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Author's Note

SINCE this book was first published, over twenty-five years ago, some of the

equipment then available is no longer manufactured. In addition, much of the

elementary advice originally contained in the book has been incorporated in

Beginners” Workshop, a title with a target needing no amplification.

Thus, by the removal of material mainly of interest to the beginner, the way

“has been left open for the inclusion of more advanced treatment.
- Sothe new Amateurs Workshop may be considered as the logical extension of
':_'the primary manual Beginners’ Workshop. For the sake of completeness there
‘must inevitably be some duplication of materia! contained in the two books;
‘where this is so the contents have either been extended, or abfidged with a
reference to the primary work. In this way space has been found for including
‘more up-to-date material of greater interest to advanced readers. For example,
subjects such as making improvements to the inexpeusive lathe, or describing
the operation of the shaping machine are dealt with in detail.

WiCckHAM, BERKSHIRE. 1976 1.B.
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CHAPTER |

*HE Workshop useli may take
many forms. It may be aroomin
the house, it may bte an out-
building attached to the house or it
may be compietely separate from it
and constructed for the purpose.
Whatever form it takes, the work-
shop needs to be as well lighted as
possible. both by natural and artificial
light, and to have some means of
‘keeping theshopdry and warm.
- Where the workshop forms part of
‘the house, the provision of artificial
¢ lichting presents little cifficulty. The
[ same may also be true of the heating
system. But the natural lighting may
well be inadequate.
““For this reason all benching and
i machine tools should be located as
| close to the windows as practicable.
In cne workshop known to the
j author the workshop is an upstairs
I'room having a large window embra-
t sure with glass on three sides and the
[ benchingislocated end-on to the main
8 glass area. This enables the maximum
i of natural light to be concentrated
! upon the various machines grouped
1 onthe benches.
E For those contemplating the plan-
| ning of an amateur workshop on
| these lines, a warning must be given;
| make sure that the floor joists are
¥ strong enough to support the concen-
L trated weight. Any reputable builder
! would advise on this point. Failure to
t make certain that the flooring is
¥ adequate could easily resultin a disas-
§ ter that would be most unlikely to win
1 applause from the household author-
ities.

| The Outdoor Workshep
E Workshops that do not form part of

The

kashep

the main house are either in out-
buildings or in purpose-made wooden
sheds of the garden type.

The outbuilding, where availabie, is
probably the better of the two as the
brick or stone construction makes tfie
heating problem easier, morecver, if
needed, the solid nature of the ruilid-
irig forms an excellent anchorage for
the benching.

The wooden workshop, however,
presents more heating problems and,
unless erected on a substantial con-
crete platform, is a difficult building to
equip with benching and machine
mounts.

The natural lighting, however, will
present little difficulty since buildings -
of the garden shed type can be pro-
vided with plenty of window space.
Moreover, the addition of roof light-
ing to a wooden building is quite an
easy matter, though care must be
taken to see that there is no water
leakage from any skylight or trans-
parent panel used [or the purpose.

Artificial lighting for the separate
building will, of course, be supplied
from the electrical mains; and elec-
tricity may also, with advantage, be
used to supply the heating.

The whole question of electricity in
the workshop will be discussed later.

Workshop Furniture

Having decided on the most suitable
type of workshop the amateur will
have to censider the furniture needed
for it.

Perhaps the most important item is
the benching. It is not possible to buy
really satisfactory benches so these are
best made for oneself. For the most
part the free-standing variety are the
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Fig. 2. A typical workshop bench

most practical as they need no support
from the building itself.

They should be amply strong, which
some commercial made benches are
not, with legs made from at least 3 in.
square material and having tops
fashioned from 11 in. deals, or better
still 2 in. deals, seeing that they will
perhaps to support a number of
machine tools as well as forming the
platform for mounting the vice used
when sawing or filing.

A firm foundation for the vice is
essential for it is near impossible to
work either with accuracy or comfort
unless the benching is rigid.

The illustration, Fig. 2, gives the
essential measurements of a typical
bench. {The height will, of course,
depend on the stature of the person
using it, and the size of the vice it is
proposed toemploy.)

A guide to vice mounting is so to
arrange matters that the upper surface
of the vice jaws is level with the point
of the operators elbow when in the
filing position. If the bench is also to
be used for supporting machine tools,
a comfortable working height for
handling these will need to be con-
sidered and perhaps some comprom-
ise may have to be effected.

For the most part, however, the
guide for setting the vice will serve to

provide a comfortable working height
for the machine tools theniselves.

After deciding upon the size and
location of the workbenches, thought
must be given to the storage of tools
and machine accessories as well as for
the general engineering materials that
will gradually accumulate.

Some may prefer to keep hand tools
inracks, in which case these can easily
be made for oneself. On the whole,
however, tools are best kept in small
chests of drawers while the machine
accessories are housed in cupboards,
preferably glass fronted so that they
may be more easily identified.

Raw materials can be stored in.
wood or metal boxes of which at one
time there was a plentiful supply in the
form of surplus ammunition con-
tainers. These were of robust con-
struction and one example at any rate
might well form a model for making a
number in wood. This container,
shorn of some non-essential fittings, is
illustrated in Fig. 3.

Nuts, boits and screws are
conveniently kept in old tobacco.
tins that have their ends painted
with white emulsion paint so that:
the contents can be clearly indicated
with one of the many labo:atory .
marking pens now available. The
tins themselves can then be placed
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conveniently in a shallow cupboard.

The number of chzsts of drawers
and cuphoards that are required will,
of necessity, depend on the size and
scope of the workshop. The author’s
experience is that, for the most part, it
does not pay to make them oneself, for
cheaper and perhaps better examples
are to be had, often ata fraction of the
costin time and material, in one of the
many auction sales that are now fre-
quently held.

When choosing the furniture and
deciding on other arrangemenis in the
small outdoor shop, where space is
naturaiiy iimited, remember to ensure
E that the entrance door opens cutward,
@ Failure to do so will lose valuable

floor space that could otherwise be
devoted to the siting of a cupboard or
other storage medium.

Heating the Workshop

We now come to what is no doubt one
of the real problems encountered
when pianning a small workshop,
i namely, how to heatit. The solutionis
§ of great imporiance, not only in re-
§ lation to comfort when working there
} but also because of the valuabie tools
¢ and machinery it will eventually con-
| tain.
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Workshops forming part of the
main house or attached to it will
present little difficulty since the space
devoted to them may well be already
adeguately heated, or atleast can have
the heating system exiended to it.
These remarks apply to houschold
central heating systems as well as to
electrical block heating with night
storage, probably the easiest and most
satisfactory method c”ihem all.

On no account should the house-
hold heating furnace, if designed for
solid fuel, be located in the shop. The
attendant dust, inseparable from the
stoking, is in every way such an un-
mitigated nuisance, and so damaging
unless adequate precautions are taken,
that it is scarcely possible to write
about it in temperate terms. 'iappy
the man, how_ver, who has o¢il fired
central heating; no problems of this
sort arise for him.

Wherever the workshop may be
located, on no account should any
form of heating that discharges its
products of combustion directly into
the interior air be considered. This
applies to gas or oil fired convector
heaters and the like. These produce
water vapour which, when the shop is
cold, condenses on any unprotected

Fig. 3. A raw material storage container
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cold metai surfaces, and causes mst or
corrosion,

The outside workshop, is of course,
the most liable to the condensation
nuisance. As a first step in getting rid
of it the building needs to be lined, the
space between the carcase and the
lining being packed with an insulating
medium. This will help to maintain an
even temperature inside the shop and
lessen the volume of the heating re-
quired to achieve it.

A workshop bui'* in this way can be
readily heated with a low-wattage
electrical heater permanently left on
or, if thought desirable, fitted with a
room thermostat to control the
systenmi. The temperature range needed
for both comfort and machine pro-
tection is from 60 to 65°F. so that the
heat input needed is not large.

Electricity in the Workshop

It is now time to consider the whole
guestion of the use of electricity in the
workshop. For many years in the past
gas was the medium employed for all
heating ‘ighting and power require-
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ments. In this connection many older
readers will doubtless agree that a
good gas engine in tF : shop possessed
attributes of compenionship never
attainable by the electric motor. Be
that as it may the versatility of elec-
tricity cannot be gainsaid, nor, fur the
most part, can its reliability be
questioned.

Lighting

The artificial lighting of the workshop
1 a most important matter, the more
so when it is the main source of illum-
ination even in daylight.

The most satisfactory method 1s a
mixture of general lighting sup-
plemented by individual lamps where
needed, For the former duty, both on
the score of economy and efficicncy,
flourescent strip lighting is to be pre-
ferred. Lamps and fittings for this pur-
pose have nowadays been so simpli-
fied that apart from devising some
simple way of hanging them up, and
even this is not always necessary, they
may be plugged into the mains much
as an ordinary buib would be,

Incondescent strip lamps are some-
times ‘a convenience for lighting
machine tools. An example is that
shown in Fig. 4 and Fig. 5 where a
lamp of this type with its reflector and
support 1s seen attached to a Myford
lathe. The maximum power of this
class of lamp is 60 candles, generally
considered sufficient for individual
lighting.

High candle-power incandescent
lamps can be used for general lighting
but these do not provide the level of
light otbttainable from flourescent
tubes. They are therefore best kept for
individually illuminating some speci-
fic machine or bench operation.

In industry, the practice of provid-
i:g a low-voltage system for lighting
individual machine tools is growing in

Fig. 4. Incandescent strip lighting
fitted to a Myford lathe
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Fig. 5. Incandescent strip lighting
i fitted 1o a Myford lathe

! favour. Tre machines are safer to use
I wheneguipped with low-voltage light-
{ ing becouse the hazacd of electric
[ shock is compietely ciiminated. more-
| over, the smaliness of the fittings
! needed allows the livihts to be concer:-
| trated near the work =.thout causing
I any obstruction to the -»perator.

| Theauthor has had a complete low-
| voltage lighting-and-power system in
! operation for many vears and its con-
I venience cannot be questioned. By
Il means of this system it has been possi-
| ble to make use of some of the many
| types of small electric motors pro-
| duced for military purposes and to
| harness them to machine tool attach-
ments or even to the machines them-
elves for duties .o as the driving of
athe leadscrews v ien aninde o ndent
eed was needed.

| Power Supply

‘For many vears now the lineshaft
f driven by a single prime mover has
| given place, in both the commercial as
| well as the private workshop, to in-
| dividual eleci.ic motors fitted to the
| machine tool: themselves. For the
1 most part in the private shop these
| electric motors are of fractional horse-
| power and, as they are unlikely to be
| used all together, they can be connec-
E ted directly to the singie phase a.c.
| domestic mains.

I In this connection it should be
| noted thiat the maximum individual
| loading permitted oa the single-phase

domestic supplyis 1 h.p.

As an addition tc the normal high
voltage domestic power supply it is
possihle to use a low-voltage supply
fed by a mains transformer or a trans-
fuormer in combination with a rectifier
when a d.c. supply 1s needed. These
matters will be dealt with in detail
later.
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Plug Points

There should be plenty of electrical
plug points ir: the workshop. This will
simplify connect'ng ur the various

machines ard : vy special lighting re-
quired. In aadition if one or two plug
points are v, ced at convenient loca-
tions below ~ne tenches such equip-
ment ;s elecuric ivond drills and solder-
ing irons can be hrought into use. The
sockets used can either be plastic or
iror ~lad; but the plugs should be of
the rubber kind. These will withstand
the hard knocks they are likely to
Feceive In service.

The sockets must be correctly con-
nected .inte 1the domestic system so
that they are properly earthed. With
advantage this may be work for a
qualified elecirical contractor, espec-
iaily if there is a number of points to
be arranged. He will have all the
nccessary equipment to check his
work and ensure that it is satisfactory.

Cables
The electrical cables used in the shop
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ADJUSTABLE |
FOR CABLE || SUPPORT

should be of a tough variety able to
withstand abrasion. This requirement
applies to both lighting and power
cables. These should not be allowed to
trail about the floor but be supported
above head height so as to cause no
obstruction.

Cables about the workshop are in-
evitable. For ourselves we have de-
vised a simple method of suspending
these by means of an adjustable sup-
port attached to the roof by a simple
hook. This fitment is illustrated in
Fig. 6.

It consists of a hanger that can be
suspended by a hook from any con-
venient point in the roof. On the
hanger is placed a crutch that can be
adjusted for height and then locked.
The cable or cables are then dropped
into the crook of the crutch and held
well out of reach.

The size and type of cables required
will, of course, depend upon the
electrical leading they have to carry.
Those for lighting will, have a maxi-
mum carrying capacity of 5 amperes
and cables for power 15 amperes with
a third core enabling any apparatus to
be properly earthed. '
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Fig. 6. Cable support

In the matter of low-voltage light-
ing the cables for this purpose should
have a maximum capacity of 5 amps.,
this will be sufficient to light the single
lamps normally available. Therefore,
the cables suitable for mains lighting
will serve,

Low voltage powercables, however,
will need to have considerable current
carrying power. It is absolutely neces-
sary that the current should be fed to
motors without any drop in voltage or
their power output will be much
diminished. As an example of this re-
quirement, motors used in the au-
thor’s workshop can be cited. Some of
these normally operate at 20 volts a.c.
and are rated at } h.p. Therefore, for
the moment disregarding any figure
for the efficiency of the motors them-
selves, in the first instance the current
needed will be of the order

746 watts 248 watts

3 x20 volts 20 volts
approx.

The efficiency of these low-voltage
motors, for practical purposes can be
assumed at 50 per cent. Therefore the
current needed will be twice the
theoretical figure, say 25 amps. To
carry such a loading 30 amp. cables
could suffice, these are often obtain-
able from suppliers specialising in
the sale of surplusequipment.

When a correct-sized cable is used
there should be no sign of it warming
up. If a cable does get warm then there
will be a drop in the supply voltage. If
the cable gets hot then the volts drop
is considerable and the cable is un-
suitable.

In order to accommodate cables of
the substantial cross-section required
the plugs and sockets will need to
match. In days gone by the two-pin
power plugs, and their attendant
sockets, were of quite heavy propor-
tions.

= 12 amps.
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Our experience is that fittings of this
type sometimes appear amongst the
early lots in auction sales where, be-
cause there 1s usually no competition
to secure them, they may be bought
for a fraction of their original cost.

The use of modern three-pin plugs
for duties with a low-voltage system is
not advised. It could be fatally easy to
plug onc of these, attached to some
piece of low-voltage equipment, into
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might be disasrous.

Low-voltage Power Supply

The low-voltage supply may be ob-
tained from the domestic electricity
mains 1n a variety of wavs, in accord-
ance with whether it is an alternating
ccurrent, a direct current supply or
combination of both these 1s needed.
. The alternating current supply will
“he obtained from a transformer and
his may be one of two types. The first
s the common transformer illustrated
iagrammaticallvin Fig. 7.

- This piece of equipment consists
ssentially of a laminated soft iron
~core upon which there are two distinct
‘and independent windings. The first of
~ these, the Primary Winding, marked
‘P’ is connected to the domestic
supply whilst the Secondary winding
‘S’ sometimes ‘tapped’, as it is termed,
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to provide an alternative voltage, is
connected to any low-voltage appara-
tus it is needed to supply.

This type of transformer has the
great asset thal .t is most unlikely to
provide the userwith anelectric shock.
There 1s no electrical connection be-
tween the Primary and Secondary
Winding so the chance of a high-
voltage component being fed to the
low-voltage side of the system is most

s libraly;
VIEELINA-LY .

The other type of transformer we
have to consider is that known as the
auto transformer depicted diagram-
maficaily in Fig. §.

This illustration represents a typical
example as used by the authors. As
will be seen there is but a single wind-
ing with tappings supplying voltages
of the values indicated. It will be ob-
vious that transformers of this type
will ne=J t& be properly earthed, for it
must be remembered that, here, there
is no isolated primary winding so the
risk of electric shock is very real. The
output from the transtormer is taken
connecting from the zero tapping to
which the neutral (black) wire from
the mains must be connuected,

Rectifiers

If a low-voltage direct-current supply
is needed this is best met by the

Fig. 7. Common transformer

Fig. 8. Auto transformer
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addition of a rectifier connected to the
output of the transformer. Modern
techniques have produced apparatus
capable of rectifving quite large
currents, Theyv are very reliable and
their manufacturers are always pleas-
ed to supply Jetails and suggestions as
to the most practical ways cf using
them.

THE AMATEUR’'S WORKSHOP

Fig. 9. Electric drill

Another way to procure a low-
voltage electricity supply 1s to make
use of a motor-generator et run from
the mains and provided with a regu-
fator in the field circuit of the dynamo
to control its output. In this way the
generator, which of course runs at a
constant speed, can be set to deliveran
output suited to the work in hand.

Qur own version of the motor-
generator set consists of a § h.p. a.c.
motor direct coupled to a d.c. zener-
ator once forming part of the lighting
svstem of a somewhat historic motor
car. the 30-98 Vauxhall circa. 1922.

The eguipment is mounted on a
light four-wheel trolley enabling it to
be taken about the workshop or in-
deed anywhere else its presence might
be needed.

It is no bad thing to have the means
of low-voltage supply in a portable
condition as it greatly increases its
usefulness. This also applies to the
d.c. supply obtained from a metal
rectifier. In our case the transformer
that feeds it is in a wooden box pro-
vided with a substantial carrying
handle, whilst the rectifier itself 1s
fastened to the outside under a ven-

Fig. 10.
Spot
drilling
attachment
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tilated protective cover. The trans-
former will give an output of some 700
watts whilst the rectifier can handle
8 about 200
! fortably.

|  Readers may wonder what are the
| applications of a low-voliage supply
| in the workshop, apart from the ob-
é vious one of focal lighting. They may
§ rest assured that the applications are
g DUmerous.

i In the first place for example,
¢ motors fed from this supply can be
| used to drive independently the lathe
! leadscrew or the feed screw of the
I cross-shide. This facility is essential to
I some of the operations when milling
| in the lathe 1n particular on the oc-
| casions when the headstock iself is
the work and therefore

vatte at YWY Y o4~ felate st
WYLALLY sl s ¥ Liah s WUALIL

Low-veoltage motors can be con-
trolled simplv by connecting a vari-
able resistance mn series with their
supply, therefore they may conven-
iently be used todrive a milling spindle
~mounted on the lathe saddle or a spot-
| drilling attachment simiiarly located.
! Inaddition the motors may be used
# to power toolpost grinding spindles,
l cutter grinders. drills both hand and
| portable, and rotary filing equipment
| to name but a few applications. Some

Fig. 11. Cutter
grinder
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of these are illustrated in Figs. 9, 10
and 1.

The motors that are suited to these
various duties can be divided into two
categories, the high and the low-
power. The high-power motors, giving
about } h.p. are capable of driving
milling spindles, toolpost grinders,
cutter grinders and hand drills; whilst
the low-voltage class. consuming
about 40 to 50 watts are very suitable
for use with independent feed screw
drives and spot drilling attachments
for the lathe where a small motor is
essential on account o1 space and
light weight.

Motors of both iypes are often
found on the surplus market where
they have gravitated having been re-
moved from various pieces of redun-
dant military equipment; as might be
expected they are of an exceptionally
high standard.

There is of course little demand for
them so they may often be bought for
a small rraction of their original cost.

Provided that the input current to
these motors 1s low they will cool
themselves automatically. Motors re-
quiring a high input current, however,
will need to be artificially cooled par-
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ticularly if they are to be used for ex-
tended duty: a purpose for which they
were not originally intended.

Cooling of these motors can be
achieved 1n two wayvs, both needing a
separate small motor driven blower of
4 lype sometimes used for cooling
radio transmutter valves and also to be
obtained on the surplus market.

The simplest method of the twoisto
biow air over the outside of the motor.
A typical set-up for carrying this out is
seen in the illustration Fig. 12, Here
the motor is surrounded by a metal
case, made from a pair of coffee tins
and connected to the blower output.
The case or sleeve is open at one end
whilst the air input is at the opposite
end, In this way the coolant is directed
along the length of the motor.

The alternative method is more
difficult as it involves stripping down
the motor and drilling a ring of holes
in the drive-end bearing plate. The air
from the blower is thus taken to a

Fig. 14A. Shunt wound motor
—O
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connection on the detachable cover
over the brushes and air is forced
through the inside of the motor to cool
it. Both methods are itlustrated dia-
grammatically in Fig. 13.

Motor Internal Connections

For the most part an electric motor
consists of two main elements. (1) the
Armature (or Rotor) and (2) the Field
Magnet. When the motor is intended
for use with the d.c. supply these
elements are connected together in
one of two ways.

In the first of these the Armature
and field are connected in the manner
seen in the illustration Fig. /4 at A.
This 1s known as a shunt field. When
the connections are made in the way
illustrated at B it is called a series field.

Of the motors we have been con-
sidering those of low power are con-
nected internally as shown at (A)
whilst those capable of considerable

Fig. 18B. Series wound motor

_o
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power output for the most part have
their internal connections made in the

manner shown at (B: The latter
rrangement  will also enable the
moiors to be unsed with an alter-

nating current supply.

Small alternating current machines,
even if avaiable. are really not a
practical proposition. Thev possess
little power and lack Hexability.

Switching for Small Power Motors
Betore we leave the subject of low-
voltage electricity a word must be said
about the swiiches that will be needed
to controd the direct current motors
emploved.

For the smail power machines any

well made switch with a 5 amp. rating
will serve. In addition some form of
switch, enabling the motors to be
reversed. will be needed. Here, again,
the surplus market can often prov;de
‘a solution to the problem. A wiring
lagram showing a typical arrange-
ment is givenin fig. /3,
This illustration depicts a change-
ver switch having its centre poles
-connected to the armature of the
-motor to be reversed. whilst its field
~winding 1s cross-connected to the
“outer poles of the switch. In this way,
simply by moving the contact blades
“to one side or other of the outer poles,
‘the field winding connections are
reversed in relation to the armature,
thus altering the direction of the
motor’s rotation.

Heavy Current Switches

Switches for use with low-voltage
motors having considerable power
output need to be capabie of handling
heavy currents. There appears to be
nothing on the surplus market that
will satisfy the requirement in an un-
complicated way 30, if a neat and
compact switch is wanted, we must

Fig. 16. Heavy current switch
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Fig. 15. Reversing switch

make it for ourselves. The basis of a
suitable swiich is the design used in
many of the starter switches fitted to
motor cars. A diagrammatic represen-
tation of the arrangement is given in
the illustration Fig. 16.

A switch of this nature consists
firstly of an msulated base carrying a
pair of brass quadrants B, and B,. [tis
further provided with two concentric
serrated brass cups C, and C,, mount-
ed on a plunger D when this is de-
pressed the two cups make contact
with the brass quadrants thus con-
necting them together electrically. The
circuit 1s broken when the cups are
separated from the quadrants by the
return spring seen surrounding the
plunger.

As a result of the large area of con-
tact provided by the concentric brass
cups, a switch cf this type will handle
heavy currenis without any detrimen-
tal arcing. Moreover, the design pro-

-
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Fig. 17. Foot switch
for transformer

vides a compiete self-cleaning system
and is particularly useful in a highly-
inductive circuit when, forexample, it
is used in the primary circuit of a
transformer. The foot switch illus-
trated in Fig. #7 was designed and
made for just such an application. The
same type of swiich is fitted in the
handle of the electric drill previously
iltustrated. The detatls of this device
are itlustrated in Fig. /8.

The Bench Grinder

As has so often been pointed cut,
some means of grinding tools is
essential in the metal-working shop.
Without it no lathe tools or drills can
be sharpened nor is it possible to make
-a creditable job of re-shaping screw-
drivers of the instrument type, as for
the best results these tools need to be
hollow ground.
The process of sharpening tools on
the wheel is kaown as ‘off-hand

grinding’, and it is a curious fact that,
except for treating specialist equip-
ment such as ‘carbide tipped tools’,
the practice in industry really is off-
hand, for no means are provided, on
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the grinding machine itself, of ensur-
ing that the correct angles are 1mpart-
ed to the tools.

Fortunately, the small workshop
can remedy this deficiency for itself by
fitting to the bench grinder a tool rest
capable of being tilted at an angle in
relation to the side face of the grinding
wheel.

The illustration Fig. 2/ depicts such
an angular rest fitted to a small
grinder intended for the treatment of
small turning tools. The make-up of
this device will be almost self-evident
consisting asitdoes of but three simple
parts, the rest table, the support, and a
bracket for attachment to the base of
the machine.

The use of the device is of course
restricted to grinding on the side of the
wheel, for only in this way can the
correct angles be imparted to the tool
face.

The illustration Fig. 19 shows a
similar angular rest fitted to a com-
mercial electric grinder.

The parts of the device are similar to
those shown in the previous illustra-
tion, and the method of adjusting the
tool angle to be ground is the same.

It 1s of course, perfectiy possible to
make an adjustable rest that will allow
the periphery of the wheel to be used
for grinding. But the small wheels
normally used by amateurs tend to
produce a hollow-ground finish and
weaken the cutting edge of the tool
itself. For this reason grinding on the
side of the wheel is to be preferred.

Fig. 18. Parts of heavy current switch
fitted to low-volt electric drill
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ig. 19. An angular rest fitted to a
commercial grinder

| If 1t oas possibie. two grninding
wheels she suld be avattable in the shop.
[One. o wheel of 60 griesize for rough
shaping the tool. the other an 80 grit
Ihwheel 10 be used for fintsh grinding the
ftooi pont,
| When the grinder s of' a repumbfe
imake it 15 safe 1o assume that the
Ermdng wheels themse iv‘x will be
L properiy mount é. Ez 15 worthwhile,
inev erthe!esc to assure oneself on this
oint. A correctly ‘mdnted wheel 13
Ldepicted diagrammatically in Fig, 20,
| The wheel, havingale ad bushing at

ished flanges. One of these 1s a firm
fit, and is sometimes keved, to the
spmd?g The flange diameters are
Lnormally one-third of that of the
P grindirﬁ, wheels themselves and paper
washers are interposed between the
{flanges and the face of the wheel to en-
esure that it beds nroperly. The Janges
Emust never contact the wheel lirectly
fand to ensure they do not, grinding
gwheel manufacturers supply the wash-
flers already affixed 10 the wheel.

| The wheel itself must run without
flany wobble. If there is any, the fixed
flange should be examined and its
fcontact face checked for true running.
EWobble at this peint, provided the
ffixed flange is secure, can sometimes
fbe corrected by turning the flange in
| place. But this. admittedly, is not an
Lcasy jobso it is better to withdraw the
fflange, mount it on a true running
Emandre] on the lathe and machine the
Hpart in this way.

| The grinding wheel must be run at
lthe correct speed of approximately
15,000 surface feet per minute in
f accordance with the following table

Hheel Revs. per
diameter minte

k) 5,400

4 4,800

) 3,800

) 3,206

Nts contre. is gripped between a pair of
: B :
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In use, the individual grits of which
the wheel 1s composed becomes dulled
and do not cut freely. It is necessary,
therefore, to aress the wheel from
time-to-time in order to remove the
worn grit anc present a new cutting
surface. This 15 carried out with a
wheel dresser, a tool available in most
tool shops. The operation is accom-
panied by a considerable amount of
dust, naturally of an abrasive nature,
so the siting of the bench grinder in the
workshopis of some importance.

Whenever possible, grinding mach-
nes should be placed well away from
other machines. if this cannot be done
the tools must be covered to protect
themduringthe wheel turning process.

Grinding Screwdrivers

Screwdrivers are not the easiest tools
to re-shape free hand. Insirument
screwdrivers, in particular, need care-
ful treatment and should, for prefer-
ence, be hollow-ground. Provided the
screwdriver to be ground 1s of a
medium size the set-up illustrated in
Fig. 21 can be used. A small diameter
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Fig., 20, A correctiy mounted grind-
ing wheel

wheej i1s necded mounted directly on
the shaft of the driving motor or, if
need be. on a separate spindle. In
order to make sure that the grinding is
svmmetrical, the shank of the tool is
painted with blue marking and a ring
scribed round it. The ring is brought
into contact with the edge of the grind-
ing rest each time the tool is turned
over; in this way the ground faces will
be symmetrical.

A more sophisticated device is
depicted in Fig. 22. Here the marked
screwdriver, resting against the edge

e
¢

adiustable
angular fence
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Fig. 21. Hoflow grinding a screw
driver on a small wheel

of the grinding rest, is replaced by ar
adjustable angular fence consisting of
a table upon which the fence i:
mounted and a rail to accept V-
grooves machined in a block to hol¢
the blade of the screwdriver. This
enables grinding to take place either
upon the periphery of the wheel where
instrument screwdrivers need to be
serviced or on the side of the wheel in
the case of standard drivers.

The use of the angular grinding rest
1s again dealt with in some detail later
in the book where, in Chapter 9, the
servicing of the lathe tools is being
considered.

Fig. 22. Fixture for
grinding screwdrivers

Veblock to hold
screwdriver blade




"HE lathe is the most important
single item in the equipment of
the amateurs workshop. With it,
vhen fitted with the necessary attach-
nents, we can solve almost any prob-
em in machiming that may be en-
ountered. Many of these additional
ixtures may be purchased as com-
nercial products whilst those of a
pecialised nature are not difficult to
make using the lathe itself to help in
machining the necessary parts; spec-
alist fixtures will be dealt with in a
er chapter.

The type of lathe most suitable to
e requirements of the amateuris one
imple but robust design having
cilities for the adaption of a range of
mmercial attachments produced
cially for it as well as for the
specialist fittings already referred to.
The rroduction of such a tool at a
1ce acceptable to a wide range of
i buyers eventually entails manufacture
Eon the large scale, and nowhere is this
[ better exemplified than by the pro-
fiducts of the Myford Engineering

The Lathe

Company whose lathes have, for
many years, achieved a world-wide
reputation.

Whilst there are some amateurs
whose financial resources enable them
to buy lathes having the maximum of
refinement, for the most part pur-
chasers in the amateur field do not
need such equipment, requiring only
the basic machine tool to which
simple attachments may be added
from time-to-time. For thisreasonitis
the simple lathe that will be the sub-
ject of the present treatment.

The Drummond Lathe

However, before dealing with lathes
specifically designed and manufac-
tured today for amateur use, mention
must be made of their most important
predecessor. This was the Drummond
Lathe of 3 in. centre height. Made
specifically forlight machining such as
would be encountered in the small

Fig. 1. The Drummond 34" lathe
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workshop, the lathe had, or has for
there are many still in existence, a
number of outstanding features and
some of these may be seen in the illus-
tration Fig. /.

The first, and perhaps the most im-
portant, of these features is the lathe
bed itself. As will be seen the casting is
of cantilever or anvil form having a
single mounting foot of large area set
nearly at this casting mid point. This
ensures that, when bolted down 10 a
bench, there is no possibility of dis-
turbing the lathe bed and destroying
its accuracy.

The second feature is the somewhat
original toolpost fitted to the top slide
of the Drummond lathe. This enables
any tool in the toolbox to be quickly
set at centre height without resorting
to the collection of packing often
associated with this operation.

The Drummond toolpost, illus-
trated in Fig. 2 consists of a toolbox
clamped to a pillar integral with the
top slide. After clamping in the tool
seating the tool point is readily set at
both correct height and position by
slackening the clamp bolt and raising

THE AMATEUR’S WORKSHOF

Fig. 2. The Drummond toolpost

or lowering the toolbox as required

There are many more features tha
made the Drummond lathe, when in
production, one of the most successfu
ever produced for amateur use; nof
only the robustness of the saddle o
slides as well as the bed itself but spac
does not allow of their descriptio
here.

In England the immediate success
orstothe Drummond lathein the lighj

engineering field were the range o
machines produced by the Myfor

Engineering Company. These have
now developed into two main pro-
ducts; the ML 10, a back geared screw]
cutting lathe of 31 in. centre height,
admitting 13 in. betweeii centres and
tae ML7 and its derivatives lathes of]
3% in. centre height admitting 19, 20r
and 32 in. between centres. There is
also a wide range of accessories and
equipment available from the manu-
facturers.

Standard Equipment

All screw-cutting lathes are supplied
with a set of standard equipment. This
usually consists of a set of change-
wheels for screw cutting, a face plate,
a catch plate for driving work mount-
ed between centres, a pair of centres
and the necessary driving belts and
their guards.

In this form the lathe as supplicd is
only suitable for mounting on the
bench and the work it will handle
restricted to operations between cen-
tres or on the faceplate.

It follows, therefore, that some
additional fitments are needed to
enable a normal range of machining
operations to be undertaken. Apart
from some means of driving the lathe,’
and today this infers an electric motor
for which a mounting, together with
the necessary built-in countershaft, is
normally provided, chucks will be




Fig. 3. The 4-tco! turret

heeded so that both bar material and
L astings can be machined. In addition
i: special chuck to be mounted in the
£ ailstock mandrel will be required in
torder to grip drills and centre drills,
{laps and other tools.

i All these matters have been dealt
[vith in Beginners’ Workshop, so it is
Lhnly necessary o mention ihem in
butline here,

loolposts

T'he standard toolpost supplied with
Lthe lathe is one admitting a single tool
only. This 1s a somewhat restrictive
arrangement that can be largely over-
me by substituting the 4-too! turret
seen in the illustration Fig. 3. This
iccessory 1s normally a manufacturers
supply and is provided with a simple
means of indexing to ensure that tools
iwill take up their correct station after
fihe turret has beer rotated to bring
 hem successively to bear on the work.
§ - The turret is designed to admit
foround steel toolbits, in the case of the
#Vivford lathe, upto § in. section.

¢ In comjunction with the 4-tool
gjurret, or indeed in its absence, the
f Back Toolpost illustrated in Fig. 4isa
Buseful adjunct since it enables a part-
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ing too] to be permanently mounted at
the rear of the cross-slide, and, rapidly
brought into use, a facility of great
value when machining small numbers
of similar components.

Back Toolposts made for light
lathes usually have a single bolt fixing
and have means of tool height adjust-
ment either by packing or by a radially
seated ‘boat’ that supports the tocl
and allows it to be adjusted with
greater ease,

The Back Toolpost has further
advantages if it can be provided with
its own turret to hold an additional
tool, such as one for chamfering; the
design for a Back Toolpost to hola
two tools will be discussed in a later
chapter.

Steadies

Steadies to support long and slender
work mounted between centres, or
projecting some distance from the
chuck, can be supplied by the lathe
makers but only as additional attach-
ments; the serious user cannot afford
to be without them. There are two
forms of steady, the first illustrated in
Fig. 5isknown as a fixed steady, and 1s
used to support work projecting from
the lathe headstock. It is fastened to
the lathe bed along which it can be

Fig. 4. The back tcolpost
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Fig. 8. The fixed steady

Fig. 7. Method of avoiding damage
from tha steady jaws

Fig. 6. The travelling steady

THE AMATEUR’S WORKSHO

turned and be secured in the positio:
desired.

The second or Travelling Stead)
seenin Fig. 6, 1s attached to the saddli
of the lathe and is brought to bear o)
work mounted between centres. |
enables the turning tool to be set clos
toits jaws and prevents the work itsel
from backing away from the toolpoin
The steady has a pair of jaws, restrain
ing the work in both the horizonta
and vertical direction, and these, I
common with the jaws of the fixe:
steady, are usually made of bronze
Thejaws are, of course, adjustable and
can be clamped where required in re
lation to the work,

Metal jaws bearing directly on rela
tively soft material such as aluminiuxn
alloy are not to be recommended sinc
they tend to score the work. But thi
difficulty can be overcome if a strip o
well-otled card is interposed betweel
the jaws and the work and secure
against rotation by being clamped, i
the case of the fixed steady, betwee:
the upper and lower halves of th
attachment. This is a tip that seem
unknown to a great number of turner
so that no apologies are offered fo
bringing it to readers notice. Th
method of holding the card is illus
trated in the diagram Fig. 7.

This method ef avoiding damage t«
the work has been used by us man
times in the past and hasenabled worl
to pass the somewhat exacting re
quirements as to finish imposed b
such Bodies as the atomic energ
authorities.

Centres

Part of the standard equipment pro
vided with a lathe is a pair of centres
These fittings are a survival from th
earliest days when practically all turn
ing was carried out between centres
Of those supplied, one is hardened
the other left soft. The former fits th
tailstock whilst the latter is set in th
headstcok mandrei and can be turnec
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ig. 8. Haif-centre and female-centre

h place to make certain that any work
hounted between the centres, will run
rue.

Additional hardened centres avail-
bie are half-centres, enabling slender
pindles to be turned without the
hthe tool fouling the toolstock centre
tself, and female centres to accom-
nodate pointed spindles,

These centres are iiustrated in Fig.
at (A} and (B) respectively. Female
entres are principaily of interest to
lockmakers and nstrument workers
vhose activities sometimes include
vork on pointed shatts,

. One other form of centre deserves
otice if only for its antiquarian assoc-
ation. This is the pump centre illus-
rated in Fig. 9. It may be used to
renitre work that has to be mounted on
he lathe faceplate when it is essential
hat the part to be machined is held
ymmetrically.

The pump centre consists of a

= Ml D
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bump centre
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tapered body (A) desigred to fit into
the lathe headstock mandrel. A centre
(B} that is an accurate sliding fit in the
body, and a compression spring (C)
bearing on the centre (B) and held in
place by the cap (D).

An example of the use of this form
of centre is in the setting of a trunk
piston casting in the iathe so that the
seatings for the gudgeon pin may be
bored.

Here, after the casting has been
machined all over to the correct di-
mensions, the work is marked off for
the location of the gudgeon pins holes.
These centres are then lightly spotted




with a centre drill. The faceplate is

now mounted on the lathe mandrel
nose and the pump centre inserted in
the mandrel bore. The Tailstock with
centre in place is then brought up and
the work grpped between the two
centres. it is then a simple matter to
offer up zn angle plate fixed to the
faceplate and to secure both the angle
plate and the work in perfect align-
ment. When this has been carried out
the facepiate 1s temporarily removed

Fig. 11. The ML10 iathe
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Fig. 16. The tumbler gear and Nortc
gearbox

to allow the pump centre to be witi
drawn.

In addition to the centres describe
some manufacturers can supply, ¢
additional fitments, prong centre
enabling the turning of large woode
objects to be undertaken, and adag
tors carrying drill pads for use in th
lathe tailsiock. These drill pads will b
described in alater chapter.

The Leadscrew

As might be expected, in lathes mad
at a competitive price, the Leadscrey
serves to drive the saddle along th
lathe bed both for normal turnin
purposes as well as for screw-cuttin;
operations. The Leadscrew itself i
driven from the headstock mandre
through a train of pick-off gears o
change wheels that may be varied tc
accommodate the rate of feed requirec
or the pitch of the screw it is desired t«
cut. In addition a device known as the
tumbler gear allows the drive to be
reversed when needed.
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e change wheels
@ wide range of
€ [ 3 to be selected
simpiv. for the most part. by the
movement o“t wojever Thimmcmgc
fment is seen in the lustration Fig, 10
swhere the 'mt"“-” ccur and ifs oper-
ating leverisulsodepicted.

Ak
et

(The Miyvford Range of Lathes

T he range of Myford lathes has al-
ready been mentioned. but the time is
(now opporiune o describe these n
rea{er detatl. The smallest lathe the
IM L T0 is the fatest production of the
\mfd Engineering Company. In
the price to one attrac-
_ amateur and at the same
Fime provide a thoroughly practical
fnachine 100l the specification of the
lathe has been pruned of any item that
pvould otherwise ruise the price of the
basic muachine o an unacceptable
evel.

T he lathe is suppiied in the first in-
ftance as a bench machine with the
. stundard eyguipment already

forder 10 keep t
fiive for the :
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Fig. 12. The ML1Q lathe on stand

referred to. But there 1s an extremely
wide range of accessories availuble,
for the most part interchangeable
with those applicable to the ML7Y
luthe.

No tumbler gear is fitted and the
back gearis engaged by the simple ex-
pedient of providing a fork, cast on
behind the front bearing, to house the
back gear cluster, allowing the gears
to be slid into engagement and then
locked to position. The same arrange-
ment 1s used to provide a means of
reversing the Leadscrew drive. These
are but two exampies of the simplifi-
cation already referred to.

A furtherexampile is the omission of
the rack for the quick-traverse ar-
rangements for the saddle. In this
instance the pinion of the traverse
handleengages the headscrewdirecily.

The headstock spindle is hardened
and ground and runs directly in the
iron casting of the headstock, an
arrangement that should provide
bearings having long working life if
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a speciication not unlike that of tF
MLIO Irecadv described. but with th
addition of fever operated back-gee
and tumbler-gear  assemmbhes. Fr
Headstock and Tailstock spindles an
H(v hbored No. 2 Morse Taperand tr

armier iy carricd on white met:
He irings provided with prek-off shin
for adjustment purposes. This adjus

1ent s carred out in the first ar
stance. at the works. Provided th
futhe has proper treatiment our e
perience 15 that despiiec many hour
work no further adjustment 15 re
gurred even after 50 vears use.

In the case of the ML7 the pinion ¢
the quick traverse gear engages a rac
set under the ways on the front face ¢
the lathe bed casting.

The top slide is completely detact
able from the cross shide leaving th
latter quite free for the mounting ¢
the many accessories that are aval
able. ar for use as a boring tabie.

The lLeadscrew is normally drive
through pick-off gears and is revers
ible. as has already been mentionec
bv a tumbler gear system placed at th
rear end of the headstock casting. Fc
those who need the facility, a gearbo
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s available for drivir ng the leadscrew,
-hus enabhing rapid sefection of thread
sitches and feeds to be made. The
athe so htted, s thustrated i Fig, 13,

The Mytord Super 7 Lathe

The Supey 7

design of the ML7. 1t's main differ-

spce fromibe latterisim the hmdstock

mandrei bearmg arrangements, and

the contiguration of the mandrel itself,
A i

'y

~

i% o1 the

tathe

based
T 1

o, s AF Flos wmitmar  hoandctanls
pu L} it L9\
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is shown in the illustration F ig. {4.The
front end of the spindle runs in a plain
cone bearing whilst the rear end is
supported by a pair of angular contact
races adjustable 1o take up shake in
both journals as weit as any end ioat
n the spindle ttself,

Levelling the Lathe

o machine tcol can function proper-
ly uniess 1t is sei level before being put
to work. This is particularly true of
the lathe and never more so than when
the tool is 1o be mounted on a wooden
bench.

The cantilever form of bed casting,
pf the tvpe used by the Drummond
athe, 1s the most surtable for mount-
ng on a wooden bench in fact it is the
bnly practical trouble-free shape.
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Lathe beds with separated mount-
ing feet are really not suitable for
setiing on wooden benches because of
their hability to cause distoriion of the
bed. In fact, mest manufacturers ask
purchasers to avoid placing their
lathes on a wooden foundation.

For the most part lathes of the size
most suitable to the amateur are best
placed on a cabinet stand. These are of
atl-metal construction so, provided
that the stand itself is on a solid foun-
dation, once the lathe has been
correctly levelled on the stand, accur-
acy will be maintained.

In large organisations employing
many machine tools the millwrights
who are responsible for setting new
tools in place, have sensttive spirit
levels and other instruments to ensure
that machines are correctly leveiled.

The amateur usually is not so finely
equipped but hke can still achieve
success with the facilities he possesses.

A dial test indicator is normally
available in the small workshop and 1t
is this instrument that can be used to
assist in the levelling operations. The
lathe is first mounted on the bench or

Fig. 14. ML7 Super 7 headstock in
section
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cabinet stand with its hoiding-down
bolts in place but not se~urad, A piece
of round bar matenal. w~out 1 in.
diameter and some 101n. 'ong, is then
gripped ia the chuck and set to stand
out about 8 in. from the jaws.

The dinl test indicator is then
brought inio contac: with the bar and
maximum an¢ min-mum readings are
taken by rotatin. the chuck by hand.
The mean o the * - o readings 1s next
established aguin by turning the
chuck, and the indiv 1tor set to zero at
the mean position.

If the holding-dow 1 Dolts are now
tightened any distortion of the lathe
bed will be indicated »v movement of
the indicator needis. Shim packing
will then need to be rizced under the
feet of the lathe bed uri the indicator
reads zero when the bolts are fully
secured.

Having levelled the bed in the way
described which accords with the
makers instructions, a check must be
made on the accuracy of the setting.
The procedure is illustrated in the
diagram Fig. 15. A test piece, about
1 in. diameter and some 6 in. long is
turned and relieved in the manner
shown'in order to provide two collars
about § in. wide. These are each
maciined with the same tool setting
taking a cut of about 0-002 in., the

~—
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test piece being unsupported by the
tailstock. A micrometer is then
applied to each coliar in turn, and its
reading noted. If both readings are
identical no further action is needed.
If on the other hand there is a dis-
crepancy this indicates that further
adjustment t> the packing of the foot
at the tailstock end is required. Should
this be so, and the collar on the outer
end of the test be the larger, the
packing must be placed under the
front of the foot. If the collar is smaller
insert it under the rear of the foot,
Readers should note that two or three
checks may be needed to secure final
accuracy.,

Caring for the Lathe

Earlier in the chapter reference has
been made to the proper use of the
lathe. Readers may well think thisis a
matter that is not only self-evident but
scarcely worthy of comment. EXx-
perience has shown however, that, in
the main, the treatment of maching
tools leaves much to be desired so no
apology is offered either for referring
to the matter or for suggesting somsg
practical ways of caring for alathe.

In the first place all standing
machinery should be covered when
not in use; this too has already been
stated. The atmosphere generally is

measure here and here

N Fig. i5. Checking the
accuracy of levelling
the lathe bed

r ___/
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ull of dust and the air in the workshop
articularly so; therefore, it is im-
hortant to take any reasonable steps
1o reduce the deposit of this pessible
hbrasive substance on the tools them-
elves.
| It goes without saying that a lathe
heeds to be regularly lubricated. The
makers are very definite about thisand
for the most part issue precise instruc-
flions on the matter. It is most impor-
fant that the mandrel bearings are
feplenished with oil each time the
athe is used for an extensive run, and
that the sleeve bearing of the driving
bullev is lubricated as laved down by
lhe manufacturers. This also applies
Lo the back gear assembly.
| Many of the other bearings in the
'the are provided with oil retaining
ronze bushes, so it 1s only necessary
_;_I_ubrlccit» these at infrequent inter-
1ls as laid down by the manufac-

t is also important to make sure
fhat swarf, that is the collection of
netal particles which are the products
turnmg operations, is kept away, so
Bar as is possible, from the surface of
'e lathe bed and slides as well as
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from the Leadscrews and the feed
SCIews.

The feed screws are usually protec-
ted by their own slides, whilst the
manufacturers provide some form of
clip guard for the leadscrew.

But the safeguarding of the lathe
bed is a matter for the user himself. A
chip tray attached to the cross slide is
the best solution to the problem, the
device being on the lines of that shown
in Fig. I6and Fig. 17.

In addition to the chip trays for the
protectica of the saddle the lathe
should have some means of prevent-
ing swarf from dropping on to and
lodging in the headscrew. Many lathes
are so provided, but for those who do
not already have them the fitment
illustrated in Fig. I8 is quite easily
made from a short length of cycle
tubing affixed to a lug enabling it to be
attached to the lathe saddle. As illus-
trated the Leadscrew guard is suitable
for attachment to the Drummond
lathe and this applies also to the chip
trays seen in previous illustrations.

The trays may be affixed to the
saddle in many different ways, but,
because quick detachability for clean-
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Saddle front quard Rear quard
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screwdriver

Fig. 20. Arrangement ofchiptrays f
the Drummond

Fig. 18. Leadscrew protector
ing or other reasons is important, t]
Knurled screw clamp-seen in the illustration Fig. 19
the best. The use of these device
fitting the T-slots as they d», enat
chip trays to be put on or taken off
a minimum of time. They we
designed for one-handed operatic
and are self-releasing by virtue of ti
Tenon fits  light spring that pushes up the clan
plate as soon as the knurled screw
turned.

Possibly alternative placing of tl
chip trays is depicted diagrammati
) . ally in the illustration Fig. 20. Tl
Light spring  arrangement for the Drummor

lathe is outlined at A whilst the lay-o
Fig. 18. Clamp for chip tray for the Myford lathe is seen at B.

o

T-slot nuf

Fig-17. The
chip tray—
Drummond
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i similar layout is alsc suitable for any
llother lathe having wings to the saddle.
[ Chip trays may be extended along the
Faxis of the lathe butcare must be taken
#to avoid contact with the chuck.

| Finally a word of warning must be
Huttered on the subject of overloading
[ the machine. Probably the greatest
Fldamage that can be done to the man-
L drel of a light lathe i5 brought about
[ by knurling. This is an operation in-
[ volving the use of a single-wheeled
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tool, for the most part fed racally into
the work. As may be imagined this
imposes a considerable stra:n on the
mandrel and its bearings. The loading
can be somewhat reduced, however, if
the tailstock is brought up to support
the work, A better form of knurl
wheel holder is one having two wheels
diametrically opposite that embrace
the work to it. This tool relieves the
mandrel of all bearing loading; it will
be described in a later chapter.
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CHAPTER 3

YEXT to the lathe the most im-
| portant singie item of machine
* equipment is the drilling mach-
ine. Whilst it is of course, perfectly
possible to use the lathe for a number
of drilling operations, indeed some-
times more conveniently, for the most
part these are more easily and exped-
itiously performed by means of a
machine specifically made for the
purpose.

in the past a number of drilling
machines have been designed and
made ready for use by amateurs and
others interested in the production of
light machire components. But for
one reason or ancther many of these
have ceased to be manufactured and

so, for beiter or worse, are unobtain-
abie

Drilling Machine

Today the dnlling machines most
suitable to the requirements of the
small workshop can really be grouped
into three main classes. The first a
light high speed inachine having a
maximum capacity of 2 in. The second
a medium speed machme of § in. or
perhaps 4 in. capacity. Whilst the
third class comprises machines also of
interest industrially, with a multi-
speed range and a maximum capacity
ofasmuchas 1 in.

Of the first class probably the most
successful, because it was specially
designed for the amateur, is the
*‘Model Engineer’ drilling machine.
Thisdrill, designed by E. T. Westbury,
who will need no introduction to those
already interested in light engmeermg,
is intended to be made in the homeﬂ
workshop. The components have al
been designed so that they can b
machined on a lathe of 3% in. centr
height, and none of the-work present
any real difficulty. A set of detaile
drawingsisavailable and castm gsma
be obtained.

Next in the range of drilling mach
ines suitable for amateur use are thos
illustrated in Fig. 2 and Fig. 3. Bot
machines are the design of Messrs
E. W. Cowell of Watford and are, i
part, suitable for making in th
amateur workshop. They may b
bought as sets of castings with some o
the heavier machining already carrie
out or they may be had as fully finish
ed machines.

