.1562
e 24 0.0827 2.7 0.1063 3.3 0.1299 22 0.1570
. | 0.0846 36 0.1065 3.35 0.1319 4.00 0.1575
LA -0.0860 2.75 0.1083 3.4 0.1339 21 0.1590
R 3 0.0866 & 0.1084 3.45 0.1358 4.05 0.1594
ool 228 . 0.0886 35 0.1100 29 0.1360 20 0.1610
A3 0.0890 2.8 0.1102 35 0.1378 4.1 0.1614
e 2.3 0.0906 34 0.1110 3.55 0.1398 4.15 0.1634
e 2.36 0.0925 2.85 0.1122 28 0.1405 4.2 0.1654
42 0.0935 32 0.1130 &= 0.1406 19 0.1660
3 0.0938 2.9 0.1142 3.6 0.1417 4.25 0.1673
2.4 0.0945 32 0.1160 3.65 0.1437 4.3 0.1693
41 0.0960 2.95 0.1161 27 0.1440 18 0.1695
' 245 0.0564 3.0C 0.1181 3.7 0.1457 435 01713
26 0.1470
3.75 0.1476




9¢¢

contd.

Inch or Decimal fnch or Decimal Inch or Decimal  Inch or Decimal
Gauge mm Inch Gauge mm  Inch Gauge mm Inch Gauge mm inch

X 0.1719 9 0.1960 1 0.2280 5 0.2656
17 0.1730 500 0.1968 5.8 0.2283 6.750 0.2657
4.4 0.1732 8 0.1990 5.9 0.2323 H 0.2660

445 0.1752 5.1 0.2008 A 0.2340 6.8 0.2677

16 0.1770 7 0.2010 5 0.2344 6.9 0.2716
4.5 0.1772 13 0.2031 6.00 0.2362 i 0.2720

455 0.1791 6 0.2040 B 0.2380 7.00 0.2756

15 0.1800 5.2 0.2047 5.1 0.2402 J 0.2770
4.6 0.1811 5 0.2055 Cc 0.2420 7.1 0.2795

14 0.1820 5.25 0.2067 6.2 0.2441 K 0.2810
_ 465 01831 5.3 0.2087 D 0.2460 & 0.2812
13 47 0.1850 4 0.2080 6.25 0.2461 7.2 0.2835
475 0.1870 5.4 0.2126 6.3 0.2480 7.25 0.2854

S 0.1875 3 0.2130 E 1 0.2500 7.3 0.2874
12 48 0.1890 55 0.2165 6.4 0.2520 L 0.2900
485 0.1909 o 0.2188 6.5 0.2559 7.4 0.2913

11 0.1910 5.6 0.2205 F 0.2570 M 0.2950
4.9 0.1929 2 0.2210 6.6 0.2598 7.5 0.2953

10 0.1935 5.7 0.2244 G 0.2610 0.2969
495 0.1949 575 0.2264 6.7 0.2638 7.6 0.2992



ihbh or

contd.

1s7

Decimal Inch or Decimal
.. Gauge mm Inch Gauge mm Inch

N 0.3020 33 0.3438
7.7 0.3031 875 0.3445
7.7% 0.3051 8.8 0.3465
7.8 0.3071 S 0.3480
7.9 0.3110 8.9 0.3504
0.3125 9.00 0.3543
800 03150 T 0.3580
0 0.3160 9.1 0.3583
8.1 0.3189 2 0.3594
8.2 0.3228 9.2 0.3622
P 0.3230 9.25 0.3642
8.25 03248 9.3 0.3661
83 0.3268 U 0.3680
%5 0.3281 9.4 0,3701
8.4 0.3307 95 0.3740
Q 0.3320 3 0.3750
85 0.3346 \' 0.3770
8.6 0.3386 8.6 0.3780
R 0.3390 9.7 0.3819
8.7 0.3425 9.75 0.3839
9.8 0.3858