The lighter of the two machines ha
a capacity of § in. and a three-spee

Fig. 7. The Champion drilling machine
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Fig. 2. Cowell # in. drill
nge of 800 to 2.500 r.p.m. or a six-
Eecd range of 22010 2,500 r.p.m. The
imensions of the work table are
x 5% in. while those of the base,
bhich may be used to secure work
¥hen necessary, are 91 < 5% in.
t The maximum depth from the
fhuck to the base and the chuck to the
borktable are 10 in. and 8% in.
espectively, while ‘the overall helght
i the machineis 24in, :
| The ! in. capacity machine, illus-
rated in Fig. 3 is of heavier consiruc-
ion and, in addition to its duties as a
Lrill press is also intended to be em-
floyed for light milling operations
yhen used in conjunction with the
hakers compound slide bolted to the
vork table. To this end the whole quill
Issembly, that is the drill spindle and
: fs__;lbearmgs together with the rack-fed
fousing that supports them, is of
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altogether more substantial propor-
tions than those of the lighter
machine.

Moreover, the spindle is drilled for
a drawbar negeded to secure some
forms of cutter and is bored No. 2
Morse Taper t¢ accommodate the
class of collet used with the Myford
lathe. The nose of the spindle itself is
threaded io accept the ring nut
required to close these collets.

The machine has six speeds from

5010 2,100 r.p.m. and its cone pulley
floats on a separate pair of ball races
thus relieving the spindle from all side
thrust.

The third class of drilling machine
is one extensively used in industry. It
is of a design that appears to have had
its origins in America, many machines
with a family likeness being imported
during the iast war.

Fig. 3. Cowell % in. drill
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The two drills we illustrate in Figs. 4
and 3 come from the range made by
Messrs. C. J. Meddings Ltd. of
Slough. As readers will see the heads
of both machines are identical only
the mounting columns differ, one
being intended for standing on the
bench the other on the floor. Some
may consider the floor model to be
worth its extra cost, particularly when
bench space is limited.

All the rachines we haveillustrated
find a place in our own workshop so
we are able to speak about them at
first hand.

Driving the Drilling Machine

Whilst we have, in the main, described
a class of machine that has 1ts own
built-in driving motor, there are still a
number of drilis not so provided. For
these, and there must be not a few of
them avatlabie on the second-hand
market, a convenient driving method

THE AMATEUR’S WORKSH:

has to be contrived. Probably t
simplest way is to mount the motc
below the bench, allowing the drivi
belt to pass through.the bench top
the manner depicted in the illustrati
Fig. 6. In this way the motor is w
protected and occupies no valual
bench space. This method of mou
ing the driving motor has been used
the authors when fitting up the ‘Mo
Engineer’ drill and the earlier mod
of the Cowell drill.

The belts used with both the
machines are of the round leatt
type % in. dia. for the ‘Model Eng
eer’ drill and ! in. dia. for the Cow
machine, a subject that will be de
with fully in a later chapter.

As drilling machines are only us
intermittently they may convenien
be driven by low-voltage motors, t
these need to be capable of developi
1 or  horse-power in order to functi
satisfactorily. This is a matter alrea

Fig. 4. Pacera
. bench drili

. Fig. 5. Pacera
= flgor dril
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i_;:: 6. Mounting
imoter below the
jbench

ig. 7. Speed
ange device for
Champion’ drili

eferred to in an ¢arlier chapter where
n iflustration of such an application
as given.

yeed Changing Arrangements

The simplest method of providing
range of speeds for the drlling
achines suited to the reauirements
bof the amateur shop is to fit the drill
fpindle and the driving motor with
) _'__atchmg cone pulleys having three or
fnore steps enabling the driving belt to
#bc moved from one step to another
t without the necessity of adjusting its
§ cnsion. This was the arrangement
f penerally adopted in connection with
g bold for amateur use.

8 When the driving motor was loca-
.;f.:’-:. under the bench tuy, huwm&,
Ehere was naturally difficulty and
| lelay when beit changing, so some
f orm of speed selection device that
fould be located on the drilling mach-

§ these fitments is that shown in Fig. 7
t where a *Champion’ } in. machine,
Ehow no longer obtainable, is illus-
& The system, apart from the jockey
Eulleys needed to allow the round
[ cather driving belt to come up from
Binder the bench, consists of a small
drounter shaft ‘A’ with three-step cone
Sbulley mounted on an outrigger be-

lIne itseif was considered. The first of

hind the head casting, an intermediate
cone pulley ‘B’ attached to un adjust-
able arm secured to the top of the
column and finally the coriginal cone
pulley ‘C’ fitted to the machine spindle
itself. The belts used are miniature V-
ropes that are readily obtainable, and
these. after the speed selection has
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been made. have their tension adjust-
cd by the intermediate pulley secured
tothe column.

Virtuallv the same belt arrangement
was fitted to the earlv Cowell § in.
Drilling Machine :llustrated in Fig. 8.
In this instance. however, the inter-
mediate puliev 1s carried on a bracket
secured to the head casting, while the
countershaft is mounted directly on
the machme column.

The more advanced and larger
drilling machines to be had commer-
cially usually have a wide range of
available speeds attainable from
multi-step cone puileve. In addition,
as the the Pacera machine depicted
earlier, theyv are often fitted with a
back-gear similar to a lathe, so the
final range of available speeds is,
therefore, doubled and much work

%
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Fig. 8. Speed
Cowvell drill

range device fo

such as tapping, the trepanning o
large holes and operations of a like
nature can be undertaken successfully
In addition mary of the larger mach
ines have electrical reversing switche:
fitted to them. a provision that greath
assists when simple tapping opera
tions are being performed.

Cheice of Chucks and Methods

of Fitting

There 15 little doubt these days, tha
for drilling purposes the most popula
and widely used chuck is that made b
the Jacobs Companies. Years of ex
perience both in design and manufac
ture have resulted in the production o
high-quality components that, wher
assembled. provide a piece of equip
ment having great accuracy withou
witich successful drilling to clost
tolerances is not possible. Before the
general adoption of the Jacobs type o
chuck there were numbers of differen
makes to be had, none of them re
nowned either for good design o
quality.

For the most part, drilling machine:
have their chucks mounted on pegs o:
arbors. These have tapered seats t¢
accept the chuck itself while the arboi
may also have a shank machined tc
ore of the Standard Morse Taper
enabling 1t to fit spindies simiiarh
bored out.

Small drilling machines such as the
‘Model Engineer’ or the *‘Cowell’ how
ever, have their spindle noses formec
to accept the chuck directly as there 1
obviously no room in the spindle fo:
an acceptance bore as large as the
smallest standard Morse Taper. Botl
methods are tilustrated in Fig. 9at ‘A
and ‘B’ respectiveiy.

In order to secure the chuck to the
taper we have always advocated the

Fig. 9. Two methods of mounting the
drill chuck
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lintroduction when possible of a screw
lset axially through the body of the
chuck and engaging the drill spindle
iiself. A tvpical application of the idea
s depicted diagrammatically in Fig.
[ /0. It will be observed that the clear-
fance hole for the axial screw is thread-
ied so that a 4-B.A. jacking screw can
the used to remove the chuck from the
Bpindle if this becomes necessary. This
ks a method thatis preferable to that of
iendeavouring to strike the chuck from
Bts seating with the attendant danger
of damage. ,

| Before drilling and tapping a chuck
an the manner illustrated, readers are
Phdvised to make sure that the particu-
flar chuck they wish 1o treat in this way
lcan withstand this without detriment,
EAn example of the type that must not
Ibe drilled axially is the ‘Albrecht’
thuck also made by the Jacobs
@Vianufacturing Company. This is a
Kevless chuck, as opposed to the usual
lacobs product that needs a key to
tighten it. The mechanism of the
[ Albrecht’ chuck is such that it could
[be damaged were an attempt made to

hese tools are extremely well and
Bccurately made and have a range of

Fig. 11. The "Albrecht’ chuck
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Fig. 10. Securing the drill chuck

12 sizes with capacities from O to % in.
for the smallest to | to § in. for the
largest chuck. For those interested in
the drilling of very small holes may
like to know that the first chuck in the
range is provided with an engraved
index on 1ts body. This can be set to
the size of drill that is 1o be mounted,
thus making sure that it is properly
gripped. Those readers who have had
experience in these matters will
scarcely need reminding how easy it is
to insert a small drill, only to find that,
when the machine is started, the drill
point runs eccentrically because the-
shank is . -t properly seated in the
chuck. Moreover, when very small
drills are concerned, failure to mount
them correctly at the first attempt
could result in their permanent dam-
age. The Albrecht chuck in questionis
illustratedin Fig. 1. In the interests of
safety the bodies of modern drill
chucks are now made smooth, In the
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past several nasty accidents have
occurred as a result of hair or clothing
being caught by their serrated or
knurled surfaces. in very small high-
speed machines, where, for example,
the diminutive Albrecht chuck would
be used. this risk 1s negligible. But on
large capacity drilling machines,
where the drill mounting is usually at
eve-level, a knurled chuck sleeve can
be a hazard unless some form of
protection is provided. Industrially
this provision is now okbligatory, but
the amateur may well consider that to
follow suit is a wise precaution. A
typical chuck guard made for the
Pacera machines 1s illustrated in
Fig. 12

Fig. 12. Chuck guard

THE AMATEUR’S WORKSHOP

Fig. 11A. Section of the 'Albrecht’
chuck

A High Speed Drilling Attachment

It often falls to the lot of the small
workshop to carry out operations thai
industry would refuse on the score of
expense or simply because there is just
no equipment for the work.

One such operation was the driiling
in stainless steel of a number of holes
0-007 in. dia., } in. deep and spaced
G012 in. apart in pairs on a platform
0-030in. dia.

Clearly this was not work for any of
the ordinary drilling machines in the
author’s workshop; but a little con-
sideration showed that, if a suitable
high-speed attachment could be de-
vised, the old Champion drilling
machine already referred to had
sufficient feed sensitivity for success to
be achieved.

The resulting eqmpment 15 illus-
trated in Fig. 13.

Here, an air-driven turbme ‘A’
inounted in the drill chuck ‘B’ and is
guided by the steady ‘C’. The attach-
ment, as has been said, i1s lowered to
the work by means of the original feed
handle and is counterbalanced, for the
small amount of vertical movement it
has to make, by the adjustable spring
box ‘D forming part of the original
drilling machine.

The steady is secured to the drill
table and is adjustable so that a dril
set in the chuck of the turbine can b
brought to bear on the work. Th
Crills themselves are caught in a spec
ial form of chuck called a collet. Thti
device and other chucks are dealt wit
in Chapter 7.

The turbine is controlled by a needl
valve and is fed from the shop air lin

Turbines of the type employed wer
once largely uszsd in connection wit
aircraftinstri:ments. Trey are capabl
of very high speeds, up to 100,00
r.p.m. in some instances, so it is im
portant that, when they are applied t
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Fig. 13. High-speed attachment for
driiling very small holes

[ drilling operations. these turbines
flhave some means of control or the
points of the drills they drive may be
gburnt.

# Hand Driil Attachments

| The makers of the more important
| ciectric hand drills are able to provide
ithem with fixtures that will convert
the drills into bench machines. While
these conversions are, of course,
icapabie of drilling metal with a fair
L degree of accuracy they seem to be
ibest suited 1o woodwaorking, a field in
'hich they are particularity useful and
can be recommended.

esting the Drilling Machine

 (While a new drilling machine of repu-
| table make may be considered above
freproach so far as accuracy is con-
fcerned, it may well be that after some
fitime a second-hand machine, however
fiwell made, will have lost the accuracy
it once had. Readers contemplating
fthe purchase of a used machine may,
ftherefore. consider it worthwhile to
jimake a critical inspection of any drill
Poffered for sale and, at the same time,

g. 14. Testing the drilling machine

dril' tabe
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to carry out a couple of simple checks
which will establish its general con-
dition.

A quick glance wiil show if the
equipment has been maltreated or not.
Holes drilled in the worktable, and a
general air of decrepitude will doubt-
less be a signal to investigate no
further.

Fig. 15. Testing the drilling machine

machine

i} . "spindle

machine table

] ~~weight
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However, if the machine is clean
and of good appearance, 1t will then
be worthwhile to make the checks
referred to. The first of these, illus-
trated in Fig. 74 will give a rough
estimate of the squareness of the work

table in relation to the machine
column. The blade of the square used
must be of adequate length oranerror
may not he revealed. If the -machine
stands up to this check the would-be
purchaser may proceed to the second
test.

The object of this trial is to establish
the accuracy of the work table align-
ment, in relatton to the machine
spindle 1tself; for it must be remem-
bered that squareness with the mach-
e column is not necessarily a
guarantee that the drill spindle and
the work tabie are themselves in
alignment.

The equipment needed to make the
check 1s to be seen in Fig. 15 and con-
sists of a dial indicator attached to an
arbor set in the machine spindle. The
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Fig. 154. Testing the dritling machine

outer end of the arbor is made to bear
against 4 steel ball placed on the work
table, and a weight hung on the work
table ensuring that pressure is uni-
form. The dial indicator is set to zero
at the position shown in the illus-
tration, the drill spindle slowly ro-
tated by hand and readings taken at
four points around the drill table. If,
at a point immediately to the front of
the table, the dial indicator shows a
reading of plus 0-001 in., this is in
order, for it 1s usual to give a shight
bias here in machines of quality so as
to compensate for Joads when actua
drilling isin progress.

Unless the machine has a tiltin
table, not a highly desirable feature i
the author’s opinion, the readings a
each side of it should show no dis
crepancy. If there is a variation th
table will have to be adjusted, unti
there 15 no difference in the readings
When this has been done the checks a
the back of the front of the table ca
be made, for these would be of n
value unless the table had just been se
level.

The amount of error that is toler
able will depend on the work th
machineg is going to be called onto do
If high-quality workmanship an
production is expected, then th
latitude is virtually nothing. If onl
rough work is to be undertaken then
considerable tolerance is allowable
In all cases, however, the spindle
bearings should be in good condition




CHAPTER 4
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the private and commercial work-
|~ shop were driven by a single prime
L mover, such as a steam, gas or petrol
§ engine. through the medium of line-
1 shatting and individual countershafts,
! permitting the machines to be connec-
| ted or disconnected from the drive as
|| required.

| Later. engines gave way to large
electric moters. but the lineshafting
nd the countershafisremained, fiilling
he roof area with a torest of flat belts
hat were an obstruction to the natural
ighting of the work shop

~Todav. however. each machine in
he commercial shop and, in the main,
most of those in amateur hands, has
£ its own built-in electric motor. This
§ has much simplified the driving of the
~tools for, as well as getting rid of ex-
& pensive and  light-obstructive  line-
® shafts and belting. it allows any tool
1 to be moved and re-sited without
l difficulty.
g Acwrdmgi 1t is not proposed to
| devote much space to a rorm of drive
! that is now only of historic interest.
¢ Instead the emphasis will naturally be
8 placed on current practice, and the
[ conditions the reader will find at work
| both 1n the factory and in the private
[ shop.
B Nevertheless. since the use of flat
I belting cannot be dismissed out-of-
§ hand, if only because there are still a
[l number of the older machines driven
f| by means of it, some brief notes on its
¥ use willappear later in the chapter.

| Some vears ago, in a booklet en-
b titled Belt Drives in the Small Work-
§ shop, (Argus Books Ltd.), we went
| extensively into these matters. Those
4 readers who possesscopies of the book

Belt Drives

will v Ayt vardaan g ifwa Afon o Anly
VI IV VUL AUy Bla 1l Wi bdll ViEilly
dea! with the subject somewhat

repetitively in less detarl here. How-
ever, they will find thatinformation on
such subjects as the driving of drilling
machines or the provision of overhead
belt systems for the lathe is included in
those chapters that relate to the
machine tools in uestion.

Round Belts

The round belt 1s certainly one of the
most satisfactory means of driving
small machine tools. It has great
flexibility and can be used to transmit
any drive which necessitates an
abrupt change in angular direction
since a round beit will run freely on
jockey pulleys without any apprec-
1able loss of power.

A good quality teather belt has
much tocommend it both on the score
of expense and reliability. Today,
however, round rubber canvas belts
are being produced and these may be
obtained in lengths that can be joined
with a fastener or in the endless form if
need be.

The fastener commonly used is a
simple hook made from high-tensile
steel wire. This, as will be observed in
the illustration Fig. I, is passed
through holesdrilled in the belting and
bent over and clinched tn the manner
depicted.

However, if an irritating clicking
noise is not to result as the belt runs
over the pulleys, certain precautions

“must be taken when fitting the fastener

as well as ensuring that the pulleys
themselves are correctly formed.

‘A’ shows the form of the fastener
commonly employed. If it is clinched
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Fig. 1. Round belt fixing

over in the manner depicted at ‘B’,
clearly the fastener will project, and
become a source of noise. If, on the
other hand, the fastener is sunk into
the belting as demonstrated in the
diagram ‘C’, then the noise will be
much reduced if not actually elimin-
ated.

It s:ust not be supposed, however,
thai simply by squashing the fastener
into the belt this end can be achieved;
action on these lines would only result
in disappointment. It is necessary,
therefore, to cut shallow grooves
lengthwise in the belt to allow the
fastener to be sunk below the surface
without destroying the belting itself.
This is done by using a sharp chise!
with the belt held in the vice and the
cuts started from the drilled holes
through which the fasteners are
passed.

Fig. 2. Pulley sections
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Pulleys for Round Belts

At one time pulleys used with round
belting had a groove with an included
angle of 90 degrees machined in them,
as depicted in Fig. 2’. But experience
has shown that, in order to transmit
the maximum of power, the angie

chmitid ko radacad ta R deoreac
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less in order to materially increase
the wedging action In addition, as a
further step towards silencing the
drive, a rectangular groove is machin-
ed at the apex of the angle. This forms
a clearance space for the fasteners
should they protrude atall.

Jockey pulleys are commonly made
with a circular groove. The reason for
this is that, as no wedging action is
needed here, In fact it must be avoidea,
the circular groove is best suited to
allow the belt to run freely. Again, itis
advisable to machine aclearance space
for the belt fasteners.

‘s ls
[ B V.5 Y

Applications of the Round Belt

Present day uses for the round belt are
principally confined to the driving of
small drilling machines and grinding
heads. Both aspects have been des-
cribed fully in our book Beginners’
Workshop so it is not proposed to
further enlarge on this part of the
subject. )

However, a word should perhaps be
said here on the subject of the lathe
overhead drive, though this is 2 matter
receiving attention in an appropriate
and later chapter.

The lathe overhead is a belt system,
driven either from the lathe power unit
itself, or from a subsidiary motor,
enabling work held stationary in the
headstock chuck, or otherwise mount-.
ed on the mandrel, to be drilled or
milled as required.

For the most part it is work needing
only a little power, and this the round
belt is well able to supply. In addition
its flexibility enables the belting
arrangements to be modified *o suit
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1lmost any contingency. In Fig. 3 two
ypicallayoutsare illustrated.

- The fayout *A’ is us-d when using a
milling attachment mounted on the
;addle of the lathe, whilst the arrange-

- ment ‘B’ was that employed for driv-
~ing a spot-drilling attachment before
it was fitted with self-contained elec-
§ “tricdrive.

b The parts of the overhead drive are
i all adjustable positionally. Thus, if it
| 'is necessary to bring the jockey pulley
E forward over the lathe the counter-
| weight can be moved back to compen-
 sate for this.

|- Reversing the direction of the drive
| when using a round belt is a simple
operation. All thatis needed isto cross
[ the belt in the manner shown in the
| second diagram.

|  When the pulleys are well-designed
f and correctly machined round belts
§ have a sound gripping action. it is,
|- therefore, quite unnecessary to apply
# a heavy counterweight to the system.
. A weight of, say, 5to 6 1b. will usnally
E be quite sufiicient to secure a satis-
1 factory drive.

¥  Round belting can usually be had in
| avariety ofsizes, but for the most part,
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Fig. 3. Alternative belt layouts

a § in. dia., belt will be suitable for

- the small drilling machine whilst § in.

dia. is a convenient size to use in
connection with the lathe overhead
drive.

V-belt Drives

The popularity of the V-belt derives,
for the most part, from the fact that it
can be used to transmit power at very
short centres. Typical examples are
those seen in the illustrations Figs. 4
and 5, depicting the primary and
countershaft drives of the Myford
Iathe. In both instances it will be seen
that the centre distances between the
motor and the countershaft, and the
countershaft and the lathe mandrel
itself, are commendably short, result-
ingin amost compact layout.

The smaller sizes of belt commonly
used will transmit power up to a
maximum of 2 h.p.; they are very
flexible and so do not heat up when
bent round pulleys of small diameter.

For this reason, when increased
power has to be transmitted, it is
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usually better to increase the number
of small belis rather than make use of
a singie beit of greater cross section.

Apart from the range of V-belts that
are generally in service there is a
number of small V-belts of miniature
form that are of especial use in the
amateur workshop. They are, for the
most nart, approxinately § in. wide
and are made in a variety of lengths.
We have used these belts in a number
of applications, both as single belts or
in a composite assembly, where their
great flexibility makes them most suit-
able for employment with the quite
small putleys fitted to the various
mechanisms.

Pulleys

For the range of belts used indus-
trially, pulleys, either made of sheet
steel or cast light alloy, are available
from stockists, many of whom are well
qualified to give advice or solve any
problem that may arise. The miniature
belts referred to earlier, however, for
the most part need pulleys that the
amateur must make for himself.

In order to secure the maximum
wedging action from a V-belt the
groove in the pulley must be machined
to the correctangle—information that
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can be obtained frem the manufactur-
ers catalogues. In this connection it
should be understood that the angle
varies with the pulleys diameter. The
reason for this is that as the belt is
bent round a small pulley its cross-
section changes and the V-angle of the
belt itself varies from normal. The
correct angle for any given diameter
can usually be found in the relevant
makers list,

The making of these small pulleys is
a :traight-forward exercise in lathe
work with which we shall be dealing in
alater chapter.

Applications

V-belt drives are in two forms. The
first, and perhaps the most common of
them, is that iit which the pulleys used
both have V-grooves. The applica-
tions of this drive can be seen through-
out industry. The second form com-
bines a V-pulley, the driver, with a
normal flat faced pulley driven by two
or more narrow V-belts. This type of
drive is particularly useful because it
often allows existing flat pulleys to be
used. Examples in our own workshops
are compressor diives,and, in one
instance, the primary drive of the lathe
countershaft.

Fig. 4. Short
centre belt
drives
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Flat Belts

As has been said eariier. the tlat belt

has now {allen into disuse in the work-
shop except in a few cases where old
| type machines are in usc. Nevertheless
some notes on the use of the flat belt
seem stiii justified.

At one time flat beiting was made
from a varitety of maierials such as
canvas, rubberised canvas and leather.
For the driving of muachine tovls,
however, leather belting is sull the
most satisfactory since 1t i1s the least
affected by oil and, for the most part,
is the most flexible. It is probably the
.most expensive. but its all-round
advantages and long-life, for drives
20 vears old are not uncommon in the
‘amateur workshop, make it, in the
‘Jong run, still the best material avail-
~able.

‘Belt Fasteners

‘Unless the belts are to be run over
large pullevs the commercial patiern
of fastener is really not suitable. The
aim, in the private shop at all events, is
a drive that is free from noise and is to
| all intents and purposes endless.

| 1t is best therefore, to make a butt
k joint and to sew the two ends of the
| belt together in the manner seen in the
| diagram Fig. 6.

' The sewing is carried out with 24 g,
¥ copper or soft iron wire after driiling
| the belt and cutting shallow nicksin its

|l Fig. 7. Belt
¥ tensioning method
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Fig. 6. Wire fastenings for flat belts

JOCKLEY PULLEY




54

surface to allow the sewing to sink
below the face in contact with the
pulleys.

The number of sewings will of
course depend on the width of the beit
itself, but the diagram demonstrates
an application to one having a width
of L in.

Belt Tensioning Devices

Unlike the V-belt, if the fiat belt is to
be used with pulleys mounted at close
centres some form of tensioning de-
vice will be needed. In the case of the

lathe this may well take the form of a
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countershaft mounted oa rocking
centres so that the drive from the
countershaft, and perhaps also from
the motor, can be put under tension.

Perhaps the simplest course, how-
ever, is to provide a jockey pulley that
can be brought into contact with the
outside of the belt applying tension
and increasing the wrap-round effect
on the pulleys themselves.

In order to minimise any power loss
the pulley must be mounted in contact
with the free side of the belt and as
close to the driving pulley as possible.
This arrangement is depicted dia-
grammatically in Fig. 7.



CHAPTER 5

YHE shaper, as 11 1s commonly
termed, whether it be operated
by hand or power-driven, is a
most useful machine for forming
| accurate flat surfaces and cutting long
| keyways as well as work of a similar
kind. Although these operations can
be carried out in the lathe by milling or
fly-cutting, the shaper has the advan-
tage, by virtue of its longer slides, that
its capacity is greater for dealing with
larger work, such as surfacing mach-
ine tables. Again, the method of
mounting the cuttingtoolin the shaper
head, and the massive castings used
used for the sliding parts, make for a
rigidity that may be lacking in a light
lathe equipped with a revolving cutter.
I A suitable tool enables a heavy
£ initial cut to be taken when machining
{ iron castings, and a subsequent light
cut gives a highly-finished accurate
~surface.

- The Drummond hand shaper, used

Fig. 1. The Cowell
shaping machine

he Shaping Machine

for many years in the workshop,
proved to be an accurate machine and
was found capable of machining the
table of a vertical slide measuring 6 in.
by 5 in. Moreover, when tested on the
surface plate, the part was found to be
truly flat and did not require a final
hand-scraping operation. In addition,
the dovetail slides on the back of the
casting were machined without difli-
culty. Although this machine, made
for bench mounting or fitted with a
pedestal stand, is no longer in pro-
duction, the Cowell hand shaper is of
somewhat similar design and appears
to be a worthy successor.

There are also smaller machines on
the market which are in some demand.
The bench-mounted Cowell shaping
machine, shown in Fig. I, is of
accurate and robust construction and
capable of machining work up to a
maximum of 6 in. by 6 in. The tool
slide has a feed of 2} in. and the maxi-
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mum distance from the tool to the
surface of the table is 5 in. The five
rates of automatic feed of the travers-
ing slide range from 0-0025 in. to
0-0125 in. and the tool shide swivels
through 180 degrees. The base mem-
ber of the toolholder can be set over to
afford relief on the idle stroke when
taking cuts at an angle or on vertical
surfaces.

It should be noted that, to reduce

the cost of installation, the machine
can be supplied in the form of a set of
components with all the heavy mach-
ining completed, together with all
necessary parts and materials. Includ-
ed also are a set of working drawings
and full instructions for completing
the machine which can be carried out,
like other Cowell products, in 4 34 in.
lathe. A machine vice, designed for
use with the machine, can be supplied
either as castings or in the finished
form.

To save working time and unneces-
sary labour, the Drummond work-
shop machine was replaced some
years ago by the Acorn Tools power-
drivenn shaping machine, which has
proved in every way satisfactory both
with regard to its accuracy and free-
dom from wear. In fact, despite much
of the heavy work undertaken, no
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adjustment has been needed, although
provision is made for this by fitting the
sliding members with peel-off shims.

This machine, shown in Fig. 2, is
massively built to ensure rigidity and a
capacity for taking heavy cuts. The
sliding ram has a stroke adjustable
from 4 in. to 7 in. and is fitted with a
graduated, swivelling tool slide moun-
ting a toolholder and clapper-box.
The machine table has a height ad-

£ 8
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and a horizontal
travel of 9% . which is operated
either by hand, or automatically to
provide feeds of from 0-005 in. to
0-025in. in either direction.

To prevent tilting of the machine
table under the cutting pressure, the
box-form casting is supported by an
adjustable, travelling jack-screw.Both
the tool slide and the traversing table
are fitted with index collars graduated
in thousandths of an inch.

The ram i1s driven by a 1 horse-
power electric motor at the rate of
from 40 to 170 strokes per minute
through variable gearing incorporat-
ing a V-belt drive. Ball and needle-
roller bearings are fitted to carry the
driving shafts, and ample means of
lubrication are provided for the work-
ing parts.

A swivelling machine vice is secured

Fig. 2. The Acorn
Tools shaping machine

Fig. 4. Tool for
cutting internal .
keyway
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:‘;j‘ ig. 3. Shaping machine surfacing
ftools

by means of T-bolts sliding in the
fslots of the box-form work table. The
i pase of the vice 1§ graduated in degrees
io provide exactangular settings.

 Operating the Shaping Machine
" T'he usual high-speed steel lathe tools
ill serve for most machining oper-
 htions.
|| The various tools to meet all
 ordinary requirements are fullv des-
cribed in the book Shaping Machine
and Lathe Tools, published by Model
nd Allied Publications.
The tool shown on the right of
ig. 3 is suitable for all general sur-
cing operations, and the second tool
s designed for machining, at a single
peration, work which has a flat,
f horizontal surface as well as an in-
ccgral verticalshoulder.
. - Boththese high-speed steeltoolsca
goc readily ground when resharpening
grccomes necessary. Tungsten carbide-
Jiipped tools have been found to retain
= heir sharpness when taking cuts
| through the scale of iron castings and,
f with a following light cut, they also
bive a high surface finish to this
L material.
The tool illustrated in Fig. 4 was
E made for cutting internal keyways in
[ he bores of pulleys and other machine

57

The inset citter-bit enables such
keyways to be accurately machined
for both width and depth by referring
to the index collars fitted to the feed
screws of the machine.

The Starrett taper gauge, Fig. 5 1s
graduated in thousandths of an inch
and provides a ready means of meas-
uring the width and depth of the key-
ways as machining proceeds.

External keyways can also be cut in
shafts with a tool similar to that used
for parting off work in the lathe,

However, for this purpose, it is
advisable to drill a shallow hole equal

- to the width of the keyway to form a

run-out for the tool at the forward end
of its travel.

After securing the work in the
correct position on the machine table,
and before starting the motor, the
length of the ram stroke is set from the
linear scale to enable the tool to clear
the work ateither end of its travel, and
the position of the ram is adjusted
accordingly.

It should be noted that the base of
the clapper box needs to be set so that
the toolis slightly inclined towards the
work in the direction of feed. This en-
ables the point of the tool to rise clear
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of the work face on the idle or return
stroke.

The rate of the ram travel will
depend on its iength of stroke; that is
to say, time will be saved by using a
rapid stroke for small work, ond
smoother working will be obtained
with a slow stroke rate when machin-
ing large surfaces.

it is advisable to apply cutting fluid
for machining steel, but cast iron 18
best machined dry.

When a batch of metal strips has to
be machined parallel and to an equal
width, this can be readily done by
bundling or clamping them togetherin
the machine vice, and then taking cuts
over both the upper and lower
surfaces.

Shaping operations on plastic mat-
erials give excellent results, and it has
been found that Perspex, dealt with in
this way, can be brought to a high
surface finish by subsequently rubbing
with a rag, backed by a wooden strip
and charged with liquid metal polish.
Woodwork can also be machined toa
high finish in the shaper by using tools
made from silver steel and formed
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Fig. 5. The Starvett taper gauge

with suitable rake and clearanc
angles, corresponding with those o
the ordinary wood chisel or plam
blade.

ner Box

The tool slide of the shaping machin
consists of two main components, th
Base and the Clapper Box. As has al
ready been shown the 100l slide as :
whole is attached to the head of th
ram and can be turned at an angle i
order to assist some machining opera
tions.

[tis sometimes necessary to lock th
clapper box itself. Normally this i
allowed to swing free in order to giv
relief to the tool, when machinin;
overhung surfaces such as tool slide
the box must be locked or the tool wil
jam on the return stroke.

Some machines, as they should be
are already provided with some mean
of locking the box. However, in ai
emergency when no provision is made
it may be locked by interposing a jacl
screw between the base of the too
slide and the back of the tool itself, a
shownin Fig.6.

Shaping Machine Toolholders

Two forms of toolholders are fitted t
shaping machines, the English and th
American. The first, comprises a cast
iron block fitted with setscrews pro
jecting into a box-type seating t«
accept the tools themselves; th
second, a pillar-like toolholder free t«
turn in a block forming part of th
clapper box assembly itself.

The first has already been illustratec
in Fig. 6, the second is depicted i:
Fig.7.

From the standpoint of the shaping
machine operator the American typ:
toolpost has much to commend it
principally because it allows tools t«
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- Fig.6. Animprovised methed of lock-
Lling the clapper box

libe set at an angle in relation to the
L tool-slide itself, and to a much greater
|extent than 1s possible with the English
[l paitern tool holder. This facility 1s of
{ great advantage when cutting down
the side of work. an operation re-
| quiring the toocl shide itself to be
aligned ai right angles to the surface of
the machine table. When mounted in
| this way the variety of lathe tools that
| lmay be emploved is much increased.
Tt is no bad thing to coliect together
those tools that experience has shown
to be particularty applicable to shap-
g processes and to mount them in a
ood block so that they are readily
railable for use.

dditional Tools

ention has already been made of the
ecial tool for cutting internal key-
ays in the shaping machine. This
 piece of equipment is seen i1 action in
§ Fig. 8. It is important to note that the
L tool must be pulled through the work,
[ therefore the clapper box has to be
[ locked so that the shaper can cut on
- the back stroke.

§ It is sometimes necessary to make
[ an accurate saw cut in some particular
8 component. For want of a milling
E machine this is often possible in the

[ Fig. 7. The American tool post
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shaper using a short piece of hacksaw
blade mounted in a holder that may be
set in the tool post. It is obviously of
importance that the saw is upright in
relation to the work; this provision
can, of course, be assured by testing
set-up with a small square mounted on
the machine table or the vice.

Fig. 8. Cutting an internal keyway




CHAPTER ©

FILLING as applied to work-
shop practice may be described
as the process whereby rotat-
ing cutters of various forms are used
to shape work by the removal of
metal. their action being controlled to
close limits of accuracy. Thus, by a
mitling process a kéeyway may be cut
having both s width and depth
dimensionaily correct throughout its
iength.

So this boek would not be complete
without some reference to the milling
machine itself. But it must be said at
the outset that areaily satisfactoryand
accurate machine is expensive and
that the additional equipment needed
increases the first cost considerably.

Furthermore, the provision of suit-
able cutters and equipment for keep-
ing them sharp, an essential in milling
operations, adds to the capital outlay.

For these reasons. then, milling
machines are unlikely to be found in
many purely amateur workshops
though in the private shop, where it is

4V B

Fig. 1. The elements of the miliing
machine

a commercial basis, they may well
havea place.

In the main, therefore, the amateur
will wish to use his lathe for milling
purposes, a subject that will be fully
covered in Chapter 13,

In the past there has been a number
of small bench machines produced for
purely amateur use. It is difficult to
say, however, whether a separate
machine of necessarily somewhat
light construction has any advantage
in this respect over a robustly made
lathe fitted with adequate attach-
ments enabling at least the majority of
plain milling work to be performed.

Qur own experience both in the
amateur and in the industrial field has
taught us that, for the most part, mill-
ing in the lathe within capacity of the
particular machine in use, is a sound
practical proposition, and is capable
of yielding results able to satisfy the
most exacting requirements.

But to return to the milling mach-
ine. Many readers will know that,
historically, the horizontal miller was
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feveloped directly from the centre
fathe. In fuct earl machines were
fittic more than fathes provided with
Bome means of feeding the work to the
fotating cutter in a measurable
knanner. In addition means had to be
found to support the cutter arbor
moainst machining reaction; usually
[his problem was solved by some form
h{ a tailstock similar to that used on
the centre lathe.

| By a process of evolution the hori-
Lontal milling machine has now be-
tome a unit comprising basically a
Imain casting carrying a pair of bear-
ngs supporting the machine spindle,
o he latter provided with means of
bositioning and clamping the cutter.
. The v»ork to be machined 1s mount-
d on a table forming part of the knee
ssembly and is adjusted to the correct
th of cut by a feed screw set verti-
faily in the knee. In addition, a hori-
'j_ontal feed screw controls the move-
fment of the work table across the top
Burface of the knee. The elements of
Ehe machine are illustrated in Fig. /.

# A number of the small bench
inachines that are available have no
Ebther facilities than those of the basic
Imachine. For many this will be no
Hrawback particularly if the money
taved by not providing automatic
[vork feeds, back gear and other simi-
Bar refinements is devoted to giving the
fnachine the adequate spindle bear-
iings and slides without which no
g.atisfactory work can be performed.
ll With a milling machine compon-
fonts to be dealt with are either mount-
Eed directly on the work table or are
frripped in a vice secured to it.

EVIachine Vices

fI'he vices used on milling machines
nd other machine tools possess three
Enain requirements, Firstly they must
be accurate. Secondly they must be
Erobust and lastly they must have low
Bverall height. Whilst the first two
frequirements need no emphasis, a
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little consideration will show that
much of the effective capacity of a
small machine can be reduced by
fittingtoita vice thatis too high.

Reputable mak~s ot machine tools
manufacture the vices fitted to them.
It can be assumed, therefore, that the
equipment they supply is suitable and
is also accurate.

Under these circumsiaices, ihere-
fore, it may not be considered neces-
sary to check the vice supplied. On the
other hand, if equipment is purchased
from a source other than that of the
machine tool maker himself, or has
been bought at second-hand, then it s
worthwhile applying some simple tests
to it before putting the equipment into
use.

In the case of the machine vice there
are three principal points to watch for.
These are depicted in the illustration
Fig. 2 where a vice having these major
errorsis shown.

InourillustrationthestandingjawA,
that is the one integral with the main
casting, isoutofsquarewiththebaseC.
The moving jawB is loose on its slide
and will ride up when it engages the
work. Though not shown in the illus-
tration the face of this jaw may not be
truly parallel with that of the standing
saw. In passing it may be worth noting
that one particular design of vice over-
comes the last two difficulties by pro-
viding the moving jaw with some
means of clamping it to the base once
it has made contact with the work.

Fig. #z. Errors in a machine vice
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vice under fest
in s poution

Fig. 1. Testing the standing jaw of a
vizg

Fig. 5. Testing the parallelism of vice
jaws

\ - feeler qauges

Vice jaws
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The last point to be observed is th
parallelism of the work surface i
relation to the base of the vice. This i

indicntad nt (1N 114

INGICaea at i\ in the illustr atiuu am
by making a check this is the firs* con
cideration. The diagram Fig. 3 show
how this 1s carried out. The vice itse!
is placed on a surface table and th
contact foot of a dial test indicator i

surface. The vice is then moved abou
under the indicator. If when the foc
of the indicator making contact a
A, B, C, and D, no movement of th
indicator needle can be observed the:
both base and work surface are para
ilel. If accuracy is established we ma
proceed to test the squareness of th
standing jaw, The method employe:
is illustrated in Fig. 4. Here a stec
parallel of known accuracy is set in

vice also known to be accurate. Th
vice to be tested is then clamped to th
parallel, a roller being interposed be
tween the moving jaw and the stee
parallel.

The dial test indicator is then ap
plied in the way shown in the diagramn
Parallelism in relation to the vice jaw
themselves can easily be checked i
the way depicted in Fig. 5.

Whilst the amateur can make goo
use of a simple milling machine prc
vided only with manually operate
work feeds, the small professional use
will no doubt need more advance
equipment that has these feeds con
trolled automatically.

A typical machine is that illustrate:
in Fig. 6 where one of the range o
machines made by Messrs. Tor
Senior is depicted. This tool is design
ed especially with the small user i
mind. It has spindle speeds in twelv
stages ranging from 60 to 4,000 r.p.m
enabling very small end mills to b
used efficiently whilst the lower spin
dle speeds available allow larg
cutters to be employed for heavy stoc
removal.

The work table fitted has dimen
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f lions 20 47 in. and a trvel of 10
s cross travel is 31 in. The vertical
avel of the knee supporting the tuble
9in.

As will be seen an overarm s fitted
nd along this the arbor support bear-
gcan slide being locked in place after
ositionai adjustment has been made.
The machine 15 in &very way d
horoughlyv practical conception. The
utter spindle is carried in Timken
ipered roller bearings whilst the
ront face of the main casting has a
egister tapped for screws he .ng the
totting attachmeni or other fitments.
A simple tvpe of dividing head 18
vailable enabling most standard
ivisions to be obtained.
Perhaps not the least interesting
int to the small user is that machin-
d castings for the range of Senior
ilting Machines can now be sup-
ed.

i he Vertical Milling Machine
EWhilst a vertical milling attachment
Mliscd in conjunction with a horizontal
Fhnachine may suffice for much of the
#vork to be undertaken there 15 no
flloubt that a miller designed for the
Ehurpose has many advantages over
£ iny such combination.

[ | A pood example of a verucal mach-
f heisthatiliustrated in Fig. 7. Here the
f nilling unit with its driving motor is
@ 1iached to an overarm thus allowing
E nuch latitude in the way the cutter
[ \pproaches the work. In addition to
L lhe normal controls for the work table
L ind knee the milling unit itself has its
[bwn independent feed arrangements
[ ind a depth stop that can be set to suit
he work inhand.

L P quipment

[ Whatever attachments are used with
[Bhe milling machine there are certain
b dditional items of equipment without
Bivhich the tool cannot be employed to
fts fullest capacity.
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Fig. 6. The Tom Senior milling mach-
ine

The first of these is the Dividing
Head. This comprises two unifs,;
1. A small headstock with division
plate, a mandrel with driver plate and
centre, and a detent to engage holes or

Fig. 7. A vertical milling machine
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Fig. 3. The rotary table
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Fig. 8. The dividing head

sfots n the division plate iseif. 2. .
tatlstock with cenire adjustable in re
lation to the work which may be eithe
mounted on centres between the tw
units, or carried ina chuck attached t
the Arst unit.

In this way the part te be machine
may be rotated through the successiv
fractions of a whole turn required t
complete the work in hand. Both unit
are mountied on the work table of th
muilling machine asshownin Fig. 8.

The second item of additiona
equipment, is the rotating table. Thi
is a device that is 1tself secured to th
machine table enabling work place
on 1f to be turned through calculates
parts of a turn with a high degree o
accuracy,

Two forms of Rotary Table ar
illustrated in Figs. 9 and 10 respectivel
where it will be seen that both have th
edges of their work tables engraved i1
degrees and are provic 1 with |
vernier attached to the operatin,
wheel enabling minutes of a degree 1«
be indexed.

Bothexamples have tables T-slottec
to accept fixing bolts and one has ¢
pump centre allowing work to b
mounted concentrically with greate
facility.

Like the Dividing Head the mech
anism of the Rotary Table comprise:
a worm and wormwheel, the latte
forming part of the work tableitself.
will be appreciated that no backiasl
can be permitted in the engagement o
these gears. To this end some form o
adjustment has to be provided ensur
ing that the worm and the wormwhee
do mesh accurately. Fig. /7 shows thi
wormwheel under the work table anc
the retaining plate attached to it.

Fig. 11. The rotary table wormwhee
and retaining plate
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EFORE dealing with the differ-
ent lathe operations two items of
equipment need to be considered.
he first of these are the various forms
[ bfchuck used to hold the work and the
second, the tools used to do the actual
| nachining.

hucks

Che chuck is one of the more impor-
ant items of workshop equipment,
nd it 1s also one of the more expen-
ive. Our expertence, both in the
brofessional as well as in the private
L ector of workshop activity, leaves us
[Wwith the impression that chucks in all
piheir forms deserve better treatment
B han they usually get.

& LEarly iathes possessed no chucks as
Bve know them. For the most part the
g athes were used for wood turning and
[ he work was either mounted between
Ltentres or fixed to an elementary face-
fblate. Subsequently work tended to be
f remented into wooden cups or chucks

Fig. 1. The bell chuck

{;ig.z.'The4qavvEndependentchuck

A

Chucks

and these in turn gave place to brass
cups screwed to the nose of the lathe
mandrel and furnished with a series of
screws to secure the work. Such chucks
are known as bell chucks and are
sometimes found among the equip-
ment of certain precision lathes
though they have largely fallen into
disuse.

The bell chuck seen in Fig. [ car,
however, be said to be the forerunner
of the 4-jaw independent chuck tlus-
trated in Fig. 2 an intermediate
development being the faceplate fitted
with dogs or jaws introduced by
certain German manufacturers some
50 years ago.

Tﬁe 4-Jaw Independent Chuck

In the 4-jaw independent chuck the
jaws are reversible and so may be used
to hold work by the bore as well as
from the outside. Since the jaws move
independently of each other the chuck
may be used to hold irregular work

i
f Ilﬂﬂg
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such as castings provided that these
are within the chuck’s capacity. The
jaws have a portion of square thread
on their back face engaging corres-
ponding screws set in the body of the
chuck itself. Under normal conditions
the threads on the jaws are fully en-
gaged. If, however, one tries to grip a
piece of work too large for the chuck
the threads are not fully engaged and
those in contact may well be strained.
Moreover, the bearing of the jaws in
the ways machined in the chuck body
isreduced allowing the jaws to tilt.
There is no difficuity when reversing
the jaws in the body, for the latter is
numbered to correspond with the
mating jaws which should always be
placed in their correct location.

The Self-centring Chuck

As with the Independent chuck the
jaws of the self-centring chuck, illus-
trated in Fig. 3, aresetintenonsformed
in the chuck body itself. The jaws,
usually three in number, carry threads
on their reverse face corresponding
with those machined on the scroll used
to control the jaw movement. The
scroll is a heavy disc of toughened
steel incorporating the thread pre-
viously referred to; it has a bearing in
the cast iron body of the chuck and is
turned by means of bevel gearing, the
crown wheel teeth being machined on
the back of the scroll itself. The bevel
gears are also setin bearings formed in
the chuck body and are extended to
the outside so that a T-handled key
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Fig. 3. The self-centring chuck

can be used to turn them when in
serted into the internal square mach
ined in the extension. Whilst it 1
possible to set work in an independen
4-jaw chuck with complete accuracy
this, for the most part, is not true of th
self-centring chuck. For it must b
borne in mind that the accuracy of thi
type of chuck is entirely dependen
upon the skill and precision used i
machining the scroll and, perhaps to
lesser extent, the jaws.

Changing Jaws in the
Self-centring Chuck

The jaws of a self-centring chuck ar
not reversible so two sets have to b
provided; one set called the drill jaws
are used for the holding of work by it
outside surfaces as well as for grippin:
it internally on one or other of the se
of steps formed on these jaws.

The second set of jaws provide
with the chuck are employed whei
large diameter work, perhaps sup
ported by the tailstock, is bein
turned. In this way the maximum con
tact between the scroll and the jaws i
maintained. Both the body and th
Jaws are numbered so it is not difficul
when changing jaws, to ensure tha
each isinits correct place.

The method ol numbering is seen i
the illustration Fig. 4. The jaws have t.
be replaced in the correct order or th
chuck will not self-centre. Whilst th
customary sequence is jaw No. 1, jay
No. 2 and finally jaw No. 3, this is no
always so; therefore, the sequenc
must be checked by an examination o
the backs of the jaws themselves a
seen in Fig. 5. This will reveal that th
first jaw to be entered is the one havin
the smallest space between its grip
ping face and the leading edge of th
thread whilst the last jaw to be entere
is that having the greatest space be
tween them. The remaining or inter
mediate jaw is, obviously, entered be
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reen the first and last jaw. A look at
{c jaw numbers will now confirm
ether the sequence is 1, 2, 3 or
L herwise; and a note made for future
(iSince chucks tend to operate in an
L oa where swarf and metal particles
e present, it follows that some of this
hwanted material may find its way
L 10 the scroli and on to the back of
chuck jaws. Before changing jaws,
refore, all swarf and metal dust
ust be removed either with a brush,
[ preferably with an airblast used in-
fHlicently, to ensure that both the
froll and jaws are clean belore re-
Bsembly.

g Both Independent and Self centring
Mucks are fitted to the mandrel nose
Brough the medium of a backplate.
fhe plate is screwed to the mandrel
£1d i1s machined with a register en-
loing the complementary recess at
i back of the chuck. We shall be
Ealing further with this matter later
Ehen the fitting of chucks is discussed.

e Collet Chuck
8 waitchmakers lathes and most

. 4. Numbering the chuck jaws

precision lathes a third form of chuck
1s commonly used. This is the coilet
chuck illustrated in Fig. 6. Essentially
this chuck is a tube split three or more
ways for part of its length and furnish-
ed with an angular nose so that, when
the chuck is drawn into the hollow
mandrel of a lathe having a corres-
ponding internal cone, it will contract
and grip work placed withinit.

Collet chucks are made to a high
degree of precision enabling work to
be removed and replaced with the
certainty that it will run true. These
chucks are particularly suitable for use
in connection with instrument work of
all kinds and watch and clock making
in particular. In watchmakers and
instrument lathes the closure of the
chuck is effected by a draw-in spindle
consistiug of a hollow tube having an
internal thread at one er.d engaging a
corresponding thread on the collet,
and a hand-wheel at the opposite end
allowing the lathe worker to operate
the collet. The arrangement is illus-
trated in Fig.7.

For the newcomer three types of
collet are of interest. These are tllus-

Fig. 5. Jaw sequence of entry
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MANDREL™T | |- DRAW-BAR

Fig. 7. Colet chuck assembly

trated in Fig. 8. The first of them
marked ‘A’ in the illustration, is the
collet usually found with precision or
watchmakers lathes and is closed by a
draw-in spindle.

The second marked ‘B’ is the pattern
usually employed in connection with
bar lathes and is closed by a cap acting
on the nose of the collet.

The third form of collet, marked
‘C’, was introduced some years ago by
the Myford Engineering Company

Fig. 8. Types of collet chuck
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and fitted to lathes of their manufa
ture. These coliets fit into the taper
bore of the mandrel nose and a
closed by means of a knurled cap e
gaging a ring machined on the out
extremity of the collet itself, Fig. ¢
and 98.

Since this ring is in fact an underci
a simple piece of equipment has to
provided to close the collet and all¢
the cap to be slipped over before t
collet is inserted in the lathe mandr
This piece of equipment is illustrat
in Fig. 10.

The Care of the Collet Chuck

The fact that collet chucks are piec
of precision equipment cannot
emphasised too often. They are cost
and so, for the most part, owners
private workshops will give them f:
treatment. Industrially, however, th
seem, sometimes, to be the target f
all sorts of abuse, so perhaps a fi
words on the care of collets and «
their limitations may not be out
place.

First then, their limitations. Ma
years ago the then great authority «
the precision iathe, the late Geor
Adams, stated these limitations
most precise terms.

In the preface to what must now
thought an almost nostalgic catalog
of machine tools Adams says: ‘In :
the watch, clock and instrume
trades split chucks are of the greate
importance. There is, in fact, no w
of re-chucking work accurately oth
than by this method. The split chu
must be carried in a spindle with gla
hard bearing surfaces ground ai
lapped to permit very high spee
while still preserving accuracy forloi
periods of time.

‘A split chuck is also the on
appliance with which one can 1
chuck rods that must run true. The
1s really no latitude in a split chuck.
will only take just that size of tn
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Bg. 9B. Mviord collet assembly

Fig. 94. Myford collet assembly

dindrical work which itis ground or
Bpped outtotake.”

§ Obviousiy. then. if precision 15 the
8. one must not expect the collet or
bhiit chuck o accommodate oversize
[ undersize work and still run true.
& fact the practice of distorting the
huck with unsuitable work may
iage it permanently,

L [t will have been appreciated that
e particular location of the spht
Ihuck in the nose of the mandrel ren-
ors it extremely liable to the ingress
F swarf or metal dust. 1t follows,
Bierefore. that when replacing work
[ changing the chuck itself both the
thuck and its seating must first be
[refully cleaned.

Lievless Chucks

flevless chucks are principally used in
Lo tailstock of the lathe to hold centre
d other drills. An example of the
Leyless chuck is the Albrecht referred
. in Chapter HI. Albrecht chucks
[ ve great holding power and are ob-
{ inable in a wide range of capacities
th to a maximum of } in. diameter.
fhe smallest of these chucks has a
flaximum capacity of 5 in. and s
rovided with an index collar so that
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the chuck can be set to accept very
small drills without difficulty.

Fig. 10. Myford coliet closer and
extractor

?,7fx,_
e
t [
' |
i I
! |
]
foennend
] 1
1 t
1 1
¥ ]
1 1
; %
! t
H==:H TN T
CLOSER EXTRACTOR




70

Keved Drill Chucks

The form of chuck most commonly
used in both the lathe and the drilling
machine is the keved chuck ilustrated
in Fig. I1. The eperation of these tools
15 simitdar to that of the keyless chuck,
but greater force 1s imparted to the
siceve which closes the jaws by the
empioyment of a key having a small
bevel gear at its extremity; this gear
engages teeth mmachined on the edge of
the sleeve itself.

Niounting Drill Chucks

Dl Chucks are usually mounted on
taper pegs fitting both the headstock
and tailstock of the lathe as well as the
internal taper in the spindle of many
drilling machines. Some American
lathes, however, have drill chucks
screwed directly to the nose of the
mandrel for use when machining
small bar material, an application for
which the drill chuck is particularly
suitable.

THE AMATEUR’S WORKS}

Fig. 11. The Jacobs chuck

It should be remembered that, in
case of lathes for the most part, i
only friction between the taper
and the mandrel or tailstock, as
case may be, that prevents the dril
equipment from rotating under ic
If rotation does take place both n
ing tapers may be damaged; it is
portant, therefore, to guard aga
this.

Where drilling machines are ¢
cerned the spindles are provided v
a socketin the upper part of the fen
taper. The tang machined at the
tremity of the chuck peg, and on ta
shank drills, fits this socket and
effectively prevents the tapers fi
slipping. The same remarks also af
to some of the larger lathes. On
lathes, however, no such provis
exists so the use of a draw bol
recommended. A typical arranger
1s seen in the illustration Fig. 12,
majority of drill chucks are secure.
the peg itself solely by friction. If b
chuck and peg are free from oil :
and are really dry when put toget
the chances of slip are minir
Nevertheless some may prefer to
crease security by fitting a screw in
manner shown in Chapter 3 Fig.
An added refinement, if thou
destrable, is the tapping of the a

Fig. 12. Draw bolt fitting for chuck
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hole in the chuck so that a much larger
Flscrew or bolt can be used to eject the
£ Ipcg if ever this becomes necessary.
[| A word of warning must be uttered,
| however, before this method of secur-
Fling the drill chuck is adopted whole-
L lsale. Whilst, for the most part, chucks
L of the Jacobs pattern are so construc-
Llted that the scheme described may be
i adopted without any damage to the
| chuck, there are other forms that ren-
L der the procedure impossible and any
attempt to apply 1t damaging to the
echantsm. '

| Fitting Lathe Chucks

Before we consider the steps that must
be taken when fitting a chuck for one-
elf there are certain matters that must
be fully understood.

‘Firstly, and for the most part,
“hucks are secured to the mandrel
10s¢ by a back-plate of cast-iron. This
f back-plate is secured to the nose by
Sscrewing, and it abuts against a
shoulder formed on the mandrel itself.
Bl here is also a register on the nose of
the mandrel. This servies to maintain
Eihe chuck back-plate in axial align-
iment with the mandrel thus relieving
[1 he threads of both mandrel and back-
Eblate from the greater part of thisduty.
BAn examination of the illustration
L [7g. 13 will help toclarify this point.

§ Sccondly, there is a register mach-
fined on the face of the backplate itself.
| This register engages a corresponding
Eccess formed in the chuck body.
§ Because this recess and the register
frace at the back of the chuck are used
hs data during manufacture, it follows
Ethat the chuck itself will run true and
froncentric if the machining of the
Enating parts on the back-plate is
phccurately carried out.

fl The chuck is secured to the back-
fplate by screws, preferably of the
ftocket type as these can be counter-
f.unk in the back-plate thus avoiding
Iexcresences that might trap rag or
flengths of swarf.
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Fig. 13. Backplate and chuck assem-
bly

The above remarks apply equally to
independent 4-jaw or self-centring
chucks, butin the case of the former of
late years there has been a move to do
away with the backplate and screw
the chuck directly to the mandrel.
Whether this move has received much
encouragement it is difficult to say.

For the most part lathes are supp-
lied with their independent and self-
centring chucks ready fitted. Some
manufacturers furnish an additional
chuck back-plate ready screwed and
correctly fitted to the mandrel nose
ready for machining to fit a customers
chuck.

The Care of Chucks

The first and perhaps more obvious
way to ensure that a chuck will have a
long working life and continue to give
good service is to avoid putting into it
work that is too large. This practice
inevitably ruins the chuck in time
because the gripping load, instead of
being shared by a number of threads
on both the scroll and jaws, is trans-
ferred to one or two threads with every
likelihood of their partial or even
complete collapse under the strain.
The second way is to avoid excessive
tightening. The manufacturers of
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Fig. 14. Tool for removing swarf from
backplate threads

chucks supply keys of the correct size
for the purpose, so the practice of
extending the length of the handle part
of the key with pieces of metal tube in
order to obtain greater leverage is to
be depricated. This deplorable meas-
ure may be observed only too often in
industry; but it has nothing to recom-
mend it and it will inevitably shorten
the life of the chuck,

Finally, self-centring chucks need
stripping down from time-to-time for
cleaning and oiling. The reason for
this is that, working as they do in an
environment charged with metal dust,
in time swarf may find 1ts way into the
inside of the chuck and set up wear to
the scroll seating and other parts.

Some have advocated packing the
chuck with grease on re-assembly.
This seems a doubtful practice.
Grease would seem to retain metal
dust, whereas if thin lubricating oil is
used small metal particles tend more
easily to be thrown off by centrifugal
force when the chuck is rotating. In
Jathes where the work is subjected to
copious supplies of thin cutting oil we
have always found that the chuck itself
gets sufficiently well lubricated to need
only infrequent attention.

When a chuck has been removed
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from the lathe it should be stood ¢
the tips of its jaws with the back-pla
upwards. This prevents any chips th:
may have found their way into t}
chuck from fouling the threads of tt
back-plate and so making difficult r
fitting to the lathe mandrel nose. B
where this has happencd the chiy
should be scraped away with a to
made from sheet brass in the form of
'V’ at oneside, see Fig. /4.

When boring or drilling rigl
through parts such as bushes or colla.
which are gripped in the seif-centrir
chuck or 4-jaw chuck, it is importal
to prevent chips entering the interic
of the chuck or the internal taper «
the mandrel nose. This is best done t
firmly plugging the throat of the chuc
withrag orcotton wool. On withdrav
ing the plug, the accumulated chij
will come away with it. Swarf enterin
the chuck can cause unnecessary we:
and loss of accuracy as has bee
stressed earlier.

A final word in connection wit
independent 4-jaw chucks. [t might t
thought that by releasing two ac
jacent jaws of the chuck the work whe
remounted would again be centred b
tightening these two jaws; but, wit
most chucks, an experiment, using
dial test indicator as a check, wi
show that this assumption is nc
realised.

The Chuck Brace

The changing of chuck jaws can b
hastened appreciably if the brac
illustrated in Fig. 15 is used instead ¢
the usual key supplied with the chucl
It will be appreciated, of course, the
the brace is used only to bring the jaw
into an approximately correct pos
tion in relation to the work; final ac
justment is carried out with the chuc
key itself.

The brace illustrated has the advar
tage that it can be used with eithe
4-jaw or self-centring chucks. As ca:
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Ibe seen from the illustration Fig. 15
(the brace is of built-up construction
using bright mild steel sections of a
[class normally obtainable from mater-
al suppliers. '
| Something needs to be said about
khe general construction of the brace
En case this should not be clear from
he illustrations just mentioned. In
barticular some remarks need to be
Enade in connection with the working
fond of the brace illustrated in Fig. 15

14 BSF
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and in detail in Fig. /6. In the first
place the key for the 4-jaw chuck fits
inside that for the self-centring chuck
and is spring loaded so that it will
project when required for use. It is
locked by an allen grub screw in either
the extended or retracted position.
Secondly, in order to secure the large
key against rotation in the lower
member of the brace crank, a dowel is
set axially in the key and is arranged to
project into the brace member.

Fig. 16. The chuck
brace
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gr ANDRELS are used to mount
work foy turning when 1t is
= ¥ & pagsential that both the bore and
the exterior of the work are machined
concentric. A simple example is a
bronze bush carrying a shaft. Con-
centricity, here, is of paramount im-
portance e¢specially when a pair of
bushes have to be used in line.

Mandrels take many forms. That
most usuallyemployed is illustrated in
Fig. 1. ,

A mandrel of thistype is intended to
be mounted between the lathe centres,
and when correctly used is a highly
accurate device. It consists of a case-
hardened and ground steel bar, pro-
vided with female centres for mount-
ing purposes, tapering very gradually
from one end to the other. The
extremities of the mandrel are reduced
in diameter and have a flat surface
milled on them to accommodate the
carrier by means of which the mandrel
isdriven in the lathe. Itis also usual to
indicate the small end of the mandrel
by a ring machined on it as seen in the
illustration. A wide range of these
mandrels is available commercially.

As will be appreciated work held in
this way is secured by friction only. It
is important, therefore, to make sure

thatany part beingmachinedisasfirm-

as possibie and cannot slip. In the

recessed cenires

small end indicator.

Mandrels

professional workshop this matter is
taken care of by using a mandrel press,
a piece of equipment, as its name
suggests, specifically designed for the
insertion and removal of mandrels.

The amateur is unlikely to have
such a tool and sc will have to rely on
the copper hammer or raw hide mallet
to ensure that the mandrel is well
driven home. However, provided that
the bench vice 1s large enough, it is
possible, using suitable tubular pack-
ing and taking some care, to use it
effectively as a substitute for the
mandre! press.

Expanding Mandrels

In order to embody a wide range of
expansion in a single device, expand-
ing mandrels of the pattern illustrated
in Fig. 2 were introduced.

This, the Le Count expanding man-
drel, consists of a body provided witt
female centres so that it can be used
like a plain mandrel, and having three
inclined keyways machined in it tc
accept stepped jaws upon which the
work is set. The jaws can be movec
along the keyways by an expandes
ring and so caused to grip the work.

Mandrels of this type have suffic
ient accuracy for many classes of
work, but inevitably, as might be ex.
pected from the number of parts in:

\

- Fig. 1. Plain taper
1 mandrei

flat for acceptance of carrier
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volved, the overall accuracy cannot be
as high as that of a plain mandrel.

?_ Stub Mandreis

A common method of assuring
 concentricity in components is to
¥ machine them on a stub mandrel, or
i ‘bung’ to give it its colloquial name.
| These mandrefs are made from short
! lengths of mild steel gripped, for
| preference, in the four-jaw indepen-
| dent chuck so that they can be
# machined accurately and reset by
1 means of the dial indicator when it is
| necessary to use them again.
| Usually the work is held by friction
| only so the mandiels take the forin
| illustrated in Fig. 3at A and D. Never-
I theless, there are times when it is
| expedient that the work should be
| secured more positively while at the
same time being easily removed and
| replaced when repetitive machining is
required. It is then that the mandrels
| seen at B and C are employed. The
~work 1s made a firm push fit on the
~device and is secured by a nut as seen
§ in the illustration. These mandrels are  Fig. 3, Stub mandrels
useful, not only for machining work in
| the lathe, bui also for handling work
{ for milling purposes. . Fig. 4. Mandrels for holding washers
Il A somewhat novel device is that

depicted in the illustration Fig. 4. This
§ was producedin ordertohold pressed-  Fig. 5, Mandrels for holding washers
| steel washers so that they can be )
I machined to an acceptable standard.
I The washers are held by the bore and
| are forced against the face of the
| Body A by means ofthe threaded taper
! mandrel B. The parts comprising

Fig. 2. The Le Count Expanding
mandrel
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these devices are illustrated in Fig. 5.
whilst their dimensional details are
given in Fig. 6. Together the two
mandrels cover washers from } in. to
3 in. internal diameter, a range that
should suffice for all practical require-
mentsin the small workshop.

The work that these devices are
called on to perform is the holding of
washers for the turning and chamfer-
ing of their edges, when only light cuts
are needed. However, a centre may be
drilled in the large end of the threaded
member in order that the tailstock can
be brought up in support if needed.

Expanding Stub Mandrels

In place of the plain stub mandrels
referred to earlier it is sometimes
convenient to use mandrels that have
& limited range of expansion. These

m'\&on;u.:[ r""ls:F 2L32_.._

THE AMATEUR’S WORKSHOP

Fig. 7. Expanding stub mandrel
follow the basic design employed to
mount a change wheel at the tail of the
mandrel and described when dealing
with methods of dividing in the lathe.

Expanding stub mandrels, there-
fore, follow the pattern depicted in
Fig. 7 and are easily made for oneself
when needed. As with the plain stub
mandrels previously described, if well
made they can be readily set to run
true by means of a dial indicator.

The amount of expansion available
is small, about 0-005 in. in fact, and
this movement must be assisted by
turning a relief behind the working
area as seen in the illustration.

Hollow Mandrels

There is often need to turn down
square bar material in the lathe. Nor-
mally stock to be machined in this way
would be caught in the 4-jaw chuck,
and this still remains the correct
method if a high degree of concen-
tricity is wanted. However, an accept-
able standard of accuracy can be

)

g 23°
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" Fig. 6. Details of
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Fig. 3. Holiow mandrels

L achieved if the square material Iis
E| passed through a hoilow mandrel, the
L purist would perhaps cali'it a split
| collet, which is placed in the self-
| centring chuck and grips the material
. by itscorners.

| A group of these fitments 1s illus-
[l trated in Fie. 8 one having a piece of
|| square bar that has been turned down
| mounted in it. These mandrels are
|| machined from mild steel bar, turned
[| down to fnitinthe chuck and bored out
| so that the square material will slide
|| into them without shake. They have
| integral stiffening coilars at each end
to preserve their concentricity and are
| split lengitudinally in order that they
| will contract on the work when the
chuck jaws are tightened. To remove
any undue stiffness without, however,
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marring the accuracy of the fitment as
a whole, the collars themselves are
also split directly opposite the main
saw cut.

The hollow mandrels shown were
made to take % in., § in. and } in.
square material, sizes which are in
common use in the workshop.




CHAPTER 9

s T one time the material for the
, making of the tools used in the
% Jathe and other machines was

aimost exclusively Carbon Steel, a
metal that could be formed, hardened,
and tempered by the operative him-
self. But as the metals to be worked
became harder and tougher, and the
machining rates fastzr, the tool steels
had to be improved. This requirement
led to the production of high-speed
steels of different specifications, very
satisfactory from the machining stand
point, but difficult for the operative to
handle by himseif when hardening had
to be carried out. The heat treatment
of carbon steel is a comparatively easy
process needing the simplest of
equipment that will be described in
Chapter 25. Not so the hardening
and tempering of the high-speed
steels. These require more compli-
cated apparatus including, for the
mos?! part, equipment that can meas-
ure very closely the temperatures in
the heat treatment furnaces.

As a result more and more of the
steel manufacturers tended to fully
finish the materials supplied by them
and so, today, we have available
hardened and tempered tool bits that
are ground al! over. These need only
grinding to shape before they are set
in the lathe topslide. See Fig. /4.

In addition some manufacturers
can supply. in the finished condition,
boring tools and form tools for screw
cutting needing only sharpening when
the occasion arises, matters that will
receive attention in a later chapter.

These special tool bits are intended
for mounting directly in the lathe
under the top slide tool clamp or
alternatively, in specially designed

i

Lathe Tools

holders intended for a similar method
of mounting.

There are many forms of lathe tool,
and for these readers are referred to
the book Shaping Machine and Lathe
Tools published by Model and Allied
Publications,

However, the essential tools are few
and comprise those for turning, bor-
ing, screw cutting and parting off.

Front Tool

There are two forms of tool commonly
used for turning the surface of ¢ylin-
drical work. The first of these is the
Front Roughing Tool illustrated in
Fig. 1.

This tool is ground to the rake and
clearance angles shown in the illus-
tration, and the point is shghtly
rounded, the amount of rounding
being increased if the tool is required
for finishing purposes.

Thedirection of feed is fromright to
left as shown by the arrows, that is to
say the tool cuts towards the head-
stock.

Fig. 1. The front roughing tool
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| Fig. 2A & 2B. The
 knife too!

]
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I
| Knife Tool
| The secondand perhaps the most im-
! portant tool ts that depicted in the
Lillustration fig. 24 and B. This is the
{ K nife Tool, more commonly used, for
 the most part, than any other. It may
| be employed both for sliding and sur-
ffacing and so is able to machine any
| parts that need shouldering 1s well as
fturning on their outcr surtaces. In
lorder to ensure that the finish impart-
ted to the work is smooth the end of

IFig. 1A.
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the tool has a slight fand ground upon
it. This tool is illustrated in Fig. 24
and can be used for both roughing and
finishing cuts imparting a sharp
corner to any shoulders. When these
need to be rounded the tool is given
the form shown in Fig. 2B.

The Boring Tool

There are several forms of boring tool, |
some are one-piece, others are boring
bars having hardened tool bits mount-




80

Fig. 4. The screwcutting tool

ed in them, the combination being
gripped under the lathe tool clamp.
The bar itself is sometimes sct 1n a
rectangular split sleeve, a convenient
method of holding it since it enables
the tool points position to be adjusted
inrelation to the work.

The clearance and rake angies of the
boring tool are very much like those of
the Knife Tool. In fact some workers
prefer to reproduce the form of the
Knife Tool when making cutters for
boring purposes. The corner of the
leading edge. in common with that of
the knife tool. can either be sharp or
rounded as occaston demands.

The clearance angles of a typical
boring tool are asindicated in Fig. 3.

Screw Cutting Tools

The tools used for cuiting screw
threads in the lathe are of two types,
one for the machining of male threads
the other for the forming of their
female counterpart. Both tools have
the basic conformation depicted in
Fig. 4.
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Fig. 5. The parting tool

The tool shown is one suitable fc¢
cutting male threads of Whitwort
form. An internal threading tool
one similar to that used for boring bt
having the same point as that showni
the illustration.

In practice there are numbers ¢
variants of the basic threading tool, a
designed to simplify the production ¢
accurate screw threads. These too
will be described in Chapter 21 wher
the subject of screw cutting in th
lathe is dealt with in d=tail.

The Parting Tool
Once the piece of work has been full

Figs. 3 and 3B
Boring tools
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Fig. 6. The back toclpost

tmachined the operator will need to
lsever it from its bar of parent material.
i The process used to do this is known
a5 ‘parting off” and the tool employed
is the Parting Tool depicted in Fig. 5.
BIn order to lessen the stresses when
fthis tool is in use, as well as to avord
ichatter, the width of the cutting edge
s made as narrow as possible con-
Isistent  with adequate mechanical
strength. Clearance angles are also
freduced to a minimum to avoid weak-
ening the support afforded to the
fcutting edge. Relief has also to be
foiven to the tool behind the cutting
fedge to prevent jamming in the cut.
T he tool shown is suitable for parting
fsteel and it will be noted thata toprake
fof some 5 to 10 degrees has been given
ibchind the cutting edge. This rake
[should be extended well down the tool
Ipoint, otherwise the coiled chips pro-
fduced may form in the work groove
fiitself and possibly jam. causing dam-
gage.

iFig. 7. The back toolpost and boring
Hbar
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The Back Toolpost

As a result of the forces that occur
when parting off from the top slide set
in its usual position in front of the
work, difficulty is sometimes experi-
enced in obtaining satisfactory results.
This is the more noticeable when
working with a light lathe, but it can
be largely minimised if the tool is set
behind the work. In this way the forces
acting on the tool slide are upwards,
thus thrusting its working surfaces
into close contact and so promoting
the greatest rigidity to the whole set-

A little thought will show that
when the tool is placed in front of the
work the rigidity is impaired because
the forces acting tend to separate the
working surfaces, thus promoting in-
stability.

Placing the parting tool at the rear
of the work needs a special toolpost
set at the tail end of the cross slide as
seen in the illustration Fig. 6. Its hold-
ing down bolts are set directly under
the toolpost thus providing the great-
est rigidity. The device shown has
provision for two tools. either being
brought into play by rotatmg the
capstan head and clamping it securely
by the lever seen on the top of the tool-
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Fig. 8. The hand graver

post. The second toel. may well be a
chamfering cutter. as this 1s as often
used as is the parting tool. leaving the
top siide to carry any turning tool
required.

The Back Tooipost is also useful to
carry specialist tools such as boring
bars and threading form cutters. An
examplie of a back toolpost equipped
with a boring bar is 1llustrated in
Fig. 7.

When the Back Toolpost has a
rotatable turret it 1s clearly important
that, each ttme 1t 1s turned, the turret
i1s correctiv indexed and is always
clamped in exactly the same place,
whichever tool 1s selected. To ensure
thus the turret is furnished with a
dowel registering accurately in holes
drilled and reamed in the body of the
toolpost.

Hand Tools

Atone time a great deal of turning was
carried out with hand tools. Today,
however. except for wood turning, the
practice has almost ceased toexist and
1s confined to the rounding of corners,
the turning of ball ends and similar
work using the tool illustrated in
Fig. 8.

The tool, which can be made from
an old square file, or if greater dur-
ability is required, from a length of
bright rectangular high-speed steel,
has a lozenge-shaped facet ground
upon it at an angle of 45 degrees to its
shank. The latter is tapered so that it
can be set firmly in a wooden handle
leaving at least 4 in. of the shank pro-

jectingin order to provide a good hand
hold.

Both hands are needed to use the
tool whichis set ona hand rest secured
to the cross slide of the lathe and ad-

‘justed so that the cutting edges lie

on the centre line of the work. In
the case of a right-handed operative
the left hand guides the tool whilst the
right hand sweep it in an arc using the
left hand as a pivotal point.

Those readers who desire further
information on this matter are advised
to consult Beginners’ Workshop
where the subject is treated in some
detail.

Tool Holders

At one time there were several makes
of tool holder on the market, for the
most part designed to accept the
commercially produced tool bits al-
ready described.

Today the number available is
much reduced and amongst those that
can be purchased perhaps the most
widely used are those made by Messrs.
James Neill for their ‘Eclipse’ brand of
tool bits. This company can supply a
range of tool holders for turning,
boring and parting off in sizes suitable
for most lathes.

The amateur, however, can readily
make such holders for himself and
some examples designed to hold
various forms of boring tool and
made by us, are shown in Figs. 9, /0
andl1.

Tool Grinding

Unless the tools used are really sharp
the quality of the work turned out can
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nly be poor. It is clear, then, that
me form of grinder. however simple,
essential.

The subject of toel grinding is an
xtensive one so it 1s only possible to
eal with 1t in an abridged form here.
(Ve have aiready covered tool grind-
g extensively in two books Sha Hrpen-

¢ Small Tools and Shaping Machire
E«d Lathe Tools both published by
dodel and Allied Publications. In

dition Beginners’ Workshop has
tensive coverage of the procedure.

[he Angular Grinding Rest
mdn\ readers will be aware that the
arpening process employved is called
h-hand 0rmdmo The term is really
bif~expianatory for the method leaves
b the operative himself the somewhat
L)phazard work of establishing the
rrect cutting angles on the tool free-
and. There have been many devices
fescribed that will overcome this
ifficulty and pcrhaps the simplest of
hese is the grinding rest illustrated in
ig. 12.
“The rest illustrated replaces those
pmmonly found attached to electric
rinders and others supphied com-
hercially, and consists of but three
farts; the Table A’ supporting the

fic. 9. Boring tool holders
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Fig. 11. Boring tool holders

tool during the grinding process, the
Swing Arm ‘B’ that allows the table to
be correctly aligned with the grinding
wheel after being set to the desired
angle and finally, the Angle Bracket
‘C’” securing the whole assembly to the
bench of the machine. The adjustment

Fig. 3. Boring tool holders
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Fig. 12. The angular grinding rest

of the Table ‘A’ for a typical tool is
iustrated in Fig. 124.

Little need be said about the con-
struction of an angular rest except to
stress the necessity of providing a
table of adequate size in order to give
proper support to the tool being
ground.

Fig. 13 illustrates a battery of
angular grinding rests attached to
machines of simple but very practical
design once available on the market,
whilst in Fig. 14 a specially made
grinder for finishing small tool bits is
seen equipped with an angular rest of
the type described

The clearance angles required to be
ground on the various forms of lathe
tool are, for the most part few in
number. So, in order to facilitate set-
ting the angular rest and to avoid the
unnecessary removal of tool steel

Fig. 12A. Setting the angular rest

SIBE OF TOOL
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during the resharpening process, it
as well to provide oneself with ter
plates that will enable the angular re
to be set accurately in relation to t
wheels surface, The templates m:
take the form of a blade, say of 4 i
thickness, either brass or steel w
serve here, mounted in a footing, aga
either of brass or steel, enabling t
whole to stand upright on the table
the rest and be brought into conta
with the face of the grinding whe
while the angularity of the rest
adjusted. A typical template is dep:
tedin Fig. 5.

Usually a pair of templates havi
angles of 5 and 10 and 15 and
degrees respectively will be sufficie
and they should of course, as shoy
in the drawing, have their angular:
stamped on them.

Grinding Wheels

Most tool merchants are able to a
vise on the correct grade of wheel
use for general grinding operations
the workshop but as a rough guic
whatever grade is suggested, the g
size should be 60 for roughing dox
and 80 for finishing the tool, possit
followed by a hand stoning operati
with a fine slip stone in order to p1
mote a keen, durable cutting edge.
The correct speed for a grindi
wheel is one that will give it a periph
al speed of approximately 5,000 f
per minute. Thus a 6 in. wheel shou
run at 3,200 r.p.m. The following tal
gives the correct speeds for a selecti

TOP SURFACE OF TO!
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§f some commonly used wheel sizes:

Wheel Revs per
diameter minute
1 19,000
2 9,500
3 6,400
4 4,800
5 3,800
& 3,200

Cruing the Grinding Wheel

T he surface of the grinding wheel will
ed to be treated from time to time,
oth to restore the cutting ability of
he abrasive grains as well as to ensure
at the wheel as a whole is running
rue.
| This is effected by a device called a
heel dresser, an example being illus-
ated in Fig. /6 at "A’. The dresser
onsists of a hand-held framework
1pporting a set of alternate plain and
ar wheels that are free to revolve
£ vhen brought into contact with the
 irinding wheel. The action of the
| iresser is that of breaking away the
f lulled grains of the wheel and bring-
thg to the surface new and sharp
flbrasive material.
! The same result can be achieved by
Ehe dresser seen at *B’ this is an indus-
Birial diamond setin a holder so that it,
800, can be brought to bear on the
£ rinding wheel. While such a dresser,
L ised in some circumstances, may have
| 1dvantages, the first dresser described

Fig. 16. Wheel dressers »

ig. 156. The grinding rest template
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Fig. 13. A battery of angular rests

W

Fig. 14. A special gﬂnder with angu-
lar rests
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is that most commonly employed. It
should perhaps be pointed out that
much abrasive dust is produced by the
wheel-truing process. so the location
of the grinding machine should be as
faraway as possible from any machine
tools. Otherwise the tools must be
covered up whilst the process is being
carried out.

THE AMATEUR’S WORKSHO

A Rack and Stand for Lathe Tools
It is sometimes convenient to hay
those lathe tools commonly used
grouped together and close to hang
The stand illustrated in Fig. /7 show
a rack for the tools together with
table to support small containers fd
cutting oil and such measuring equip
ment that may be in immediate use.

Fig. 17. Too! rack and stand
Block Mitred beading
3/8"by 118" —
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lCHAPTER 10

THE process of Knurling 1s em-
ploved to form a finger grip on
cvlindrical work. The knurling
raises the surface by a rolling action,
Smparted by one or more serrated
ardened wheels. and may take the
orm of a straight pattern with the
errat'ons parallel to the axis of the
nurl. or a diamond pattern produced
v a pair of knurls having serrations
et at an angular relation to their axis.
he pitch of the serrations 1s the same
or both wheels and they are set to
ross on the work thus producing the
jamond pattern. Some of the knurl-
ng wheels used in machines and the
atterns they produce are illustrated
 diagrammaticallyin Fig. 1.

| Formerly. when much work was
[iproduced in brass. often by hand-
flturning, any knurling needed had also
§to be imparted by hand methods. A
fingle wheel, mounted in a suitable
L holder, was held on the hand rest and
[llso positioned that a leverage was

L ——

% PETTERN

‘nurling

exerted upon the work. Obviously, the
width of knurling that could be achiev-
ed was small being confined to such
items as brass terminals, instrument
parts and the like. The hand knurl
wheel holder is depicted tn Fig. 2
whilst a selection of wheelssuitable for
mounting in it. and at one time avail-
able.aretobeseenin Fig. 3.

As has been remarked, to be able to
produce a reasonable knurled pattern
even in soft materials it was essential
to use considerable leverage. The
diagram Fig. 4, illustrates the method
of doingso. By this means only narrow
surfaces can be treated because 1t is
not possible to traverse the knurling
tool along the hand rest at the same
time maintaining even pressure upon
the work.

Much amateur work is often spoiit
by poor knurling and so, indeed. are
many commercial products. So far as
the amateur is concerned part of the
trouble lies in the lightness of the

Fig. 1. Types of knurling

ADJUSTMENT

é PATTERN
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,

flat
] straght
flat
Cross
holliow
straight
Fig. 3.
convex Knuris for
straight hand
holder

flat
diamond

lathes commonly in use. B it, for the
most part, the poor results stem ‘rom
setting about the work in the wrong
way.

The single wheel wxaurling tool
illustrated in Fig. 5 is unsuitable for
use in a hght lathe because of the
damage it may do to the bearings of
the headstock unless the tailstock can
be brought up to support the work.
The forces acting are directly at right
angles to the axis of the lathe spindle,
tending to force the mandrel out of
line and do permanent damage. So, if
a large component has to be knurled
and a single knurl wheel must be em-
ployed, then the sequence of machin-
ing operations should be so arranged
that the tailstock can be brought into
play during the knurling process.

THE AMATEUR'’S WORKSHOEJ

Fig. 2. Hand knurl wheel holder

) 0O
NS

hand rest
as fulcrum

Fig. 4. Method of using the hand
holder

The difficulty, however, can be sur-
mounted by a process that, for want of
a better term, may be called straddle
knurling. In this method a pair of
knurl wheels are used, set in an adjust-
able holder, and are applied above anc
below the work in the manner depic-
ted in the illustration Fig. 6. The
wheels are adjusted to apply a sligh
wedging action, experience will show
just how much this needs to be, so the
resultant forces that act on the man
drel bearings will be no more, anc
possibly a good deal less, than thos:
experienced during a normal turning
operation.

The tool illustrated in Fig, 7 and i1
Fig. 74 was made for use in a 4-in
centre lathe and has ail the require
ments for g holder designed for strad
dle knurling.

A similar device was designed an
made by us to be used in the 3} in
Drummond Lathe. Manufacturin,
drawings for this tool are given 1
Figs. 8, 9 and 10 whilst the devic
itself isillustrated in Figs. [ and 12.
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'_ig. 9. Straddle knurling tool for 37
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Btarting the Knurling Operation

n order to get the best results, and
hefore the knurl wheels are set in
fnotion, the work must run perfectly
irue. This may be ensured either by
akinga light cutoveritssurface, or by
Lotting it to run true with the aid ofa
fialindicator.

Fig. 8. Straddle knurling tool for 33
Drumirmond fathe -
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shank

Fig.5. Single wheel machine knurling

too! KNURALING
TOOL

TOOL POST

Fig. 6. Straddle knurling

ad|usting screw -

pin

Fig. 7A. Straddle knurling tool

Fig. 7. Straddle knurling tool
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If, on examination, the patter

wheels further, engage the lathe bac

' DIMENSIONS THE appears correct, tighten the knui

[ [
ERARER
I
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N Y4 CLEAR
H
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24 LOWER PAD
PIECE

2BA

Fig. 10. Straddle knurling tool for 3%
Drummond lathe

When this has been done the knurls
are engaged to straddle the work,
making contact with at most } in. of
the surface. The knurls are then
tightened and the work turned by
hand for a few revolutions.

Fig. 12. Straddle knurling tool for 31
Drummond lathe A

gear, also the automatic traverse, an
proceed with the knurling. After
pass or two to establish the patter:
throughout the length of the work th
speed of the lathe can be increased an
the knurling be allowed to procee:
until the pattern, when viewe
through a magnifying glass, appear
sharp and its crests seen to be full
formed. However, it may be that whe:
starting the knurling, the pattern i1
seen to be confused, the wheels bein;
for the moment out of step. This i
known as ‘doubling’, and it can b
cured by increasing the wheel pressur:
until a proper pattern is produced
Thereafter the process can procees
following the lines indicated.

When a knurled surface of som
length has to be produced the whee
holder must be set at a slight angle t«
the axis of the work. An angle of som
5 degrees is recommended, the pur
pose being to ensure a uniforn
pattern. This is particularly importan
when forming a straight knurl wher
the pattern must be perfectly paralle
to the work axis. If the wheels are se
square with the centre line of the work
there is then a tendency for metal to be
thrown up in front of them, and the:
will not then follow a straight courst
but will be deflected; the resulting

3 1
B
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Ll Fig. 11. straddie
{| knurling tool for 33
| Drummond lathe

pattern may then well be a slow helix
L composed of lines that are anything
| butstraight.

| Finally, a word about lubricating
| the work during the operation. It must
' be remembered that knur!l wheels do
I not ‘cut’ in the strict sense of the word.
Their action 1s one of crushing or
| squeezing, so metal is removed from
[ the work in the form of fine particles.

91

Unless a copious supply of suds or oil
can be brought to bear on the work
and wash this metal dust away as soon
as it is produced, it is best where small
areas are involved to carry out the
operation dry. The application. of
small quantities of oil by brush or can
does nothing to help and, in most
instances, are definitely detrimental to
the quality of the pattern produced.




CHAPTER 11

1. Mounting Work Between Centres

It1s not the purpose of this book to go
into the detail of clementary lathe
practice. This has been fully covered
in Beginners’ Workshop. On the
other hand there are certain processes
or parts of them that need fuller
coverage. The first of these is the
nuitter of mounting work between
centres. In order to do so the work
iselt has to be drilled so that it may
accept the lathe centres as most
readers will be aware. This drilling is
perfcrmed with a special tool known
as a centre-drill that provides a seating
for the centre of the shape shown in
the cross-section Fig. / at A. The
centre then engages this seating cor-
rectly as seen at B. From time to time,
however. the centre drill needs re-
sharpening, but all the operative him-
self can do in this respect is to grind
the point of the pilot portion only
since he has not the necessary equip-
ment to sharpen the 60 degree cone

Fig.1. The centredrill

Lathe Operations

portion as well. As a result, the rela-
tive positions of the two become
progressively shorter and shorter till
a condition i1s reached when. as depic-
tedin Fig. [ at {7, the lathe centre will
not seat properly because its point is
in contact with the bottom of the hole.
We make no apology for calling the
attention of readers to this defect; we
have encountered itso often.

When drilling for centres it often
happens that the work iself s too
large 10 be passed into the hollow
mandrel of the lathe. It must then be
supported by the fixed steady in the
manner illustrated in Fig. 2. Work
mounted between centres is driven
through a lathe dog bolted to the
driver plate attached to the mandrel.
In the absence of a forked lathe
carrier, though these are readily made
in the workshop, the standard form of
carrier should be wired to the dog in
the manner seen in the ilustration
Fig. 3. This will prevent the carrier
knocking against the lathe dog during
the turning operation.

2. Drilling from the Tailstock

When machining components in the
lathe it is often necessary to use the
tatlstock to mount a drill. Tailstocks
fitted as standard to the majority of
tathes use a hand wheel in order to
feed the drilt to the work. Whilst the
somewhat slow rate of advance result-
ing from this arrangement is. perhaps,
tolerable when actual drilling is in
progress it is certainly not so during
the frequent withdrawals for clearing
purposes that the drill itself requires;
the more so if the drilled hole is deep.
Moreover, the very fact that the tail-
stock mechanism functions on the




LATHE OQPERATIONS

and bolt ensures
that reaction force operating when
the dnii pointis fmruad inta the work,
add a considerable friction loading
that the operator must overcome.
This is particularly in evidence when
the drills are large.

All this can be surmounted. how-
ever. by making use of a lever feed.
either as ap attachment or, as tllus-
trated in Fig. 4. by the substitutionof a
replacement taiistock so fitted. In this
way the rate of in-feed will be g edtly
increased and the time lost in drill
withdrawal largelv reduced.

principle ¢

»f the nut

§3

=

Fig. 2. lsing the fixed steady to
support work for drilling

Fig. 4. A lever-operated tailstock

The mechanism of the device depic-
ted has the advantage of great sim-
plicity. The lever anchorage isa clamp
that may be swung round the tailstack
castmg‘l]]ommv the operatorto focate
the operating lever tn any convenient
position.

An alternative system makes use of
a rack and pinion to provide the feed.
This arrangement is similar to that
used 1n some drilling machines and is
Fig. 3. Wiring the carrier 1o the lathe
dog
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Fig. 5.

The Cowell
tailstock for the Myford lathe

lever-operated

the mechanism Messrs, k. C. Cowell
of Watford have fitted to their lever
feed for the tailstock of the Myford
Lathe, illustrated in Fig. 5.

3. Drilling Deep Holes

It may be worthwhtle tc point out to
those readers who do not already
know it that, whendrilling a deep hole,
one should notrely on the twist drill to
keep to a straight path. Much may be
done, kowever, to improve Its per-
formance by a modification to the
drill point and this will be described
m Chapter 18 ‘Drills and Drilling’.

Nevertheless, it 1s possible to pro-
duce an accurate and straight hole
through the axis of the work by means
of a tooi called the D-bit. As its name
implies the point of the toel i1s shaped
itke a letter D and this 1s applied to
the work by means of an accurate

Fig. 6. The D-bit

END VIEW
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chuck carred in the tailstock. The
details of this tool are given In the
ilustration Fig. 6.

To use the D-bit the work 1s firs
drilled through axially some 4 to
in. less in diameter than finished size
and the hole is then opened out with ¢
boring tool for a length equal to a
least iwice the diameter of the D-bj
so tha: the latter will enter withou
shake. '

In this way proper guidance will b¢
given to the passage of the D-bi
through the work when mounted ir
the tailstock chuck and fed in as seer
in Fig. 7.

Plenty of lubricant should be usec
itt the operation, both to promote fres
cutiingas wellas to oil the tools shank
in this connection many commercially
made D-bits have provision for the
introduction of cutting oil by the
machining of a groove along thei
shanks.

4. Boring Work in the Lathe

The operation of boring in the lathe
can be performed in two ways. The
first is with the work gripped in the
chuck and the boring tool mounted or
the top slide. The second with the
work secured to the cross-slide and ¢
boring bar running between centres

The tool used for the first method i
shaped as shown in Fig. 8 at A. This
the best form for reasons that will be
presently explained.

We do not need to spend any time
on the details of boring holes extend:
ing clear through the work. This ha:
been done elsewhere. It is sometime:
necessary, however, to bore holes tha
are blind. The initial procedure is firs
to centre drill the work, then to pilo
drill it as shown in the illustratior
Fig. 8B to the full depth required. The
hole is then opened out to size a
shown by the dotted lines. Supposing
however, that the work is a bearing
and that the shaft to fit it must make
contact with the bottom of the hole
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en steps must be taken to clear the
rner of the work or this requirement
av not be fulhlied.

removal of unwanted matenal is
ried cut by the tool depicted In
o §C undercutting the work in the
nner shownin Fig. 8§D,

f one is boring « large hole the
froblem of making sure that the
pnderside of the tool does not rub
foainst the work is not a dithcult one
fo solve. for the normal clearances
Liven to the 100l are usually sufficient.
| When boring small holes, however,
Lhe position is very difficult. Much of
Lhe underside of the tool has to be
e round away in the manner ilfustrated
lW Fig. 9. As one cannot possibly
[ timate beforehund how much the
£v0l has to be modified. some way of
@bing so has to be found. The best
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Tvmscal boring operation:

pudgeon min seating in an i.c. engine
A

ERES T

: girill gauge to assess

fﬁ mmmmmm T \i’.i
fg
&
£
[
£
H N -
T
F - ),//V

to refer the tool
selecuing the
. The
1hen

" 5 (/ ’{ and 98. The first
- the gudgeon pin seat-
caging piston hemg
i the second itlus-
f;utmz* i ¢ Emrf ot an iron casting is
having the same treatment. Both oper-
ations are examples of boring carried
out on an angle plate attached to the
lathe faceplate and illustrates the

THE AMATEUR'S WORKSHO

Counterhalancing wol
whilst boring

Fig. 9B.

nicthod wsed to counterbalance th
WOTh h bolting chunge wheels ¢
other heavy metal objects to the fac
mhate,

Tt will wlso be seen thur in the secor
Hlustration the top shde has been s
aver atanangle: thisis toenable a fir
feed 1o be given to the tool. If the tc
slide 1ssetatan angle of 6 degrees the
for every 0-001 in. of top shde mov
ment the toolpomt will receive an i
feed of 0-0001 in.. a material provisic
when internal grinding operations
the Jathe are being undertaken as w
be seen faterin the book.

[t must be emphasised. howeve
that when appiving the sume proce
ure 'O o turning operation the to
used must be really shirp or no bene
whatever will accrue.

Boring Tool with Detachable

Cutters
For some classes of work the to
ilustrated in Fig. 10 and Fig. /1 h
advantages particulariy when shallc
recesses have to be machined. T
cutting tool itselfl has two seatin
enabling a choice to be made suiti
the work in hand. The first of the
seats is at right angles to the devic
axis whilst the second is at 45 degre
toit. The first position enables the t¢
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o be used for through-boring duties
‘hilst the second location allows the
col to project when a blind hole has
o be machined.

The details of the device will be
lear from the iliustrations where it
vill be seen thatr the hollow bar ‘A’ is
rovided with a cross-drilled thimble
B and that the tool bit passes through
yoth these parts, The tool 1s secured
wy the push rod ‘C’ pressure being
ppiied by the lock screw "D,

Making the equipment 15 not a
ifficult operation but it is absolutely
ecessary o make and use a simple

Fig. 16. Boring toois with detachable
cutters

jig, the details of which are given in
Fig. 114 in order to drill the cutter
seating holes successfully.

Naturally, when boring a hole, the
object of the procedure employed is to
produce one that is both round and
parallel. And in this the shape of the
tool itself has a large bearing. If the
illustration Fig. /2 is examined the
correct and incorrect tocl shapes will
be seen, and from this examination it

Fig. 11. Boring bars for small tools

7132”
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for angular
cross drilling

for <ross
drilling at right
angtes to axis

will be apparent that the tool point
likely to give the best results is one
that cuts on its front face only. The
thrust from such a tool 1s directly
parallel with the axis of the work, so
the tool will not be deflected. Con-
sequently the finished hole itself will

Fig.12. Tool point shapes: right and
wrong

RICGHT

directionof
———— .
tool thrust

THE AMATEUR’S WORKSHOH

Fig. 11A. Jigs to ensure correct too
points

be machined parallel. On the othej
hand. the thrust from a round nosé
tool is at an angle to the work’s axis
so the tendency is for a hole machined
by it to become tapered.

When using a large and heavy bor
ing tool this defect may not be if
evidence, but in the size of equipmen
used when boring small holes it wil
almost certainly show itseif.

The tool with detachable cutters i
intended for mounting in a split sleevs
ciamped in the top shde. As such the
amount of overhang, that is the dis
tance between the tool point and the
sleeve, can be adjusted to give the bes
results, and these are obtained, a
depicted diagrammatically in Fig. /]
when the overhang is reduced to ¢
minimum.

A word should, perhaps, be said o1
the use of the split sleeve for clamping
purposes. Unless the pressure of thy
top slide clamp is applied correctly
there is every likelihood that the tool
point will turn round in the work ang
ruin it. Fig. 14 1llustrates the right ang
wrong way of securing the tool. !

Back Facing

Back Facing is a machining pro
cedure sometimes necessary when it i
important that both faces of a borec

WRONG

direction of
tool thrust

{
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MINIMUM
@ —y
OVERHANG

N

®

should be exactly parallel one
the other: and when to remove
work from the chuck, then
rse and re-set it would destroy any
sibility of accuracy resulting from
h a process. Fig. 15 depicts in
rammatic form the type of tool
d and the way it is applied to the
k. The tool is similar to any other
| ring tool but has a somewhat longer
§.d which is heavily raked so that the
] cuts on its back face only. In
fsing it is worth noting that the
Biring tool with detachable cutters
fscribed earlier, and for which detail-
P drawings were given, makes an
 tellent device for back facing. All
it is needed is to reverse the cutter
|| that it points backwards and the
L uipment is complete.
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OVERHANG TOO__
GREAT

.

Fig. 13. Overhang—minimum and too
great

CHUCK
L./JAWS
‘ o
\
Fig. 15. BACK FACING
Back facing
operation ﬁ

£ 1.14. Tool
{imppressure
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Two Simple Boring Tool Holders

In order to provide means of adjusting
the overhang that must be given
particularly to small boring tools the
two holders illustrated in Figs. 16 and
17 were produced. These are intended
for tools having round shanks 5 in.
and % in. diameter respectively.
These holders are made from mild
steel to the dimensions given, the only

carrier

THE AMATEUR’S WORKSH
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Fig. 17. Another simple boring t
hoider

Fig. 16. Simple boring tool holdei

comment needed on their construct
being to make sure that the tool s
ings are smooth and the holes acc
the tools without shake.

Boring Work Mounted on the Sac
The second method of boring wor
the lathe is to mount it on the sad
The elements of the necessary set
are depicted in the illustration Fig.

work

/ tool%

boring bar

Fig. 18. Setup for boring work
mounted on the saddle
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L his shows a typical casting bolted to
 le boring table of a small lathe where
L should be noted, the bolis securing
L e work pass throughitin such a way
[ at their clamping effect on the T-
fots resuits in their being supported
L I/ the face of the casting itself. If no
gipport is given damage to the T-
[ bts may easily result. The work is
L lachined by a boring bar mounted
 ctween centres and driven by a
irrier through a dog attached to the

=

e Boring Bar, illustrated in Fig. 19,
sists essentially of a substantial
el rod cross-drilled and reamed to
ept the cutter, which is secured by a
- screw., In addition, however,
“boring bars are fitted with a
e-headed screw abutting against
nd of the cutter enabling it to be
sted the more readily and prevent-
from withdrawing from the cut
1t has been set.

provision of a screw for this
e is clearly only aoplicable to
- ge ‘boring bars where the added
-drilling and tapping needed to
ide a seating for such a screw
uld have no weakeningeffect on the
themselves.

ng the Boring Bar in

{lation to the Work

i the work is to be bored correctly
L ere are two essentials that must be
[ ablished. First, the boring bar must
f| correctly centred in the work and
icn the point of the cutter itself must
1| adjusted to describe the correct arc.
§! order to satisfy the first require-
frenit the work is marked off as seenin
't illustration Fig. 20 and placed on
Ee boring table being roughly packed
& to the correct height. The bar is
¥cn passed through and mounted
ftween the lathe centres so that a
Blicky Pin’ attached to it can be
Eplied to the work itself. The ‘Sticky

101

lock screw

‘%

adjusting ,/L /’

sSCrew

Fig. 19. Boring bar, with tool secured
by grub screw

Fig. 20. Using the "Sticky pin’
WORK

"STICKY PIN

Fig. 21. Setting the cutter

Fig. 22. Measuring packing with dia}
test indication

Y
s
’”\ i

-
DIAL INDICATOR

: s
[ PACKING
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Pin® is nothing more than an
ordinary pin used in sewing, setin a
small lump of plasticene attached to
the boring bar, If the lathe 15 now
turned slowly by hand it will be poss-
ible to compare the path traced by the
pin with the circle scribed on the work
adjusting any packing until coinci-
denceisachieved. Thereafter the work
is secured and the cross-slide locked.

Setting the Cutter

Provided that the boring bar itsell
runs truly the cutter may be set with
reference to the bai’s periphery, and
to do this there are two methods open
to the operator of making the neces-
sary measurement. In the first method
the measurement *X’ illustrated in

THE AMATEUR’'S WORKSH

Fig. 23. Gearwheel being key-way

Fig. 21 is taken and from it is st
A
tracted the dimensions —— that is k
2

the diameter of the boring bar its
thus leaving the measurement ‘B’
radius of the arc described by
toolpoint.

The second method is to take

A
dimension 'Y’ and add to it —
2

figure thus obtained again being
radius of the tool pointarc ‘B’.

Making the measurement ‘X’ u
in the first method is not always e
If the cutter is seated in a blind h
then this can be obtained directly w
a micrometer. But the conditions
doing so hardly ever obtain, so
second method must be adopted.