Inch or Decimal Decimal
Gauge mm Inch Inch  mr: Inch

w 0.3860 % 0.4375
9.9 0.3898 11.2 0.4409

32 0.3906 11.25 0.4429
10.00 0.3937 11.3 0.4449

X 0.3870 11.4 0.4488
10.1 0.3976 11.5 0.4528

10.2 0.4016 2 0.4531

10.25 0.4035 11.6 0.4567

Y 0.4040 11.7 0.4606
10.3 0.4055 11.75 0.4626

i3 0.4062 11.8 0.4646
10.4 0.4094 11.9 0.4685

z 0.4130 i3 0.4688
105 0.4134 1200 04724

10.6 0.4173 121 0.4764

10.7 0.4213 12.2 0.4803

%2 0.4219 12.25 0.4823
10.75 0.4232 12.3 0.4842

10.8 0.4252 i 0.4844

10.9 0.4291 12:4 0.4882

11.00 0.4331 125 0.4921

1.1 0.4370 12.6 0.4961
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Angle-Poise Lamp, 9, 10.
Angle Plate, 55,
Angular Grinding Rest, 139-141.
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for, 143.
" making an
230-233,
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B
Bakers' Fluid, 95.
Belt Pullevs, 165-167.
Beltfasteners, Round Belt, 119-
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Belts, V, 165-166.
Benches, 2, 3.
Biue Marking Compound, 73, 74.
Boring, 190,
Bar, 200-201.
Work on the Saddle 200-
204, c

Callipers, 41-43.
" Jenny, 49.
Case-Hardening, 99.
Centre Finder, 185-186.
Making a, 228-
230
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Centres, Lathe, 198-199.
Chests of Drawers, 6, 8.
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Chucks, Drill, 126,
,,»  Four-iaw, 155-13€.
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,» Turning Work in, 186-
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S Making, 223-
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Making, 223-224.
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; Speeds, 163,
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Cut, Depth of, 183-184.
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Depth Gauge, 45.

[1] A1)

(1} L1
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211-219
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Dimensions, 63.
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Dtgswings, Reading Machine, 60-
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146.
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Drills, Hand, 22-24.
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Driving the,
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E
Electric Drilling Machine, 118.

. Grinding ,, 13839,

v,  Motur Drives to Machine
Tools, 163-172,
Equipraent, Drilling Machine,
.- 123-127.
“ Lathe, 154-162.
Equgipment for Marking-out, 4}-
4

Equipment for Screw Threading,
24-28.
Equipment for Soldering, 38, 39.
v Workshep, 12-40,

F

Faceplate, Use of, 192-195.
Feed Gear, Lathe, 150-151.
Feed, Rate of, 183,
Files, 16-19.
File Card, 70.

.. Handles, Fitting, 18.
Filing, 66.

»  Aluminium, 72.

»  Draw-, 70-72.
Fixed Steady, 158-159.
Floor, The Workshop, 10.
Flux, Soldering, 95,96.
Four-jfaw Chuck, 155-156.
Four-tool Turrez,; 157-158.

Gauge, Depth, 45,

" a Simple Depth, 100-103.

»»  Drill, 46, 47.

" Surface, 55.

Gear, Feed, 150-151.
Graver, 208-210.
Grinding Machine, 135-138, 167.

" " Driving the,

136-137,
167, 170.
. . Electric, 138-
139.
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" ,, Decker
138-139.
Grinding Operations, 142.144.
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for, 143,
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230-233.
» Twist Drills, 144-146.
,»» Twist Drills, Potts Jig for,
145-146.
. H
" Hacksaw, 19-21.
" Blades, 19, 20.
» Using the, 76, 77.
Hammers, 37.
Hand Drills, 22-24.
Hand Rest, 160-161.
» Tools, 16-40,
" » Using, 66-99.

» Turning Tools, 207-210.
Handles, Fitting File, 18.
Hardenmg and Tempering, 98, 99,
- Headstock; Lathe, 149,

- Heating the Works_hop, 2,9

J
Jenny Callipers, fQ.

Lamps, Angle-Poise, 9, 10,
Lathe, The, 147-152.
Acoessorlcs 154-162,
.,» Centres, 198-199.
" Chucks, 155-157.
» Dogs, 197.198,
» Drill Chuck, 157
» Driving the, 152-154.
. Equipmsnt, 154-162.
»» Feed Gear, 150-151,
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» Hand Turning Tools, 207-
210,
+ Headstock, 149,
. Saddle, 149,
. Tailstock, 150.
Tools, 173-178.
bevel Spirit, 16, 86.
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Lines, Witness, 53.
Lineshafting, 16&164.

Machine Drawings, Reading, 60-
65.