To make the measurement ‘Y
dial test indicator is used. If the ra
of the indicator is I7 rge, and the st:
out of the tool point from the
small, this dimension can be ta
directly. To do so the foot of the
dicator is applied to the boring
and the dial set at zero. The foo
raised without moving the indice
itself and is then applied to the tc

Fig. 24. Moving top-slide with a lever
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boint care being taken to turn the
flathe backwards by hand in order to
bbtain a maximum reading.

i 1n cases where the tool projects too
far for a direct reading to be taken,
backing, measured with the aid of a
Inicrometer, must be interposed be-
L ween the boring bar and ihe indicator
in order to set it to zero. The measure-
Inent 'Y is then the thickness ‘t” of the
backing, plus the reading obtained
from the dial test indicator nself, as
Hepicted in theillustration Fig. 22.

b, Cutting Internal Keyways

When making certain parts in the
bmall workshop it is sometimes neces-
Lary to cut internal keyways. Though
Bhis is work that, in a large commer-
Cial undertaking, would normally be
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done in a vertical slotting machine, it
is perfectly possible to accomplish the
task successfully in the lathe. Fig. 23
depicts a gear wheel being key-wayed.
The cutter used is a parting tool
mounted upon its side and packed to
ensure that it is central with the work.
To form the keyway the lathe saddle
can be racked backwards and for-
wards whilst the tool is fed into the
work taking cuts of about 0-001 in. to
0-002 in. at a time by means of the
cross-slide. Using the saddle however,
continuously in this way is not
desirable. It is better to lock the
saddle, thus avoiding local wear on
the lathe bed, and move the top slide
by means of a lever system clamped
to the lathe bed itself, as illustrated
in Fig. 24.




CHAPTER 12

THE turning of tapersis one of the
more important lathe processes
undertaken in the workshop.
The turner is often called upon to pro-
duce tapers, both male and female,
that will match some existing mechan-
ical part; and he must do so with com-
plete accuracy or the fit of the mating
components will be non-existant.

I. Turning Attachments

For those who nave much of this work
to do on a repetitive basis the expense
of a turning attachment will be justi-
tied. The attachment seen in Fig. 1,
usually bolts to the back of the lathe
and consists of a slide that may be set
over to the amount of taper required
and is fitted with a cursor and a rigid
connecting link securing the cursor to

Taper Turninq

the cross-slide which, of course, has it
feed screw removed for the period o
the turning operation.

The slide can be set at an angl
corresponding with half the includes
angle of the taper itself, If the saddl
is now moved along the lathe bed th
cursor will travel up the attachmen
thus moving the cross-slide in relatio
to the work and so reproducing th
desired taper upon it. One of the ad
vantages of employing an attachmen
is that the lathe self-act may be used t.
traverse the saddle itself. A disadvant
age, however, lies in the fact that, wit.
the feed screw disconnected the cu
must be adjusted by slackening th
connecting link and tapping the cross
slide forward. In many high clas
industrial lathes, on the other hanc

Fig.1. Taper turning attachment




atters are so arranged that the cross
lide feed screw is kept operative and
uts on the tool feed without impeding
he action of the taper attachment.

. Turning with the Tailstock set over

n defauit of a turning attachment
fong tapers can be machined by setting
bhver the tailstock and supporting the
vork on centres during the turning
bperation. Indeed, this is the method
Inost commonly employed, and all
lathes of repufable make have pro-
Vision forit.

| Inorderto set the tailstock over it is
Inade in two parts. A base "A’ and the
Tailstock Body ‘B’ seen in the illus-
Iration Fig. 2.

A key *C fits accurately into both
>5e parts so that when the nut ‘D’ is
ckened, the tailstock body can be
yved across the base without en-
ngering the alignment of the tail-
ck’s axis with that of the lathe
>]f. This movement 1s controlled,
rthe most part, by two screws set
her side of the tailstock body and
ngaging a tenon projecting from the
base. Adjusting the screws moves the
body by amounts that may be read off
Bn a scale set at the back of the base
®asting as seenin the itlustration.

| The degree of set over is usually
Emited to some 10 degrees each side of
e central point.

[a—
=
Wn

Fig. 3. Adjustable centre

3. Turning with a Set-over
Tailstock Centre

Despite the comparative ease with
which the tailstock as a whole can be
set over, many operators are reluctant

Fig. 4. Adjustable centre dismantied
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il TAPER TURNING

| to disturb it once it has been set to
| turn work perfectly parailel. However,
| the tailstock itself need not be set-over
| if an adjustable centre is employed.
| This piece of equipment is illustrated
| in Fig. 3and dismantled in Fig. 4. The
| device consists of two main parts, the
| Basz ‘A’ and the Slide *B’. The former

| ing provision for a draw bolt so that
| the centre may hold securely in the
[ tailstock. The slide, secured to the
| base by a pair of set-screws, s fitted
| with a screw-in half-centre. It is per-
| hapshardly necessary to point out that
| the slide must be set perfectly parallel
| with the face of the lathe bed or the
| object of the device will be set at
1 nought. For this reason the parallel-
| ism should be checked with a dial
[ indicator set on the cross-slide and
| applied to the Base ‘A’ itself. Working
details of the set-over centre are given
inthe illustration Fig. 5.

Turning with the Top-slide Set Over

i Much of the work the lathe operator
Ais called on to perform consists in the
 machining of short tapers whose
L'length is within the range of the top-
i slide’s travel. For this reason the
f inclination required is most con-
{ veniently obtained by setting over the
N top-slide itself. Most lathes have the
§ basc of the slide engraved in degrees
§ and with a zero or line incised on the
f face of the cross-slide. The top-slide
l may thus be set directly to the angle
| required. For a lathe not so equipped,
i or where there may be some doubt as
i to the accuracy of the engraving, the

R Figs. 6 and 64 should be employed.
i Here, as will be seen, the top slide is
f removed from its base and a protrac-
[ tor, set to the angle required, has its
f blade applied to the base, a parallel
L test bar being interposed for the pur-
l pose. The base of the protractor en-
| gages the faceplate and the top slide
{is adjusted until coincidence with

| is fitted with a Morse Taper peg hav-

! procedure depicted in the illustration’
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PROTRACTOR STEEL PARALLEL

| | TOP 'SLIDE
Fig. 6. Setting over with protractor

B

Fig. 6A. Using the protractor for an
actuali job

@f

FEMALE

Fig. 7. Machining male and female
cones

these two reference faces is achieved.

When set the iop slide is used to
machine male tapers, but the same
setting can be used for the turning of
corresponding female cones provided
the turning tool is used inverted as
shown in the diagram Fig. 7. A word
of warning, however, must be uttered
in relation to this and other turning
operations; at all times the tool point
must be on the centre line of the work
or it will be impossible to machine an
accurate taper.
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Fig. 8. Dial test indicator used to set
taper.

5. Setting Tapers with the
Dial Test Indicator

The Dial Test Indicator may also be
used to set the top slide at the correct
inclination for a given piece of work.
A good example of the method em-
ployed is that illustrated in Fig. 8.
Here we see a Morse Taper centre set
up in the lathe so that the top slide
may be adjusted to enable a replica of
the taper to be machined accurately.

The centre is supported at one end
by the tailstock and at the other in a
female centre drilled accurately in a
piece of material gripped in the chuck.
A dial test indicator fitted with an
‘clephants foot’ or flat anvil is then
applied to the centre and the top slide
base adjusted until a zero reading is
recorded by the indicator when the
top slide itself ismoved along the base.

Once the top slide has been set and

Fig.9. Calculating tapers
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firmly secured the check equipment is
dismantled and replaced by the piece
of material from which the part re-
quired will be turned. It is usually besi
to support the work by means of the
tailstock and readers are again re-
minded that the toolpoint must be se
on the centre line or no accuracy wil
result from the turning operation.

6. Calculating Tapers

The amount of taper on a given par
may be expressed in two ways. In the
first the amount of taper per foot is the
standard used whilst in the second the
cone angle of the part itself is stated
The first method applied, for the mos
part, to long slow tapers, whilst the
second 1s used in connection with shor
components of a comparatively quicl
taper.

However, this may be in the fina
analysis the operator needs to know t«
what extent he must set over his tail
stock or deflect the top slide in order t
be able to machine the taper required
This involves a simple trigonometrica
calculation the working out of whic
will provide the set-over angle h
needs. In Fig. 9 this matter is depicte:
in diagrammatic form.

In the diagram ‘x’ is the angle r¢

quired. The value of this angle is -

A—B

== tan X where a = and bisth

2

Fig. 10. Calculating internal tapers
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Fig. 11. Checking tapers

£ | distance bet veen the maior and minor
{| diameters of the taper. Both A and B
[| are measurable with a micrometer
) whilst the distance b, preferably
L measured by means of a height gauge,
| can be assessed reasonably well with a
Il depth gauge.

L The assessment of an internal taper
| follows the same pattern but the
| dimension ‘b’ can be measured rather
more accurately either with a micro-
meter or with a depth gauge.

The dimensions A and B seenin the
illustration Fig. /0 may be measured
with a taper gauge when available or
with internal callipers transferred to
an outside micrometer.

7. Checking Tapers

It must not be supposed that, by using
any of the methods described, a per-
fect mating of two tapers can be
|| achieved without making a check
gt during the progress of the work, and
8 then carrying out any adjustments to
Bl the machining equipment that may be
§| needed.

@
Il

A simple method of making a check
is illustrated in Fig. /1. Here at ‘A’ a
male taper is depicted having its sur-
face scored with lines applied with a
soft lead pencil. If now the mating part
is rung on to the male member and
then withdrawn the extent of the fit
will be apparent from the amount of
marking thatis left on the taper. When
over half the marking remains as seen
in Fig. 11B it is usually advisable to
make a machining adjustment. Slight
discrepancies, however, may be cor-
rected with a fine file whilst the work
is rotating until, when the female
taper is applied all trace of the mark-
ingis removed.




CHAPTER 13

finish shafts and their bearings to

close himits of accuracy, impart-
ing at the same time a surface finish
that will materially prolong the life of
the bearing assembly.

The process is carried out by means
of alap, a piece of equipment charged
with abrasive compound that rubs
down the surface of the parts at the
same time giving to them an extremely
smooth finish.

The machined surface of parts be-
fore lapping consists, for the most
part, of a series of smail hillocks inter-
spersed with valleys. Consequentty,
when, during use. the excresences have
worn off a pair of mating components
(a shaft and 1ts bearing for example),
a good fit i1s often quickly reduced to
an easy one having a low life factor. If,
however, the wearing down process is
carrted out by lapping then it 1s
possible to fit the parts very closely at
the same time ensuring they are truly
round.

Unless special compounds are em-
ployed not every material used in
engineering 1s a suitable subject for
the lapping process. Those metals that
may be are comparatively few. Cast
iron and steel, in both the hardened

E APPING s a process used to

Lapping

and soft condition, can be lapped, but
the non-ferrous metals, and in particu-
lar white metal, must not be given the
treatment because they become im-
pregnated with the usual abrasives
employed and are ‘charged’ as the
term is. This makes them into good
laps but renders them useless as
bearings.

The Lapping of Shafts

When applied to steel shafts the lap-
ping process serves to correct any
minor errors of roundness or taper
whilst, as has been indicated, impart-
ing a working surface that will ensure
a long life. It is usual to allow excess
material, from 0-001 to 0-002 being
usual, so that when fully lapped the
finished shaft diameter is as laid down
in the detail drawings.

The lap consists of a piece of cast-
iron or copper, held in a holder as
tilustrated in Fig. 1.

The lap is split iongitudinally, three
ways, one saw cut passing through its
wall. In this way the device can be con-
tracted on to the work using the three
screws provided with the lap holder. It
should not grip the work too firmly,
but should float axially along it not
being allowed to dwell at any point for

Fig. 1. The simple lap and holder
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fear of ‘ringing’ the work surface.
Abrasive compound is fed into the lap
through the open sawcut, recharging
taking place from time-to-time after
the lap has been washed in petrol to
remove the metal dust formed during
the process.

Lapping is usually carried out inthe
athe, the work being run at a medium
rspeed, say 100 r.p.m. Naturally, the
machine needs protection against
bossible ingress of abrasive com-
pound and this is best effected by
covering the bed and any working
harts likely to come into contact with
he lapping compound. The coverings
>an be either of newspaper or rag and
ese, for obvious reasons, should ali
be burnt once the work has been com-
aleted

‘A word of warning must be given
bout the use of a micrometer on a
apped surface. Make sure that the
ork 1s clean; for any abrasive left on
t will in time, damage the anvil and
spindle of the micrometer. The work,
rhen, needs to be washed clean before
measurements are taken.

Fig. 3. The Boyar-Schulze lap B

.

ADJUSTING

Fig. 2. A simpte expanding lap

Internal Lapping

The procedure used for lapping in-
ternal surfaces such as cylinder bores
is similar to that used for external

S o o o O

4

COPPER LAP
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work. The tool used is an expanding
lap similar to that depicted 1n the
illustration Frg. 2. The shaft of the
contrivance is held in the lathe chuck
and has a tapered seating for the
lapping head which is driven up the
taper in order to expand it. Naturally,
only light taps with a raw-hide mallet
are needed to obtain any expansion
required.

A somewhat more sensitive lapping
instrument is the Boyar-Schulze lap
illustrated in Fig. 3.

As with the adjustable lap just des-
cribed, the Bovar-Schulze has a steel
shank splitlongitudinally and furnish-
ed with an adjusting screw to expand
the copper lap surrounding the head of
the shank. The lap is made from sheet
copper, perforated to hold the abras-
ive compound, and three copper
heads are provided with each tool.
The user is thus able to keep a separate
head for each of three grades of
abrasive, an essential condition for the
finest work.

Internal lapping s commonly un-
dertaken with work held in the hand.
By this means the risk of ‘bell mount-

» B

H

-

) S

ing’ the partis, in the main, eliminated,
because the work floats on the lap and
is not subjected to constraint in any
direction.

However, when the component i
too large to be held in the hand it mus’
be mounted in the chuck whilst the lag
is supported by the tailstock. On nc
account must the lap be held rigidh
but be carried flexibly in the manne
depicted in the diagram Fig. 4.

The rubber hose used should be o
the canvas-impregnated variety, suffi
ciently strong to resist the torjue o
the fap but flexible enough to imgpas:
no restraint on the lap. In this way th
tool will follow the line of the worl
and not be pushed sideways, with :
result that the bore may become bell
mounted.

Copper laps of the typeillustrated 1
Fig. 3 are not difhcult to make. Th
copper head is readily rolled up fror
sheet material after drilling the per
forations and dressing away all burrs
Copper sheet of 24 s.w.g. will do wel
Alip must first be turned up to prever

Fig. 4. Mounting the lap in the iath
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lthe lap turning in use after which the
Brolled up copper head is passed
fithrough a hole, or a series of holes if
Hnecessary, tosize it.

L apping Compounds

‘he production of lapping com-
ounds is a specialist matter and not
Il makers of abrasives undertake it.
he abrasive used is, for the most part,
ither aluminium oxide or silicon car-
ide held 1n suspensmn either in oil or
vater, and in some 1instances 1In

i Many grades are available ranging
_rom 90 to 700 grit size. For the
Bmajority of work in the small work-
gshop the finest grades will suffice;
fithere is usually littie metal to remove
fand time is not a significant factor. For
Eithis reason a compound of 500 grit
fican be used nitially followed by one
[ lof 700 to polish the work surface.

P The first compound can wel! be oil
jibound while the polishing agent is a
P water-suspended mix; and it goes

fithoroughly cleaned when changing
Bifrom one type of compound to
fanother. In addition the lap itself
Enceds to be replaced or the residual
§icoarser compounds will .inhibit the
fapolishing of the work surface.

I Final polishingiscommonly carried
peout with laps made of white woo |,
fithose for external work being held in
githe hand, foliowed by a cloth or felt
pad.
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Wood laps for internal work are
usually made from dowelling, split
axially for a short distance and ex-
panded by card or ‘wooden wedges’.
No great pressure is needed, the work
being run at a fast speed.

The subject of lapping 1s an exten-
sive one; so it is only possible to
sketch in an outline here. The choice
of the correct compound for the work
in hand is of the utmost importance,
but here again it has been possible
only to deal in generalitics. Readers
are therefore advised to consult
abrasive manufacturers who are al-
ways ready to provide help and
advice. '

Protection of Machines when Lapping

Reference has already been made to
the necessity of protecting the lathe
and any other machines used in
lapping operations.

When the lathe is employed all
slides must be kept covered, prefer-
ably with rags held ii place by some of
the small permarent magnets avail-
able at most too! shops, a covering of
newspaper over the rag helping to en-
sure that any excess of lapping com-
pound does not penetrate through to
the lathe bed itself.

The bore of the chuck must be well
stuffed with newsprint or rag, the
work, where possible, being held in
the jaws away from the scroll so that
rag may be introduced to protect it.

The tailstock, and the lever feed
mechanism necessary to make the
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best use of the tailsteck, scarcely need
much protectionr as all the mechanism
1s well away from the area in which the

A

. A .
cnlnnonnn l‘: nP' Ao f—‘r‘l"lnlu\ ea. A rag

(S35 ] sligm NrEilpsal YWl

thmwn over the taiistock, however,
will do much to minimise the in-
advertent introduction of abrasive
carried on the hands of the operator.

The drilling machine is a very suit-
able machine 1n which to carry out
lapping operations. It has all the
necessary mechanism for executing
the reciprocating motion of the
spindle carrying the lap; in addition
the protection of the table presents no
problems as this can be solved by a

THE AMATEUR'S WORKSHO!

piece of newspaper placed over th
table before any work is secured to i
where necessary

______________ -

W u...u wUli‘\ has to :J
held in the hands, for the most pari
the spindle can be locked against verti
cal movement, the work table swun,
away, and any excess lapping com
pound can then fall on to rag or news
paper placed on the bench.

An old pair of gloves should be kep
toprotect the handsduring the proces
of lapping and kept with the equip
ment used, whilst all paper or rag use«
to protect the machines is burn
directly the operation has ended.
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BUT‘TONS
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0. 1. Toolmakers buttons

J HILE it is possible to mark off
' apair or a series of centres very
7 accurately, if this condition is
& be maintained in the actual mach-
fing operations, recourse must be
B d to ‘toolmakers buttons’ set up on
fc work to preserve this accuracy.
f|At one time sets of these buttons
fere available on the market. How-
ller, this lack is easily made good by
g bricating the buttons for oneself, for
fey are simply hollow cylinders of
frel whose end faces are square with
teir axes. They are secured to the
{ prk by screws, and may be moved
L out and then locked in place when
rrectly set.
A typical pair of toolmakers
Littons areillustrated in Fig. 1.
[ 1t will be seen that ample clearance
fiven to allow positional adjustment
#1be made, while the washer used is of
[size that will ensure that the button
{ mains square with the work at all
| nes,
I They are used in conjunction with a
al indicator, the work being set on
¥ ¢ faceplate, for example, and ad-
Fsted until the button is seen to be
[ Inning true when the lathe is turned

Toolmakers Buttons

by hand. The buttons are usually made
0-300 in. or 0-500 in. in diameter and
it is customary to make one of the set
much longer than the others so that,
when a pair of buttons is set up close
on the work, as seen in Fig. 2 the
plunger of the indicator will not foul
the second button.

Using and Setting the Buttons

As has already been said the buttons
are attached to the work by means cf
screws, therefore, supposing for ex-
ample that a pair of correctly meshing
gears have to be mounted on a plate,
the werkpiece must first be marked oft
to indicate the centres for the two
gears and then holes must be drilled
and tapped at the intersection of the
centre lines for the insertion of the
screws securing the toolmaker’s but-
tons. We will assume that the gears to
be mounted are of 32 Diametral Pitch
and have 16 and 32 teeth respectively.

Fig. 2. Setting buttons to run true
WORK

by
DIAL INDICATOR - .7
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16 32 We will further assume that the firs
Their centres will therefore be — + —  gear is to be positioned with its centr
2 2 %in. from both edges of the plate an
——— that the second gear also has its centr
32 located § in. from the edge. The wor,
8+16 24 3 must therefore, first be marked 03'1
of aninch apart or = — =—in. shownin thediagram Fig.34.
32 32 4 Fig. 3. Stages in setting buttons ¢
distant. work
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AND ADJUST THEN LOCK
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OOLMAKERS BUTTONS

Two holes are then drilled, No. 32
iriil, and tapped 4 BA to accept the
crews that secure the buttons. The
irst of these 1s then mounted as shown
n Fig. 3B. With the buttonin place the
ork is removed to the surface plate
ind stood on its edge. A parallel slip
).250 in. square is then placed under
! e button which is tapped down until
ontact is made with the slip Fig. 3C.
ext, the work is turnea through 90
legrees and the button again tapped
nto contact with the slip. When thus
has been made the securing screw is
inally tightened Fig. 3D.

! The second and longer button is
how placed on the work and the pro-
tedure used to set the first buiton is
tmployed to ensure that both buttons
lie on the same centre line Fig, 3E.

1.1t now only remains to ensure that
the buttons lie at the correct distance
gpart. Since the second button is now
bnly held frictionaily and can still be
moved, a micrometer can be used to
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adjust the button in the manner de-
picted in Fig. 3F. When this has been
done the buttonis locked in place, and
the work removed to the lathe so that
it can be set up on the faceplate.

The longest of the pair of buttons is
the first to be set running true, using a
dial indicator in the manner described
earlier. When this has been done the
button is removed and the work drill-
ed and bored to whatever size is
necessary. The second button is then
set to run true and the procedure for
drilling and boring repeated.

It must be emphasised that the
example given is only one of the many
ways of employing toolmakers but-
tons. In a book Marking Off Practice,
once published by Percival Marshall
& Co., the subject of these buttons
was extensively covered. It is suggest-
ed that any readers who may need
further information should enquire of
local libraries if a copy of the book is
still available.




CHAPTER 15

HE use of the iathe for carrying
4 out milling operations has been

well understood and practiced
for many years. Indeed, the earliest
miliing machines were, in the main,
iathes adapted for the purpose.

The range of work possible is con-
siderable, varying from the cutting of
key-ways to the machining of gear
wheels. Obviously, the magnitude of
these operations 1s dependent upon
the size of the lathe emploved ; and it is
well, in this connection, to remember
that only the utmost rigidity will result
in satisfactory work.

Almost all specialised milling is
dependent upon cutters produced
commercially; these naiurally require
re-sharpening from time to time and
this invoives the use of equipment not
normally available to the amateur,
For this reason, where applicable, the
process of fiycutting is employed as
this method avoids the use of special-
ised cutters and the attendant Jifficul-
ty of re-sharpening.

Flycutting

Flycntting is the operation used in the
lathe for producing machined surfaces
on work held stationary while mount-
on either the cross-slide or top-slide.
Flat surfaces are obtained by rotating
a single-point cutter mounted in an
attachment that may be either held in
the self-centring chuck or bolted to
the faceplate. Curved work, and this
1s, of course, confined to concave
surfaces, is produced by a cutter
mounted in a bar normally rotating
between centres. A typical piece of

Fig. 1. The flycutter

Milling in the Lath

work here is the fitting of a chimne
base to a locomotive boiler; the cu
vature of the mating face of t
chimney skirt must agree exactly wit
the curved surface of the boiler itse
so the chimney must be machined t
the boiler curvature.

A boring bar with the cutter poir
set at the correct radius will suffice f
this class of work; but, for flat surfad
ing, more rigid equipment is require
The simplest device for carrying tH
fiycutter is that illustrated in Fig. /.

It consists of a Head ‘A’ carried ©
a Shank ‘B’ capable of being held 3
the chuck of the lathe. Two seating
are provided for the cutter; orj
parallel to the axis of the device, tIf
other at some 45 degrees to it. Ty
seatings are round in order to accon
modate the circular section higlf
speed steel bits that are available ¢
well as silver steel cutters that can b
made for oneself.

The amount of material that maj
be removed at a single pass depend
very naturally on the class of met
being machined; in the case of ligl
alloy and brass and using a lathe 4
3%1in. centre height, 0-050in. is quite]

———————
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Fig. 1A, Fiycutter components

Ly

none of an unpleasant and possibly
damaging nature.

A maeditication of the device des-
cribed. capable of carrving a pair of
cutters, s thatillustrated in Fie. 2

The device is designed to be mount-
ed in the d-jaw independent chuck,
and consists of @ block of mild steel
provided with seatings for square

section ground tool bits made from
nigh-speed <teel Tdeally these seatings

should he broached to ensure that
they are both parallel and square. But
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Fig. 2. Double fiycutier

BLOCK

— FACEPLATE

Fig. 3. Flycutter on faceplate
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the amateur cannot be expected t
have facilities for this, and so mus
fall back on the file to produce th
seats after having first pilot drille:
them.

Normally, both cutters are set ou
an equal distance from the block; bu
by adjusting the position of the bloc!
in the 4-jaw chuck, so as to make on
cutter lead the other, and increasin,
the depth of cut of the lagging cutte
the amount of stock removal per pas
can be virtually doubled. The lath
faceplate is a very suitable mount fo
the flycutter for the reason that, whei
the toolis located upon it, the distanc
of its point from the headstock bear
ing, or overhang, is reduced to th
minimum possible.

The support for the tool itselfis ver
simple as it consists of a mild stee
block, provided with a tenon to en
gage one of the slots in the faceplate
having one or more hexagon screws t
secure the device in place. Th
arrangement is shown in the illus
tration Fig. 3.

If thought necessary the tool ma:
be set at an angle; but, with the larg
area of work that may be covered by :
fly-cutting tool mounted on the face
plate, an angular setting is hardl
needed and is probably best omitted

In addition to surface machinin;
the flycutter may be used to cut key
ways. The cutter used is similar to :
parting tool employed in turnin
operations. It is mounted in a ba
revolving between centres or caught i1
the 4-jaw chuck with the lathe tail
stock brought up in support.

The work is fed against the directior
of the cutters rotation as a precaution
against tool-grabbing that must in
evitably occur in a light machine
when the cutter is allowed to ‘climb
the work. The technical term fo
feeding the work in the same directio
as the rotation of the cutter is ‘climb
milling’. The process has useful in
dustrial applications, but needs mach
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ines of much rigidity having slides of
sufficient weight to overcome the
itendency the teol has of clawing the
fwork towards itself.

The correct method of feeding the
ork isillustrated in fig. 4.

! When the cutter bar is mounted
IIbetween the lathe centres considerable
[stiffening of the set up is afforded by
fusing the fixed steady in support. The
ool bits used for flycutting are, for the
Imost part, similar to those used for
turning; as such there is no problem
linvolved in resharpening them by off-
hand grinding. If necessary they are
readily made from silver steel and are
subsequently hardened and tempered.
But for preference round or squared
lsection high-speed steel tool bits
Ishould be used as the edge imparted to
ithem by grinding and will stand up
better to the rather arduous con-
ditions of flvcutiing.

Mounting the Work

EW hilst the ideal method of holding the
jwork for end-milling is in a vertical
klide, and reference has already been
Enade to this, work may be clamped on
the lathe top slide and packed to the
fcorrect height. This procedure has the
Emerit that it enhances rigidity, though
ihacking the work needs some care.

| Inthis connection the correct thick-
ness of packing required when end-
Inilling a keyway in a shaft can be
fcalculated with reference to the dia-
jeram Fig. 5.

B First, the dimension ‘C’ must be
=stablished. This is obtained by sub-
tracting the dimension ‘B’ that is the
Histance from the lathe bed to the sur-
face of the top slide, from the dimen-
Sion ‘A’ the lathe centre height. Both
Himensions ‘B’ and ‘C’ must be
measured accurately, preferably with
L height gauge, otherwise the dimen-
bion ‘C’ will not be reliable.

¥ Dimension ‘A’ is obtained by apply-
ing the blade of the height gauge to a
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Fig. 4A. Flycutting a long keyway

Fig. 5. Calculating packing

y B, @
1

F

S
lz%””'

mandrel held zccurately in the 4-jaw
chuck having been set to run true with
a clock gauge. The required measure-
ment is then obtained by subtracting
half the diameter of the mandrel from
the height gauge reading. The dimen-
sion ‘B’ is obtained by means of a
direct reading from the height gauge
applied to the surface of the top slide.
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Fig. 6. The end mifl

When established, the dimension
‘C’ becomes a constant for the pariic-
ular lathe being measured. Itis then a
simple matter to calculate ‘t’ the
amount of packing needed to mount
the work truly on the lathe centre line.

Mounting Work on the Cross Slide

Work may also be mounted cn the
cross slide. Location of work in this
way has the advantage of securing the
maximum rigidity possibie in the
circumstances. Flycutting is best
carried out when the work is bolted
to the cross shde, the more so when
the area of the work is considerable.

After marking off, setting the work
for machining will, for the most part,
be a matter of using the surface gauge
to ensure that the job is correctly
aligned. Again, recourse may have to
be had to the dial test indicator to en-
sure that the work 1s square with the
axis of the cutter.

Using End-mills

The End Mill illustrated in Fig. 6 is
commonly used for a variety of pur-
poses such as the forming of hexagons
and squares on small machined
details. This type of cutter is also
sometimes employed for cutting seat-
ings for rectangular keys. Though the
Slot Drill, a variant having two cut-
ting lips only and 1iliustrated in Fig. 7,

THE AMATEUR’S WORKSHO!

Fig. 7. The slot drill

is now more commonly used. Both the
end mill and the slot drill illustratec
need to be centrally mounted if the
are to performu in a satisfacton
manner.

For many operations it will b
sufficient to hold these cutters in the
self-centring chuck ; but for work suct
as the cutting of keyways a litth
consideration will show that unless the
slot dnill turns quite truly the keyway
will be machined oversize. The sim
plest way to ensure the necessan
accuracy is to hold the cutter in th
4-jaw independent chuck. In this wa;
it will be possible to use a dial tes
indicator to test the truth of the slo
drill’s rotation.

When cutting keyways the worl
should be fed to the cutter in one
direction cr!,, otherwise the keywa
may be made oversize. In addition :
start should be provided for the cutte:
by drilling a pilot hole to the full deptt
of the fimished keyway. The pilot dril
should be some ¢-015 in. smaller thar
the slot drill in order to secure a gooc
finish to the work.

Using Circular Saws

Circular saws are used in milling for ¢
variety of purposes. In the lathe they
can be used for slotting screws, fo
slitting the collars employed in shaf
location or for cutting the slots ir
collet chucks.




i | Essentially, saws are thin plain
L millingcutters. The number of teethin
1| them varies. For the most part fine
Bl toothed saws are only suitable for
B relatively shaliow cuts, whereas saw
B with a comparatively few widely
% spaced teeth find their application in
deep cutiting. The reasons behind this
{ | are the better swarf clearance and
| lower power consumption of the
widely spaced tooth.

Fig. 8 shows the tooth proportions
of typical fine and coarse saws. These
may be obtained in a variety of sizes,
but for use in the amateur shop saws
from 21 to 3 in. in diameter with
thicknesses 0-015 to 0-060 in. will be
found sufficient for all average ve-
quirements.

In order to lessen drag in the work
nd to break up chips that might
therwise marr it, some saws are
rovided with side cutting faces.
Jaturally they have a greater thick-
ess than those of the plain variety, for
his reason their application in the
athe is somewhat limited. A typical
xample is shown in use in Fig. 8a.
Vhen used in the lathe, metal slitting
‘saws are normally mountzd on an
rbor carried between centres. These
‘arbors are similar to those fitted to a

= Fig. BA.

£t Supporting a
| | staggered

i tooth side and
g face cutter by
il means of the
% fixed steady
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normal horizontal milling machine,
and are ground on their own centres
50 that they will run truly when again
$o mounted.

The arbors are provided with dis-
tance collars enabling any cutters used
to be placed in the most convenient
position in relation to the work. The
collars have to be made with the great-
est care to make sure that their abut-
ment faces, that is the {aces that make
contact with the sides of the cutter, are
truly square with the axis of the arbor.
As there are several of the distance
pieces on the completely assembled
arbor a little thought will show that an
accumulation of errors here will result
in a bent arbor directly the cutter is
firmly secured by the lock nut.

The component parts of a typical
arbor assembly are illustrated in Fig. 9
Here, it will be seen, the collars are
shown with their abutment faces

Fer A, NN

Fig. 8. Fine and coarse saw teeth.
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Fig. 10. Machining keyways
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Fig. 8. The milling arbor

recessed. This allows them to be the
more readily cleaned before assembly
with the cutter to be used. Cleanliness
here is essential ; since the inclusion of
metal particles between the mating
faces will have an adverse effect on the
alignment of the arbor itself.

it 1s sometimes convenient to catch
the arbor in the 4-jaw independent
chuck, setting it to run by means of a
dial test indicator, and bring up the
tailstock as support. In addition the
fixed steady may be used to provide
additional rigidity when needed.

Metal cutting saws are sometimes
mounted on short arbors designed to
be held in the chuck with or without
tailstock support as occasion de-
mands, but for the most part, their use
1s In connection with milling attach-
ments to be considered later.,

Vertical Slides

The range of work that may be carried
out by milling in the lathe is greatly
extended by the use of fitments known
as vertical or milling slides. These are,
in effect, angle plates capable of being
bolted to the cross slide but having
one face, the vertical face, able to be
moved under the control of a feed
screw, in this way work attached to
the vertical face, either by being bolted
directly to it or held in a small machine
vice attached to the slide, may be set
in the correct position relative to the
cutter itself. A typical example is the
cutting of the seatings for Woodruff]
keys depicted in Fig. 10.

Two forms of vertical slide are
available; the first a plain slide with
vertical movement only, the second a
compound slide where both the slide
itself and its base can be rotated on
their cown axes through 360 degrees. A
vertical slide of the second category
finds application in the cutting bevel
gears where the gear flank needs to be
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Fig. 11. Fixed vertical
slide

Fig. 12. Compound
vertical slide

Fig. 13. The Myford Z’
Jdividing head -

[ifed to the cutter at an angle to the axis
of the finished gear.

Typical examples of both categories
of milling slide are illustrated in Figs.
11 and 12 respectively. These slides are
Imanufactured by the Myford Engin-
Lleering Company. The simple slide is
Hattached to the lathe cross slide by a
Mpair of T-slot bolts whilst the com-
dpound slide has one centrally placed
g bolt set in the base of the slide mount-
Hing.
. When gear cutting is to be under-
ltaken some method of indexing the
fwork is needed. The Myford Engin-
Neering Company supply a Dividing

Bdividing head




Fig. 14. Ailling attachment
Fig. 1£. Cutting a gear with the
wtling attachment

~

Head adupted for mounting on either
of their milling shides. This dividing
head 15 provided with mountings for
arbors may be set in the
mandrel fitted to the device
ttustrated in Fig. 13, The
fdividingin the lathe
deran later,

Milling with Lathe Attachments

An alternative to using the lathe head-
stock for driving milling cutters is the
mndependentiy driven milling attach-
ment as ifustrated in Fig. /4. The
device is intended for mounting on a
milling slide and is fitted with back
gear so that milling saws may be used
and run to che best advantage. It is
driven either from the lathe overhead
or from a dwarf countershaft and
low-voitage electric motor attached to
the end of the cross slide.

The spindie nose of the attachment
isthe same asthat used on the mandrel
of the Myford ML 7 lathe: in addition
he spindle itself is drilled axially and
s bored No. 2 Morse Taper so that

]

ety g
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standard Mvford Collets can be used
as well as any peg-mounted drill
chucksthatare available.

An alternative milling attachment
1s illustrated in Fig. /6. Here a com-
mercially made milling spindle and its
driving motor are seen both mounted
together ona vertical shide so that only
a single short endless rubber driving
belt 1s needed. This particular attach-
ment runs at a high speed and is suit-
able for use with cutters up to a
maximum diameter of ! in. The
spindle of the attachment is bored
No. I Morse Taper and is drilled for a
draw rod enabling cutters with taper
shanks to be mounted securely.

Driving Milling Attachments

Milling attachments of one form or
another have been known for many
years and the method of driving them
has been the overhead lathe counter-
shaft of more or less complicated
layout. The problem, here, is the
provision of a drive that will allow the
milling attachment to be used any-
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12 VOLT ELECTRIC

MOTOR \
/\ =

ere along the bed of the lathe with-
running into trouble with driving
ts coming off their pulleys. The
sent of the electric motor, however,
.done much to solve these prob-
s by permitting the driving unit to
mounted either on the attachment
If or at the back of the cross siide as
fustrated in Fig. 18, integrally with
Ee milling spindle, as we have seen, or
fparately on the cross slide as depict-
¢ 1n the illustration Fig. 13. For fur-
fler details of suitable belt drives
ference should be made to Chapter 1.
[t Where the work is to be mounted on
f - saddle some means of holdingand
gdexing it has to be provided. The
& bst convenient way of satisfying this

L. 17. Etements of a simple saddle
tbunted dividing device

GEAR WHEEL

@

rAEﬂ___

4 ANGLE PLATE

CROSS SLIDE
S/

A
CONTROL / EPICYCLIC REDUCTION
LEVER

BOX RATIO I1SQO~I
Fig. 18. Cross stide self-act

requirement and at the same time pro-
viding the greatest versatility, is to
make use of a milling attachment
similar to that illustrated in Fig. /4.
This device is made by the Myford

Fig.16. Milling attachment with self-
contained motor
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Engineering Company for use on their
lathes, and is fitted with a hollow
spindle provided with a nose that will
accept the chucks normally supplied
with the lathe. In addition an over-
arm with adjustable centre is included
in the device thus allowing work to be
mounted between centres.

The attachment is intended for
mounting on a vertical slide, prefer-
ably a compound slide, in order to
furnish a rigid but adjustable support.

THE AMATEUR’S WORKSH(

It is possible to make use of simple
devices, and in the main these usuall
consist of an angle plate bolted to th
lathe cross slide having a work moun
ing allowing a gear wheel to be attact
ed to the spindle. The wheel isengage
by a detent, the wheel chosen bein
one having a number of teeth that ar
a factor of the divisions needed tc b
machined on the work. The element
of the device are seen in the illustratio
Fig. 17.



CHAPTER 16

R A ANY of the milling operations
&/ il carried out in the lathe, or
[~ " indeed elsewhere. involve the
§se of some means of dividing the
g/ork. Exampies are gear cutiing, the
forming of hexagons or squares on
lompenents and other work of a light
Inachining nature. Dividing may be
tcfined as the use of the machine to
leduce a given piece of work into a
Lumber of equal parts.
| In the lathe dividing may be em-
bloyed either circumferentially when,
lor example, a ring of equally spaced
0les needs to be marked out on a
[vorkpiece, or in a linear form as in
Ihaking a scale or the machining of a
nck.
| If the lathe is to be used for milling
Jurposes employing a cutter spindle
jecured 1n a fixture mounted on the
g.addle, then hexagons, squares and
Bther regular shapes may be machined
an work held by the lathe headstock;
fvork held in this way will require the
fhthe itself {0 be used as a dividing
ngine.

ircumferential Dividing without
Complex Attachments

lathes are provided with a set of
[ hange wheels for screw cutting pur-
[j0ses. These wheels have an accuracy
fufficient for all practical purposes so
fhey can be used with advantage ina
flumber of ways to carry out a dividing
peration. All that is needed addition-
filly is a detent or stop to engage the
Lcar teeth at predetermined intervals
i ind hold the work against rotation
yhile the marking off or machining is
flarried out.

il Much simple dividing can be per-
ormed using a single change wheel

ividing in the Lathe

mounted on the stud of the lathe
change wheel set up. This is equivalent
to mounting the change wheel directly
on the tail of the mandrel since both
rotate at the same speed despite the
possible interposing of a tumbler
reverse gear. But care must be ob-
served to ensure that all backlash is
removed from the simple gear trains
involved. '

For the most part, when milling in
the {athe, the number of divisions re-
quired are few. There are four divis-
tons for squares, six divisions for
hexagons and eight for octagons when
needed. It is necessary, therefore, to
choose wheels having numbers of
teeth divisible by these numbers. The
first of the divisions mentioned as
well as the second can be satisfied by a
60-tooth wheel whilst the last con-
veniently makes use of a wheel having
40 teeth.

The dctent previously referred to is
bolted to the change wheel bracket
and engages spaces between the wheel
teeth as seen in the illustration Fig. /.
Details of a detent suitable for the
Myford ML 7 lathe and the Drum-
mond 34 in, lathe are given at ‘A’ and
‘B’ respectively in Fig. 2. The detent
may be seen in the place at the lower

BRASS PAD

C

Fig. 1. Arrangement of detert
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R

38
BRASS PAD

Fig. 2. Detent details

Fig. 3. Detent in place on Mpyford
lathe
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part of the illustration Fig. 3. Th
wheel is marked off with the necessar
tooth spaces equally disposed. If, fo
example, a hexagon is to be forme:
then, with a 60-tooth wheel in use
every tenth tooth space willneedto b
noted and the detent engaged in eac
marked tooth space in turn. As ha
been said, the detent employed i
usually mounted on the change whee
bracket, as this position allows it th

" more easily to engage the chang

wheel on the stud. The detent ma
take one of two forms, a simpie screw
in device as illustrated in fig. 4 or th
more advanced springloaded arrange
ment seen in the illustration Fig. !
The method of construction of th
simple detent will be obvious. Th
pillaris provided with a screwlock an
brass pad, enabling the detent to b
locked firmly after registering with th
change wheel.

The spring loaded detent is see
sectioned in Fig. 6 and detailed i
Fig. 7.1t will, of course, be appreciate
that the dimensions given are for
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pecific application ; but their modific-
tion to suit individual requirements
hould present no difficulty.

“ompound Dividing

Ve come now to a more advanced
nethcd of using change wheels for
ividing. This employs a train of
vheels and is used when a single wheel
s not available. Let us suppose that it
s necessary to divide a piece of work
nto 100 divisions: a common enough
equirement, by the way. when mak-
ng a feed screw index. If a wheel hay
ng 100 teeth was to hand no problem
vould arise since the detent could be
ised on every tooth space. For the
nost part, however, a 50-tooth wheel
vould have to be employed, this being
he wheel normally supplied in the
athe change wheel set.

The set-up may be written down
irithmetically as:

50 < 40 2000

b gquals
20 20

ons.

bimilarly if there is a need for 125
fivisions, sometimes used when mak-
ng a leadscrew index, a 50-tooth
wheel could be substituted for the
J0-tooth thus giving:

0 % 50 2500

equals 100 divis-

20 20

bquals 125 divisions.

Where no second 50-tooth wheel is
upplied, however, it will be necessary
o further extend the gear train; a

Fig. b. Spring lcaded detent

Fig. 6. Section of spring
detent

Fig. 4. Simple push-in detent

loaded
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Fig. 8. Arrangement of wheels for
compound dividing

~ Fig. 7.
'_.detent

Details of spring loaded

5ii6 DA

o

48" X 40 TH

HE AM A\}I‘EURbs WORKSHOI

messible comiinacior is set out arith
metically as: :
50 x40 x 25 \
—_——— equals 125. A
20::20
The wieels in the numerator are th
drivers whilst those in the denomin
ator the driven wheel. They are there
fore connezted in the following order
Stud 50 —--20 ’>J—~—Detent

as seen 1u the Jiastranon Flg 8 at ‘B’

Elimizating B:ckiash
It wiil, of cours:, be appreciated tha
in any train of gears there must b
hacklash resu"ting from. the necessit:
of P“O\’idl?"’ clearance "beiween the
teeth of the indtvidual gears them
sefves. ¥f o stens are taken to elim
mate  tnis  backiash UEE resulting
dividing of the work ¢ habie to b‘
inaccurste and of Little aceoust,

One simple way is that shows in the
illustration Fig. 9. Here, a chuck keyi
inserted in the chuck holGing the worl

=

al8"x s0TH 732D

(L .
232 DIA

_—
518 DIA

Sahg"X 40 TH . SlGDIA

o
| fpiﬁnl[ﬁ
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hnd 1 cord attached to this key is
Ibassed over a pulley attached to some
ibonvenient object such as a bench. A
L weizht, of sufficient mass te ensure
that the work will remain loaded
hooinst the gear train. is then tied to
he .ud of the cord. An arrangement
uch as this, though simple, has in the
ast been found adequate when en-
ving the index dizls of feed screws.

Change Wheel Mounting
the Lathe Mundrel

hen dividing from a single wheel,
d to a lesser degree when a train of
eels is in use, backlash m~, uve
liminated if the wheel can e moun -
fd directly o . the tail of the mandrel
ltself. This is most conveniently
hiccomplished by makirg use of an
kxpanding extension of the tvpe shown
Bn Fig. 10 where a device designed and
‘nade for the Myford ML 7 lathe 1s
fllustrated. The extension fits into the
nd of the mandrel and is expanded by
I tapered bolt so that it grips the
[nandrel. At the same time the change
vheel mounted on the outer end of the
txtension is firmly held in place as a
esult of 1ts own seating being also
brovided with means of expansion.
fDetails of the device are given in
o, 11.

| A detent can now be made to en-
bage a change wheel so mounted as
keen in the illustration Fig. /2 where it
till. also be apparent that a special
fixture is needed to carry the detent.

Détaiﬁs of the mandrel

153

Fig. 3. Simple method of eiiminating
backiash

Fig. 13. Parts of the detent bracknt

Fig. 10. Mandrel extension ior the
ML7
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The parts of this fixture are depicte
in the illustration Fig. /3 and detaile
in Fig. 14.

Dividiag with Simple \t:zchments
A simple solution to dividing in th
lathe is to make use of the buli whee
that is the larger gear wheel attache
to the mandrei itself. This has th
advantage that work held in the chuc
will remain fast and can be machine
without fear of Tnovement.
Jnfortunately, many bull wheel
do not readily lend themselves tc thi

Fig. 14. Details ¢f the parts

4

Fig. 12. End of ML7 showing change .
wheel and detent S/16 LA

Fig. 15. Detent for the Drummond
buit wheet
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urpose for the very good reason that
he number of their teeth is unsuitable
he 31in. Nrummond lathe, for which
he simple detent depicted in the illus-
ration Fig. 15 was made, has 66 teeth
n the buil wheel so it is only possible
o use it for hexagons or two flats
Biametiically opposite to each other.
Simple indexing. for the most part,
Fonsists. = has been stated, in divid-
ng worl o two, four or six divis-
fons. One  ay of providing for this is
8y dritiine a ring of equally spaced
fholcs in th chuck backplate. A detent
ay then t+ holted 2t some conven-
Pont | o-ation o engage the holes as

135

required. Suchan arrangementis rigid
and simple to use and is illustrated in
Fig. 16. If the drilled holes are num-
bered from | to [2 indexing will be
made the easier because it will not be
necessary to actually mark the holes
needed for any particular dividing
operation. For example, when form-
ing a square needing four divisions the
detent will engage number 1, number
3, number 6 and number 9 holes
successively and these figures can
readily be memorised.

An alternative to this arrangement
is the drilling of the face of the bull
wheel itself as seen in Fig. I7. This

Fig. 14. (continued)
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‘ Fig. 16. Using the chuck backplate
=
]
) , ﬁ:t: method offers the advantage that an

s
EO l equipment mounted on the mandr:
‘ nose will be held firmly during an
? E machining process requizing indexin;
Many light lathes of a century an
more ago, and in particular ornamer
)L" ) T CFF tal turning lathes, were provided wit
complete division plates attache

either to the mandrel pulley when n

o

back-gear was fitted or to the bu
= wheel itself when the lathe had a back
(H'] DETENT gear. These division plates had sever:
rows of holes so the range of dividin
Fig. 17. Using the bull wheel face pos§1ble was quite extensive. Fig. I
' depicts their fitment. The moder
5 lathe, however, with complete guard
ing of the moving parts on the head
stock does not lend itself well to thi

treatment.

DETENT

Fig. 18. A bull wheel mounted divid
ing plate '




"HAPTER 17

Dividing Attachment for
he Headstock
We have already descinbed the simple
bieces of equipmert that may be used
or dividing directly from the head-
tock and it will have become appar-
nt that, in order to carry out the more
omplex divisions sometimes needed,
nore advanced apparatus is needed.
such a device 1s iliustrated in Fig. J.
“his makes use of a change wheel
aounted on the tail of the mandrel
mploving the expander extension
reviously described.

:Befere embarking on a description
f:the apparatus it will be well to
nderstand the principle upon which
dividing head works. For the most

Dividing

part, dividing heads used industriaily
comprise basically a worm engaging a
worm-wheel having 40 teeth (and
sometimes 60). These elements are
seen In Fig. 1B. The worm may be
turned by hand enabling the operator
to advance the wormwheel by in-
crements as required by the number of
the divisions to be made. Onz turn of
the worm advances the wormw heel by
one tooth so, by dividing the number
of teeth in the wormw'cel by the
number of divisions required, it is
possible to arrive at the number of
turns needed, thus forexample:

Teeth in wheel 40

— = 2turns
Divisions needed 20

Fig. 1. Lathe dividing head
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Fig. 1A. Elements of
the dividing head

Fig. 1B. Parts of th
iathe dividing head

| CSHK FOR
BB A SCREWS

D . .'1'.6.
! 4, ¢
i e
‘ J}‘@

> 3

B, v "l; i,_., __.;-A
ﬁ” o= ’55 o oy '!a

‘ 37 -

VITTY 315014, 4B-A. ,

¢ / TAP6DA 5
T W 7" 'EDE;—Q

D5

a2 3,.°

— e
ety M2 32 .
I‘;;}ncem enosecTion el :@Tﬂ 3_!9 ‘;' pads

0 ALLOW OF RINETTING — )
0 PART NO.R—— (20 e




bIvIDING

ele

S
B
Co.
-

&

& :
WORAM & TRI. ™

SEOE|E
'a‘a“*'
s"—

ACF::E THREAD \;‘\

139

!
/S;.G;m
Q
} 3!4 /
1, \\_/

32 CSK. FOR 6B A
«SCREW TO LOCK
514 FARTS 2 & 3

4B A

68 A CSNK. SCREYY
o TO LOCK .WOAM
. ON SHAFT /‘;\

ﬂa’ '

i o
'-.%:m-i szzsrm

L s DRILL NO. 34
[ o fa" CSNK. ON UNDER -

f \ | SIDE FOR 6 BA..

T/ 1 SCREW

j‘&
S - ‘5} BORE 3!:5

1, ‘iz -261RL  Spe
‘ d7] e t ‘;, “
i) 4 f i i e
Y321 BORE W 7 M4 e 16)
3:32:”:32 SPINDLE 4O TP e

« S5SNI ON UNDERSIDE
1’4@ F% BB A SCREWS




140

FINGERS

Fig. 2. index fingers

Similarly if we needed 80 divisions on
a piece of work we should need:

40 1

—turys.i.e.—aturn

80 2

Now it 1s manifestly impossible to
estimate a single turn or any fraction
of a turn by eve with any accuracy, so
a further item has to be added to the
dividing head in order to take all
guess-work out of the process.

This item 1s the Division Plate
whose function is to enable parts of a
turn of the operating handie to be
estimated. The division plate is pro-
vided with rings of equally spaced
holes whilst the operating handle is
fitted with a spring loaded detent that
may be made to engage any of the
rings of holes previously referred to.
Each ring has a d. .erent number of
holes in it and the numbers used are
related directly to the factors required.
If we again take as our example the 80
divisions requiring half a turn of the
worm we can use a ring of holes
divisible by 2. Let us assume we select
a ring of 60 holes then it will be
necessary to move the handle by in-
crements of 30 holes for each division
made. If the holes had to be counted
each time a division was made the
resulting process would be laborious
and time-wasting. So a further piece
of equipment is added, this is the

/

i
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assembly called the Index Finger:
This assembly rotates around th
wormshaft and the fingers, of whic
there are a pair, can be adjusted rel:
tively to each other and locked. In th
way they can be made to embrace an
number of holes interval required. |
should be noted here that the finge:
are set to embrace these holes with th
addition of one extra hole, as seen i
the illustration Fig. 2, indexing -
being carried out using an interval ¢
4 holes.

The peg is first set in position ‘4
and the irdex fingers adjusted to en
brace the peg and 4 holcs. When th
has been done 2 cut is taken. The pe
is then moved to position ‘B’, and tt
index fingers, which are triction tigh
swing round to the position shown t
their dotted outline. The second cut
now made in the work, the proce:
being repeated until all machining hs
been completed.

Now that we have observed the ut
of the index fingers let us see how tk
specific ring of holes is selected. Let
supposc that we need to divide a piec
of work into 48 divisions. As we have
wormwheel with 40 teeth then tl
turns requued will be:

40 5

— turnsor—of a turn |
48 6
A circle of holes divisible by 6 will t
needed such as 24 or 35. If a circle
24 holes 1s selected then 5/6 of t
circle will be:

24 |
— X 5holes ==4 x5 =20holes
6

So the index fingers are set to embray
20+1 = 21 holes in the manner ¢
plained previously.

The Dividing Attachment itse
bolts dirzctly to the change whe
bracket and the worm with which it
provided engages a single chanj
wheel since no train of wheels
needed. No allowance is made for tt
helix angle of the worm which has
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ble this angle ‘could be compensated
lor by intreducing a wedge packing
the change wheel
bracket and that supporting the
#ttachment. The device has been de-
fligned so that when using change
W heels of 20 diametral pitch one turn
bf the attachment handle advances
luch o change wheel one tooth. If
Leference is made to the illustration
i-ig. 1B 1t will be seen that the appara-
s consists initially of a bearing
lssembly camrying the worm shaf*.
his assembly is attached to the
hange wheel bracket. An extension
f the worm shaft carried the operat-
hg handle and spring detent whilst the
livision plate itself is attached to the
op of the bearing housing. The fingers
br the division plate are located on its
per surface and rotate around a hub
rried on the wormshaft. The fingers
ay be set and clamped together, and
so secured to the division plate after
ch dividing movement has taken
ace.

Etc:h of {4 in., but if thought desir-

piecce between
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Dividing Attachment for
the Lathe Saddle

A dividing attachment may also be
used on the lathe saddle. This enables
the lathe to be used for gear cutting
with the work mounted on the
attachment and the cutter carried by
the lathe headstock. It also allows the
lathe to be employed, for positional
drilling such as is required by aring of
holes on a given nitch circle. An
example oi uus equipment is seen in
the illustraiion Fig. 3 where the
Myford Dividing Head is depicted.
This device i1s designed to be attached
to a vertical slide mounted on the
lathe cross slide. 11 is »rovided with an
overarm and centre . support work
either mouvnted on centres or held in a
chuck attache” to the spindle. This
spindle is bored the same size as that
of the Myford lathe and carries a No.
2 Morse Taper so that a normal lathe
centre may be used ; the spindle nose is
a replica of that found on the lathe

Fig. 3. The Myford dividing head
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itself enavhing the standard chucks,
driver piate and facc plate to be
mounted when required. In addition
the Mvford range of collet chucks may
be used wiin the attachment,

Simple Dividing Attachment

for the Lathe Saddle

A simple device for indexing and
capable of being used with a vertica!l
miiling slide is that shown in the illus-
tration Fig. 4. It consists of a base
plate with an atrachment for a self-
centring chuck, a spring loaded
plunger detent and a means of locking
the chuck agsinst rotation after each
indexing movement,

As the device is only intended for
simple dividing the rim of the chuck
back-piate is drilled with 12 equally
spaced holes. This enables indexing
for 2. 3, 4 and 6 divisions to be made
rapidlv, and will suffice for those
divisions most commonly needed.

THE AMATEUR’S WORKSHO

Fig. 4. Simpie dividing attachmen
for the lathe saddie

e My sy

The attachment was made, in th
first instance, to permit index driilin
of small components to be carried ou
But, subsequently, it has been foun
useful in the rapid end-milling of sma
batches of components reguirin
spanner flats'and in other work of
like nature.

The detaiis of the device are seen i
the iHustration Fig. 5.

i

Linear Dividing
An extension of the use of the lathe g
a dividingengine is its employment fi
the purpose of cutting racks, engra
ing scales and work of a like nature.

These operations make use of th
leadscrew as the necessary mediu
the process varying from the simple t
the more complex according to th
nature of the work involved.

If the leadscrew is provided with
micrometer index wheel it will ciearl
be possible to use this fitment t
measure uif the advance of the lea
screw required for any particul
piece of work. But such a practice
likely to be time-consuming and ma
introduce inaccuracies if, for a
reason, the reading of the index h
not been correct. It 1s best, therefor
to employ the methods of the milli
machine operator and set up a simp
wheel train to drive the leadscrew an
make certain that the dividing is ad
curately carried out.

An example of the set-up required |
illustrated in Fig. 6 and diagram
maticallyin £ig. 7.

it consists of achange wheel brackg
carrying a detent engaging a contrg
wheel having one tooth space only
This wheel is coupled to a chang
whee! which in turn is meshed with
further change wheel, the ratio bg
tween the two wheels being such tha
one complete turn of the contrg

== =R

Fig. 5. Details of above
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Fig. 6. Set-up for
flinear dividing

7. Diagram
flof above

heel advances the leadscrew by the
amount desired.
Ttis is analogous to the process of
screw-cutting  so  the  calculations
eeded ta set up a train of wheels for
dividing are similar.
. A simple example will suffice to
show what istnvolved. We will assume
thatitis desired to cngrave a scale into
{livisions of § in.. a procedure suit-
fible for engraving the barrel of a lathe
Railstock to fit it as a depth gauge. We
Bvill also assume that, as in the case of
B#he Myford lathe. the leadscrew has
®ight threads to the inch, ie., ¥ in.
fpitch. If we are to advance the en-
feraving tool by increments of & in.
fhen the ratio between the control
§wvheel and that attached to the lead-
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8
—oras2:1
16

This is a ratio that is, of course,
casily satisfied by a pair of wheels
found normally amongst these sup-
plied as standard with a lathe, a 60
wheel mounted on the leadscrew and a
30 coupled to the control wheel are

Fig. 8. Diagram for linear dividing

ig. 9. Diagram for linear dividing

11| 11
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‘ | E %LEADSCREI_W DRIVER
T s ey o
g 4% Hagnii o 9%

obvious examples as depicted in the
diagram fig.§.

If, on the other hand, it had been
necessary to have graduated the tail-
stock by increments of 55 in. then the
ratic of the wheels would have been:
& I

— = —o0ras4.i

32 4 '

a ratio satisfied by the combination of
a 20and an 80 wheel.

In the event of an 80 wheel being
unavailable. a compound train will
have to be used. Such a train could be
the wheels used for -k in. divisions
pius a further pair of wheels to give a
further 2: 1 reduction. Thus as seen in
fig. 9.

60—-—20

40—-+30< —-DETENT

Cutting Racks

An operation that may be performed
on the centre lathe is the cutting of
racks. A rack may be described as a
gear wheel whose teeth have been
extended into a straight line. It follows
then that the distance between the
centres of adjacent teeth of the rack is
the same as that of a gear wheel having
the same pitch. This distance, known
as the circular pitch, is conveniently

expressed by: —

wheren = 3-142

and P = Diametral Pitch

of the gear that will engage the rack.
As an example, let us suppose that a
rack has to be cut that will mesh witha

THE AMATEUR’S WORKSHOP

gear wheel having teeth 20 diametraﬁ
pitch. Then the circular pitch will be
n  3-142

— =——=0-157in.

20 20

The wheels will be geared together if
the order snown by Fig. /0.

This arrangement provides suffic]
ient accuracy for most purposes af
will be apparent from the table below]
where wheel combinations for man

gear pitches are given:
!
Circular ] Error
D.P.| pitch Driver Driven in.

12 1 0-262 | 40 38 | 0-001

G-001

16 | 0-196 | 40
18 { 0-175 | 35 1 25 Nil

2
14 1 0-224 ] 45 2 50
2 50 | 0-004 |

201 0-156 | 50 1 40 | 0-001

2 0143] 40! 1| 35 | Nil

24 | 61311 40 i 38 Nil

261 0-121 75 i 80

6-004 §

2810112, 45 I 50 Nil

30, 0-105; 80 1 95 Nil

32,009 1| 40 1| 50 | 0-002 1
360087 35| 1| s0 | Nil

40 | 0-079 ¢ 25 i 40

0-001 B

The single figures adjacent to thg
Driving Wheels are the number off
turns these wheels have to make. B

hereas, as has been said, the fore
going system provides a ready mean:
of indexing a rack to limits thai arg
practically acceptable, certain of thd
pitches have errors that would unfij
them for use in circumstances needing
womplete accuracy. As i example}
the combination of a rack and »inio
to be used for measuring purposed
would need a high degree of accuracyg@
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ll In order to secure the greatest
ipossible accuracy it 1S necessary to
Hbring into the wheel combination the
[factor == 3- 142, 1f we take this figure
! 22
las represented by the fraction —
i 7
{lthen wheels that will satisfy it are
found in the foilowing way:

75 35

The 35 wheel is mounted on the lead-
lscrew whilst the 55 wheel is placed on
he stud and is geared to the 35 wheel
selfasshownin Fig. //.

I we assumnie that the leadscrew has
thicad of | in. pitch then the ad-
ance of the saddie and any work
ecured to it for each movement of one
ooth of the 35 wheel wili be:

L One turn of the 55 tooth wheel geared
fito it will then be 55 ~0-0035 in. =
B0 - 196 in. which is the circular pitch of
ia cear of 16 D.P. 1t is not conventent,
fihowever, to use only the 55 gear for
Bindexing purposes so an additional
loear has to be mounted on the stud
talongside the 55 gear to enable index-
fling to be carried out. The arrangement
Blisseenin Fig. 1.2,

B If for example a 60 toothed wheel is
Liselected for indexing purposes then
fithe advance per tooth is give'. by
fldividing the number of teeth in the
flindex wheelinto0-196s0:

10196
=0-0032n.

E 60
@Supposing, therefore, that it is a rack
Ehaving teeth 20 D.P. that is to be cut,
fithen the number of teeth in the index-
fling wheel that need to be used is given
by :

110156 (circular pitch 20 D.P.)
= 48

- 0-0032
| teeth.
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Fig. 11. Train of gears to satisfy the
function =

Fig. 12. Compilete train of gears for
accurate indexing

The error in this instance is only
0-00004.in. in a total of 48 teeth, for all
practical purposes a negligible figure,
and it is this method that has been used
in calculating the Table 11 giving fig-
ures for indexing a range of tooth
pitches.

When indexing it is advisable to set
4 pair of dividers to embrace the
number of tooth spaces necessary and
toc mark these in turn as they are used
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to ensure that the dividing ope-ution
remains in step.

|
l No. of
Diamerral | Linear | Indexing| teeth
pitch pitch wheel | indexed
12 0:262 ¢ 60 20
14 0-224 ;35 40
16 0-196 | 60 60
18 0-173 45 40
20 L0157 80 48
22 . 0-143 55 40
24 0-131 60 40
26 0-121 65 40
28 0-112 35 20
30 Q-105 60 32
32 0-098 60 30
36 L 0-087 45 20
40 1 0-079 60 24

When the wheel train has been set
up it is as well to check it. This is
readily carried out by mounting a diai

Fig. 4. Set-up for engraving on the
rotary table
ROTARY TABLE

pasminie iy

e

ENGRAVING TOOL {
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Fig. 13. The rotary
tahle

.ndicator on the luthe bed and using if]
to measure the movement of thel
saddle under the control of the index
wheei. A series of consecutive meas-
urements should be taken setting the
indicator to zero be!ween each move-
ment of the wheel. The set up is illusH
trated in Fig. 12A.

The Rotary Table

The last device for dividing we have to|
consider 1s the Rotury Table. Though
not strictly of prime use on the lathe
being intended as an accessory to the
milling machine, under certain con-
ditions it nevertheless, may find ems-
ployment there and so merits some
attention,

Its basic mechanism is simple,
consisting of a casting carrying the
work table and a set of bearings to
support tlie worm which engages 4
worm wheel forming part of the work
table. The worm shaftis provided withy
a hand wheel for operational purposes
and both it and the iable may bg
locked against rotation under load.

The rim of the table is calibrated
and isengraved with a scale of degrees.
The main casting carries a zero plate1
and in some instances a vernier toj
enable the finer angular measure-
nmtents to be made. Additionally the]
operating hand-wheel is sometimes
engraved with a scale, a development]
that somewhat simplifies the making
of accurate measurement.
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£ The surface of the table is crossed
L with T-siots so that the work may be
[ sccured to it by means of bolts en-
b caging the T-slots.

[l The centre of the table is bored
[laccurately so tha. in addition to ‘a
U dead centre® plugs or bungs may be
[ lused to centralise work or even, in
{ some nstanges. tomount it.

¢ Individing work it will be apparent
hat 14 measurements are made in
egrees or parts of them, this enables
ividing to be carried oui quickly and
with certainty, Thus if a hexagonis to
§be machined the work is moved 60
egrees each timie a face has been
ompleted: i a square is required the
movement 15 90 degrees and sc on
iccording to the number of faces
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needed, these movements being deter-
mined by dividing the figure of 360
degrees by the number of faces
desired.

Engraving a Protractor

An example of the class of work that
can be carried out witha Rotary Table
when mounted in the lathe is the pro-
iractor. In order to engrave it the
rotary table 1s secured to the lathe
faceplate. The work 1s secured to the
fiuce of the table with the engraving
tool mounted on the lathe top slide
as seen in the llustration Fig. /4.

The lathe mandrel is locked against
rotatton and all dividing increments
carried out by the rotary table.



CHAPTER ¥

N our bock Beginners’ Workshop
we have given some consideration
~ to the guestion of drills ana drilling
and enough has been said there to
enable the beginner to furnish him-
self with sufhcient equipment i order
to carry out work suited to his skiil
and the extent of his knowledge. As
this knowledge increases he will natur-
allv wish to extend hus facilities, so 1tis
the purpose of the present chapter to
give some guidance on the subject.

At the moment of writing the
desirabiiity of “going metric’ is upper-
mostineveryone’s mind. The value or
ctherwise of doing s¢ commerc:ally is
a matier for debate. but whichever
way the argument 1s settled it seems
hardly sensible for the amateur who
may have painstakingly collected to-
gether 4 set of drills, and for that
matter screwing tackie based on
English practice. to throw the whole
fot away and start all over again. it
shouid be emphasised, however, that
of late years the extension of the avail-
able range of metric drills, especialiy in
the smaller categories, has made themn
a valuabie substitute for some of the
drill sizes. Letter and number drills,
for example. betng well covered by the
metric range.

The range advances by close n-
crements, in point of fact a few
thousandths-of-an-inch at a time, so
the purchaser has available to him
drill sizes that will be of the greatest
help when either reaming or tapping
threads.

The best advice we can give for the
moment, therefore, is to retain the sets
already in the werkshop and co sup-
plement these by individual metric
drills as occasion demands.

drills cmd Drilling

Atauction, or sometimes on the dis-
posal market, 1t is often.possible to ac-
quire drills with tapered shanks made
to the Morse standard. Apart from
their obvious advantages when used
tn connection with drilling machines
equinped to accept them, taper shank
drills can usefully be employed on the
lathe. A selected few ot the larger sizes
will be sufficient, but care should bej
taken to see that the drills chosen zrel
not too large for the machmes withj
whichitisintended to use them.

In the case of second-hand equip-
ment offered for sale the state of the)
tapers themselves should be well in-
spected before any drills are acquired.
Many of the shanks get damaged in
service so it is well to choose carefully
before selecting a particular drill.
Shight damage may be put right by
polishing with an oil stone or a swiss
file, driil shanks being usually left soft;
but a severe case of bruising will need;
the surface to be machined away as
depicted in theillustration Fig. / at*B’.

If it 1s intended to use taper shank
drills in a drilling machine adapted for
the purpose, the tangs of the drill
themselves should be examined for
damage. As has been shown else-
whure the tang fits into a recess formed
in the drill spindle itself; it preventy
the dril! turning under load and has an
essential part io play in the method
used to remove the drill when required
as illustrated in Fig. 2.

As will be seen a wedge, passed
through a slot in the driil spindle,
makes contact with both the tang and
the spindle itself. A smart hammer
blow upon the end of the wedge drives
itinand ejects the drill.
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0010 ¢020 FROM DIAMETER

REMOVNG SAY

J2

Driff Stands
It is always advisable to store sets of
rills in stands. In this way not only
can sizes be distinguished at a glance
ut the drills themselves will be better
intained than when ail jumbled
ogether in a box. While commercially
roduced dril! stands are readily
vailable, many workers prefer to
§ make what is necessary for them-
il sclves, the more so when some special
£ srouping of the drills is desired.
[l For example, as an examination of
ithe handbook Screw Threads and
8 Twist Drills il show, the percentage
Eengagement of screw threads varies
| directly with the size of tapping drill
| used. Some workers. therefore, prefer,
£ 1in connection with the screw threads
® habitually used by them, to group
{ together the various tapping size
i drilis they need.
|| The purchase of a drill stand for
i such a purpose may very well be a
b difficult, if not an impossible under-
gitaking. But the want can easily be
 filled bv a hardwood block, drilied at
convenient spacings by those drills
i themselves that are to occupy the
[ stand, the block itseli being shellaced
¥ or ‘rench polished subsequently to
| prevent staining oy oil.

/
TANG

Fig. 1. Correcting damage to a taper
shank

Whilst it is possible to mark the
drill sizes opposite the holes, using
fatter punches for the purpose. unless
the drills are well spaced it is difficult
to read the sizes. So, in the main, it is
better to omit this refinement and rely
on experience and visual skill in the
first instance to select the drill sizes. in
any event, and especially where the
smaller drills are concerned, the dia-
meter of those selected is best checked
by means of a micrometer calliper.

It miay noi be out of place, at this
point, to sound a note of warning.

DRILL
TANG

Fig. 2. The removal of taper shank
drilis
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Fig. 3A. Locating the V-block

Possibly as a result of mechanical
packaging. it does not necessarily
foilow that the size of drill inside a
packet corres, ynds ~ith the drill size
marked on thz outside. We recently
had occasion 10 need some drills
4-3 mm diareter. These were duly
obtained and r:ut to use after checking,
by the marting on the outside of the
packei only, that the drills were as
required. But it was not till the holes
in a whole ‘batch of work had been
found oversize that it was discovered
that drilis 4-4 mm diaineter had been

THE : MATEUR'’S WORKSHOP

placed +n the p: cket by mistake ana
this by firm of nternational repute.

Ther:.-oralis ot vious—check everv-
thing aid do not :ake for granted the
sizes marked on ackets or stamped,
on the i lls themscives

When buying new diills in the
smaller sizes it is also worthwhile
having a look at the dr:ll points them-
selves, It is not unknow for these to
have been sharpensd :nea. tectly.

Drilt Chucks

Chrucks for use with paioo! st nk
drills have already teen desciiv~d in
Chapter 1V where equipmer! nzeded
with the drilling machine is deait witls.,
Teaders are therefore referred 1o the
notes rontalied in that chapter,

Methods of Holding Work

There are several wayvs of holding
work on the drilling mechine able.
The first, and unfortunatelh most
obvious method, is to hold it by hand.
But this, for the most part, is a danger-
ous practice and not to be recommen-
ded. If the part is large and heavy 1t
may well stand up against the drill
forces without being secured to the
machine table. But the small compon-
ents made by the amateur need to be
firmly held in order both to protect the
opeator as well as to ensure accurate
drilling.

A method commonly used to hold
round work is illustrated in Fig. 3,
where a short length of shaft 1s seen
mounted in a V-block so that it can be
located under the drill point and held
firmly. The block itself is provided
with grocves; the clamp securing the
work and the dogs fastening the block
to the dr:lli-e machine table engage
these grooves holding the assembly
firmly.

When we “n1smounrtedina V-biock
for cross-drinng it is essential that 1
be set accurately or the drill will not
pass diroctly through the centre of the
work, A simple way to ensure that it
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Moes so is depicted in the illustration
Fic. 34. This shows a piece of round
fnaterial gripped in the driil chuc
being brought inte contact with the
& -block and heid there while the
tlamps securing the block to the
fhachine tabie are tightened.

B Itis important to see that, when the
focating spindle is removed from the
Fhuck, enough room has been left for
Bhe insertion of the dril to be used;
For moveme.:.t of the table after the
EV-block has been set correctly will un-
0 all the accuracy of positioning.

| Castings and other large compon-
pirts can be bolted or clamped to the
able ~f the drilling machine while the
smaller actails are gripped 1n a mach-
ne vice. There ts a number of suitable
vices on the market: of particular
Lervice to the worker in the small
orkshop is the vice made by the
'vford Engineering Company. This
thas a maximum jaw opening of 1§ in.
vith a width of 12 in. and a depth of
2 in. The vice is reasonably priced aad
is accurate. a requirement essential to
fhe serious user. 1t is also of simple

. lg 4. The Myford machine vice
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Fig. 5. The Offen vice

design but it has all the essential
elemerits of 2 good machine vice. An
exampleisillustrated in Fig. 4.

Another small vice that may be
used on the drilling machine i1s the
Offen Versatile Vice illusirated in
Fig. 5. This piece of equipment 1s pro-
vided with a base machined on its
underside enabling it to be bolted
firmly 1o the table of the drilling
machine., The base carries a ball
mounting to which the vice itself 1s
secured; this allows the vice to be
oriented and locked at any angle
needed in relation to the base.

The vice, which is well made, has a
capacity of 1 in., the jaws being 1% in.
wide and the throat 14} in. deep. It
will be observed that the screw is pro-
tected, a worthwhile improvement in
a piece of equipment that may be used
on the bench as weil as on the
machine.

The Drilling Machine Setting Ring
Fig. 6

When setting work on drilling mach-
ines not provided with mechanical
means of raising or lowering the
machine table, difficulty often exists
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Fig. 8. The drilling machine setting
ving

S

in posittoning work under the drill.
To doe so it is sometimes necessary to
swing the table around the column of
the drilling machine. In doing so the
table mav slip downwards, possibly
upsetting the depth gauging of the
drifl spindle. This mav be avoided by
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fitting a setting ring below the castir
supporting the machine table. Wi
this ring clamped to the column tl
table may be swung around witho
endangering its vertical positic
When providing this additional fi
ment it should be noted that a clam’

. ing ring is preferable to one that reli

on a grub screw to secure it. If a gr
screw 1s used a brass pad should 1
interposed between the screw and il
machine column in order to avo:
damaging the latter.

Depth Stops and Methods of
Measuring Depth

When drilling ‘blind” holes, that is i
say holes that do not pass cle:
through the work, it is important tot
able to ¢nsure that the point of tl
driil only penetrates to the require
depth. “hlstitinay be possible, whe
drilling a single hole, to provide f¢
this requirement by direct mensur:
tion as described in our earlier bool
Beginners Workshop, a series ¢
similar holes need a depth stop t
make certair :.-les are all the sam
depth.

On some types of commerciall
made drilling machines the stop fis
ture consists of a clamp surroundin
the quill of the drilling machine an
carrving a threaded upright upo
which two stop units run, the on
acting as a lock for the other. Th
casting of the drilling machine |
furnished with a drilled lug throug
which the threaded upright passes an
it 1s against this lug that the stop nut
abut. All the parts that comprise th
stop fixture are illustrated in Fig. 7.

The upright is marked off in a scal
of inches but the actual operation ¢
setting the depth of hole required i
somewhat elementary and slow. S
much so that we long ago decided t«
modify the arrangement in order t

Fig. 8. Modified drilling machine sto|
Fig. 7. Drilling machine stop
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Speed up the depth-setting process and
i l0 incorporate a steei rule that could
[be read more 2asily than the some-
what clementary scale engraved on
Pihe original upright. The modification
[is illustrated in Fig. 8. A cylindrical
apright having an axial keyway now
llep...ces the original one, and on this
[ilides an adjustable stop having a
bronze feather key engaging the key-
fvay and preventing the stop from
| -oming out of alignment. A thin steel
linger is attached to the stop and this
has an engraved index line that can be
luperimposed on the rule itself. The
atter has a holder. screwed to the
podyv of the drilling machine; this is
provided with a clamp to secure the
lule after its position has been ad-
sted in relation to the stop. In order
set the stop the drill point is first
prought into contact with the work
ind the driil spindle locked. The stop
then lowered on to the lug on the
ad casting and a note taken of the
f eading shown on the rule which
Ehouid be first set to some convenient
Boure. The stop is then moved away
Brom the lug for a distance equal to the
flepth of drilling required and is then
fhcked to the upright, the amount of
fnovement being read off on the rule.
L he drill spindie is then released and
rilling commences.

Bl Where it is possible to fit it the
Limplest way to provide a depth stop
[ 5 to attach a clamp ring to the top of
fhe drill spindle itself. The ring makes
flontact with the face of the driving
tulley so can be set, after the drill
£ oint has been brought into contact
f7ith the work, by inserting a drill
fhank or a simple setting gauge be-
| wveen the two parts. The arrangement
L depicted in theillustration Fig. 9.

| The gauge is readily made from a
&ngth of flat material, the steps being
Erranged a< shown. Itis suggested that
i maximum depth of £ in. 1s allowed
bor, increments of & in. being set out
gtarting from } in. If intermediate
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Fig. 9. Cepth stop gauge

Fig. 10. Potts drilling grinding jig

depths such as % in., % in. and so on
are needed then a second gauge can
profitably be made.

Designers of drilling machines, in

which the spindle runs in a quill hav-

ing a rack cut upon it, sometimes
make use of the rack pinion shaft to
carry an engraved sleeve for measur-
ing depth. The sleeve is friction-
loaded so that, after the drill point has
been brought into contact with the
work, the sleeve is set at zero allowing
the depth of the drilling to be read off
directly.

Drill Grinding

Whilst it is possible to resharpen a
drill by means of an off-hand grinding
operation, by this methed the possi-
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Fig.11. The elements of the twist drill

bilities of ensuring that the tips are of
equal length and at the correct angle
to the long axis of the drill itself are
almost nil. It is of importance that
these requirements are met, if not the
drilled hole wiil neither be straight,
0¥ true to size,

A drill grinding jig will make certain
that the drill point 1s accurately re-
sharpened, enabling the user as it does
to carry out iius work expeditiously.
One of the best known commercial
fixtures obtainable in this country is
tne Potts Drill Grinding Jig seen in the
illustration Fig. 10. The device is
designed so that it can be bolted either
to the bench alongside the grinding
machine or directly to it, and is
designed to enable drills to be sharp-
ered on the side of the wheel.

The amateur, however, should not
be actually discouraged from the
practice of off-band grinding. If he has

Fig. 12. Drili point angle

no fixtures he must of necessity resor
to it, experimenting initiaily with on
of the larger drills, say one of } in
diameter. This will allow him tEI

more readily to check the angle of' t
drill point as well as the length of t
lips.

The Drill Point

Whatever method is employed t
sharpen 1t, it is important to undeq
stand the eiements beth of the dri
and the driil point and the nome
clature used to describe them.

The terms applied to these elemen
are set out in the illustration Fig. 11,

For general purposes the include
angle of the drill point is usually ma
118 degrees as seen in Fig. 12, whil
the lip clearance or back-off from t
cutting edge normally has an angle
from 9 to 12 degrees as depicted i
Fig. 13 at A and’B. If the clearance
increased materially beyond th

Fig. 13. Drill lip clearance
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ig. 14. Chisel point angie

[ gure the cutting edge will be weaken-
d and may chip during the drilling
Eiperation.

(| Inacorrectly ground drill the angle
e chisel point makes with the lip or
futting edge 1s 136 degrees as seen in
[ig. /4 at A, This angle depends how-
er, on the amount of back-off given
hind the lip. If nc clearance is given
d the drill point ground like a lathe
ntre the chisel point angle would be
duced to 110 degrees accordmg to
eillustration Fig. /4 atB.

wo common faults in drilf grind-
illustrated in Fig. I5 at A and B
ctively. In ‘A’ the back-off given
| too great and, in consequence, the
fitting edges have become thinned
Bnd weak, as well as crescent shaped.
| In ‘B’ the included angle of the drill
foint has been made greater than the
landard 118 degrees resulting in the
Bitting edges becoming hooked.

i From all of this information it will
(e clear that, when grinding by off-
fana methods, the chances of pro-
flucing a theoretically correct drill
foint are extremely thin. The drill
hanufacturers all stress this, but con-
E-de that some expetiencec dperators
f0 occasionally produce an accurately
Bharpened point free-hand. Those who
Pish to experiment with this method
g crinding would do well, in the first
fistance, to set up a surface plate on
¥ side as depicted in Fig. 16. The plate
gn then be smeared with marking
#lue and a correctly sharpened drill
doint rolled against it. In this way, by
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Fig. 15. Faults in drill grinding

observing the amount of blue trans-
ferred to the drill point, the operator
can check the effectiveness of his
movements, and whether these will be
successful when he makes use of the
grinding wheel.

Drills are usually ground on the
side ~f the wheel as depicted in the
illustration Fig. 17. This leaves the

Fig. 16. Testing free hand grinding
methods

|

Fig. 17. Drill grinding on the side of
the wheel
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Fig. 18. AAodified drill point for brass

worker with an additional problem,
that of maintaining the correct angle
of inclination. namely 39 degrees,
when using frechand methods, How-
ever. if a jig is smploved, no such
difficulty arises for the angle is already
set and s incorporated in the basic
geometry of the design.

When the point of a correctly
sharpened drill is examined it will be
seen that the cutting edge has con-
siderable top rate in the manner im-
parted to a lathe tool intended for
cutting sieet.

This condition is depicted at “A’ in
Fig. 18. When a drill sharpened in this
way is used for cutting brass it will be
found to ‘grab’ or ‘dig’ in. This
tendency can be overcome by impart-
ing a flat or iand to the cutting edge as
shown in Fig. /8at ‘B’. A narrow land
is all that is needed, and this can read-
ily be produced with a small slipstone.
if much brass work is being under-
taken i the workshop it is often found
worthwhile to keep a number of drills,
not necessarily a full set, for drilling
brass oniv. In this way the incon-
venience of having to resharpen a drill
previously used on brass before it is
again employed on steel can be avoid-
ed.

After much resharpening the chisel
edge of a twist drill will be found to
have materially increased in length.
The reason for this is that the web of
the drill is purposely made progress-
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ively thicker along the drill’s axis i
order to impart strength. Cbviously
chisel edge that is too long will activel
decrease the drill’s free-cutting pow
ers. These can, however, be restore
by an goperation known as thinnin
the point.

The thinning is brought about b
grinding an equal amount from eac
side of the web until, at the drill poin
it 1s approximately one-eighth of th
drifl’s diameter. In professional estat
lishments this is work normally give
to operators supplied with speci:
fixtures for the purpose. Nevertheles:
an experienced workman will often d
the job freehand. All that is needed
a suitably narrow grinding wheel an
a steady hand. bearing in mind tha
lit:le needs to be removed from th
tface of the web to achieve the desirg
objeci, see Fig. 19.

It will be appreciated that the ang]
of the chisel edge is not ideal since th
chisel edge rubs rather than cuts. Th
rubbing tends to throw the drill o
course resuiting in a drilled hole out
axial alignment. An improvement
this condition can be brought abo
by modifying the point of the driil
that there are in effect two chis
edges as depicted in the illustrati
Fig. 20.
in this way the rubbing surface is r{
duced to nothing by the production ¢
two new cutting edges that act as
pilot drill. This materially improv
the rate at which the drill will cut.
order to carry out this modification
is really necessary to have available

Fig. 19. Thinning the drill point

Sy

POINT TOO THICK POINT THINNE
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CHISEL EDGES

-

/f///\

CHISEL  EDGES

cture that will allow the drill to be in-
wed accurately through 180 degrees

wddition a knife-edge wheel must
> mounted on the spindle of the
inding head so that the wheels
iphery can reach into the flutes of
dril without the side of the wheel
lng into contact with the drill
pelf,

i The drill approaches the wheel in
fic manne: and at the angle in the
Sagram Fig. 21. Readers, who for the
posi pari will not be 1n possession of a
ftitable grinding fixture, should not
[ deterred from attempting the mo li-
Lration free-hand. If experiments are
Enducted with the larger drills, say
fin. diameter upwards, and these are
[ (¢ driils that benefit the most from
| ctreatment, practice will scon make
e worker, if not perfect, then
L flequate.

e

I Speeds

fne speeds at which drills should be
fn are recommended by the manu-
[ cturers on the assumption that the
fills are made from high-speed steel
hd are to be used in commercial
floduction. In the amateur sphere
£ cre is no requirement to d.ive drills
& the limit, so any figures given in
£ mmercial handbooks can be re-
{iced with advantage.
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The following table gives the drill
manufacturers recommended speeds
when drilling mild steel under com-
mercial conditions. They can be re-
duced with advantage in the amateur
shop.

Drill dia. High-speed | Carbon steel

in drills drills
inches r.pom, r.p.nt.
= 4,000 1,800

i 2,000 900

2 ‘ 1,500 600

i 1,100 450

& 500 340

3 750 280

T 650 240

4 550 210

When drilling brass and aluminium
these speeds may be doubled, but
should be materially reduced when
cast iron is being drilled. If not the
lands that form the sides »f the drill
may be worn away and the drill itself
will then bind in the hole. From the
table above, it will be apparent that
drills made from high-speed steel are
capable of withstanding a greater load
than those made from carbon steel.
Moreover, they retain their sharpness
longer and are less likely to breakage
than carbon steel drills.

Fig. 21. Grinding the modified point
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Drill Lubricants

Except whendrilling cast iron or brass
the work needs lubricating. At one
time lard oil was much recommended
for the purpose. but today there are
many other lubricants available. For
the most part these are thin-bodied so
that they penetrate the work quickly.
In the amateur workshop they are
usually applied’with a brush, but they
can, if thought advisable, be used with
a simpie air-operated spray.

The use of pust lubrication has
much to recommend 1t, particularly
on machines where the lubricant, if
used 10 any guantity, is liable to be
spiashed about.

An cxample of mist lubrication
ecquipment, made originally to solve a
problem in the sculptering of large
atrcraft components. is seen fitted to
a pillar drili in the illustration Fig.
2i4,

Creoss Driiling

One of the more important operations
the metal worker has to perform from

Fig. Z1A. Mist lubrication

Fig. 22, A pair of V-blocks

time-to-time is the cross-drilling
shafts. This process is needed, {
example, when a component such a
gear wheel needs to be fastened to t
shaft. Unless, for some reason
other, the drilled hole must be offse
may be assumed that the hole h
normally to pass through the cen
line of the shaft.

When but a single shaft or co
ponent has to be cross-drilled t
work is first marked oif then mount
accurately under the drill point in
pair of V-blocks of e type illustrat
in Fig. 22. These are supplied with o
or more clamps enabling the work
be held firmly. The method of mar
ing off and setting the work is depic:
in the diagram Fig. 23.

Centre lines are first scribed up:
the end of the shaft or component a:
one of the lines is extended along
axis. A radial line cutting the latter
then scribed and a centre marked wi
a punch at the intersection of the ty
lines that have been marked off.

When this part of the work has be
completed a centre drill is placed
the chuck and the work aligned with
vsing a square, as shown in the illt
tration, to ensure that the scrib
centre line is truly upright. The wo
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& now secured by clamping bothin the
¥-block as well as on the tabie of the
frilling machine, and drilling can
tommence uzing first the centre drill
1) followed by a twist driil of the
forrect size (2). If, for any reason, the
becified drilled hole is large it 1s best
b use a pilot drill before finally open-
(ho out the hole to size.

f| Frequently it is necessary 1o cross-
L rill 2a number of similar componerts.
I the procedure just describee haa to
¢ followed forevery indicidual part it
Il be clear that the whole operation
uld be most time coasuming not to
¢ tedious. Industrialiv, of course,
e matier is dealt with a jig or fixture
wde especially for the purpose. The
vateur however, and even the pro-
sional engaged in smali batch pro-
ction, can solve the problem by
ans of a simple finture that he can
ke for himseif and which is tllus-
d in Fig. 24. The device consists of
block fitted with a pair of studs
bocr which a saddle carrying a guide
fish is placed. To ensure that the
ish is correctly aligned before drill-
o commences it is only necessary to
Blake sure that the distances between
Bl underside of the saddle and the
Bp of the V-block, marked by the
Liters ‘A’ and "B’ in the diagram, are
jual.

i The jig 1s fitted with a simple ad-
Iistable stop for use when a number of
flentical parts have to be cross-drilled.
ghe parts of this unit are depicted in
fc illustration Fig. 25.

B The top comprises a bar (5) passing
firough a clamp (2) and carrying a
fishbone (4) fitted with a long and a
flort abutment; either of these may
[ brought into use and set at the
srrect distance from the work by
irning the bar in the clamp and sett-
o it where required. The stop is then
fcured with the lock screw (3). The
ttails of these and all other relevant
firts of the cross-drilling jig are given
§ the illustration Fig. 26 and the
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Fig. 23. Setting work for cross-
drilling

Fig. 24. Cross drilling jig

Fig. 25, Parts of the jig adjustable stop
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numbers quoted refer to this illus-
tration.

The guide bushes. details of which
are seenin Fig. 27, are made from mild
steel so that they may be case-harden-
edif thought necessary.

It is ot propesed to give a detailed
description of methods that may be
used in ihe construction of the fixture ;
for the most part the work is of an
elementary nature. But one aspect of
the procedure caills for a hittle com-
ment. It wiil be readily appreciated
that the success of the device depends
entirely upon the postition of the guide
bushes in relation to the work seating
in the V-block. If the bushes are inany
way dispiaced off centre then the jigis
useless.

THE AMATEUR’S WORKSHO

In order to ensure that the bushe
are correctly positioned it is essenti:
that the clamp itself is accuratel
placed in relation to the V-block. Th
requirement can be met quite simpl
if the following procedure is adoptec

Referring to Fig. 28, the clamp (1)
first marked off, then drilled with tw
pilot holes, say 5 in. dia. Next,
dircular chamfered plug (2) is fitted t
the clamp which is then secured to tt
V-block using a pair of toolmake:
clamps for the purpose. The &% 11
pilot drill is then fed into the V-bloc
for 4 in. and one end of the block an
the corresponding end of the clam
are marked either with a centre punc
or a letter punch so that theclamp an
V-block can always be registere
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Fig. 26. Details of the drilling ji
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“orrectly. Only light marking, is need-
[¢d ot this stage to avoid possible dis-
blacement of the parts; finai marking
Ecan be carried out later.

I The pilot holes in the bleck are now
fhpened out to the tapping size re-
juired. It is advisable to retain the
[tlamp in place whilst this part of the
Evork is being done; in this way the
iccuracy of the part's relationship
 Will be maintained.

[] The holes in the clamp itself may
Lhow be opened out to clearing size
€bver the studs fitted to the V-block. If
[ he clamp rematns in place during the
brocess, and retained after this 1scom-
rleted. 1t may be used as a guide * /hen
{ |he holes in the V-block are being
pped; but it is advisable to start the
pping in the driliing machine to en-
ire that the studs are truly square in
e block.

-One further class of cross-drilling
Lig must be mentioned. This 1s the
[levice illustrated in Fig. 29. It consists
i a block. fitted with a clamp, having
foilot holes aliowing such components
Bs boring bars to be cross-drilled at
gny angle required. The fixture, as will
bbe seen, is held in a machine vice, the
fice, when the work is small, »eing
i llowed to “float’ freely on the table of
[ihe drilling machine.

iCounterboring, Countersinking

[ind Spotfacing

When bolts or screws are being fitted
L ood practice dictates that they should
b properiy seated in or on the parts
for which they are intended. In com-
tnercial practice, this is not always the
[ lase; the position, however, has been
fireatly improved by the introduction
f die-casting, enabling, for the most
bart, accurately finished seatings for
prolis and screws to be formed without
rccourse to any additional machining,
§ The amateur, however, will often be
falled on to form screw seatings by
Pine or other of the recognised meth-
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Fig. 28. Drilling the jig V-block

ods, that 1s to say by either counter-
boring, countersinking or spotfacing.
As this is work of a basic nature it very
naturally had some treatment in
our bock Beginners’ Workshop and
readers are referred to this for initial
guidance. However, some expansion
of the subject is dealt with in the fol-
lowing chapter, Chapter 19.

When complete machine assemblies
have to be mounted on wooden base-
boards or metal frames it is sometimes
difficult to establish by measurement
the exact centres for the bolt holes that
are needed.

In many instances it is possible to
drill ‘on assembly’ as the saying is, but
sometimes even this is not possible be-
cause of the difficulty of getting the
drill to bear on the work.

It is then that a simple device we
have used for many years will be
found useful. This device, originally
introduced to deal with wooden base-
boards but equally applicable to metal
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framework when made from suitable
steel, i the by-product of a parting-oft
operation in the lathe. As described in
Fig. 29 it consists of a piece of round
materiai provided with a dimunitive
centre-punchat one end.

The measurement ‘D’ is that of the
hoie in the machine assembly through
which the deviceis passed in order that
the centre punch can make contact
with the baseboard Fig. 30 at ‘A’ and
produce a centre suitable for use with
a machine wood bit, as iliustrated in
Fig. 30 at *B’.

THE AMATEUR’S WORKSHO

Fig. 29,

o

Fig. 30. Device for piloting holes in wooden base hoards



CHAPTER 19

*HE operations that give their
names to the titfe of this chapter
are frequently emploved for a
number of purposesin workshop
roctice. They are gach depicted dia-
rammaticaliy in Fig. I, and, for the
nost part they are usually carried out
n the drilling machine.

Countersinking

vs will be seen in the illustration,
ountersinking 15 most commonly
Fsed to seat screws both in wood and
netal. Provided the correct tvpe of
bol is emploved the operation is one
jithout difficulty, but it sometimes
appens, either because the particular
ountersink is unsuitable., or the
1achine spindle lacks rigidity and is,
erhaps, being run too fast, that
ibration is set up resulting in a
pughened finish to the screw seating
5 the pattern of the countersink itself
oftenreproduced on the work.

The countersink illustrated in Fig. 2
designed to combat this trouble. It
similar in form to the D-bit, des-
ribed elsewhere in the book, and has
so been produced commercially as
ay be seen in fig. 7 where a pair of
ngle-edge countersinks, one of com-

i

Countersinking and

=
&

Counterboring

mercial origin the other home-made,
are iltustrated. These tools cut fairly
fast and provide a perfect tinish to a
screw seating. They operate best if
well lubricated and shculd be run at a
moderate speed.

The three countersinks seen in
Fig. 4, are standard commercially
available cutters. A’ is a 60 degree
countersink for use on metal. ‘B’ is a
90 degree cutter of the ‘snail’ pattern,
particularly useful when working in
wood or plastics, whilst ‘C’” is a 90
degree tool of the type commonly em-
ployed when countersinking metal

components.
Sharpness is an essential quality in
cutters used for countersinking.

Whilst, for the most part, badly
biunted tools will need regrinding on
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Fig. 2.
Countersink
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cutting edge
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Fig. 3. A pair of simple edge counter
sinks

special equipment, much may be dong§
toimprove their cutting edges by handl
stoning in the manner outlined in thé
illustration Fig. 5 taken from Sharpen§
ing Small Tools published by Modef
and Allied Publications. This depictg
many of the different countersink§
available and their application as welg
as the manner in which the hand ston§
should be applied.

Counterboring

When it becomes necessary to sin}
cheese-head or cap-head screws s@
that they are flush with the surface of
the work the operation of counterfg
boring 1s employed. As will be obf
served from the original illustratiof
Fig. 1 this involves the machinin®
away from the original drilled hole §
portion equal to the thickness of thj§
screw head and ¢f the same diametel§
as the head itself. When {orming B
counierbore three matters are i
portant. The first, and perhaps mod§
obvious one, is that the depth of thi
machining should be correct an@
should match the head thickness of
the screw itself. The second requirgg
ment is that the diameter of the cound
terbore should fit the screw heaf§
closely or the appearance of the wor
willbe spoilt. Finally both the hole an{§
the counterbore must be in alignmeng
or the screw may not enter. The cuttef
depicted in Fig. 6, and sometimell
calied a pin drili, is designed to takll§
care of the two last requirements. T
cutter is made from a singie piece Of
tool steel machined and filed to prd
vide a pair of cutting edges. A pilot of
guide pin is furnished to engage th§

Fig. 4. Some commercial counterl
sinks

Fig. 7. Examples of counterbore§
and pin drills '



ilig. 6. A simple counterbore or pin
i

Icrew hole and keep the cutter in
{lignment, This pilot 1s turned from
[he parent material to asize that aliows
| to fitthe screw hole closely.

. Cutters of this type are readily made
[ om siiver steel, forming a useful
Lhedium vhen non-standard screws
ed to be accommodated.

Fig. 7 illustrates a number of
unterbores and pin drills. It will be
ticed that included amongst the
Hection is a commercial end mill.
sed with care. after first partially
rming the counterbore with a twist-
ill, the end mill wiil perform satis-
ctorily. But it should be remember-
that an end-mill also cuts on its side
any shake in the machine spindle
ay result in an oversize hole.

STONE

OUNTERSINKING AND COUNTERBORING

(woonD)

{METAL)
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Twist driils themselves may be
modified for use as counterbores. The
method of doing so is 1llustrated in
Fig. 8. First the point of the drill has to
bc removed by a grinding operation as
depicted 20 'A’, then each lip in turn is
backed off at an angle of 5 degrees as
iflustrated at ‘B’ where the drili itself is
seen mounted in a V-block. One ad-

Zig. 5. Various types of countersink
and methods of sharpening them

wWoon
NOT WORTH THE TROUBLE
OF RESHARPENINCGC
STONE
GCRIND
—_’%159
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Fig. 8. Modifying the drill point

THE AMATEUR’S WORKSH(

vantage of using twist drills for ¢
purpose is that a wide range of cou
terbore sizes 1s readily available wi
the minimum of difficulty in makin

Spotfacing

Bolt or screw heads abutting agair
bosses on a casting need a machin
surface that is smooth and s al
square with the drilled hole throu;
which the shanks of the bolts or scre
are passed. Whilst a one-piece pin d1
of the wype already illustraied can
used to carry out the spotfacn
operation in the drilling machine, it
common, particularly in large cor
mercial undertakings, to provide s¢
of equipment where both the cutte
and the pilots used are interchang
able.

In the small workshop, howew
one-piece spot-face cutters are nc
mally employed with one or mg
tools of the detachable cutter type
seen tothe right of the group in Fig. |



CHAPTER 20

N the small workshop screw
threads are normaliv formed by
i one of two methods. The first of
lhese makes use of equipment held in
Whe hand, while the second employs a
";ff- 1achine, for the most part the lathe, to
roduce them. The amateur rarely
ceds hand operated eguipment to
roduce threads above § mn. in dia-
reter since he can alwavs resort to the
the when he needs to cut threads of a
\rger size.

When discussing the whole subject
screw threads we are once again
rought up against the problem of
oing metric’. In the vears to come
newcomer may weil find mn the
1etric fleld a sufficient range to meet
‘requirements. At the moment of
ting however, the amateur worker
well catered for by a number of
flifferent classes of screw thread.
[These are not going to disappear over-
izht and it 1s equaliy certain that the
flackle for producing them wiil be
fivailable for a long time to come. For
Bihis reason the present position relat-
ng to screw threads forms the back-
@eround to the notes that appear in this
| We have already produced a sub-
ftantial handbook entitled Screw
hreading and Screwcutting, and read-
iirs are advised to consult this if they
lheed information on aspects of the
| lubject that space prevents including
Liere.

il So, on then, to the consideration of
those classes of screw thread that are
fhe most convenient for use in the
fmall workshop. The purchase of
fuitable equipment will, for the most
bart, be a gradual process. Many
feaders no doubt already have a

_utting Screw Threads

representative collection of tackle
based on their immediate needs but
the newcomer must decide for him-
self the class of the work he is to
undertake at the outset and base his
requirements upon this.

English standard screw threads are
based on the Whitworth thread form
introduced by Sir Joseph Whitworth
over 100 years ago in an effort to
standardise a screw thread that could
be acceptable to all manufacturers
instead of allowing each to fix his own
standard.

For the most part, in this he was
successful. But the pitch of the thread
chosen for any particular diameter,
that is the distance from one thread
crest to the next, was such that the
core diameter of small bolts and
screws was propcrtionately small. As
a result such components were much
weakened and were liable to break in
service. Consequently, industrialists,
while wishful of retaining Whitworths
thread form, decided that in relation
to their diameter the thread pitches
themselves needed scme revision,
their action culminating in the intro-
duction of the British Standard Fine
thread. As an indication of the prac-
ticability of this siep a comparison of
threads of the same form but different
pitch on the same size of component
is shown diagrammatically in Fig. I.

The original British Standard Whit-
worth thread, however, still found an
application, particularly amongst
those concerned with castings in
aluminium, where it was found that
the coarser thread was superior when
tapping holes i studs and the like;
the greater 2= of metal in the thread
itself much reducing any liability to




Fig. 1. The effect of coarse and fine
pitcn on core diameter

“stripping” in the comparatively soft
metal,

Asnonaet the various classes of
thread v ..-iable for and suited to the
amatevt o vhe small workshop, based
on ths standard Whitworth form
naving an included thread angle of
33 degrees,are:

1. British Standard where the pitch

Whitworth, of the thread
{(B.S.W)) varies with the
diameter

2. British Standard
Fine (B.S.F.)
3. Brass Thread

where the above
also applies
where all pitches
are 1dentical
namely 26 thre-
ads to the inch.
where all pitches
are preferably
identical, name-
4Q threads per
inch, though in
somesizesapitch
of 26 threads per
inch has been re-
commended.