Machine Tools. Driving the, 163-
172

Marble Siab, 4-6.
Marking-out, 47-59,
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56-59.
. .» Centre of a Shaft,

" . Equipment, 41-49,
' .  Sheet Metal Work,
50-33.
" » Solid Objects, 54.
Fluid, 48.
Measurmg lnstrumems 178-182.
Metal Cutting, 79-83.
. .  with Shears, 82.

. . ,. Cold Thisels,
82-85.
Metal Sawing, 74-76.

Micrometer, 178-180.
Micromeiers, 45&

Nugs, Bolts and Screws, Storing,
6, 7.
O

Oilstone, Slips, 177.
" Stontng Jig for, 177-178.
Qilstones, 40.
Qperations, Drilling, 128-134.
" Grinding, 142-144.
" Turning, 182-200.
P

~ Pin Drills, Counterbores and,

225-221.

* Pinning, 70.
_ Pliers, 36, 37.

Polishing with Hand Drili, 88, 89.
Protractor, 46.
Pulieys, Belt, 165-167.
Punches, Centre 49, 50.
v Pm. 38..




INDEX 4

R
Racks, Tool, 2, 6-8.
Rawlplugs, 8.
Reamers, 89.
Reaming, 89-90.
Rest, Hand, 160-161.
Rules, 44, 45.
Rule Stand, 55.
w o om Making a Simple,

103-107.

Rust, Prevention of, 9.

S
Saddle, Lathe, 149,
Saws, 19-23.
., Abrafile, 22.
Saws, “Eclipse” Light Pattern, 21.
.. Fret, 22.
., Hack, 19-21.
., Piercing, 21-22.
., Curves, 78, 79.
Sawing Metal, 74-76.

“ . Marking-out
Work for, 76.
Scrapers, 31,32,
» Sharpening, 74.
Scraping, 72-74.
Screwdrivers, 34, 36.
Screw Cutting, 206.
- . Tool, External,
176, 206.
" » ool Internat,
207.
Screw Threads, 62, 63.
' .  Cutting External,
94, 95.
" ., Cutting Internal,
90-94.

Sc;eéw Threading Equipment, 24-
Scriber, 48.
Seif-centring Chucks, 153.
Shafts, Cross-drilling, 131-132.
Shears, 28, 29.
.. Tinman's, 82.
Shearing Machine, 29.
Shelving, 8.
Slab, Marble, 4-6.
Snips, Tinman’s, 28.
Soldering, 95-98.
" Equipment, 38, 39.
v Flux, 95, 96.
- Irons, 38, 39.
Spanners, 32-34.
Speeds, Cutting, 165.
., Drilling Machine, 120

123,
.. Countershaft, 165.
Square, 48.
Steadies, Fixed, 158-159.
. Using Fixed, 196,
" Travelling, 159-160.
" Using Travelling, 199-
200.
Stones, Oil, 40.
St%{'mg, Screws, Nuts and Bolts,
7. .
~" Stoning Tools, 6-8. :
. Siraight Fluted Drills, 24.

. Surface Gauge, 55.

e v Plate, 35.

T
Tailstock, Lathe, 150.
- Die-holder, 205-206.
' Drilling from the, 201-
202.
Tapping, Drilling for, 132-133,
,, Handle for the Drilling
Machine, 219, 223-
228.
., in the Drilling Machine,
132-133.
Taps, 26.
Tap Wrenches, 27.
Tempering, 98, 99.
Test Indicator Dial, 181.
" s Unique”, 181-
182.
Threads Cutting, 90-95.
v ,, External, 94, 95.
. . Internal, 90-94.
Tinman’s Snips, 28.
Tool Racks, 2, 6-8.
Tools, Hand, 16-40.
Tools, Lathe, 173-178.
" ,» Hand Turning 207-
210.
.. Using Hand, 66-99.
Turning Operations, 182-200,
.. Tools, 173-178.
, . Hand, 207-210.
. Work between centres,
185-200.
Turrets, Four-tool, 157-158.
Twist Drills, 24.
Twist Drills Tables of, 234.
v

V-Belts, 165-166.
V-Block, 56.
V-Blocks, Drilling Machine Table,
124-125,
Vice, 12.
,, Clams, 13.
,, Correct Height for, 15, 16.
.. Drilling Machine, 123-124.
.. Fixing the, 14, 15.
., Jaws, 12, 13.
.. Yankee, 16.
w

Witness Lines, 53-58.
Work Clamp, Drilling Machine,
125-126.
Workshop Equipment, 12-40.
. Floor, 10.
Wrenches, Tap, 27.