4. Model Engineer

Core dia.

| Core dia.
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5. British Standard where the pitc

Parallel Pipe of the threa
(B.S.P.) again varies wit
the diameter.

In addition, and of particular use t
the instrument maker is the Britis
Association  Standard (B.A.)} Thi
thread iwas an included angle of 47
degrees, the crests of the thread ar
more rounded than those of the Whit
worth form, and the pitch varies wit
the diameter, [t is 2 most convenier
thread to use on much work below
in. diameter,

Hand Screw Cutting Tackle

While at one time there were a numbe
of differing pieces of equipment fo
producing male threads, today, fo
the smaller sizes at any rate, th
button or circular die is most genet
ally used. This form, split for the mos
partsothatadegree of adjustment ca:
be obtained, is held in a die-holder an
is applied to the work by hand.

The elementary type of die holde
has no form of guidance, so the start
ing and the maintaining of a threas
square with the axis of the work 1

Securihg ¢ adjusting screws

Fig. 3.
Standard
method of
retaining die
in holder

Fig. 2. Die
holder fitted
with guide
collet
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tirely dependen: on the skill of the
I ;’)Oii;b’m 1o mahe for
of die helder provided
Ih guzdes E%‘u will enable the userto
i threads with the certaint that they
il automatically be square with the
mponent itself. This die holder is
picted mavrdmmuucaﬁ}' in fig. 2
ere the location of the guide and its
[ Hiation to the circular die itself may
[+ seen.
g in the common die holder illustrat-
& in Fig. 3 the die is retained in place
8y three screws. one being used to ex-
fand the die when necessary. Such an
[irangement by itself is well enough
f hien no guides are used, but s of no
e when they are. For this reason the
fhided or collected die holder, three
L them being iilustrated in Fig. 4 have
¥ ch a pair of axial screws designed to
{)1d the die against its abutment face
(2d thus square with the guide, as
picted in Fig. 44. Three grub screws
e employed, these serving to adjust
ilc die for size, while the guide as
Llen in the illustration Fig. 51s held in
ace by  thumbscrew. The body of
e device is fenestrated to allow metal
¥ pstobe discharged.
| Bodies for colleted die holders are
L adily made from mild steel shaped
. the dimensions attached to the
| ustration Fig. 6. The measurements
f ven cover the three sizes of die most
brmmonly used, that is to say dies
" in., | in.and 1 % in. diameter. The

Fig. 4B. The collets

Fig. 4A. The die seating and adjusting
screw

Fig. 5. Die holder to show position of
guide

handles can be machined to taste,
suitable lengths and diameters bemg
attached tothe scchedules.
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Interchangeability of the dies and
the collets or guides make this form of
diec holder very versatile. Forexample,
it is possible to cut threads on shoul-
dered workifthe guide selected fits the
work's major diameter.

Taps and Tap Wreiches

Modern taps. for tiie most part,
follow the pattern depicted in the
illustration Fig. 7. Few, however, are

PRI,
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provided with the parallel lead ¢
guide shown on the taper tap. Th
provision is a great help when startin
a tap square with the hole in which tt
threads are toc be cut; because, L
drilling the hole to suit the lead, tt
tap itself will start upright and remai
so throughout the operation.

Guides of this form are seldor
found on taps below £ in. diameter s
when using smalil taps and those nc
provided with a parallel lead, squar
ness of entry should be checked in tk
manner illustrated in Fig. 8.

Two classes of wrench are commo
ly employed. The first, depicted
Figs. 9 and 94 for use with taps up
1 in. diameter and usually available
two sizes; the second, suitable f
larger taps and obtainable in a varie
of forms but generally following t
pattern seen in the tilustration Fig, /

Equipment for Threading in the Latk

Threads may be cut in the lathe {
either one of two ways. The first ¢

Fig. 6. Details of die holder body
Fig. 6A. Details of die holder body

el b cldje]eqfh i) |x|Lin
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nese makes use of hand egquipment
f uitabiy mounted, for the most partin
e tatlstock, to ensure that the screw
read 1s in axial alignment with the
ork. Most lathe manufacturers can
pplvdie holders, suchasthatseenin
g. [04. that are supported on a peg
id m the tailstock and that will
avel along it as the thread is formed,
hiie small taps may be gripped in the
itstock drill chuck,

The colleted die holders previously
scribed may be used in this way if
¢ handles are shortened and one is
ovided with a tubular extension to
gage the lathe top siide. <o prevent-
g the device from turning. The parts
~the equipment are illustrated in
. [ whilst the die-holderis seen in
eration in Fig, /2.

hen the larger size of tap is
fhounted in the tailstock chuck it is
isually necessary to make some
flrovision in order to stop the tap and
ihuck turning. Perhaps the simplest
fray of ensuring that they do not do is
Eb grip the tap with a lathe carrier in
the manner indicated by the illustra-
lon Fig. 13. The carrier can then be
flrought into contact with the top
flide, .
[ Forthose who would prefer a some-
[ 'hat more sophisticated device, suit-
[ ble for the smaller size of tap, the tool
Biustrated in Fig. /4 and Fig. 144 may
L ppeal. [t has been designed to accom-
lhodate taps up to 1 in. shank dia-
fhete and consists of a short length of
Fexagon material ‘A’ cross-drilled to
gccept two short arms ‘B’ and provid-
il with a set screw ‘D’ to grip the tap.
Ih common with the die-holder pre-
liously illustrated this tap holder has

taper
Fig. 7. A set of modern taps

second

Vice—"]

Fig. 8. Checking squareness of tap

Fig. 9.
A T-handied
tap wrench

H
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an extension arm ‘C’ that may
brought into use when the top slide
the lathe is needed as a stop.

Holding and starting really lar
taps in the lathe often poses a pro
lem, not always easy to solve. Ty
solutions to the difficulty, howew
are illustrated in Fig. 15 and Fig.
respectively. In the first example t
tap 1s located by the tailstock, mous
ed on the back centre, and is turned
a wrench while being fed forward
the tailstock hand wheel. Once the t
has properly engaged it wili feed itse
but care must, of course be taken
follow the tap or it will probably r:
out of alignment.

The second solution provides f
the tap to be gripped in the toolpc
on the top slide and aligned with t
work by means of packing. The tap
fed into the work by means of t
saddle which is free to move along t
fathe bed so as to provide no co
straint. In both instances the work ¢
be transferred to the vice for coi
pletion of the tapping by han
Tapping may also take place fromt
headstock. The process in its snnpis
form the tap 1s held in the chuck wh
the work is supported by the tailsto
drilling pad and secured by to«
makers clamps. This arrangement
depicted diagrammatically in Fig.
though, for the clarity, the clam
have been omitted from the illust:
tion. The method is generally suitat
for plate work.

A second procedure makes use
the top slide and tool clamp to hc
the work, and a simple example of t
Fig. 11. The tailstock die holder manner in which it is used is illustrat

Fig. 84. A T-handled tap wrerch

A

Fig. 10.
Wrench for
large iaps
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Eig. 12. The
Lailstock die
bolder in use

Fig. 14. A tailstock
tap holder

Fig. 13.

Tapping from
Lth the tailstock
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Fig. 23. A drilling machine converte
for tapping

Fig. 144. A tailstock tap holder with
extension handle

%

Centre
[}

Talstock

Fig. 15. Tap mounted on back centre

Wori
Ko Tool clamp

Top slide

Fig. 16. Tap mounted on top slide
Wood

Dhiiting Pod

Fig- 17. Tapping from the hesadstoc
Fig. 20. Myford mandre! handle
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ig. 19. Drummond mandrel haridle

in Fig. 18. The work s first set square
Bwith the chuck and at the correct
height so that it can be machined with
h flycutter as depicted at A°®, Next the
Bwork is prepared for tapping with a
heries of drills as seen at “B’. The pur-
pose of the counter drill is to remove
Inetai from the area of the first two
Ehreads for a reason we shall presently
Bxplain. A taper tap is then gripped in
Ehe chuck and fed into the work until

175
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Fig. 20A. Another form for Myford
mandrel

Fig. 18. Starting a large tap from the
headstock

FLYCUTTER
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it1s well started asshown at ‘C’, When
this has been done the work can be re-
moved and placed in the bench vice
for hand tapping as depictec in the
diagram ‘D,

Mandrel Handles

When tapping in the lathe it is
generally inconvenient, if not actuaily
deirimental, to drive the mandrzl
under power, so much advantage may
be gained by fitting some form of
handle that will enable the mandgel to
be turned with a sensitivity that would
otherwise be impossible. Some ingen-
uity will need to be exercised in this
matter because accessibility will play
an important part in the eventual
arrangement adopted. Two examples
are handles that were made and fitted
by us to the Drummond and Myford
iathes respectively. As will be noted
the Drummond handie screws directly
inte the b ow mandrel, which was
tapped out to accept it, whilst that

(F—
L \{
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fitted to the Myford is secured to the
adapter made for the change wheels
used for dividing purposes and des-
cribed in Chapter VII. The handle it-
self is a diecasting, but a built-up
substitute will do equally weil. The
two handles described are illustrated
in Figs. 19and 20,

Tapping in the Drilling Machine
Undoubtedly the drilling machine is a
very convenient medium for startin
a tap and even for carrying out thﬁ
complete tapping operation. Fun-
damentally, the machine is used in thg
way demonstrated by the diagram
Fig. 21 where 1t will be seen that 4
lathe carrier is attached to the mach;
ine’s spindle to act as a handle, whilst
the work itself is placed on the table
The driving belts are removed, of
course, in order to maintain thg
sensitivity of the set up. For those wha
contemplate much work of this naturd
the drilling machine handle illustrated
in Fig. 22 may be found worthwhile. 11
is secured to the spindle by the hexa;
gon screw ‘D’ engaging the keyway
The handle may be extended as re-
quired by sliding the bar 'E’ through

Fig. 22. Tapping handle for the drill-
ing machine
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[ the body A’ and securing if by the
[ clamp ‘B’. Some may prefer to fit a
| key to the body instead of relyiug on
the cat c(‘rpu’tn?‘ﬂ(ni'!' Arive !Fth ele

: nu.\a [SLOL b LW § O Lake e arive, i

i so the key mav easily be made fast
| with Araldlte thus avoiding the
| difficulty of securing with small
fl screws.

| Ifthought desirable the handle may
| be extended and fitted with a pair of
i knobs as depicted in the illustration
t Fig. 25 wiuch shows an old drilling
i machine that has been adapted for
: tapping purposes and since converted
O POWEr operation.

In order to obtain the best work the
rice needs to be so mounted that is is
ree to align itself with the tap. This
niversality is achicved by attaching
he vice to a sole plate working as a
hide and superimposed on another
lide at right angles to it, the whcle
eing boited to the table of the drilling
machine. The arrangement being
cnown, for obvious reasons, as a
jelly piate mounting,.

Fig. 21. Tapping in the drilling
i machine

4
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CHAPTER 21}

Cutting Screw

Threads in the Lathe

FHEN a thread of large dia-
meter has to be cut or when 1t
is cssential that the thread itself
shouid be in perfect alignment with
the part up on which it 1s to be cut,
then the lathe 1s used to carry out the
work.

in our primary manual Beginners’
Workshop we have provided an out-
iine of the lathe screw cufting process;
but no apology is ofiered for recapu-
fating the basic information in part,
stnce the mitention here is eventually
to extend the readers knowledge of the
subject.

A lathe intended for screw cuttingis
provided with a lead screw to traverse
the saddie along the lathe bed. A train
of gears can be set up and used to
drive the lead screw from the mandrel,
the ratio of the gearing dictaiing how
far the saddle will move along the bed
foreachturn of the mandrel.

If now a tool is mounted on the
saddle and engaged with work attach-
ed i0 the mandrel, as soon as the latter
i5 turned a rough screw will begin to
be formed. the pitch of this screw
being dependent upon the ratio of the
gearing emrploved.

Screw Cutting Tools

The basic screw cutting tools are
ulustrated in Fig. J, the first intended
for threading external woerk whilst the
second 1s emploved in internal screw-
cutting. The angle of the point in both
instances is ground to conform with
the standard it is desired to cut. For
example, if the Whitworth tandard
was being used then the included angle
would be made 55 degrees.

Threads produced by these simple
tools have crests and roots that are

sharp; but, as an examination of any
commercially-produced and well
made bolt or screw will show, the
practical thread has these details in
rounded form; and it is the function
of the chasers depicted 1in Fig. 2, to
provide this finish to the work. These
tools are sometimes applied by hand,
but today it i1s preferred to set the
chasers in the toolpost where they can
be used under controlled conditions.

Of course, 1n industry, form cutters
are used to produce the same results,
These tools are, in effect, very short
lengths of chaser, capable of cutting
fuily formed threads without a change
of tool. For those readers who have
good contacts in industry it may be
possible to obtain old or unwanted
chasers from the geometric dies used
in the capstan lathe section of the
works. Provided a suitable holder is
made for them these old chasers often
make very good form cutters.

Fig. 1. The basic screw-cutting tools

%

inside
oulside

Fig. 2. Inside and outside chasers
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Fig. 3. A height gauge for tools

Readers should note that it 1s

sential all tools used for screw

tting ar¢ set on the lathe centre line,
§ or an accurate thread will not be
f formed. The height setting gauge
e illustrated in Fig. 3 will be found a
 creat help in ensuring that they are set
e correctly. Little need be said about its
| construction for the simplicity of the
& device will be evident from the illus-
S tration. Not only will this gauge prove
¥ useful when screwcutting but it is also
L essential for setting the ordinary
[ turning tool, particularly when tapers
| are being machined for this is another
|| occasion when incorrect height setting
il will result ininaccuracy.

Fig. 4. Graphical method of obtammg
B the helix angle

| L.._.—_.._- circumference ___..J
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When grinding a tool for screw-
cutting, the sides of the point must be
given sufficient clearance to prevent
the tool from rubbing on the work.
The extent of the clearance required
will depend upon the helix angle of the
thread in relation ta its axis and is
dependent upon the pitch of the
thread itself; for work of a given
diameter the greater the pitch the
greater the helix angle. This angle can
be found by the graphical method
depicted in the diagram Fig. 4. Here
the circumference of the thread

Fig. 5. Using the tool height gauge

(3:1416 x the major diameter) is set
out as a base line whilst the pitch is
drawn as a line at right angles to it. If
the triangle is completed the helix
angle of the thread can be measured
directly with a protractor. It follows
then that the clearance angle needed
at the leading edge of the tool must be
greater than the helix angle of the
thread to be cut. This is particuiariy
the case when square threads are being
machined, as we shall presently see.
When making the height setting
gauge a line is scribed and then en-
graved on the blade of the device
making use of a centre placed in the
tailstock to perform the necessary
marking off.
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Fig. 8. Thread setting gauge

Fig. 6A. Thread setting gauge

Using the gauge is simlicity itself.
All that is needed is to pack or adjust
the height of the tool pcint so that
when the tool is firmly clamped, the
pcint is aligned with the scribed line
on the gauge blade.

The method is depicted in the
diagram Fig. 5.

Fig.7. Using the thread setting gauge

INTERNAL
THREAD

Y
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@
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In addition to setting the tool at the
correct height, it must also be aligned
square with the work itself. This is the
purpose of the gauge that appears in
the illustration Fig. 6. it is, of course, a
production of fine tool manufacturers
and is used ior both external and in-
ternal threading, being applied to the .
tool and the work in the way demon-
strated by Fig. 7. Gauges of this type
are available, for the most part, to suit
various standards, the notches having
included angles to match the particu-
lar thread to be cut. Thus, if Whit-
worth is the standard in question, the
notches will have an included angle of
55 degrees. This enables the operator
to grind the screwcutting tool correci-
ly by checking its angularity against
thelarge notch at the end of the gauge,

The Thread Indicator

At the beginning of the chapter
reference has been made to the lead-
screw. This is provided with a clasp
aut, a device attached to the saddle
enabling the leadscrew to be thrown in
or out of engagement at will. It con-
sists of a pair of half-nuts and a mech-
anism by which they may be caused to
close upon or be released from the
screw at will. For the most part the
light lathes supplied for amateur use
have leadscrews of } in. pitch, or 8
threads to the inch. If a thread of this
pitch was to be cut the leadscrew
could be engaged wherever the clasp
nut would drop in because the threads
are the same. The same holds true for
all sub-multiples of } suchas &, or

On the other hand, supposing a
thread of &5 in. pitch is to be cut, then
the nut cannot be closed except when
the thread of the work and that of the
leadscrew coincide. This condition
will be made clear in the diagram Fig.
& and it is the function of the thread
indicator to show the lathe operator
when this coincidence occurs so that
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| he can close the clasp nut ag “he right
 point.

d A tvpica] indicator is sliustrated in
! Fig. . whilst its gensval construction
§ is shown in Fig. /0. The tndicator
| | shown, consisting of threc major
L parts, was made for the Drummond
t lathe. A bracker “A’ 15 used to attach
{ the device to the saddie, whilst a
# swivel ‘B’ allows the indicator body
*C" to be moved so that the pinion
mounted on the end of the indicator
{ shaftcan be brought into contact with
| the lead screw and then locked in
place.

The pimion iself has 16 teeth mesh-
ing with the ! in. pitch lead screw.
This causes the head of the indicator
to revolve, the engraved numbers
registering in succession with the zero
index hne on the body. The inteivals
between the figures quartering the
dial each represent four turns of the
leadscrew or § :n. of saddie movement.
so the figures themselves can be used
for all even-numbered pitches. Op-
pesite pairs oi figures. 1 and 3 and 2
and 4, represent 8 turns of the lead-
screw, or a saddle travel of | in.. so
serving for the cutting of odd num-
' bered thiread pitches. When the clasp-
# nutis closed at any one number only,
f | the distance travelled by the saddle is
|| 2 in. so this particular number can be
£ used as an indicator for half-pitches
¢ | suchas 12} threadsto theinch.

! Change Wheel Gearing

We have already seen that 1t is the
relative speeds of the mandrel and the
| | leadscrew that governs the pitch of the
| thread to be cut. For example, if the
? leadscrew has eight threads o theinch
and the™mandrel, and the work, turns
|| at twice the speed of the leadscrew,
& then the pitch of the thread cut will be
g 1 1n,

Bl It is the purpose of the change
B wheels to provide the gearing neces-
sary to satisfy the ratio between the
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Fig. 8. Relation of tool point to lead-
screw pitch

Fig. 9. The thread indicator

Fig. 10. Construction of the thread
indicator -
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Fig.10A. Partsofthe threadindicator

’_\\
20 T*‘ﬂ@ L MANDREL

// LEADSCREW
(&)
AN
IDLE
~ WHEEL A

Fig. 11. A simple gear train

Fig. 12. Tumbler gearing

" pitch of the leadscrew and that of the

thread to be cut, If the cutiing of a
thread of { in. pitch, or 16 threads to
the inch, is taken as an example then
the gears to produce this pitch using a
lead screw of } in. pitch can be calcul-
ated from the ratio:

8 (leadscrew thread)

16 (thread tobecut)

If gear wheels having 8 and 16 teeth
were available these would be satis-
factory but wheels having 40 teeth and
80 teeth, or 20 teeth and 40 teeth,
would provide the same ratio; and as
these are among the set of change
wheels normally supplied with the
lathe they could be used. It will, of
course, not be possible to mesh the
wheels directly so an intermediate
wheel must be engaged with them.
However, this does not affect the gear
ratio in any way; moreover, the inter-
posing of a third, or idle wheel as it is
termed, is needed to ensure the pro-
duction of a right-handed thread, that
is unless the lathe is provided with
tumbler gearing that allows the direc-
tion of the leadscrew to be reversed at
will,

Thelocation of the gears themselves

is shown by the rule:
Numerator Driving Gear
Denominator Driven Gear

If the change wheels necessary to
cut a thread of {5 in. pitch are again



[ | taken as an example the 20 tooth gear
[ is mounted on the mandrel whilst the
[ 40 tooth wheel is placed on the lead-
| screw. The diagram Fig. /7 indicates
| the disposition of these gears.

| Theidle wheelis mounted on a stud
i attached to the change wheel bracket
[ and from this location the mounting is
E{ adjusted to bring the wheel into mesh
|| withthe other two gears.

| When the lathe is provided with
| | tumbler zears the mandrel gear itseifis
L | not actually mounted on the mandrel
but on a stud wheel attached to the
tumbler gear bracket. Intermediate
‘wheels, of course, have to be placed
between the mandrel and the stud
‘wheel but these do not, in effect, alter
 the gear ratio because the wheel per-
anently attached to the mandrel and
he stud wheel itself are both the same
ize. The arrangement is illustrated in
ig. 12A4.

“The stud wheel has an extension
tted with a key to which the selected
hange wheel is attached.

‘ompound Gearing

‘or the most part, the numbers of
¢ change wheels supplied with a lathe
[ are limited, so it is not always possible
|| to employ a simple train of gears. In
i thisevent a compound train of wheels
E| has to be used, but the precise details
£ seldom need calculation by the opera-
{| tor because lathe manufacturers al-
[ most always provide a chart showing
|| the change wheels need~d for a wide
i range of threads.

ff However, it may sometimes be
|| necessary to find the wheels to cut a
. thread not included in the lathe
Bl makerslist,soitisas well to knowhow
£ to sct about the calculation. Let us
[ take an example 4 thread of 15 turns
[l to the inch. Now the ratio of the
|| wheels to satisfy this pitch using an §
il to the inch leadscrewis 8/15 or 16/30,
§ If we had these wheels they could be
used directly, but, usually only the 30
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Fig. 12A. Tumbler gearing

tooth wheel is available so this is att-
ached tothe leadscrewand the 16 value
in the ratio obtained by connecting a
20 tooth wheel on the mandrel stud to
compound gearing. A 20 wheel has a
common factor of 4 with the value 16
50, as 161s four-fifths of 20

16 4

20 5
the compound gearing consists of two
change wheels mounted on the same
stud and coupled together, one having
20 tecth the other 25. If, because of
availability, it is more convenient the
compound gears can be 40 and 50
teeth, it will not affect the ratio.

We now have found all the neces-
sary change wheels and these are con-
nected asshowninthe diagram Fig. /3
But before doing so, however, the
train of gears should be checked to
ensure that they are indeed correct for
the particular thread it is desired to
cut.

Proving the Gear Train

The gears are proved in the following
manner:
Threads per inch to be cut =
Driven gears multiplied together

over
Driving gears multiplied together
multiplied by Pitch of leadscrew expressed
ast.p.i.

If we again take as our example the
wheelstocut 15t.p.i.
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Except tocheck thai the wheeis they
recommend are set in the right posi-
tions there is iittle point in proving
the lathe manufacturers gear trains.
These will have been checked many
times in their drawing offices. An
occasional exercise, however, on the
lines we have demonstrated and the
comparing of the rcsults with the
manufacturers solution will often
prove useful as a refresher.

Practical Screw Cutting

We have seen the tools used in screw-
cutting and have also discussed the
way 1n which the lathe is set up to
machine the pitch of thread desired, so
the time has now come to examine the
practical aspects of the work.

A screw thread has two diameters.
The first the top or major diameter,
the second the core or minior diameter,
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and we are interested in ther: be-
cause, by subtracting one from the
other and dividing the result by 2, we
are able to obtain the theoretical
depth of the thread and thus the
amount of in-feed that must be given
to the tool itself.

For the most part the whole depth
of thread, for any given pitch, is ob-
tainable from books of reference. If
faced, therefore, with a component
for which a mating thread has to be
cut, the pitch must first be ascertained.
This is the purpose of the thread gauge
itlustrated in Fig. 14. 1t contains a
number of leaves each having a differ-
ent pitch cut upon it. By applying
successive blades to the part the pitch
of the thread can be determined.
Gauges of this type are obtainable in
both Whitworth and metric pitches,
and those who contemplate much
work of this nature would do well to
add them to their tool kit.

Before the tools for screwcutting
are actually set up, and after the work
has been machined to the correct size,
it is advisable to turn an undercut or
run-out where the thread finishes, at
the same time the lead end of the work
can bechamferred or rounded to taste.

Some operators, after alight cut has
first been taken with the threading
tool, allow the thread torun outinto a
hole drilled in the work. This method
is illustrated in Fig. 15, at ‘A’. For the
inexperienced worker, however, the
undercut depicted in the same illus-
tration at ‘B’, offers many advantages.
This form of run out is turned with a
small parting tool fed into the work
for a depth equal to that of the thread
to be cut. Not only does this provide
some latitude when throwing cut the
clasp nut and disconnecting the lead-
screw at the end of each cut, but when
the point of the tool touches the sur-
faces of thc undercut the worker
knows that the thread has been mach-
ined to fuli depth.

In practice the width of an undercut



i /aries to suit the work in hand, the
L harrower it is the neater the work.
t However, until practice has perfected
I8 he operator’s technique it is suggested
tthat a mimimum width of {; in. be
f ised.
|| Measurement of the diameter is

u-srfnrtnl'pn “nfh a nsnr r\f‘ nnfc:r‘n
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allipers having their jaws fined down
L antil they are some 0-030 in. thick at
f he extremity. The callipers are then
f et against packing of the right thick-
L hess, a drill of the correct diameter or
| pair of inside callipers adjusted with
reference to an outside micrometer.
{1 At this point it may not be out of
lace to consider the three types of
alliper used in thread measurement.
f Fig. 16 is examined it will be seen
hat the callipers used for measuring
outside diameter of male threads
ave wide spatulate extremities enabl-
g them to bridge a number of
Lthreads thus providing a reliable read-
[ nz. The inside callipers depicted at
B’ have pointed ends enabling them
measure the major diameter of in-
nal threads, whilst the callipers at
are the type that have already been
ceferred to in connection with under-
fouts and run outs. For the most part
Ineasurements taken with these in-
struments are referred to as micro-
_meters or verniers so that numerical
frcadings can be established.
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Fig. 16. Thread run-cuts

Catting the Thread

There are two ways of feeding the tool
into the work. In the first the tool is
moved inwards by the cross slide, the
direction being at right angles to the
axis of the work, with the in-feed
measured by the cross-slide irdex. The
second method makes use ot a tech-
nique that, used with care, effectively
avoids the possibility of the tool dig-
ging in. Here, the top slide, sometimes
called in American text books the
‘Compound Slide’, is set over at an
angle. The obliquity is that of half the
included angle of the thread to be cut.

Thus, when catting threads fo the
Whitworth standard, the top slide is
set over 27} degrees. The object is to
make the leading edge of the tool do
the bulk of the cutting whilst the trail-
ing edge only shaves the work. The

Fig. 16. Thread callipers




186

set-up can be used for both external
and internal threads in the way depict-
ed by the duagram Fig, /7. The cut is
put on by the top stide feed screw, its
index being used 10 measure the
amount of in-feed. In this connection
it should be noted that when the slide
is set over in this way a reading of
(¢-03} in. on the index represents an
actual movement of 0-0008 in. ap-
proximately. to be precise 0-00081 in.

The feed screw of the cross slide 1s

only used to move the threading tool-

out of contact with the work at theend
of each cut, and has its index set at
zero, while the tool point s just touch-
ing this surface of the work. In this
way, each time the cross-slide 1s
withdrawn past the zero mark on the
index the tool will ciear the work
effectively.

Before commencing the screw-
cutting operation, however, the top
siide index must also have been set to
zero. This must have been done at the
same time as the cross slide index was
zeroed with the tool in contact with
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the work. But it will also be necessary
to engage the thread indicator. If thig
has a moveable index ring, adjustmen
is simple. However many indicators
have no adjustment, they must thereg{
fore be set so that one of the engraved
figures on the dial registers with thd
index line before the slide indices arg
adjusted in the manner described
above. and, of course, with the lead/
screw cta- p-nut closed.

The saddle can now be moved td
the right of the work, the leadscrew
engaged with raference to the thread
indicator, a cut of some 0-002 in. puf
on bv the top slide, the back gear en
gaged and a trial cut taken. It i
suggested that, when only a fine thread
has to be cut, the lathe is best turned
by hand leaving power operaticn fo
the coarser threads needing the re;
moval of much material. Suitablg
equipment for turning the lathe b
hand has already been describea
earlier in the chapter.

When the first cut has been comj
pleted, the lathe is stepped, the lead-

Fig. 17. Turning threads wiih tog
slide set over

INTERNAL




| crew disengaged. the tool withdrawn
om the work and moved back to the
eginning again so that the whole
bperation can be repeated; this pro-
tess is continued unti! the thread is
[ ully formed.

At first, and before atiempling to
crew thread o finished miece of work,
he newcomer would be well advised
o practise ¢ a piece of material of no
nportance. in this way he can perfect
is technigue. When sufficient ex-
erience has been obtained he will be
ble to tackle a screw-cutting job with
onfidence.

The work needs plenty of lubricant.

JCUTTING SCREW THREADS IN THE LATHE
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Lard oil, or one of the many specially
prepared oils that are obtamable can
be applied with a brush or via the suds
system about which we shall have
somethingtosay later.

As to the depth of cut; until ex-
perience is gained light cuts are safest.
But one should remember that the
deeper the machining extends, the
greater 1s the work surface in contact
with the tool. Therefore the operator
may well start with a relatively deep
in-feed, say from0-0051n. to 0- 007 in.
finishing off with lighter cuts of from
0-002 in. to 0-001 in. as he nears the
end of the threading operation.



CHAPTER 22

B N our previous book Beginners’
¢ Horkshep the subject of the equip-
“ment used to measure work in
progress has alreadv been touched
upon, SO, in some respects, little more
1s needed than to reinforce remarks
then made. particularly those con-
cerned with the proper care of the tools
smploved.

However, the measuring equipment
described was that considered to be of
fundamental importance and essen-
tial to the requircments of the new-
comer, if only acquaintance with the
tools in question was the outcome.

For this reason it is not proposed to
spend further time describing the
micrometer caliiper. for example, as
one must assume that readers will
already have experience of the tcol
and know how to use it. Rather, space
will be given to the use of the dial test
indicator and its use, as well as the
employment of other aids to accurate
measurement and the setting of work
for machining.

In the succeeding chapter, on
‘marking off”, full coverage is given to

ADJUSTING

sc)gew ANViL. SPINDLE SCREW WEAR OF SCREW
/ / \

the tools needed. Many of these comg
1nto the category of measuring equipH
ment but it is thought b.tter to deal
with them as they are applied to the
specific work of marking off ratheq
than describe them in the catalogug
sense.

The Micrometer Fig. i

As has already been assumed readers
will be aware of this measuring devics
and how to use it. They will alsg
doubtless know that micrometers are
available to measure both inside and
outside work. The inside micrometer
however, 1sasomewhat unsatistactor
tool, not capable of measuring th
smaller holes at all, and. unless con
tinuously handled, liable to provid
a series of readings of problematica
accuracy.

For the purposesof theamateuran:
small workshop itis far better to mak
ase of the familiar outside micromete
in conjunction with particular device
that enable holes as small as } in. to b
measured with great precision.

MICROMETER NUT FOR ADJUSTIN

BROWN & SHARP MIG. 0. A 4

PROVIDENCE AL USA
\”0_.5_/

S CLAMP
RING

\ FRAME

T

|

SLEEVE
THIMBLE

Fig. 1. The micrometer calliper
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Fig. TA. Micrometer stand

icrometer Stands

hen using a micrometer to measure
number of small objects it is usually
ore convenient to mount the micro-
eterina stand leaving the hands free
hold the work and make the

easurement.

The stand shown in the illustration
ig. 14 1s a commercial product; but
e making of a simple stand is work
at can be undertaken in the small
op and will formm a useful and
structive exercise.

Readers may well be able to design
ch a stand for themselves: for those
owever, who may not be quite clear
s- to the requirements of the device
set of simple drawings is given in
:g I8,

mall Hole and Telescopic Gauges

he most usefui of the devices that
an be used with the micrometer are
he small hole and telescopic gauges.
The small hole gauge, iilustrated in
ig. 24 consists of a steel ball machin-
d integrally with a stalk enabling it to
e mounted in a tubular handle. The
all and its staik are split and the two
alves are separated by a moveable
edge controlled by an adjusting
rew situated at the base of the
andle.
These small hole gauges are usually
ade in sets of four with a range from

Fig. 2A. The small hele gauge
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Fig. 2B. The telescopic gauges
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ig. 2A, The smal! hole gauga
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T PENCIL
MARK

TAPER PIN

Fig. 3. Using a taper pin to measuie
a smezll hole

Fig. 4. Measuring caiiipers

+ ;. to 4 in. They have the great
advantage that they enable the hole’s
parailelism or otherwise to be checked
immediately.

When the internal dimensions of
the work are above } in. diameter the

i
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telescopic gauge, depicted in 1l
illustration Fig. 2b provides a reac
means of measuring a bore accuratel

The plunger, sliding in a fixe
member attached to the handle,
springloaded and can be locked by t]
finger screw passing through
handle. To use the device, the lockir
screw 1s first released, the measurit
head is then passed into the work ar
the plunger locked taking care to s
that the handle is being held horizo:
tal. The gauge is then withdrawn ar
has an outside micrometer applied 1
1ts measuring head in the same way :
the small hole gauge previously de
cribed.

Both the tools described are, ¢
course, for the more advanced worke
so it may well be the case that mor
elementary methods will have to t
adopted by the newcomer to worl
shop practice.

If it 1s accepted that their bores a:
parallel, small holes can readily t
measured with a standard taper pi
applied as shown diagrammatically i
Fig. 3.

The taper pin is pushed into tk
hole to be measured and a pencil mar
made on the pin adjacent to the edg
of the hole. A micrometer measurs
ment taken over the pencil mark the
gives the size of the hole for all prac
tical purposes. The tapered pi
method is applicable to holes up t

Fig. 5. The slide gaug
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Fig. 8. The vernier
1 in. in diameter, though it may be
-cessary to make for oneself pins to
liit the larger sizes. Above 1 in. inside
hllipers will need to be used, applying
In outside micrometer to ‘the jaws.

This is a technique that needs practice
b get the feel of the callipers both in
[he work and between the measuring
hirfaces of the micrometer. The
method used is to hold the microraeter
b the left hand supporting one leg of
he callipers on the fingerasseen in the
liagram Fig. 4. The micrometer is
Incn adjusted until, the opposite leg of
e callipers is in light contact with the
Ihicrometer spindle face.

The ‘feel” is best obtained by rock-
g tie free leg of the callipers past the
icrometer spindle in the direction of
e arrows, using the anvil of the
icrometer as the fulcrum for the
ovement

_' Slide Gauge

R The serious worker will have pro-
Bided himself with at least one micro-
fheter and possibly two, so that he
fhay make measurements up to 2 in.
tliameter. Above this size the most
luitable equipment is the slide gauge.
At one time these instruments were

QI
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very expensive; today, however, ex-
cellent tools at a reascnable price are
available. When it is considered that a
6 in. slide gauge can take the place of
several micrometers, and can be used
for both outside as well as inside
measurements, the actual cost is
probably well worthwhile.

Fig. 8. The micrometer depth gauge
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Fig. 7. The vernier depth gauge
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A typical slide gauge is illustrated in
Fig. 5.

The slide gauge consists of a steel
rule having a fixed jaw at one end, and
a sliding head with a second jaw free
to move up and down the rule. When
these jaws are closed on a piece of
work a datum line and vernier indi-
cate the dimension on the rule scale.

The fixed jaw is made in one piece
with the rule, while the sliding head
itself combines several parts, the jaw
being a portion of the head haviag the
vernier scale attached to it. Asitis not
possible ©o set the tool with any
accuracy simply by sliding the head
along by hand a fine adjustment is
provided. This consists of a clamp,
knurled nut and screwed stud the
latter gidly attached to the
movingjaw. By jocking the clamp and
turning the nut the jaw can be slid in
or out gagement with the work
until the correct setting is found. The
jaw itself is also provided with a lock
for use when needed.

Two forms of jaw are in common
use: the ‘knife edge’ for making exter-
nal measurements in narrow recesses
and the ‘inside’ whose purposes is
obvious and is combined with the
main jaws for taking outside dimen-
sions.

bemg rig

of en

How to Read a Vernier
As there may be some readers who do

THE AMATEUR’S WORKSHI

Fig. 9. The hook rule

not understand how to read a verni
a short explanation has been includ
here.

The bar of the tool to which t
vernier is fitted 1is graduated
fortieths-of-an-inch or 0-025 i
every fourth division representing
tenth-of-an-inch being numbere
The vernier plate, attached in tt
instance to the sliding jaw of the gau
is divided inin 25 parts and number
0-5,0-10,etc.,upto25. These 25 pan
occupying the same space as .
divisions on the bar.

The difference in width between o
of the 25 spaces on the vernier and o
of the 24 divisions on the bar .
therefore, 1/25th of 1/40 or 1/1,000
an inch. If the tool is set so that t.
zero (0} line of the vernier and the ze
(0) line of the bar coincide, the ne
line to the right on the vernier w
differ from the zero line on the barl
1/1,000 of an inch, the second line 1
2/1,00¢ of an inch and so on, t
difference continuing o increase |
steps of 1/1,000 of an inch until ti
line 25 on the vernier coincides wi
line 24 on the bar.

To read the slide gauge note hc
many inches, tenths (or 0- 100 in.) a1
fortieths (or §-025 in.) the zero ma
on the vernier is away from the ze
mark on the bar; then note the nui
ber of diversions on the vernier fro
zero to a line which ex ncid
with a line on the bar. For exampl
in Fig. 6 the vernier has been moved
the right one and four-tenths pl
one-fortieth inches (1 -425) as show

actly coi
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Fig. 10. MNarrow rule and hold:
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En the bar and the eleventh line on the
lernier coincides with a line on the
far. Eleven-thousandths of an inch
frust, therefore, be added to the
Brevious reading of 1-425 in. making
ltotalof 1-436:n.

l The same procedure applies to
leight or depth gauges incorporating
[ vernier.

Pepth Gauges

I'he depth gauge iilustrated in Fig. 7
hakes use of the vernier principle. It
las one advantage over the built-in
lepth gauge found in some vernier
llipers, in that its base is wide and
n be held down firmly during the
icasuring opcration, moreover, the
width of the base makes certain that
Ihe rule itself is held vertically. Ttis a
ol much in use industrialiy, be-
lause it may be used rather more
[pcedily than the micrometer gauge
(llustrated in Fig. 8. This gauge is also
jrovided with a wide base and has
[nterchangeable depth rods that allow
| wide range of measurements to be
faken.
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On the score of expense, however,
the amateur worker will be well
served by a slide gauge having a depth
gauge incorporated. But he must be
prepared to take some trouble in
making his measurements.

Steel Rules

We shall be hearing more of the steei
rule in the succeeding chapter on
marking off, However, no description
of measuring equipment could be
considered complete without a men-
tion of two particular types of rule
having somewhat special applications.

The first of these 1s the hook rule
illustrated in Fig. 9. It enables the user
to take the guess work out of setting a
rule perfectly level with the end of a
piece of work and is also useful when
adjusting either the dividers or the
inside callipers to some definite
measurement. Rules of this type are
often narrow and proporticnally
thick. They are sometimes hardened,
an advantage in roauntaining the
quality oi theengraving.

The narrow rule seen in the illus-
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tration Fig. 10 has a particular interest
for the turner or the user of any of the
other machine tools to be found in the
workshop.

Those who have had only a short
experience of the lathe will quickly
have realised how difficultitis to make
measurements in the somewhat con-
fined space that is usually available.
The rules we aie considering are, for
the most part, a set of four, varying
from § in. to | . long. They are
mourited on a holder and are gripped
by a collet contracted by a draw rod
operated by the finger nut seen at the
end of the handle.

The device iliustrated 1s by one of
the more famous of the American fine
tool manufacturers and its availability
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today may be doubtful. However, on
can make these pieces of equipmer
quite easily, cutting up an old rule t
supply the scales needed.

The Taper Gauge

Whilst not exactly meriting the de
cription of a rule the taper gaug
illustrated in Fig. 11 is used to measu
the diameter of holes. These gaug
are graduated in 0-001 in. and t}
example shown has a range from 0-
in. to 0-5 in. They are very simple 1
use, all that is needed is to push tl
proper tlade into the hole when i
diameter inay be read off directly.




CHAPTER 23

ARKING-OUT 1s the opera-
tion of indicating on compon-
_- “ents their finished dimensions,
s well as the location of any drilied or
bored holes that may be required, in
bccordance with the dimensions in-
licated in the machine drawings; in
hddition. guide and reference lines are
nscribed as a further aid to the
machinist.

The purpose of this process is two-
old; firstly, to ensure that a compon-
et such as a casting will allow for
Eﬁ_ﬁlishing to the required dimensions,

nd will not have to be discarded
when partly machined; and secondly,
he dimension lines, by indicating the
rescribed  1imits, will hasten the
machining of the part, and will also
puard against the perpetration of
prrors and spoilt work.

- ‘Marking-out prior to machining is
he normal and recognised procedure
n the smail machine-shop, where
articles are made singly or in small
humber. but this operation, however
pvell performed, cannot attain absol-
ite accuracy any more than can the
ubsequent machining processes. The
nal degree of accuracy of the finished
art will be the outcome of the in-
ccuracy due to marking-out added to
hat of machining, and any cancelling-
ut of these errors will depend only on
hance.

In production werk, marking-out is

ispensed with and instead, the mach-
ne carries out the work with great
ccuracy onthe componentlocated by
eans of a jig or fixture: and in this
ay even the inherent inaccuracy of
he machine may be eliminated by the
se of guides and guide bushes.
Even in the small workshop,

larking Out

marking-out is not employed prior to
the machining of components such as
gear wheels, for here the teeth are
machine indexed, and their form is
determined by a machining operation,
which ensures greater accuracy than
could be achieved by working to
dimension lines.

The Datum Line or Surface

As in the case of a mechanical draw-
ing, a base line is used in marking-out
when scribing dimension lines and
locating centre points on the work.

When marking-out sheet metal, the
process is very similar to that used on
the drawing board, but, in the case of
castings and objects of more solid
form, a surface and not a line is
usually necessary for reference.

In the first place, therefore, a flat
surface should be prepared by filing
or machining, to afford a stable base
on which the component can stand on
the surface plate or other plane sur-
face.

From this datum or reference sur-
face all dimension lines and location
points should be marked-off by means
of a surface gauge used where neces-
sary 'in conjunction with other ap-
pliances on the surface plate or mark-
ing-out table.

When marking-out the centres of a
series of holes, for example, it is im-
portant that each in turn should be
located from a single datum point; for
if, on the other hand, each centre is
marked-off from the previous centre
and there is an error of, say, five-
thousandths of an inch in the setting
of the dividers, there will then be a
cumulation of this error, and the
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Fig. 1. Setting
the dividers
with a
micrometer

tenith hole of the series will be located
forty-five-thousandths out of place,
whereas, when each hole 1s located
from a common centre the error
should never exceed five-thousandths
ofaninch.

Stages in Marking-out

In many instances it would be im-
practicable to transfer all the details of
the machine drawing to the work at
one setting and the usual practice is,
therefore, to provide such marking-off
as is necessary for the machining im-
mediately required.

For example, when machining the
casting of an engine cylinder, the first
operation is usually to bore and face
the part. In this case, ali the marking-
out required is the indication of the
centres from which the machinist can
setup the work, and, in addition to the
true dimension line, a witness line
should be scribed to indicate the limit
of the preliminary boring operation.

After the casting has been bored
and faced, it is again marked-out on
the machined surfaces to show the
position of the stud and bolt holes.

When preparing plate or sheet
material for machining, both the
dimension lines and the drilling cen-
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tres should be marked-out in the firs
inst. nce, for not only is this generall
more convenient, but the prelimina
machining operations by obliteratin
the datum line may render furthe
marking-out difficult to accomplish.

Errors in Marking-out

If the datum surface is not truly flat
the component may rock on th
surface plate and thus assume tw
different positions; this is liable t
cause inaccuracy and confusion, as th
marking-out may, in this case, b
located from two instead of from
single datum surface. '

In the same way, a burr on th
datum surface arising from careles
handling, or a metal chip, may caus
rocking or displacement of the wor
with attendant inaccuracy durin
marking-out,

Errors may also arise from the us
of defective tools, as when the joint
of callipers and dividers or the adjust
able parts of the surface gauge are i
need of attention, and are hable t
move when in use.

Mishandling of these tools, an
failure to keep them in a place o
safety on the bench, may also result i
their adjustment being upset un
wittingly.

A convenient and accurate metho
of adjusting the dividers, and on
often used by mechanics, is to mak
the setting by means of a micromete
asshownin Fig. 1.

In order that only the points of th
dividers may make contact with th
micrometer’s measuring surfaces, th
tips should be finely tapered, or, bette
still, the outer surface of the point
should be ground fiat, and only th
inner and side surfaces are stoned
when the points are sharpened. :

Even if, in the first instance, the
setting of the dividers is found to be
incorrect, by this method very fine
adjustments can be made when a
process of trial and error is adopted.




HARKINC OUT

HE importance of using a datum
l!ne or surface in marking-out
has already been stressed, and in
ﬁxe case of sheet material this iine may
uffice as a base for all subsequent
narking-out operatlons comprising
lwo-dimensional lining-out, but when
fealing with work of more solid form,
§ datum surface is necessary to enable
fhe marking-out te be undertaken in
hree planes in space, thus represent-
Ing three-dimensional delineation.

8 Usually this datum surface or base
Will not of itself afford adequate
fuidance for the marking tools em-
bloyed, and it becomes necessary to
Ixtend this raference base by resting
fhe work on a large flat surface, from
lvhich all points and dimensions can
be located.

larking-out Tables

he extent of the surface employed
Biust be adequate to accommodate
fhe work, together with the appliances
Rsed for marking-out. In the case of
firge castings, a marking-out table
ith planed cast-iron top and edges is
Bsed, but for smaller work a sheet of
biate- -glass or a surface plate may be
g mployed.

l For this purpose the machine-
Enished surface plate is quite satis-
factory, but in the small workshop the
ttand-scraped surface plate is often
smployed in this way, in addition to
[ts normal use as a reference surface.
i Although the surface plate is
sually of massive construction and is
Reavily ribbed to afford rigidity, it is
Emportant that it should be protected
irom damage when not in use, and on
0 account should it beemployed asa
hammering block, for any burrs or
flistortion so caused will inevitably
fcad to inaccuracy when marking-out
is undertaken.

§ When large work is dealt with, the
fable should be accurately levelled so
Ehat a spirit-level can be employed to
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Fig. 3. Clamp made from a nut

facilitate setting and marking-out the
component.

Angle Plates

Usually a component can be marked-
out while resting on its ¢ aitum surface
on the surface plate but, on the other
hand, at this stage there may be no
machined datum surface, and the part
is then attached to a fixture such asan
angle plate, which itself furnishes the
datum surface. An example of the
type of angle plate in common use is
depicted in Fig. 2.

These fixtures are provided with
holes or slots for attaching the work
by means of bolts or dogs, but at times
clamps are used for this purpose;
these clamps may be of the ordinary G
variety or of the toolmaker’s pattern,
but for securing sheet material the
type shown in Fig. 3 will be found
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Fig. 4. Box angle plate

convenient, and the method of mak-
ing them will be readily gathered from
the drawing.

tThe box angle plate; shown in Fig. 4
with its six machined surfaces, is a
more elaborate and more generally
useful form of fixture, for, with the
work attached to one face, the five
remaining surfaces may be used at will
for positioning the work, and it
follows that at a single setting a com-
pcnent can-be marked-out in three
planes at rigint angles. In some
patterns of these angle plates T-slots
are provided to facilitate the work of
clamping.

The adjustable angle plates and
tilting tables, largely used in connec-
tion with drillisg and milling opera-
tions, may be employed for setting
work on the surface plate when
marking-out.

Packing Strips and Raising Blocks
Some difficulty may at times be ex-
perienced when mounting irregular
work on the surface plate, for example
the machined datum face may carry
a tenon as in the case of a tailstock
sole-plate, and two similar packing
pieces will then be required to support
the work.

To ensure equality of thickness, these
parallel packing pieces are ground on
all their longitudinal faces, and in
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addition the surface may be chromiut
piated to afford protecnon from dam
age and rusting.

Where critical adju . nent of th
height of setting is rec:.ired, adjus:
able packing -strips,. or -adjustabl
parallels as they:are called, can: b
used with advantage for these device
can. be accurately. set to any require
height by means of a micromete
From the drawing in Fig. 5it wili t
seen that these paraliels are compose
of two grooved members, sliding o
an inclined : plane - and capable «
being locked n any posation by ase
SCIEw. :

Screw Jécks

Small screw jacks and attimes wedge
are largely used for setting work o
the marking-out table, either in th
level position or mclmed atanangle
the surface. Fig. 6 shows one of a pa’
of screw jacks that were speciall
made for adjusting the position ¢
heavy castmgs ona large markmg—ot
table.

THE L.5 STARRETT LCO..
ATHOL - MASS - US.A.

No. 154

Fig. 5. Adjustab{e parallels

" Fig. 7. Precisio

Fig. §.
9 V-block .

Screw Jack -

P e LN
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T
sg 8:: Plain V-block

Thejach screw is made from a —-m
S.F. Allen surew and the head is
ed with a § in. bearing ball firmly
ressed into place put for smaller
ork a screw jack of halfthxs size with
1 in. screw and a & in. ball w111 be
ound more convenient.

o reduce working friction, partlc-
rly when heavy castings are dealt
h, the base member of the jack may
itted with a bronze bush threaded
L oengage the jack screw.

he head of the jack shouid:be
ss-drilled for the insertion of a
my bar, to give increased leverage
d to faciiitate adjusinient in awk-
gv/ard positions.

-Blocks

£ V-blocks of cast-iron or hardened
fhicel are used to support and locate
[ ound work on the surface plate.

| These blocks should be purchased
[ n pairs, to ensure that they are alike
[ ind will support the work parallel
| vith the surface on which they rest.

| The four V-grooves, with which

ig. 11. The scribing gauge
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blocks of the type illustrated in Fig. 7
are provided, afford a ready means of
setting the work at varieus heights,
and the'clamps may be-used to secure
the work in posatlon durmg markmg—
out. -
<'The larger V—blocks whlch are also
machined in pairs, usually have only a
single ‘open V for supporting round
material of large diameter. A large
plain V-blockisillustrated in ,‘."k!g 8.

Surface G‘auges or Scrlblng Blocks

These devices are used for scribing
lines on plane or irregular surfaces ata
prede*ermmed distance from the base
surface, and 'in addition they may be
empioyed to set comporients in para-
llel alignment with the surface of the
marking-outtable.

In' the "universal Iype of gauge
111ustratede1g 9,and recommended
for general use, the heavy base mem-
ber has a __tr_uly flat undeér-surface in

Fig. 9. The ~ '
surface gauge”

 BRACKET 7~
: FOR.SCRIBER 7

SCRIBER MAY BE 1NSER'1’ED

(HERE FOR WORKIMG CLosE/ §
TTO THE  BASE — g

OR_USE
CYUNORICAL HORK
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which a V-groove is machined to
afford a location oncylindrical work.

In addition, the base is furnished
with retractable guide pegs, by mcans
of whick the appliance can, if desired,
be guided from the edge of the surface
plate or other machined surface. The
smaller forms of surface gauges are
usually equipped with a removeable
guide piece for clamping to the base,
and the guide pegs are then omitted.

The two-ended scriber is carried in
a bracket which is clamped to the
vertical pillar of the gauge.

This pillar is in turn clamped in a
cross-drilled spindle, which can te
rotated to impart a radial movement
to the pillar for adjusting the height of
the scriber point. :

Fine adjustment of height is effect-
ed by means of a rocking gear, com-
prising a radial arm attached to the
piliar clamp and controlled by a fine
thread finger-screw.

If desired, the piilar can be removed
and the scriber mounted directly in
the pillar clamp when working close
to the base of the gauge. As in the
previous case, fine adjustment of the
position of the scriber point is affected
by means of the screw-controlled
rocking gear.

As previously mentioned, the sur-
face gauge may be used for levelling
and positioning work on the surface
plate; for this purpose the curved end
of the scriber is turned downwards,
and is then applied to various points
on the work under adjustment until
uniform contact is obtained.

In additicn to its use as a setting
gauge, the surface gauge is more often
employed for scribing lines parallel
with a reference surface or edge.

Itisessential that an accurate meth-
od of setting the scriber point should
be adopted, when the surface gauge is
used to scribe lines or locate pointsata
definite distance fror the surface of
the marking-out table. Whenever a
rule is used for this purpose, an angle
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plate or a special rule-holder shoul
be employed, to ensure that the rule
mairitained in a truly vertical positic
while the setting is made.

The device shown in Figs. 10 an
104 which was specially designed fc
this purpose, will hold securely an
accurately any rule of standard widt
without obscuring the graduations.

The accurate setting of the scribe
point against the rule will be facilita
ed if the scriber itself is positione
horizontally, and a magnifying glas
is used when making the final adjus
ment.

Distinct but lightly cut lines shoul
be made when scribing with the su
face gauge, for any attempt to cu
deeply into the metal will result i
inaccurate marking due to springin
or displacement of the scriber, al
though the rigidity of the scriber wi
be enhanced if it is clamped in it

Fig. 10. The rule stand




IARKING OUT

pracket with the minimum of over-
lang.

T he Scribing Gauge

his device, which is depicted in Figs.
"1 and 1! A, will be familiar to wood-
workers as the scratch gauge, but in
this instance some meodifications have
peen introduced to make 1t suitable
for metal work.

i Its compactness renders it more
tonvenient than the surface gauge for
[cribing lines parallel with a reference
tdge, and the length of its base, unlike
‘he jenny caliipers, ensures that true
Bharailelism at an exact distance from
the base line 1s maintained, particular-
[ly in the case of sheet metal work.

s will be seen in the drawing, a
ing scribing bar, clamped in the
e member, carries a remaoveable
ber point, which 1s adjusted to set
1e bar in a horizontal position when

110. The rule stand
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g GR AMOPHONE
NEEDLE

HORIZONTAL N VERTICAL
FENCE

FENCE .,

Fig. 11A. The scribing gauge

the fence is in contact with the work.

To avoid its digging into the work,
the scriber point should be set with
a slight inclination to give a trailing
action.

Fig. 10A. The rule stand

[UC R
R

""_\TAP COR & BA/

CSK. SCREW

il
U

il

nnnn
ULy

.Ennnnn
ULy

"BSF/_I'

—— ~hd [
S N
.—””””)"" {”
% -
2 DA .

kot ooy
GO0

'+ CENTRE OF GROOVE 011"

WIDTH FOR 6 BA
RETAINING SCREW




202

Squares :
Squares are used in marking-out
either when applied to an edge as in
sheet metal work, or standing on the
surface plate for marking vertical
lines, or to set surfaces and scribed
lines in the vertical position. ~

Neediess to say, only accurate
squares of good quality should be
employed for this purpose, and to
minimise wear the blade should be
hardened.

The edge of the blade should ‘be
plain, and not double-bevelled as in

some types of tooimaker’s squares,.

oiherwise errors of marking-out may
arise owing to the position of the line
scribed varying with the angle at
which the scriberis held.

For convenience, and to avoid en-
cumbering the surface of the marking-
out table, squares of various sizes
should be provided for use with large
and small work,

The Combination Square

Although the combination square can
be used as an ordinary try-square, it

has the further advantage that the-

stock or head siides on the grooved
blade and can be clamped to it at any
desired point. Combined with the

stock of the squareis a spirit-level and

a 45-degree - mitre-square. If the

marking-out tabile is set truly level,

Fig. 12. The centre head
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Fig. 13. Jenny callipers

this spirit-level may be used to s¢
components p: rallel with the surfac
of the table.

Since the blade can be clamped ¢
any point in the head, the combin:
tion square makes a useful paralk
marking gauge, and in addition it ma
be used as a depth gauge when mar!
ing-out. For the sake of convenienc
ascriberis held frictionally in the hea
and ready for immediate use. Whe
the centre head, shown in Fig. 12
substituted for the ordinary head, t
tool can be used to find the centre of
shaft or other cylindrical part.

The addition of a protractor hea
completes the usual equipment of tt
combination -square, and enabit
angular work to be set out on tt
marking-out table.

_Dividers

When this tcol is used for spacing tt
distance between points or for scril
ing circles, one leg should be locate
by means of a small punch dot i
order to avoid errors due to change «

“position during the operation.

Jcrmy, Hermaphrodite or
Odd-legs Callipers

This tool is generally used for SCI‘lblI
lines parallel with and at a predete
mined distance from a reference ed
on the work.

As a rule, these callipers are mac

~ with a plain frictional joint, as show
. in Fig. 13 but some mechanics pref
~the type fitted with a screw adjus

ment and illustrated in Fig. 4. As t}
latter form cannot be purchased, the
have to be made from-a pair of screy
adjustable inside callipers. One leg
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hortened and a piece of steel to carry
he set-screw and hold the scriber
point is brazed on; the other leg is
hen heated and turned inwards as
hown in the drawing. The scriber
point is best made from a new gramo-
phone needle.

~ When adjusting the plain type, the
int is engaged with the required
praduation on the rule and the other
| leg is gently pressed into contact with
Eehe end of the rule.

il Ifthejoint of the callipers is in order
B his setting should be exactly main-
S ained when the pressure of the fingers
Lis released, but, if the contact leg tends
0 spring away from the end of the
Eruie, the joint requires attention. The
| screw-adjustable type is easily set by
| blacing the contact leg against the end
[ of the rule and then bringing the
| scriber point into register with the
| raduation required.

EAlthough it might be thought that
fneither the design nor the use of the
liscriber requires description, this s far
f(tom being the case; for a faulty
E scriber or its improper use may cause
L serious errors in marking-out.

] The fine sharp point of the scriber
Blis casily damaged, especially when
g carried in the tool kit or allowed to
ifall from the bench; for thisreason the
toolmaker’s scriber, shown in Fig. 15

Fig. 14. Modified Jenny callipers
Fig. 16. The centre punch
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Fig. 15. The scriber

90° POINT

60° POINTY
S —1

is provided with a reversible point
which fits within the handle and is
retained in place by a screw chuck.

As a further safeguard, the upper
end of the handle is made of hexagon
form to prevent the tool from rolling
on the bench.

As in the case of dividers, the
scriber should be sharpened periodic-
ally, for the pressure which it is neces-
sary to apply to a blunt scriber may
cause uisplacement of the guide rule
with consequent inaccuracy during
marking-out operations.

Centre Punches

For the initial marking of centre
points, a cenire punch with a fine
point of some 60 degrees included
angle should be used, and in the case
of drill holes, this should be followed
by a punch of 90 degrees or more,
Fig. 16, to afford adequate location
for the drill.

It is important that the marking
punch should have a really sharp
point, otherwise it will be found that
no proper centre is formed to locate
the point of the dividers when spacing
out dimensions or scribing circles.

When marking-out, centre points
are usually located by the intersection
of two scribed lines, and it is here
essential that the punch point should
be exactly placed; this will be greatly
facilitated by employing a magnifying
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glass, and the punch must be held
truly vertical to ensure that the centre
is not drawn over to one side when the
punch is struck with the hammer.

The hammer used for this purpose
should be of hght weight, but well
balanced, to enable decisive but well-
controiled biows to be struck.

As great accuracy is demanded of
the fine tools used for marking-out,
their careful preservation will be wel!
repaid. The small kit of hand tools
required may be keptina separate box
or drawer near the marking-out table
and ready for immediate use, whilst
the larger tools and appliances should
be stored together in a cabinet so that
they are readily accessible, but are at
the same time well protected from
possible damage.

Preliminary Mechanical Work

in Marking-out

When components are made singly or
in small numbers, some preliminary
work 1s usually required to prepare
them for the actual marking-out
process. In the case of castings of
maileable iron, brass and aluminium
alloys, as well as forgings, some setting
or straightening may be required to
give the parts their correct form,
otherwise the excessive removal of
metal during machining, in an attempt
to remedy the distortion, may well
render the casting useless.

in addition, as the component is not
positioned for machining in a jig, it is
usually necessary at the outset to pro-
vide a flat reference or datum surface
for locating the part on the marking-
out table, and later to position it for
machining.

In the case of sheet metal work,
however, a straight base edge may be
formed, from which centres can be
focated and dimensions marked-off as
in making a machine drawing; this
edge can also be used later to locate
the work for machining operations.
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In the above example the base lir
serves for two-dimensional markin;
out, but where solid objects are coi
cerned three-dimensional markir
may be required and a datum surfac
becomes necessary in most cases.

The datum surface is prepare
either by machining or by filing ar
scraping, and it is essential that
should be truly flat to avoid ar
possibility of rocking on the markin
out table; at the same time 1t must t
so positioned as to ensure that ti
dimensions specified in the machn
drawing can be accommodated on tl
component when marking-out. Som
times the datum surface is not use¢
directly, but the component is locate
by this surface on an angle plate «
other fixture during both the markin
out and machining operations.

It: this manner, as has already bec
mentioned, when the part is attache
to a box angle plate, five of its surfac
can be marked-out or machined
accurate rectangular relationsh
without alterations of the setting.

In addition to sheet metal work ar
solid objects, a third type of con
ponent, represented by a hollo
cylinder, frequentiv hasto be marke
out. For example, the casting of ¢
engine cylinder with cast-in bore mu
be marked-out to enable the bore ar
flanges to be machined, prior -
marking-out and machining the st
holes in the cylinder flanges.

After it has been ascertained th
the bore is centrally placed in the cas
ing, the centre line of the bore
marked-out as a guide to the machi
ist when adjusting the casting for tl
boring operation. To enabie this to ]
carried out, plugs of metal or ha
wood are fitted to the bore at eith
end, and the bore centres are mark
on these by means of dividers or jens
callipers; from these centres dime
sional and witness circles are scrib.
as a guide to the operator.

In the case of a large cylinde
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iridge pieces as shown in Fig. /7 are

fter the casting has been pickied and
[llcaned, and the datum surface has
L jcen truiy formed, the surface of the
{lomponent is prepared so that the
{ ines formed by the surface gauge or
[ criber will not only be clearly visible,
ut will remain so for the guidance of
he mechanic during the subsequent
achining operations.

Immediately before treating the
rface of the work for marking-out
hould be thoroughly cleaned by the
e of fine 2mery cloth, or by wiping
er with petrol or lighter fluid, to
move oil and finger marks.

Large rough castings are usually
ted with a light distemper, or with
mixture of glue and whitening; al-
gh 1t will be found that a mixture
whitening, white lead, or zinc
ide and French polish or spirit
rnish will not only be quicker dry-

i For preparing any metal for mark-
fiho-out, lacquers are now obtainable,
£ Vhich are usually deep blue in colour,
§ind have the advantages of being
| xtremely quick-drying as well as
e Idhering tenaciously to the surface of
{ he work.

{| Although impervious to oil, these
" acquers can be readily removed by
[ he application of a rag dipped in
f nethylated spirit.

8 [orthesake of convenience, a small
* uantity of the lacquer should be kept
b a bottle fitted with a cork carrying
brush and should be applied to the
rkin a thinevencoat.

se of Jenny Cailipers.

The jenny calliper and its usual
f methods of adjustment have been
§ Hescribed in some  detail earlier,
{ or this tool is perhaps the most
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: //— PITCH CRCLE FOR
FHAING HMWOL“

Fig. 17. Using bridge pieces

most generally used appliance for the
quick and ready marking-out of
simple dimensions, and for locating
drilling centres in much of the work
encountered in the small machine-
shop. Moreover, this tool can also be
used for marking lines parallel with a
datum edge, finding the centre of a
shaft, marking the pitch circle for the
stud holes in a cylinder cover, and
other work of a similar nature,

Scribing Lines Parallel to
a Datum Edge

The simplest operation for which the
jenny is used is the scribing of a line
parallel to the edge of a piece of plate
material. Such a line may be required
for the location of drilling centres, or it
may be used as a witness line when
filing. The method employed to scribe
a parallel dimension line is illustrated
in Fig. 18 and, as one leg of the jenny
has a guide or contact surface set at a
predetermined distance from the

Figs. 18 and 18. Using Jenny callipers
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Figs. 20 and 21. Using Jenny callipers

scribing point, itis essential thata true
face or edge should be provided to
ensure the accurate transfer of dimen-
sion to the work.

Marking-out Centres for Boit Holes

The operation of marking-off the
centres of four bolt holes on a square
piece of materialisitlustratedin Fig. /9.
In this case, the jenny is set to the
distance of the centre of the hoies from
the edge of the component, and the
intersections of the four scribed lines
indicate the drilling cenires for the
bolt holes. It will be appreciated that
this principle may also be used to
mark-off additional holes on the same
component, if the jenny is reset {o the
distance of the new centres from the
edge of the work.

Fincing the Centre of a Shaft

One of the more common uses of the
jenny callipers is to determine the
centre of a round shaft. To do this, the
jenny is set to the approximate half-
diameter of the shaft and, as shown in
Fig.20four arcsroughly at right angles
to one another are scribed on the end
of the shaft.

The centre of the small area enclos-
ed by these arcs is the centre of the
shaft, and this can be accurately deter-
mined by resetting the jenny until it is
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|

Figs. 22 and 23, Using Jenny callipes

found that the arcs meet exactly at
central point.

Pitch Circles

It is sometimes required to scribe th
pitch circle of a series of holes on
component, such as a cylinder cover
which has a circular periphery o
register. This is readily done by usin
the jenny callipers, which are set eque
to rthe distance between the pitc
circle and the periphery of the coves

Fig. 2] illustrates the method ¢
setting and using the callipers, and ;
will be seen that the dimension A =
C—B

2

Marking-out will be facilitated i,
this instance if the work is rotated, a
shown by the arrow, and the jenny i
held stationary; otherwise, the scrib
ing point will tend to rotate about th
guide leg and a circle of varyiny
diameter may result.

It may, in some cases, be foun
more convenient to scribe from th
inner machined surface or bore of :
component, and the method here usex
is similar to the foregoing, except tha
the jenny is set equal to the distanc
between the pitch circle and the bore
as shown in Fig. 22, where A = B—L

e

2
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Inthe operafioni!lustrated in Fig. 23
fe jenny is used to scribe a pitch
cle on the edge of a disc or shaft,
hd the method is like that employed
Ir marking-out a line paraliel to the
ige of a component, as shown in
¥o. 24butinthiscaseitis more readily
med out if the work is rotated while
: the chuck on the lathe

'f:. the Surface Gauge to Find the
Entres of a Shaft

i this case, as is shown in Fig. 24, the
laft is supported in a like pair of V-
;;a on the surface plate, and the
Lter then provides the extended
L tum surface for the guidance of the
Irface gauge or other appliances.

I The V-blocks should be positioned
| far apart as possible in order to
lduce any error of alignment arising
bm lack of straightness of the shaft,
bd it may be found that clamping the
laft in one V-block will facilitate the
hirking-out operation,

i As illustrated in £ig. 25 the height of
fe upper surface of the shaft is set on
flc surface gauge and then measured
¥ arule supportedinastand;if neces-
grv the height of the rule should be
fjusted to indicate an exact fraction
laninch at this point.

{Next, the diameter of the shaft is
asured either directly by means of a
f.crometer or callipers, or the height
t the lower surface of the shaft,
Ptaincd by using the surface gauge
i1d rule, can be subtracted from the
Blicht of the upper surface to deter-

. 24 supporting a shaft in V-blocks

T

PAINT END

FLUID

WITH MARKING

the surface

Fig. 25. Using
gauge ; E

mine the shaft diameter. The scriber
point is then lowered by an amount
equal to half the diameter of the shaft,
and a line is scribed across the end of
theshaftasin Fig. 26.

The shaft is now rotated in the V-
biocks through an angle of approxi-
mately 180 degrees, and the scriber
point of the surface gauge is brought
into contact with one end of the
scribed line. The scriber 1s then app-
lied to the otherend of the line without
moving the shaft, and, if the coinci-
dence is gxact, the scribed line passes
through the centre of the shaft, but if
not, the scriber must be adjusted to
halve the discrepancy and a new line 1s
traced. This new setting should be
checked by again rotating the shaft
and applying the scriber to either end
of the line.

After the centre line has been truly
scribed, the shaftis rotated through an
angle of 90 degrees by using a try
square in conjunction with the scribed
centre line as shown in Fig. 27, and a
seccnd centre line is then scribed with
the surface gauge at right angles to the
first.

The intersection of these two centre
lines indicates the centre of the shaft.

Fig. 26. Using
the centre line

Fig. 27.
Using the square
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Marking-out for Squaring
the End of a Shaf:

The method used includes the geo-
metrical construction described for
marking a sy uare onthe end of a shaft.

Paint the end portion of the shaft
with marking fluid, and with the jenny
callipersscribealine "A’, to denote the
length of the square. by rotating the
shaft in V-blocks on the surface plate.
Theshaftis then clamped in one of the
V-blocks to prevent further rotation.
Find the centre of the shaft as already
described, and with a mitre square or
protractor scribe 4 line at 45 degrees
through the centre. Set the scriber
potnt of the surface gauge to one end
of this iine, and scribe lines on either
side of the shaft up to the line *“A” and
also across the end of the shaft. Set the
scriber to the other end of the 45
degrees line and scribe three further
lines in the same manner. The four
lines thus scribed on the sides of the
shaft will denote the corners of the
square required, and the figure is com-
pleted on the end of the shaft by using
atry square.

If a square with a diagonal smaller
than the shaft diameter is to be formed
the shaft should be turned to the cor-
rect diameter prior to marking-out.
Thelength of the diagonal of a square,
and hence the shaft diameter required,
is 1-41 times the length of its side.

Use of the Surface Gauge

When marking-out a keyway on a
shaft by means of the surface gauge,
the shaftis clamped in V-blocks onthe
surface plate, and the horizontal
centre line is scribed across the end of
the shaft by the method already illus-
trated in Figs. 25 and 26. The scriber
point is then set in turn, by means of
the rule, the half the width of the ke -
way both above and below the centre
line, and lines are scribed across the
end of the shaft and along its sides for
a distance equal to the length of the
keyway.
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Both the length and the depth of t]
keyway are marked with the jem
callipers, and these dimensions a
then marked-out by using the t
square standing on the surface plat
Fig.27.

When two keyways at an interval
180 degrees have to be marked-out «
opposite sides of the shaft, the san
procedure is adopted, but in this i
stance the second keyway is marke
out by applying the surface gauge

‘the opposite side of the shaft at eac

setting of the scriber point.

Angular Location of Keyways

A number of keyways or splines c:
be marked-out by rotating the shs
in the V-blocks and setting 1ts cent
line to the appropriate angle by mea:
of a protractor Fig. 28 and Fig. 29. 1
this method, too, a keyway or keyse
can be marked-out in any require
angular relationship to the centre lu
of the shaft, or to another keyway,
1$ sometimes necessary when cuttir
keyseats in a petrol enrine half-tin
shaft for locating a c4in or a ge
pinion,

Marking-out Intesnal Keyways
Internal keyways in flywheels, ge
wheels and collars can also be marke
out in the same way after the machi
ing of the compornent has been cor
pleted.

Smaller components such as ge
wheels can usually be fitted to ¢
arbor supported in V-blocks wh

Fig. 28. Setting out for marking ke
ways at an angle

A




29. Setting out for marking key-
[ lays at an angle

garking-oui internal keyways. and in
is case also 1t mayv be necessary to
atntain a definite angular location
om a gear tooth, or an integrally
rmed cam to provide, for example,
't the correct setting of the valve
| ming in a petrol engine. The relative
cation of these components will be
own in the machine drawings. and
{ cse details should be closely ob-
{rved when marking-out to ensure
9lc correct assembly of the finished
_‘_..:. ! -.r t_S )

§ The methods described for locating
Fvways apply also to the positioning
i cross-driiled holes in shafts and the
[ cation of dowels and register pins.

¢ (arking-out a Duplicate Part

' hen a component is broken or be-
Bmes unfit for further service, the
{iestion arises of making a copy of the
[ rt for use as a replacement. Need-
i5s to say, where the original part is of
Enple design and is but little defective

9. 30. Determining the distance be-
iveen centres
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it can, in some instances, be used as a
template or guide both for machining
the overall dimensions and for drilling
any holes required.

In general, the first procedure is to
select a datum surface or surfaces
from which the dimension of the part
and the location of bolt and bearing
holes can be determined. Following
this, either an accurate drawing can
be made and the dimensions trans-
ferred therefrom to the work, or, in
the case of parts of simple construct-
tion, these dimensions can be marked-
out directly on the material prepara-
tory to machining.

The actual dimensions of a part are
measured either by rule, callipers,
depth gauge or micrometer according
to the degree of accuracy required,
and the dimensions of a duplicate part
are likewise checked after marking-
out and machining have been com-
pleted.

The position of a hole in relation to
a datum surface can be conveniently
determined by fitting a short piece of
turned rod to the hole, and then
measuring the distance of the circum-
ference from the datum surface with
either a plain or a micrometer depth
gauge, and subtracting therefrom half
the diameter of the rod.

To determine the distance between
the centres of two holes, pieces of rod
should be fitted as in the previous
example, and, as illustrated in Fig. 30
the overail dimension ‘A’ is measured
and half the length of the diameters
‘B’ and ‘C’ is then subtracted to give
the inter-centre distance ‘D’.

Reference to Fig. 31 will shew a
method of setting-out hole centres,

- whose distance apart has already been

measured.

Determine the distance of both
centres from the horizontal datum
surface as indicated by the lines ‘A’
and ‘B’, and scribe these centre lines
by means of the jenny callipers or
scribing gauge. Scribe the vertical
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cenire line of the first hole from the
vertical datum surface, and from the
point of intersection, which indicates
the hole centre, scribe an arc with a

THE AMATEUR’S WORKSE

radius ‘1)’ equal to the intercer
distance of the two halves; this secc
point of intersection will indicate
centre of the other hole.

An alternative :nethod of marki
out these hole centres is illustratec
Fig. 32 the vertical centre lines or
ordinates are first drawn at the cort
distance apart and the horizor
centre lines are then scribed to loc
the hole centres. The distances ‘A’ ¢
‘B’ of the hole centres from the verti
datum surface are measured witl
depth gauge as already described, 2
if necessary the rod is removed fr
the first hole when the position of”-
second is being determined. -

The co-ordinates are then mark
out in accordance with these measu
ments. In a similar manner the he
zontal centre distances are measuy
and the points of intersection of
horizontal lines ‘C’ and ‘D’ with
co-ordinates indicate the hole cent
repaired.



[CHAPTER 24

5‘:‘}5 FYHE Dial Test Indicator is prob-
. i ably one of the most important
items in the toof kit of the serious
vorker. It enables him to set his work
L torrectly in the machine tool he is
L hising, and also allows him to check
the accuracy of the machines and
their equipment.

Dialindicatorsare madeina variety
bf forms, but those most commonly
»mploved have clock-type faces
thence the colloguial name for the
evice the ‘clock’) and are operated by
plunger driving a train of gears setin
e body of the instrument. The
unger may project from either side
“the indicator as seen in Fig. / or
nay enter the body from the back as
vill appear in later illustrations.

he range and capacity of the in-
Biicator varies but those of general
putility are graduated in one-thousand-
I ihs of an inch and have a maximum
fincasuring capacity of 1 in.

B The indicator is designed tc be
nounted on a suitable stand such as
[ he ‘Eclipse’ magnetic base already
I llustrated in Fig. 1 or it may be
[ httached, as we shali see presently, toa
Econventional surface gauge enabling it
10 be set by means of the rocking lever
fhdjustment commonly provided.

| The bezel of the instrument carry-
8 ng its dial can be rotated, and in some
frases subsequently locked, when
[ sctting the indicator needle to zero
 pefore taking a reading.

B The plunger fitted is normally sup-
lied with a single contact, either in
ithe form of a ball in a holder or a
8 arger spherical foot screwed. to the
fiplunger extremity. But there are
fnumbers of applications where either
tof the two feet mentioned would be of

he Dial Test Indicator

little use. The user must then f..rn'sh
himself with additional feet such as
those depicted in the llustratloh
Fig. 2.

All three feet are designed to fit over
the plunger of the indicator and are
held in place by the thumb screw seen
in the illustration. The foot depicted
on the left is an extension enabling the
indicator, to reach what might other-
wise be an inaccessible surface. Ex-
tensions of this nature are sometimes
provided wiih a long pﬁmted stem
that may be used, for exampie, on a
narrow projection such as a spigot
machined or a component held in the
lathe chuck.

Fig.1. Adialindicator mounted on an
"Eclipse’ magnetic base
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Aliternative feet for the indi-

Fig. 2.
cator

Fig. 3. Dial indicator mounted on a
surface gauge

Fig.4. Three forms of spigotindicator
mounting

Fig. 5. The indicator set on the spigot
mounting and alternative mount for
clamping to a lathe tool

THE AMATEUR’S WORKSHOI

The extension in the middle, knowi
as the ‘elephants foot’, is particularh
useful when appiied to tapars as wil
be seen later. The third extension i
another elephent’s foot able to reacl
further than the first.

When the indicator is mounted o1
the surface gauge, as illustrated it
Fig. 3, it may be used for a variety o
purposes such as setiing work true it
the 4-jaw independent chuck.

In ihis instance the pins in the bas
of the mounting are pressed down anc
engaged with the ways of the lathe bec
to prev=nt the base from moving,

lt is not always convenient to use ¢
large and somewhat bulky mounting
for the indicator, particularly wher
the instrument is employed about the
lathe or shaping machine. Fig. «
shows three forms of spigot mounting
suitable for use under the lathe tool
post. That at "A’ is a fixed spigo
designed for gripping 1n the 4-way
toolpost. At ‘B’ is a telescopic versior
of the same device that allows the dia
indicator to be mounted as close to the
toolpost as possible. It consists of ¢
split adapter fitted with a retractablk
spigot upon which the clamp of the
indicator is placed.

The adapter illustrated at ‘C’ is in:
tended to be slipped under the centre
bolt of the toolpost.

Itisillustrated again in Fig. 5 where
it is depicted with the dial indicator ir
place. Also inthe same illustrationise
small clamp that permits the indicatos
to be attached directly to a too
mounted in the toolpost. This device
is particularly applicable to the smal
indicators with rear entry plunger
The economy of space and the versa-
tility of application offered by thi:
attachment make it, in our opinion
one of the simplest and best ways ol
using the dial indicator in connectior.
with machine tools. The details of the
clampare given in Fig. 6.

The mounting in Fig. 7 was
designed and made specifically for the
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ig. 6. Details
f the mounting
or clamping

o the lathe

ool

Drummond lathe. It fits directly into
he feed screw tunnel of the top slide
vhere it is held in place by the expand-
r bolt assembly seen at the right of
he device. It will be appreciated that
he number of articulations provided
flmake this a very versatile mounting,
fcapable of being attached equally
fiwell to the tail of the cross slide or to
Ethe back toolpost provided a suitable
fmounting blockisavailable.

. Working drawings of the mounting
L las applied to the Drummond lathe are
iIshownin Fig. 8.

The Internal Attachment

The internal attachment depicted in
Fig. 9, where the indicator 1s seei
mounted in the 4-way toolpost, can be
used for many applications, the first of
these being the setting of work truly,
either in the 4-jaw independent chuck
or on the faceplate, using a reference
hole already bored in the part to be
machined.

The parts of the attachment, s

Fig. 7. Indicator mounting for the
Drummond lathe
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he number of articulations provided
flmake this a very versatile mounting,
fcapable of being attached equally
fiwell to the tail of the cross slide or to
Ethe back toolpost provided a suitable
fmounting blockisavailable.

. Working drawings of the mounting
L las applied to the Drummond lathe are
iIshownin Fig. 8.

The Internal Attachment

The internal attachment depicted in
Fig. 9, where the indicator 1s seei
mounted in the 4-way toolpost, can be
used for many applications, the first of
these being the setting of work truly,
either in the 4-jaw independent chuck
or on the faceplate, using a reference
hole already bored in the part to be
machined.

The parts of the attachment, s

Fig. 7. Indicator mounting for the
Drummond lathe
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Fig. 11. interna!l attachment for side-
entry indicator

order (o obtain the mosi convenient
position.

Adjusting the Endicator

The mechanism of the dial test in-
dicatoris delicate and no good isdone
to the instrument by rough treatment
such as banging it or lowering it
clumsily on to the work. When the
indicator is mounted on the surface
gauge the user has at hiscommand, as
has been said. a fine adjustment that
aflows the mstrument to be brought
into contact with the work in a careful
manner.

It is not always possible, however.
to employ the surface gauge for the
_purpose so one must make use of any
“device that can be added to the simple
mountings that have already been
escribed. One of these mechanisms
s illusirated in Fig. /3. This fine ad-
ustment device consists of a body
ontaining a worm and portion of a
il wormwheel fitted with a spigot to hold
#|l the indicator itself, The adjustment is
Bl made by operating one or other ot the
‘black plastic knobs placed above and
below the body of the device.

- Using the Dial Test Indicator —

The ‘Wobbler’

An operation that lathe users need to
employ perhaps more than any other
1s the setting of work accurately either
1n the independent chuck or on the
faceplate. For the most part these
settings have to be made with refer-
ence toacentre marked on the work or
else from a hole centre-drilied after the
work has been marked off.

Both these reference points entail
the use of a piece of equipment called
the ‘wobbler’ in conjunction with a
dial test indicator. The wobbler com-
prises arod having a well-fitting spring
loaded plunger at one end. The plun-
ger is centre drilled at its extremity so

215

Fig. 12. Mounting for setting dial
indicator internal attachment in the
chucik

Fig. 13.
indicator

Fire adjustment for the
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slocombe
spring centre hole

gt plunger
Fig. 14. The wobbler

that it can rest against a centre set in
i the tailstock. The rod portion itself
has its point turned to an included
angle of 60 degrees so that it may be
engaged with the centre marked upon
the work. The wobbler is depicted in
Fig. 14. Tt is used in the manner
depicted in Fig. 15. With the wobbler
in place as previously described the
dial indicator is brought into play
with its plunger resting against the rod
The chuck or faceplate is then turned
Fig. 15. Setting the wobbler until the maximum point of eccen-
tricity is ascertained. The indicaior is
next to set at zero and the lathe again
turned until the minimum point of
eccentricity is found. This action will
also establish where the error lies in
relation to the chuck jaws or to a
marked position on the faceplate as
the case may be. The work may then
be moved for a distance of half the
indicator reading repeating the pro-
cess until no movement of the ‘clock’
needle is observable. The work will
then be correctly centred.

The dial indicator can also be used
for setting the tool in a boring bar.
The illustration Fig. 16 demonstrates
the way in which it is employed. When
using the instrument in this way its
overall range must be taken into
account. For the most part this range
is limited to 1 in. Therefore, move-
ments of the tool in the bar must be
within this range. For this reason the
indicator is probably best employed
when setting the cutter for the final
two or three boring operations,
remembering that increments of

Fig. 16. Using the indicator to set a
boring bar
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[ Fig. 17.
gl Checking a pair
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_ dial test indicator

P V- biock /

rest bar

| of common

| V-blocks

0-001 in. tool movement enlarge the
bored hole 0-002 in. each time.
When setting the cutter the indica-
“tor must first be zeroed. This is done
by bringing the plunger foot into light
ontact with the point of the tool and
hen turning the lathe backwards until
maximum positive reading ts ob-
ained, the bezel can then be turned to
ring zero on the dial under the
ndicator needle. Turn backwards or
he point of the tool will score the
lunger foot.
~The test indicator can be used to
heck a variety of components such as

| 17 shows a method of checking a pair
- of common V-blocks whilst in dia-
| gram Fig. 18, a pair of matching
i blocks are shown being tested to
# establish their surface accuracy be-
§ - forecheckingthe work seatings.

1t is manifestly impossible to list all
the possible uses for the indicator. ~_uat
perhaps two more examples wili
suffice to encourage readers in the use
ofthe instrument. Both examples con-
cern setting the vertical slide on the
§ lathe. In the first the indicator is ap-
d. plied to the standing jaw of the milling
vice Fig. 19. In the second example a
further use of the internal attachment
is depicted. Here, in Fig. 20, the
attachment is seen applied directiy to
the wory. This_method is of value
when it is difficult to use the indicator
inthe normal way.

I V-blocks and other equipment. Fzg .

]

No 2

Fig. 18. Checking a pair of matching
V-blocks

Fig. 19. Setting the vertical slide

Fig. 20. Setting work mounted in the
vertical slide

test_indicator

TEETET




CHAPTER 25

YHE term “suds’ 13 applied to the
fubricant used when machining
various materials in the lathe. At
ne time this lubricant was a soap-
and-water mixture. hence the descrip-
tive name suds. Today, on the other
hand. cutting oils of various classes
are available: some of these are
soluble In water. others are straignt
oilsused withoutdilution. Industrially,
thewater-solublevariety has, perhaps,
the greater appeal. Our own prefer-
¢nce is for a straight o1l because the
amateur's varnious machine fools,
contrary to those of industry, often
have long periods when they are notn
use and experience has shown that
water-soluble lubricants, despite their
makers statements to the contrary,
seem to suffer in time from dissocia-
tion. The water, settling out, finds its
way into shides and this resulis in dis-
colouration because there is rarely
sufficient oiliness to preventit,

The simplest methed of applying
lubricant to work 1s to put it on with a
brush. It must be admitted, however,
that the process is a somewhat tedious

Fig. 1. Simple method of applying
cutting oif

Suds Equipment

Fig. 2. Suds equipment mounted on
the lathe

one. Nevertheless, this ¢can be over-
come by making use of a clip to hold
the brush against the work and attach-
ing the device to some convenient ob-
ject such as the back toolpost. By am-
ploying Terry clips in the way seen in
the illustration Fig. I the brush can be
quickly detached for replenishment
purposes. A useful device for light
cutting but not, of course, commend-
able when heavy machining has to be
undertaken.

There is little doubt that complete
suds equipment is the answer to many
machining problems. In particular the
turning and drilling of stainless steel
makes the employment of a copious
supply of lubricant essential both for




§ SUDS EQUIPMENT

Fig. 3. The pump equipment

|| obtaining a good finish as well as
I prolonging tool life.

# Manv vears ago we designed and
E made a set of suds equipment con-
|| sisting of a reservoir and pump for the
1| lubricant, together with a faucet that
® could be mounted on the lathe cross-
& slide. to direct the suds on to the work
¥ in hand. This equipment is seen
. mounted at the back of a Myford
& lathe, in the illustration Fig. 2 whilst
Y| the pump unit is illustrated in Fig. 3.
i The pump itself is of the rotary vane
1 type directly coupled to a modified
il motor generator enabling it to be run
i fromthe house mains.

i The reservoir holds some two
& galions of oil and is provided with two

Fig. 4. The faucet

Fig. 5. Mist lubrication systam

wire mesh filters, one on the input side
of the pump, the otherin the lead from
the lathe suds tray. These filters are
essential, their efficiency being proved
by the fact that the pump, which was,
by the way, machined from the solid,
has never been dismantled in 15 years
and shows no signs of wear.
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, W
The faucet Fig. 4, is made up from
banjo unions as fitied on some auto-
mobile carburettors, ansd has a screw
down needle valve 1o conirol the flow
of lubricant. An ordirary tap would,
perhaps, do as well, vut the needle
valve 1s somewhat more .ensitive.

Oil Mist Lubrication
For those who have a compressed air
system installed in their workshops,
the device depicted in Fig. 5 1hay be of
some interest. Originally desizned to
assist in the machiing of large sculp-
tured aircraft conmponents it consists
essentially of a spray gun fed with air
from the shop compressor and ar oil
container, holding a gallon or mcre.
that may be located in any conventent
place around the machine. The pct
seen attached to the gun is in effect ¢
primary reservoir designed to hold a
small quantity of oil and promote the
depression in the plastic oil pipe
leading to the main container.

The gun 1tself follows the same
pattern internally as that designed for

paint and described later 1n chapter
14.

THE AMATEUR’S WORKSHOI

Fig. 6. Miniature mist lubricatiol

equipment

Whilst the system is one of ‘tote
loss’, so far as lubricant 1s concernec
it has been found to be very economig
al. Moreover it is readily controllabl
by means of the needle valve fitted t
the gun’s air-intake so can be adjuste
to supply a minimum localised dis
charge of lubricant.

For those not blessed with an ai
line thedeviceillustrated in Figs.6 an
7 may be of interest. This has its ow
small compressor and spray gun uni
the latter seen affixed to the cros:
slide.

The compressor, a somewhat hi:
toric component taken from an earl
aeroplane, feeds air across the nozz
of the oil discharge pipe in a series
rapid puffs and isdriven from the latl
chuck by means of round leather bel
ing, the chuck acting as a pulley.

The compressor itself i1s mounte
on an angle upright forming part «
the lathe overhead gear and has pri
vision for belt tensioning.

The oil container holds but a fe
ounces of oil, but this is sufficient fi
quite protracted machining, elogue:
testimony to the economy of tl
system.

Fig. 7. Miniawure mist lubricatic
gequipment




CHAPTER 26

‘HE overhead shaft used for
driving cutter trames and other
tools mournted on the saddle or
Isewhere has long been known to
athe users, and its importance 10 the
mateur worker has not lessened with
hevyears.

Formerly, many of the round belt
Irives, forming the basis of the
quipment of the oid time tathes, were
omewhat elaborate in layout and
often cumbersome to set up. These
rangements allowed work to be
lled or drilled at either end of the

hining a long keyway, for exam-
setting the work,

fithe same end, at the same time bring-
Ping to bear a good deal more power on
Sithe work.

extensive lateral movement of the
L cutter, the driving pulley on the over-

tself could travel as the cutter made
ogress down the work.

 [for the Drummand lathe

he as well as providing a method of
ple, without the possible necessity of

Today, however, there are other
find better ways, perhaps, of achieving

$  Formerly, in order to provide for

f head shafting had either to be fitted
f'with a running key permitting the
® ipulley to travel in step with the cutter
E frame, or the pulley to be a long fixed
[ \drum-like affair along which the belt

Much of this requirement stemmed
from the practice of ornamental
{jturning where long objects such as
andle sticks and table legs, needing
fifluting or otherwise decorating, had to
f be machined. Today, however, for the
most part, the necessity for this kind of
Cfacility has gone and it is seldom that

1. A simple overhead drive unit

Lathe Overhead Drives

the amateur worker needs to move the
cutter more thana fewinches at a time
in a lateral direction, such a move-
ment being easily accommodated by
the simple belt layout that can be em-
ploved.

Fig. [ illustrates an eiementary
overhead drive unit made for use with
the Drummond lathe and designed to
be bolted to the bench behind the
lathe itself, The shafting is carried in a
pair of self-lubricating plummer
blocks whiist the pulley, adjustable
along the shaft, is secured to it by a
simple clamping device consisting of
an allen grub screw and brass pad
bearing on a flat surface machined on
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*HE overhead shaft used for
driving cutter frames and other
tools mounted on the saddle or

Isewhere has long been known to
athe users, and its imporiance to the
amateur worker has not lessened with
he years.

Formerly, many of the round belt
drives, forming the basis of the
quipment of the old time lathes, were
somewhat elaborate in layout and
often cumbersome to set up. These
rangements allowed work to be
illed or drilled at either end of the
the as well as providing a method of
achining a jong keyway, for exam-
ple, without the possible necessity of
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lextensive lateral movement of the
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Ewith a running key permitting the
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[ frame, or the pulley to be a long fixed
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8 Much of this requirement stemmed
8from the practice of ornamental
j{turning where long objects such as
Hcandle sticks and table legs, needing
tluting or otherwise decorating, had to
ibe machined. Today, however, for the
L most part, the necessity for this kind of
flfacility has gone and it is seldom that

Fig. 1. A simple overhead drive unit
[|for the Drummond lathe

L athe Overhead Drives

the amateur worker needs to move the
cutter more than a few inches ata time
in a lateral direction, such a move-
ment being easily accommodated by
the simple belt layout that can be em-
ploved.

Fig. 1 illustrates an elementary
overhead drive unit made for use with
the Drummond lathe and designed to
be bolted to the bench behind the
lathe itself. The shafting is carried in 4
pair of self-lubricating plummer
blocks whust the pulley, adjustable
along the shaft, is secured to it by a
simple clamping device consisting of
an allen grub screw and brass pad
bearing on a flat surface machined on
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Fig. 2. Overhead drive for the Myford
ML7 lathe

the shaft itself. A spring loaded ten-
sioning device is mounted on the
cross-bar and this fitment, in turn, can
be moved and locked where desired.
As will be seen, the fitting as 2 whole
forms a convenient support for the
lathe lighting unit.

Fig. 2 depicts an overhead drive
fitted to a Myford lathe. The frame
made from discarded steel bed mem-
bers, as was that for the Drummond,
is bolted to the lathe stand and
supports a shaft running, again, In
self~lubricating plummer blocks. This
shaft is driven from the countershaft
supplied with the lathe through a pair
of miniature V-ropes.

Two driving pulieys are fitted, onea
three-step cone pulley for low speed
working, the other a larger wheel used
when an increased speed is desired. A
simple weight-controlled counter-
poise is employed to tension the belt,
and the complete set up is seen driving
a spotting drill in the illustration
Fig. 3.

With the advent of the electric
motor, and in our case the availability
of high-grade low-voltage units at
ridiculously low cost, it was possible

THE AMATEUR’S WORKSHOQ

to combine the drive motor and it
miniature countershaft into a uni
that could be bolted, either on th
back of the saddle or on to the tail ¢
the boring table. In this way, th
saddle could travel the full iength ¢
the Jathe bed. taking with it moto;
countershaft and milling attachmer
with only an electric cable to b
accommodated. A unit, of this typs
running on 24 volts and giving some
thing of the order of { h.p. contir
vously, isillustrated in Fig. 4.

Independent Feed Screws

If the lathe is to be used for muc
milling, and in particular when th
work must be mounted in the chuck
some means of independently drivin
the feed screws has to be devised. If
is not the user will always be oblige
to adopt the somewhat tedious prac
tice of turning them by hand.
Sofarasthe leadscrew is concernec
perhaps the simplest method is t
drive it through a train of gears fro1
the lineshafting or countershaft. A
example of such a drive may be seen i
Fig. 5. This set up required an 80 to

Fig. 3. Overhead fitted to the Myfor
lathe driving a spotting drilt
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ig. 5. Driving the leadscrew indepen-
fently of the lathe

“duction gear box and some gearing
D couple it to the feadscrew. {f the
frive needed to be reversed all that
kxd to be done was to cross the pri-
Bmary driving beit. Later a tow-voltage
Becirical nictor replaced the line
haft drive. This motor has a reversing
witch thus providing for a change in
Led direction when desired.

[| Subsequently. the drive has been
" odified so that the motor unit with
ears can be transferred ifrom one
the to the other in the shop.

One of the advaniages of the elec-
1ic motor drive is the ability to con-
ol the rate of feed by varying the
heed of the motor itself. This can
ilv be arranged by the use of a
mple variable resistance In series
h the low-voltage eiectrical supply.
ce the motors used take only some
mperes the physical size of this
ariable resistance is smail.
| Ln order to make the most of the
fithe for miiling purposes the cross-

slide also needs to be independently
driven. It is seldom possible, without
some elaboration, to arrange this by
straightforward mechanicai methods;
on the other hand, by a combination
of worm and epicyclic gearing, it is
possible to build a neat driving unit
that can be attached to the tail of the
cross-siide, The reduction ratio is of
the order 1,500 to 1 so the torque at
the feed screw is 'arge. thus permitting
the use of a low power electric motor.
Again, a reversing switch can be fitted
to take care of the requirement for a
change 1n the direction of feed, while
the speed of the motoris controlled by
artheostat.

The epicyclic gearing is controlled
by a lever-operated cam contracting
a steel brake band on to the drum
forming the housing of the annular
gear. By adjusting the tension of this
band the housing can be caused to
stop and so relieve any excess load
that may develop between the cutter
and the work.

Fig. 4. A low-voltage miniature drive
unit




Fia, 6. The tailstock drilling spindle
set up in the lathe

A High-speed Taiistock

Drilling Spindle

When smiafl drills have to be used in
the lathe it is seidom that they can be
run at a high enough speed, unless
special steps are taken to do so. The
rig tHlustrated in Fig. 6. was designed
and made to allow the drilling of long

axial holes in small pins and other

components of a like nature, 1t is In
effect a means of converting the tail-
stock of the lathe so that it becomes
an electrically driven drilling machine
operating in a horizontal plane. In the
class of work for which it was designed
it is essential that the drilled boles
should run true and noi ron off-centre.
Probably the best way to cnsure that
the hoies do run true is to adopt the
contra-rotating technique. In this
method the work is rotated in the
opposite direction to the dnll. This
has the effect of greatly increasing the
cutting speed oi the drill and appears
to promote straight running.

The equipment seen in greater
detaii :n the iliustration Fig. 7, con-
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sists of a spindle fitted with a chuc
that is passed through the hollo
barrel of the tailstock and seated i
the driving unit. Both the spindie an
the driving unitare carried ona pairo
ball races and are illustrated in Fig.
at A and B respectively. The devic
was originally fitted to an ol
Winfield lathe having its tailstoc
modified to permit a more sensitiv
feed. It has now been transferred to
Myford ML 7 lathe incorporating th
Cowell lever feed tailstock attach
ment.

The driving mcior, mounted on
spigot behind the driving umit 1
carried on the bracket seen in th
illustration Fig. 9. It came originall
from an old vacuum cleaner and, afte
cleaning and oiling, was placed in th
container illustrated. In ord:r to con
trol the motor a switch is built into th
end plate at the opposite end to th
driving pulley.

A High-speed Headstock Spindle

The requirements that led to the pro
duciion of the tailstock drilling spin
dle led alsc to the design of a head

stock that would rotate at a higi
speed. From time to time designs hav

appeared, but, so far as we are aware
most are fairly complex and few, i

Fig. 7. The tailstock drilling spindle
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bly mounted at the tail of the mandrel.
Such an arrangement allows the
inner spindle to be driven directly
irom the motor normally supplying
power to the lathe. 1t also enables the
self-act arrangements usually assoc-
iated with the lathe to be used to the
full. In point of fact six rates of feed
are available, three in direct drive and
, three more with the back-gear en-
gaged.
The inner spindle is adapted to take

g. 10. The
irifling spindle
n use on the
taddie of the
yford iathe

d spindie {A}

A size collet chucks with a maximum
holding capacity of a } in., these are
secured by means of a hollow draw
spindle operated from the tail of the
mandrel.

g ny, allow the lathe self act to be
fimployed.

& The success of the taiistock drilling
Epindle suggested that a complemen-
gary headstock spindle to the same

flesign would adequately meet the
flase
The headstock spindie, therefore,
| vasses through the hollow mandre! of
§ he lathe, is carried on a pair of deep-
firoove races placed in a housing
ittached to the mandrel nose, and is
pported in a second bearing assem-

L tig. 9. The driving motor and bracket

It is manifestly impossibie to in-
clude here all the detailed drawings
needed to produce the narts for any of
the devices just described. But it is
hoped that enough has been said to
encourage and guide those who have
a use for such equipment to design and
make similar devices for themselves.




CHAPTER 27

Soldering, Brazin

and Case Hardenin

{YOFT solderin
in use by the amateur and in some

fields by the professional, though
the latter now tends to use other
methods because of the increasingly
exacting demands of industry when

the jointing of metals is undertaken.

1] :( anra otice much
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Solders and Fluxes

A hundred vears ago the solders used
would provably have been a single
amalgam of lead and tin, in propor-
tiong almost entirely empirical, whilst
the filuxes employved were resin when
the work was exceptionally clean, or
‘killed spirits’ a preparation produced
by the action of hydrochloric acid on
zinc clippings, if a more vigorous
fluxing action was needed.

Resin flux is non-corrosive but
killed spirits is very much the reverse
and its presence in the close confines
of a small workshop can be most
damaging to any machines and equip-
ment that are installed in it.

Today, however, matters are much
improved; not only are solders pro-
duced to meet almost every require-
ment, but the fluxes now employed,
whilst thoroughly active, have for the
most part been robbed of their highly
corrosive properties. In addition
many of the solders possess a core of
the flux, and this renders them very
easy to use. They are drawn as wires
of varying gauges having lead and tin
mixed in different proportions, each
with an alternative melting point.

Methods of applying solder vary.
In some cases a hot soldering iron, is
used whilstin others solder in the form
of rings or strips is placed on the work
which is then heated by a blowpipe
until the solder runs into the joint.

-
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and suggestions with practical exa
ples are usually obtainable from a
well known solder manufacturer.
An alternative method of applyi
the solder for ‘sweating’ as the te
has it 1s to make use of a solder pai
This is a mixture of very finely divic
solder grains and an active fl
enabling the material to be used in
most economical manner. Only a vi
light coating needs to be applied to
work so positional disturbance of |
parts to be formed is, for the most pe
reduced to acceptable limits.

a1

Heating the Work

Where it is to hand the domestic
supply is a very convenient method
heating both the soldering iron a
the work itself. While gas heat
similar to boiling rings but provic
with a hood are obtainable, it is p

Flg 1. The self- blowmg blowplpe
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Saps simpler, as has been explained in
[ Reginners’ Werkshop, 1o raake use of
i laboratory tripod and Bunsen burn-
{ o1 for the purpose. For heating small
hnd delicate work the self-blowing
iblow-pipe illustrated in Fig. / and in
L detail in Figs. 2 and 3 has been found
f most effective. It is quite easy to make
find has good flame control. Experi-
ments, however, have shown that the
#orch is only suitable for use with coal
058,
Today the availability of bottled
as in its various forms, and the fact
at many workers in the amateur
eld live outside areas where coal gas
on supply, is rapidly leading to a
ottled gas monopoly that is s¢arcely
kely to be disturbed in the foresee-
ble future.

ig. 3. Details of the self-blowing
low pipe
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Moreover, the range of equipment
available, the high calorific value of
the gases themse‘ves, and the con-
venwncc 0[ DClnL dO!C to Il"dﬂprFl lIIC
gas-boitles and torches anywhere with
the minimum of difficulty, is an asset
that cannot be disputed.

For soldering purposes, therefore, a
Bunsen burner specifically designed
for use with bottled gas, a laboratory
tripod and an ordinary soldering iron
will furnish all thatis needed.

Those workers who regularly un-
dertake electrical wiring of one type or
another will not need reminding of the
advantages of the electric soldering
iron. But if is, perhaps, not out of
place to remind readers that quite
large electrically heated irons are
available. though some workers may
object to the trailing cable that is in-
separable from these devices.

Preparing the Work

The keynote of succossful soidering is
cleaniiness. The work must therefore
be {reec from grease, paint, rust or any
metallic oxide deposits that will in-
hibit the flow of solder and prevent it
from tinning the work surfacd’ A
small amount of dirt is certain to ie-
main, if only in a chemical condition
and it is the purpose of the flux to re-
move this. But the major part of the
cleaning maust be performed by the
operator. Work surfaces that have
been freshly machined need little more
than degreasing with a suiiable clean-
er such as trichlorethylene to fit thein
for the soldering cperation. But old
work must be wire-brushed, scraped,
filed or cleaned up with abrasive cloth
as requtred it order to restore the sur-
face to a condition in which the soider
will ‘takz’.

Rusted parts are the most difficult
to treat because, unti! they have been
first chemically cleaned with a warm
i0 per cent solution of phosphoric
acid or some proprietary medium
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such as Jennolite, it will be difficult t
assess 1f there is really any of th
original metal left with which to effec
a joint. If there is then the parts shouls
be wire brushed and separately tinne
before being sweated together
‘Bakers Fluid” may be suitable as :
fiux, but more active ones are avail
able and workers would do well t(
consult soider manufacturers abou
them.

When preparing work for solderiny
and in pariicular where a sweatiny
operation is contemplated, it 1
essential that the parts suffer n«
positional displacement during the
process. This requirement may be
met either by machining the parts sc
thatthey key together when assemblec
and cannot possibly move in relatior
to one another during the soldering
operation or secure them in place
using G-clamps for the purpose. Ir
some instances a combination of bott
methods may be needed.

Hard Soldering

The process of hard soldering, o1
‘silver soldering’ as it is sometimes
called, 1s a somewhat similar opera-

- tion to that just described. In this

instance however, the temperature
needed to carry out the work, some
700°C to 800°C a dull red heat, can
only liken the process to the seating
we have previously considered.

For the most part hard solders have
a silver base with copper and othe:
metals in varying proportions. Per-
haps the best known, and certainly
most widely used is “Easiflo’ produced
by Johnson-Matthey of London. This
hard solder may be obtained as wire,
sirip or, very conveniently, as a paint
where the metal is admixed with an
active flux. The flux used is for the
most part Boracic Acid in powder
form with an activator added;; for this
reason it is advisable to make sure that
work of a ferrous nature is not over-




ESOLDERING AND BRAZING

f hcated oritmay scale badly. Allthatis
[inceded is a dull red heat when the
[silver solder will be seen to melt
f readily and to flow uniformly around
{the joint forming a fillet requiring the
[ minimum of cleaning up, if any at all.

| Equipment Needed for Hard
 Soldering and Brazing

e have already referred to the use of
bottled gas in connection with soft
soldering. This method of heating the
_ work is eminently suitable when hard
| Soldering is to be undertaken. As has
hiready been said bottled gases have a
high-calorific value, are clean, and the
apparatus emploved very controllable
The two principal forms of hurner
suttable for brazing and silver solder-
ing with bottled gases are depicted in
eillustration Fig. 4.

The torch "A’ is really a form of
Bunsen burner equipped with a handle
L land is very suitable for heating up
large objects. it needs no air supply
nder pressure whilst the torch ‘B’
idoes require this. The second cf the
Bitwo torches illustrated gives & mers
fconcentrated and steady flame and so
f[lis the better for dealing with fine work.
£ With equipment such as rthis the
L objects to be brazed need to be sur-
| rounded by some refractory material
£ in order to conserve the heat applied
f2nd to ensure that all parts of the work
Blrcach an even temperature. Formerly

{ for many years now fire-clay cubes
T have been employed as they are quite
fiinert and produce no fumes likely to
ldamage the work.
E Inorder to make the best use of this
Irefractory material some form of
hearth is essential. In Figs. Sand 6 two
fhearths that have been in our work-
Flshops for over 30 years are illustrated.
[l The first of these fitments, originally
[ intended for use with a paraffin blow-

Fig. 4. Burners suitable for bottled
gas

| sas coke was used for the purpose but.
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lamp, has been adapted to employ a
coal-gas blow-pipe and is of commer-
cia! origin. The second, making use of
a small lathe-side turner’s cabinet, is
equipped, as will be seen, for bottled
gas. Both have a firebrick lining to the
bottom and backs of their trays and
each has plenty of refractory material
for packingaround the work,

A Rotary Blower

In a subsequent chapter the use of
compressed air in the workshop will
be discussed. Whilst it is possible to
employ compressed air in connection
with a bottled-gas blowpipe such as
that illustrated in Fig. 4 owing to
their sensitivity it is better to make use
of a rotary blower similar to that de-
picted in Fig. 7. The particular con-
trivance illustrated is a piece of home-
made equipment and is of the eccen-
tric vane type; that is to say its rotor
is set off-centre in the stator so that
the air drawn in through the induction
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port 1s gradually squeezed into a
reduced space between each pair of
vanes in turn and is then expelled
through the delivery port into an oil
separator. The device is self-lubricat-
g, oil being delivered through a
sight-feed from the separator, which
also acts as a reservoir, to the induc-
tion port through the small pipe seen
in the illustration. The main bearings
make use of ring lubricator and otl is
supplied to them by means of an oil
canthrough the aluminium cover seen
over the bearing housing.

THE AMATEUR’S WORKSHO

Fig. 5. Brazing hearith-—commercii
pattern

A blower of this kind supplies air ¢
low pressure but in relatively larg
quantities and this is the conditio
most suited to the use of bottled gas.

Preparing the Work

The preparation of the work fo
brazing or silver soldering follow
very much the procedure adopted fo
softsoldering. The work mustbeclear
freshly machined chemically cleane
work giving the best results. The part
to be joined must be a good fit, th
maximum permissible slackness ¢
such components as pipe unions bein
some 0-001 in. The parts are assem
bled together with the joint faces full
fluxed so that, when the work 1s heat
ed, the brazing material will floy
freely. ’

The use of silver solder paint, whe
applicable, is a great help since 1
provides the best means of thoroughl
wetting the work surfaces, and, forih
most part, enough solder to fori :
neat joint.

When brazing flux is heated and be
comes mixed with oxides, a glass
substance is formed on the suriace o
the work. Naturally, this needs to b
cleaned off. Hot water and scrubbin;
will usually do this successfully, bu
stubborn cases may require an aci
pickie to remove the hardened flux.

Hardening of Cutting Tools

The cutting tools used in the amateur
workshop, certainly those he make
for himself, are derived from ¢
material known as ‘silver steel’. Thi
1s a steel containing sufficient carbor
to enable it to be hardened, if heatec
and then quenched in a suitablk
coolant.

The toois ar= heated to a cherry rec
colour and then plunged into clear
cold water, or iced water if a some-

Fig. 6. Brazing hearth for bottled gas
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what greater hardnessis required. The
‘steel is then dead hard, a condition
rendering it uniit for immediate use
because of its lack of mechanical
strength.
- Accordingly the tool needs to be
& tempered until its brittleness has been
® removed whilststill leaving the cutting
i edge hard enough to withstand pro-
B longed use.
¥ In order to temper the tool it s first
| polished all over to ensure that the
| oxide film produced by the hardening
Il process is compleely removed. Heat
| 1s then applied well away from the
|| cutting edge and maintained until a
¢ play of colours is seen to commence.
I The colours range from light straw
B through dark straw and biue to dark
} blue. The cutting edge of tools in-
# tended for cutting metal should not be
| a deeper colour than light straw
| though the shank, of a boring tool for
¢ cxample, will naturally be a deeper
i colour. Wood cutting toels usually
? have their edges tempered to a dark
straw,

When the desired colours have been
reached the tool is plunged into cold

Fig. 8. Set-up for sandbath tempe:.ng
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Fig. 7. Low pressure rotary blower

water to arrest the tempering opera-
tion.

When a number of parts have to be
tempered to a uniform state use can be
made of a sand bath, This consists ofa
metal box, filled with silver sand,
provided with some means of heating
such as a gas ring or bunsen burner. A
typical set-up is illustrated in Fig. 8.
To employ it the sand is first heated
until a sampie component, already
buried in the sand, is seen on inspec-
tion to have taken on uniformly the
tempering colour required. The heat
1s then removed from the sand box
and the remainder of the components
placed in the sand.

They will, after a suitabie interval
for soaking, all reach the same degre=
of tempering as the sample, but no
greater, and can then be withdrawn
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and cooled either in air or, if wanted
i1 a4 hurry, by being plunged in cold
water.

High Speed Steel

The hardening and tempering of high-
speed steel need not concern the
amateur worker or even the small
professtonal siop. As has been stated
elsewhere fully treated round or
rectangular section tootl bits are avail-
able. These only require grinding to
shape. In any case the equipment
necessary for the treatment is more
complex than would be warranted in
the amateur workshop.

Case Hardening

Case hardeningis the process whereby
steel components have their outer
surface layers converted into a mater-
1a] that may be hardened in the same
way as tool steel, at the same time
leaving the core of the work in the
softened condition.

In this way the necessity for tem-
pering is avoided and the skin or case
may be left glass hard. Examples of
casc-hardened parts are those used in
the production of motor cars where it
is essential that, in addition to having
a hard wearing surface, the compon-
ents should have adequate mechanical
strength.

THE AMATEUR’S WORKSHOP

Fig. 9.
The electric
muffle

We need not concern ourselves here
with the precise metallic changes that
take place. Suffice it to say that the
case-hardening process increases the
amount of carbon present in the steel
and converts it from what is virtually
a mild steel into a tool steel.

This condition 1s brought about by
heating the work to between 800°C
to 1,000°C in the presence of a car-
burising agent. There is a number of
proprietary substances on the market
suitable for treating small compon-
ents, but undoubtedly, if one is
fortunate enough to obtain it, bone
dust as used by the gun-makers pro-
vides the best medium. The work is
packed in a cast-iron box, the cast
boxes used for electrical wiring are
excellent for the purpose, and is then
raised tothe required temperature and
held there for a period depending on
the depth of case desired.

Methods of heating small work
vary from the simple use of the blow-
pipe and brazing hearth to the ideal,
the electric muffle.

A small muffle, made by amateurs,
is illustrated in Fig. 9. This device,
controlled by asimmerstat as used in
cookers, consists of a vitrosil quartz
chamber, over which a heating ele-
ment is wound. This chamber, as may
be seen in the illustration Fig. 10 is
supported in a frame with end plates
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| one of which is provided with a door
| |having a refractory brick facing. The
! whole is enclosed by side plates and
L |the interior filled with vermiculite as
[ia heat insulator. The illustration
2 shows an electric pyrometer in use
| with the muffie, but this is not essen-
B tial, If, when case-hardening for the
E most part, the work is heated to a duli
L red colour, (gun makers cail this
worm red’) the temperature reached
will be correct and the work when
~hilled will take on the pleasing
mottled appearance often associated
with high-class work.

Case Hardening Procedure

We have already briefly referred to the
basic methods to te used when case-
hardening small parts. [t is time now
to consider the sequence of operations
in greater detail.

~ The work must first be thoroughly
degreased and cleaned to remove
any traces of dirt that would
otherwise spoil the mottied finish.
Use trichlorethylene or carbon-
. tetrachloride,carryingoutthispart
of the operation either in the open
air or somewhere having plenty of
freshairavailable,

Fig. 1G.

The muffle—
to show
construction
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Fig. 11. Cross-section of material to
shiow unhardened and hardened con-
ditions

2. Next, the parts are packed in bone
dust, or some form of animal char-
coal, using cast-iron containers
that will fit the muffle and allow
the introductien of enough of the
carburised material to ensure the
parts are fully covered. This is im-
portant, for no air must get to the
work whilst it is being carburised
or the surface finish will suffer. Do
not use ‘bone meal’ obtainable
from horticultural suppliers. Thi,
contains a certain amount of
sugar, a substance that will con-
tribute nothing to the hardening
operation, rather the reverse.
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3. Raisethework totemperature and

hold at this level long enough to
obtain the depth of case required.
The time will vary to some extent
on the steel used to make the parts,
but a maximum depth of some
0-010 in. per hour is a permissibie
basts for calculation.

1t is a good plan to put into the
box small pieces of the parent
sieel so that these can be case-
hardened at the same time as the
mamn components. These small
pieces can then subsequently be
broken and used as a check on the
depth to which the hard case has
nenetrated.
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The depth of penetration can
readily be ascertained from an
inspection of the cross-section of
the broken pieces. ;

In Fig. !l the metallic cross-
section presents an appearance
crystalline in the centre with a
pearly grey fine grained rim. It is
this rim that is the hardened case.
The final operation in the harden-
ing process is the plunging of the
work into cold water. This should
be done as quickly as possible in
order to ensure that the air has no
time to act on the red-hot work.
The water should be as cold as
possible and must, of course, be
absolutely clean.
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YHERE are many uses for com-
pressed air in the workshop, so
the provision of a simple but
fficient supply system would seem
lly justified. Unfortunately com-
erctally made equipment is expen-
ve and the amount of use it 1s likely
get in the amateur shep would
arcely warrant the initial cost.
owever, much may be done by
e amateur himself to provide
lequate apparatus of his own
aking, indeed our own workshops
so equipped, with modified
aterial obtained for the most part
 the surplus market.
The keynote of any system is the
npressor itself, and this should be
Bapable of providing at least three
gubic feet of free air per minute.
gDtherwise the demands of the various
pir-driven tools are not likely to be
fnet, so their performance will natur-

Fig. 1.
iThe workshop
fcompressor

Compressed Air
in the Workshop

ally suffer. It is better to have available
too much air rather than too little.

In our own shops a pair of com-
pressors of the type illustrated in Fig.
i are used, both compressors are
separately mocunted on small two
wheeled trolleys and each has its own
airreceiveralsoattached to thetrolley.

In this way both compressors,
which are of course independently
driven, may either be used together or
separately as the occasion demands.
They are normally kept togetherinthe
shop but can be removed for duty
elsewhere when needed.

Useful air-receivers for the purpose
are the oxygen cylinders once suppiied
as aircraft equipment. For the most
part these cylinders are made from
stainless steel and so are proof against
the corrosive action of the condensate
inseparable from compressed-air sys-
tems.
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Fig. 1A. A small compressor driven by
a iow voitage motor

Fig. 3. The reducing valve

Fig. 2. The separator
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A useful maximum working pres
sure for the air line is 100 p.s.1. So any
recetver should by hydraulically teste
to atleast 200 p.s.1.

While the air line itself can be of ¢
permanent nature say of steam barre
with points for the quick-attachmen
of air hoses, probably one point in the
shop and another say in an outside
building such as the garage will bx
enongh tosatisfy most needs.

The hoses employed should be o
adequate mechanical strength. Whili
a burst here is scarcely calculated tc
result in a catastrophe, failure of the
air hose when in use is always ¢
nuisance.

Since, in any compressed air systen
a quantity of water vapour is formed
it 1s necessary to provide a filter o
separator that will remove it. Fo
many purposes the presence of watel
1s not detrimental, provided of courst
that the quantity is not excessive, bu
for spray painting it is essential tha
the air should be dry and free fron
moisture,

The separator is a simple device
consisting, as illustrated in Fig. 2, of ¢
cylindrical container fitted with inle
and outlet connections and a quicl
release valve enabling the water to be
drained off.

For all practical purposes a simpl
device of this nature will effective]y
de-water the workshop air supply, bu
must not, of course, be expected tc
deliver air dried to rmeet the condition:
needed in some laboratory work.

The Reducing Valve

When using the workshop air supph
inconnection with brazing torches fec
with propane or similar bottled gase:
a reducing valve of the type illustratec
in Fig. 31s well nigh essential. Bottlec
gas torches are very sensitive to ar
pressiire, and arc almost impossible tc
control by any other means. There is ¢
number of types of reducing valve, the
simplest being that shown in Fig. 4
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ig. 5. Diagram of reducing valve to
[show principle of operation

fepicting in section one made in the
| Duplex” workshops.

| The principle that the reducing
[l alve operates on is simpie:

B Compressed ziv is fed into the de-
bice through the valve A, Fig. 5, and
lmpinges on the metal diaphragm B,
[ hus immediately shutting off the
Bupply. A compressionspring C, how-
iever, is attached to the upper side of
Lhe diaphragm snd has its tension
Imade adjustabic by means of the
Licrew D, In this way the effect of air
bressure on the diaphragm can be
halanced against the spring tension
{tself. Therefore increasing this ten-
gkion by screwing down the adjuster
lierves to raise the air pressure
ailable at the outlet and to maintain
tat the value required. This arrange-
Inent also enables the device to handle
Emall fluctuations in the pressure of
I he incomingair supp'y.

g A typical application of the reduc-
gng valve is that illustrated in Fig. 6.
Here the valve is being used to control
the air supply for an zerograph-type
ben as used in the work of technical
[ llustrators, an input air pressure of
jrome 60 to 80 p.s.i. being regulated to
il 5 to 20 p.s.1. atthe penirself.

i

frig. 6. A typical application of the
reducing valve

ig. 4. The reducing valve in section
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Uses of Compressed Air
in the Workshop

Air is most commonly used in the
workshop for cleaning down the
machine tools after use. This is a
matter upon which there are two
schools of thought, and even Duplex
between themselves have held diver-
gent opinions.

Some contend that the air forces
small particles of abrasive swarf into
places they would not nornially reach
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bv nratural means; others say that
modern machine tools are so well
protected against the ingress of swarf
that it could not possibly gain access
even when driven along by the pres-
sure of compressed air.

This latter view would seem to be
borne out by industrial experience,
for there seems no evidence to show
that in the professional workshop at
any rate, machine tools are having
their useful life-span reduced or cur-
tatled by the use of compressed air for
cleaning-down purposes.

Fig. 8 An air-driven handpiece with
mounting for use in the lathe top
slide

THE AMATEUR'S WORKSHC

Fig. 7. A turbine-driven drillin

attachment

However, be that as 1t may, the ust
should be discreet or damage ma
eventually result; moderation here, ¢
often elsewhere, would seem the be
advice.

The gun used for the purpose is
simple piston-operated device, usual
these days made in plastic materia
attached to a hose, some 12 ft. i
length, thatis both strong and flexibl
There secems little point these days i
making acleaning-down gun for om
self, Commercially produced device
are relatively cheap to buy and tk
time saved by mot making them ca
doubtless be bett#r spent. The samr
remarks probably hold true for tt
means of attachment used in connec
ing 2ir hoses to the air line itself. For
very simple system a union and nut
all that is necessary. But manipulatir
them is a somewhat slow process an
cannot be compared with the facilif
offered by the modern air-chuck, th;
enables a hose to be connected or di
connected in the matter of second
Those who feel that greater versatilu
will amply repay any slight extra co
may not grudge the few shilling
needed to obtain it.

Blowpipes

In the amateur workshops the a
supply can be used conveniently 1
feed the gas blowpipes needed in cor
nection with the brazing heart
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Where Town Gas is the fuel, nothing
 hore elaborate than another tap is
eeded to control the air supply. But
yith bottled gas, as we have already
en, this will not do, the sensitivity of
he apparatus to critical control of the
lir pressure makes a reducing valve
Issential.

fome Specialist Equipment
eding Air Supply

{ 'hose who have a supply of compres-
[ =d air available may be interested in
he two pieces of equipment iflus-
rated in Fig. 7 and Fig. 8 respectively,
e first illustration depicts a turbine
Iriven drilling attachment capable of
¢ high speeds needed to driil very
1all holes. The second illustration
hows an air-driven handpiece suit-
ible for use with small grinding
vheels. Both these pieces of equip-
inent were made in the ‘Duplex’ work-
fhops in order to solve some machin-
fng problems posed by a government
C search department.

Painting

IDf all the uses that may be made of
ompressed air in the amateur work-
fhop, perhaps the ability to carry out
fipray painting in some of its many
L orms is the mostimportant,

§ Practically any pigment can be
Pprayed prowded the correct type of
{fun is employed. For the amateur
[ here are two pasic forms, the gravity
un and the sucticn gun. In the first
dihe paint is delivered to the nozzle by
Firavity whilst in the second it is raised
erom the container by suction. The
gravity gun is illustrated in Fig. 9
fvhere the paint container can be seen
Bbove the gun as opposed to the
fluction gun where the pigment is
[placed below the nozzle as seen in the
flliustration Fig. 10.

? The gravity fed gun is used for the

Fig. 10. The suction-feed paint gun
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Fia. 9. A gravity-feed paint gun

more viscous fluids such as the
heavier stoving enamels whilst the
suction feed gun enables light fluids to
be handled rather more simply.

Both guns employ compressed air
to atomise the pigment and deliver it
finely divided to the component being
painted.
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The gravity feed gun is provided
with two valves, ong, the upper valve
seen in the illustration, controls the
paint supply whilst the other, set in
the handle of the gun, deals with the
air supply.

The timing of the two valves is so
arranged that air is turned on in
advance of the paint supply. In this
way spiiting or biobbing of the paint
is avoided. the more so since the paint
valve has a tapered needle enabling
the pigment itself to be supplied in
gradually increasing quantities up to
& pre-set maximum amount.

Per contra, the suction fed gun, has
but one valve and this controls the air
supply. The quantity of paint supplied
135 adjusted by the position of the
combining cone in relation to the air
nozzle seen in the illustration Fig. 71/
where the details of the various parts
are depicted diagrammatically.

The action of the gun is simple. Air
1s supplied under the control of a valve

COMBING CONE

THE AMATEUR’S WORKSHOI

located at the top of the handle anq
operated by thumb pressure. The ai
then passes to the air nozzle where i
issues to atmosphere through th
combining cone thus causing a de
pression in the body of the gun itself
Paintis then drawn from the containe
and delivered to the combining con
where it is finely atomised befor
being sprayed on the work.

In order that the device shal
operate properly it is essential that th.
air nozzle 1s located centrally in th
combining cone. To ensure this :
centring device consisting of a smal
length of brass gearing, made a gooc
shding fit in the body of the gun anc
bored concentrically, is sweated o
brazed to the air tube itself,

In this way the air is suppliec
correctly to the combining cone whiis
the pigment, passing along the teeth o
the centring device, also finds its way
there. An illustration showing the
partsin questionis givenin Fig. 12.

LOCK RING
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U Fig. 11. Working parts of a sucti
feed paint gun

PAINT IN
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g. 12. The combining cone and air
ot centring device

We have already seen that almost
y form of paint can be applied by
neans of compressed air, using the
avity gun for heavy or viscous
urds whilst the suction fed equip-
ent1s used to handie light fiuids such
-well-thinned cellulose or synthetic
gments. The amateur, for the most
rt, will content himself with this
ss of paint and it is worth noting, in
is connection, that many well-
inned coats are preferable to a few
tomparatively thick ones, the same
femarks applying equally to oil based
jaints where these are used. in this
fay ‘runs’ or ‘fears’ can be avoided.

Enamelling
[This is a process that enables the

ilser to apply a harder and more
{lurable type of paint, and so is very
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suitable for finishing some of the
smaller items of equipment or mech-
anical devices that have been made in
the workshop. Stove enamels are
made to give a hard glossy surface, or,
alternatively, to provide a wrinkled or
‘crackle’ finish to the work. These
latter enamels are somewhat viscous
and so need a gravity feed gun to
apply them. They must be used as
supplied and cannot be diluted, more-
over, as they have a somewhat short
shelf life, they need to be employed as
fresh as possible or they will not
wrinkle uniformly.

As their name implies these enamels
need to be ‘stoved’ in an oven in order
to cure them. This is work that can be
carried out in the domestic cooking
stove but is unlikely to find much
favour in the sight of the domestic
authorities. Those readers who are
contemplating stove enamelling oper-
ations may consider the purchase of a
suitable oven worthwhile especially as
these are often obtainable at auction
very cheaply.

Hlustrated in Fig. 13 the complete
set of equipment needed o stove
enamel satisfactorily the small details
and components that need this treat-
ment. It will be observed that both
types of paint gun are used, the gravity




feed gun for the heavy enamels that
cannot be diluted and the suction or

injecior gun for use with small parts
needing several coats of thin paint.

The enamelling over: 1s of some
interest since it is almost ideal for this
type of work. [tisrundirectly from the
domestic elecirical supply under the
control of a simmerstat switch enabl-
ing the temperature in the oven to be
adjusted and maintained at very close
limits. The oven 1s provided with a
thermometer so that the operating
temperature can be seen at a glance.

The interior is almost perfect for the
purpose in hand in that, as may be
seen from the illustration Fig. 74,
there is a grating from which small
paris may be hung and a tray to catch
any surplus pigment that may in-
advertently drip from the work during
the stoving process.

As to the correct temperature for
successful stove-enamelling this 1s a
matter related directly to the type of
pigment 1o be used; queries concern-
ing this matter should therefore be
addressed directly to the paint makers
who are always ready to give advice.
One should perhaps, state, however,
that the temperature range is from
100°C to 200°C and that these com-
paratively low temperatures are, no
doubt, one of the reasons that an oven
bought some 30 vears ago for 10
shillings is stll in operation.

THZ AMATEUR’'S WORKSHO

Fig. 14. The interior of the enamellin
oven

Preparing the Work

Parts that have been machined wi
need but little preparation, but cas
ings and all rough surfaces should b
made as smooth as possible, using
filler followed by a surfacer-primer j
the case of cellulose- or synthet
paints.

Work for stove enamelling mg
sometimes need a filler and the pair
people should be consulted abeut th
aspect of the process.

However, before any pigment
whatever type 1s applied, the wor
must be thoroughly degreased using
solvent such as tri-chlorethylene. It
good practice to make sure that th
work Is thoroughily dry beforz pain
ing otherwise occluded solvent ¢
grease may be driven out during th
stoving oneration; in this event t}
work will undoubtedly be spoilt an
will have to be stripped before bein
repainted. A light stoving in the ovg
to dry the work before painting wj
avoid this trouble.

According to the class of work an
to the material from which the par

re made so the use of priming coa
will depend. It is really not possible t
generalise about this so it is best {
agdm ask the paint manufacturer fq
his advice.

However, it may be stated that «
the metals commonly in use, mil
steel and cast iron pose no problem
brass is somewhat unpredictab
whilst the aluminium alloys are tt
most difficult needing an etch-prime
to provide a good key for the paint.

When using a paint gun, unle:
large areas are being treated, it is be
to apply the pigment in short burst
The air.pressure used, whilst n«
critical, will vary from 30 to 40 p.s.
for well—thinned paints to some 601
80 p.s.i. when heavy enamels ai
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heing apphed. At all times it s
essential that the air supphed to the
gun is {ree tfroon condensate or the
work surtace will be spoilt,

It will be appreciated that, when
painting an object by the spray pro-
cess. it is not possible 1o conurol the
limits covered by the pigment unless
certain precautions are taken. If the
WOrk is 10 be ireated all over with a
single colour then these precautions
wiil not benecessary. but when two or
more tints are used. or seme parts of
the work need to be left bare, then the
work must be masked as it 1s termed,
For this purpose masking tape is used.
This 1s a mighly adhesive paper tape,
available in a number of widths from
4 in, wide to as much as 4 in. wide.
Small objects are usually masked by
applying the tape directly to them
whilst large surfaces such as the
windows of motor cars for example,
are masked with newspaper held in
place by tape. If left on for any length
of time the tape, on removal from the

Fig. 15A. Rotary paint table
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work, tends to leave behind particles
of its adhesive compound. Petrol wili
dissolve this unwanted material if
applied with a prece of rag, but it is
inadvisable to use any other solvent or
the work surface may be spoilt.

When painting small or medium
sized components & rotary table to
support the work is an almost essen-
tial accessory. A table of this type
enables the work to be rotated to face
the gun step by step, or, if made heavy
enough, torevolve almost continuous-
ly at a slow rate during the painting
operation. The table shown in the
illustration Fig. /0, has been in use
many vears. 1t is employed as illus-
trated for step-by-step operation and
has an cld heavy flywheel placed on it
when siow almost continuousrotation
is necded. Rotating, tables can be im-
provised in many ways, but it I1s im-
pertant to make sure that the bearing
used is as free from friction as possible
otherwise the almost continuous ro-
tation requirement will not be met.

Fig. 15. Rotarv paint tables @
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CHAPTER 29

Hacksaw Machines

Although the hand hacksaw is essen-
ttal for occasional use in the workshop
the machine hacksaw has many ad-
vantages. Not only is much labour
saved. but the accurate cutting means
less waste of material and leaves cut
surfaces that need litile after-work for
the final inishing.

Moreover, the accurate guidance of
the saw blade 1n a straight line saves
blade breakage and protects against
wear of the set of the saw teeth. The
machine hacksaw illustrated in Fig. 1,
made by Messrs. Cowell, is a robust
and accurate tooil, capable of dealing
with work measuring 2 % 21in.

Relief of the cutting pressure on the
return stroke is provided for in
accordance with the practice adopted
in large commercial machines. To
save expenditure the machine can be
supplied in the form of a set of partly

machined castings, which enable the
hacksaw to be completed in a 3} in.
lathe.

A full set of working drawings is
included. If required, a switch can be
provided that automatically stops the
electric driving motor on completion
of the sawing operation.

The second machine, illustrated in
Figs. 2 and 3, was designed and made
in the workshop nearly 20 years
ago, since then it has given every
satisfaction and no alterations have
been needed. Before deciding on the
design and embarking on the con-
struction, a test rig was set up to
determine the correct rate of stroke
and cutting pressure. In addition,
wear of the saw teeth was investigated
when no provision was made for re-
lieving the cutting pressure on the
return stroke.

So little wear was found on the saw

Fig. 1.

The Cowell
machine
hacksaww
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after 3 lengthy trial that it was decided
to dispense with this added complica-
tion.
- Intact, over this long period of use,
renewal of the saw blade has been a
rare occurrence, in spite of the large
amount of work undertaken in mak-
ng other machines and workshop
tools.
| The saw operates at 90 strokes a
H minute, and the primary drive from
i the 1 h.p. electric motoris by a V-belt
P to a countershafi; from there the drive
{ to the crankshaft by means of a
| connecting rod, fitted at either end
# with a ball bearing. The saw {rame
8 slides on a pivoted carrier-bar, and
| proevision is made for taking up wear
§ and snsuring adequate fubrication.
! The height of the pivot bar can be
| adjusted to set the saw blade for level

Fig. 2. The workshop
13‘: hacksaw

: Fig. 4. The workshop
& jig saw

Fig. 3. Showing the
two-stage drive
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cutting, as may be required in various
machining operations.

Eclipse 12 in., high-speed steel, saw
blades are used. These, when divided
by the grinder cut-off disc wheel, make
two blades for the machine. The hole
already in the blade provides for one
fixing to the saw frame and, at the
other end, two notches are ground for
clamping the blade in the tensioning
device. A Myford machine vice of 1}
in. capacity is pivoted to the steel
table of the machine so as to allow for
angular cutting. The cutting pressure
is exerted, and varied as necessary, by
aweight whichslideson arod attached
to the bar carrying the saw frame. An

Fig. 6. The ripping fence

THE AMATEUR’S WORKSHOP
Fig. 5. The machine mechanism

automatic catch is provided for hold-
ing the saw in the raised position while
setting the work in place in the vice.

The catch 1s released by a press-
button at the front of the machine. An
automatic switch, mounted on the
machine table and fitted with a reset
button, stops the motor when the saw
reaches the end of its downward
travel. This allows the machine to be
left unattended during a protracted
cutting operation and, later, the
material will be found severed and the
machine stopped.

Those wishing to build this useful
machine can’obtain a full set of work-
ing drawings from Messrs. Model and
Allied Publications, the publishers of
Model Engineer.

The Jig Saw

The machine illustrated in Fig. 5,
which was designed and built in the
workshop, has proved capable of
carrying out a variety of work on
metals, plastics and wood with a high
degree of accuracy when the saw is
following either a curved or straight
path. As shown in the illustration Fig.
5, the drive from the 1 h.p. motor is by
V-belt to the crankshaft of the mach-
iue which drives a short, ball bearing,
connecting rod that is coupled to a
rocking lever, pivoted to a swing-link.

In this way, a reciprocating motion
is imparted to the cross head of the
spindic that carries the lower end of
the saw blade,

Fig. 7. The mitring fence




SOME ADDITIONAL MACHINE TOOLS

ts upper end, the saw blade is
to a spring-loaded pistonrod
wOrkiy i!’i a cvlinder. The upward
movem »fzhe DISION Ccauses air to
be blown through a nozzic for the
purpose of clearing the saw dust.
Eclipse iig saw biades, 6.in. in length
between the driving pins, are supplied
in a variety of widths and tooth
pitches 1o meet ail ordinary require-
ments for sawing both woed and
metals. For cutting strips of material
to width or for cross-cutting in iength,
the fence Fig. 6, is clamped to the
machine table in the correct position.

As shown in the iilustrations, an
adjustable pressure-foot is attached
to the machine to retain the work in
- contact with the machine table while
. the saw blade (srising.

- Mitre-cutting is carried out by
using the fence tllustrated in Fig. 7.
The blade of the fence carries an
-adjustable stope at one end and at its
~other end is a clamping device that
holds the work in place and so ensures
that the corresponding sides of a
frame are cut to exactly equal length.

i
ache
i

E

ork

5

“Fig 10. The workshop circular saw
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Fig. 8. A mitred camera frame

Fig. 8. Examples of work done
in the machine
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The frame, forming part »f a camera,
was made in tl.is way, and Fig. 8 shows
that the joints, straight from the saw,
have been accurately cut and have
needed no hand-fitting.

Circular cutting of either discs or
hoies is readily carried out in the
machine. For this work, a coned
centre, on which the material rotates,
is attached to the spindle carrying the
blower nozzle. This form of mounting
enables the radius of the cut circle to
be adjusted as required. A narrow saw
blade should be used to negotiate the

THE AMATEUR’S WORKSHOP

Fig. 11. The saw
drive

circular path travelled. The circular
hole in the stand for a voltmeter shown
in Fig. 9 was cut in this way. Sheet
metal or metal strip can be cut in the
machine when a suitable saw blade is
fitted. To illustrate the capacity of the
jig-saw machine, the lathe fitting also
shown in Fig. 9, was slit through to the
bore of this mild steel part, which
measyres 14 in. in height.

The Circular Saw

The workshop circular saw, illus-
trated in Figs. /10 and 71, is mostly

Fig. 13. Work samples from the saw
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used for cutting plastic materials and
wooden parts. The drive 15 by V-belt
fromthe } h.p. electric motor direct to
the saw spindle. The 4 in. high-speed
steel metal saw which is used for
cutting plastics leaves a good finish on
the work and subsequent rubbing
with fiquid metal polish establishes a
high finish. A wood saw is also avalil-
able, but the metal saw is often used
for small work of this kind. A slow
driving speed is purposely used to
avoid overheating when cutting plas-
tic material, but the speed can be
increased. if required, by changing
over the two belt pulleys, substitution
which s allowed for in the design.

The saw spindle, which is lapped on
its two bearing surfaces, is carried in
“an iron casting, Fig. 12, This casting
was trued up in the shaping machine
before the bearing bores were mach-
ined in the lathe. The bearings were
finally lapped te a close running fit for
“the saw spindle. Plain beaiings have
_the advantage of quiet running at high
_speeds and, in the present machine,
their diameter, which is smaller than
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Fig. 12. The spindle bearing casting

that of ball bearings, also allows a
saw of smaller size to be used.

A detachable swarf-box is clamped
to the underside of the machine table
to catch the saw dust and prevent it
reaching the bearings.

The fence for ripping and cross-
cutting and also the mitring fence are
of the same design as those described
for use with the jig saw.

With the exercise of a little ingen-
uity, and by using suitable packing
strips, in conjunction with the mach-
ine fence, little difficulty has been
found in cutting grooves, tongues and
rebates such as those illustrated in
Fig. 13,
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s name imphies the back
tooipost is a support for a turn-
= Ing tocicapable of being secured
to the rear of the lathe cross-slide
opposite to the more normal top slide.

Fig. 1. The Myford back toolpost
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Back Tool Post

By this means the Jathe operator has
at his command an additional tool
that may be brought into use without
disturbing any equipment already
secured to the top-slide.

However, the use of the back tool-
post need not be confined to mounting
a parting tool only. Those turners who
regularly machine brass, and in par-
ticular the so-called ‘screwing’ quality,
will not need to be reminded of its
capabihities for distributing swarf far
and wide. A rear mounted turning
tool largely eliminates this nuisance
since the swarf is discharged down-
wards.

Boring tools may also be used, but
for the most part these need a special
mount because the tooiposts com-
monly supplied are suitable only for
tools applied at right angles to the
work and not along the centre line.

One such toolpost is that fitted to
the Myford lathe. Asmay be seen from
the illustration Fig. /.

The toolpost consists of a body
fitted with a hardened tilting boat

@ Fig. 3.Prototype 2-tool back toolpost

Fig. 2. Alternative tocolpost
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enabling the tool itself 10 be adjusted
for height, though of course with
some adverse effect on tool rake.
- Errorsinthis matter, however, may be

- corrected by interposing packing
where possible between the tool and
the boat. The body is secured to the
cross slide by a single bolt. An alter-
native toolpost is seen in the illustra-
tion Fig. 2.

This toolpost comprises a base that
may be bolted to the lathe cross-shide
and a toolpost that is attached to the
base. The toolpost may be swung
through 360 degrees thus facilitating
the mounting of any form of tool in-
cluding boring tools. In point of fact
this toclpost is one of a pair, the other
being designed to take the place of the
top shide for certain operations.

The rear toclpost does not need to
be confined to the mounting of a
single tcol. If a simple turret 15 pro-
vided, two or more tools may be used
at the back of the lathe. When making
a pumber of repetitive parts there are
two operations that recur; they are
chamfering and parting off. Both
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Fig. 4. Back toolposts—types Dand M

operations are well suited to rear-
mounted and inverted tools and can
most conveniently be performed with
a turret enabling the requisite tool to
be broughtinto play immediately.

The prototype back toolpost, ilius-
trated in Fig. 3,1s of built-up construc-
tion preparatory to making it from an
iron casting in conformity with usual
engineering practice. A casting en-
sures rigidity as well as materially
simplifying manufacturing possibili-
ties.

In the prototype rigidity was
attained by using a long central screw
securing the body to the base; this
screw is extended to carry the clamp-
ing lever focking the tool turret to the
body. When a casting 1s used, how-
ever, the central screw is replaced by a
stud and the attachment secured to the
cross slide by two T-slot tools located
directly under the cutting point of the
tool. The location of these T-slot bolts
is an essential feature of the design.
The placing of them directly under the
toolpoint is intended to overcome the
tipping strain imposed on the attach-
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[ BaCk TOOL POST

¢ ment when in operation. so it follows
[ | that, when the back tooipaost is secur-
|| cd to the cross slide, care must be
| taken to see that it is placed in such a
L way that thisdesign feature is satished.

[ | The Toolpost

|| The two forms of toolpost are depic-
L ted in the tllustration Fig. 4. For the
sake of clarity they have been dubbed
type ‘D’ and tvpe "M’ respectively,
type ‘I? being suitable for the
Drummond lathe whilst type ‘"M’ is
the form applicable to the Myford
ML 7. This differentiation 1s main-
tained throughout the following des-
cription and is applied to all relevant
drawings and instructions.

As will be apparent from the illus-
tration, where the toolposts are de-
picted isemetrically, the main differ-
ences, apart from some dimensional
alternatives, in the method used to
secure the two toolposts to their
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respective cross slides. The Myford
form has a long central bolt passing
threvgh both the base and the turret
together, with a second and shorter
bolt holding the toe of the base casting
ic the lathe cross-shide. Each of these
bolts normally engage a separate T-
slot in the cross-slide. In the case of
the Drummond toolpost, however,
there is no central bolt, the base being
secured by two bolts passing through
its toe. The turret itself is then clamped
to the base by means of the stud seen
in dotted outline. Whilst this method
of securing the device may seem less
rigid than that used with the type ‘M’
no lack of stability has, in fact, been
found in practice.

The turrets for both types of back
toolpost are designed to accept the
standard } in. square high-speed steel
toolbits now generally available.
Accordingly the dimensions of the
tool housings are arranged to suit
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BACK TOOL POST

Fig. 10. Locking lever—part H

e o

: these toolbits and to periit a cer tain
lamount of adjustment for height, if
fnecessary, when the tool 15 re-
Hsharpened.

| The two toois are designed for
fparting-off and chamfering, and we
Ishall be discussing them fully later.

| The Parts of the Toolpost

{The turret. part A is common to both
[toolposts D and M. It is machined to
ithe dimensions given in the illustra-
ltion Fig. 5. The tool seatings are best
Hformed in a shaping machine when
Lone is available but can also be end-
[milled in the lathe itself with the work
Imounted on the top slide.

| The base pari B detailed in Fig. 6
nd Fig. 7 was designed for machining
fin the lathe, the work being caught in
ithe 4-jaw mdependent chuck. Cast-
'i;' ings for both main elements were once
(available and it is confidently hoped
" '_-h at this supply will berenewed.

1 The fixing bolts, nuts washers, and
firegister pins apphcable to both types
o1 toolpost are detailed in the
illustrations Fig. 8 and Fig. 9. While
ithe locking lever, part H is illustrated
Edimensionally in Fig. /0. This part is,

fof course, common to both types of
ftoolpast.

ools for the Back Toolpost

l[n all probability the finished toolpost
iwill find a permanent location at the
frear of the cross slide. In this event it
Bwill be used to house those tools that
#are employed in the last stages of
fmachining. The tools in question are
fthe parting and chamfering toolsillus-
ftrated in Fig. 11 and Fig. 12. They are
fconveniently madé from high-speed
Esteel bits, ground to the forms depic-
ted in the illustrations.

Fig. 13. Eclipse blades

poi—— 3l
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parting tools
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Fig. 11. The parting tool

for ¢
facing
chamfering.

Fig. 12. The chamfering tool
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Fig. i4. Turret for Eclipse parting
toois

For those who possess the Myford
back toolpost only this requirement is
satisfied by using the special tool
holder provided by Messrs. ‘Eclipse’
themselves. This has the seating for
. the blade machined to the correct
clearance angle and is provided with a
clamping bolt to secure the tool in
place. We regularly use the ‘Eclipse’
parting tool mounted in the Myford
back toolpost and have found it in
every way satisfactory especially when
machining stainless steel that requires
both rigidity and adequate clearance
for good practical results.

Adopting ‘Eclipse’ Parting Tools

to the 2-tool Back Toolpost

Those who wish to fit *Eclipse’ parting
tools to the 2-tool back toolpost we
have been describing will need to
examine the illustration Fig. 14 and
144 where the details of the special
turret to carry these tools are given.
It will be seen that the turret (A) is
provided with a cap (B) carrying two
levelling screws (D) and that through
this cap two blade tension screws {C)

THE AMATEUR’S WORKSHO

are passed clamping the blade in place
In addition two blade position screw
threaded 6 BA are setin the side of th
turret to ensure that the blade i
correctly mounted to give the neces
sary clearance in work.

On the opposite side of the turret
housing is formed for the combine
chamfering and facing tool which ;
secured by a pair of allen: grub screw
in conformity with the provisions fc
the original 2-tool turret.

The blade position screws previous
ly referred to were designed to accomr
modate an ‘Eclipse’ parting tool an
set it correctly upright in a seatin
formed by an end-milling operatio
carried out in the lathe since for th
majority of readers this was held tob
the most convenient way of producin
the seatings.

Those with shaping machine faci
ities however, will be able to machin
the seating at the correct angle c
3degrees.

Fig. 14A. Turret for Eclipse partin

“tools

BLADE POSITION
SCREWS 6BA
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DRILL ON ASSEMBLY

WITH_CAP AND TAP 2BA
T

API6BA

f Mounting ‘Fclipse’ Parting Tool

| Blades

L Ofthe many additional tools that may
[ibe used in the back toolpost perhaps
Lithe most important and useful are the
Einarrow ‘Eclipse’ parting tool blades

8| As may be seen from an inspection of
 |the illustration Fig. I3 these blades
[iare obtainable in either straight-sided
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Fig. 15. Details of the turret

or hollow-ground form and that, in
order to provide clearance in the
work the blade is tapered in section.
This taper has an included angle of
approximately 3 degrees. It follows,
therefore that any mounting for the
blades must provide means of en-
suring that the designed clearance is
maintained.




CHAPTER 3i

EAMERS are used for opening
o1 holes that have already been
~drilled or machined somewhat
undersize. As an example, the fitting
ot a pin into a bush sct in a particular
component is usually performed with
a4 reamer taking out only a few
thousandths ofaninch of materiai.

This 1s work that requires the use of
the parallel reamer depicted in the
Mlustration Fig. /. As its name 1m-
plies the tool is parallel for the
greater pari of its length, but has a
very short taper lead to enable it to
enter the hole being sized. It is intend-
ed for hand operation when caught in
a suitable wrench, but is not designed
for the removal of large amounts of
metal. It may be used also in the lathe
held in the taistock chuck. The
straight-fluted form shown in the
iltustration tend te reproduce their
patiern cn the work and are now
generally replaced by reamers having
a helical form since these do not ex-
hibit the same tendency.

‘Packing’ the Reamer

A parallel reamer can only form a hole
of the size to which it was originally
ground unless the practice of *packing’
the toolis adopted. Thisis a somewhat
haphazard procedure involving the
use of paper or thin card placed over
one or more of the blades in order to

Fig. 1.

Reamers

increase the effective diameter of the
reamer as a whole. The same resul
can also be obtained by placing ¢
length of round material into one o
the flutes of the reamer.

Adjustable Reamers

In order to offset these difficulties twc
forms of adjustable reamer were in-
troduced. The first of these, illustratec
in Fig. 2, was of one-piece construc
tion split down three or more of its
flutes and drilled and tapped axially
to accept the expander screw used foi
adjustment purposes. As might b
expected their range of expansion wat
somewhat limited, only & few thou
sandths of an inch being possible, anc
they were also somewhat expensive
to produce; so to provide greate
coverage the reamer seen in Fig. 3 was
developed.

This form of reamer has a body
slotted to accept its detachable blades
The blade seatings are tapered so that
when the blades themselves are movec
axially by means of the nuts at eacl
end of the body, the effective diamete;
of the reamer can be expanded or con
tracted at will.

When using reamers of this type
great care must be taken to ensure tha
they are not asked to cut heavily
Especially in the smaller sizes likely t¢
be of interest to the amateur, for toc

Parallel Reamer
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' heavy a loading may irretrievably
[l damageihem.

ll  The range available is considerable
[| and the coverage from any given size
|| sufficient to provide overlapping be-
ween thesizes.

NMachine Reamers

{| The reamer illustrated in Fig. 4 is in-
| tended for usc in machines. In the

smaltl workshop this will tmply the
~lathe and possibly the driliing mach-
ne. In all cases machine reamers must
be accurately mounted or they will
tend to cut oversize. As iS common
with many fixed reamers when new,
he machine reamer is usually made
somewhat oversize to allow for re-
| sharpening. Before making use, then,
of any non-adjustable parallel reamer
fl it should be measured with a micro-

! “meter to establishitsexact size.

Taper Reamers

For the most part reamers of the type
illustrated in Fig. 5 are employed for
the purpose of sizing or dressing the
Morse Taper seatings of machine tool
spindles. This is an operation follow-

Fig. 2. Adjustable reamer tapped axially for expander screw.

1ag on directly from the boring of the
taper seating when the reamer is held
in the tailstock chuck. Light cuts only
are taken with the reamer and the
work well lubricated to ensure that the
work surface remains smooth.

When dressing existing tapers that
may have suffered slight damage, the
reamer is held in the hand and turned
with a suitable wrench.

Taper Pin Reamers

If parts are to be held sccurely by
means of a taper pin, not only must the
parts themselves be a good fit but the
seating for the taper pin that holds
them must be correctly formed or the
parts may start to ‘work’ and become
loose.

To make certain that the pin seating
is correctly formed, reamers ground to
the correct taper are used. Since in the
smaller sizes they are very delicate, for
the most part these tools are used by
hand, taking light cuts and cleaning
the reamer of swarf by withdrawing it
frequently and oiling it before re-
placement.

Fig. 4. Machine reamer

Fig. 3. Adjustabie reamer slotted to accept detachable blades
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Taper pins have a taper of 1 in. to
the foot, so the reamers are ground to
suit. Anexample of a taper pinreamer
1slustrated in Fre. 6.

The tive-sided broach seen in Fig. 7
is sometimes employed to seat small
taper pins. But its rate of stock re-
movai s stow and 1ts action that of
rubbing ratier than cutting. More-
over, a broach tends to wander out of
alignment if undue pressure 15 apphied
to it during the reaming operation.
Nevertheless. used with care, broaches
form a wuseful and comparatively
cheap means of obtaining sat:sfactory
pinseatings for the smaller sized taper
pins.

In commercial practice taper pin
reamers ave used in quite large sizes,
but in the small or amateur workshop
the need will, for the most part, only
be for the smaller reamers in the
range. which has been designed so
that the reamers themselves form a
series. each one overlapping the next.
The table below gives the salient in-
formation about those sizes likely to
be of service in the small workshop.

Diameter | Diameter | Suitable
Nominal | at iarge | ar small | for raper
diameter end end pins
in. n. m. in.
& 0-064 | 0-0432 T
or 0080 | 0-0592 &
o 0-055 ! 0-0690 el
o 0-111 ¢-0798 &
' 0-127 | 0-905 -3
& 0-143 | 0-1039 &

Fig. 5. Morse taper reamer

THE AMATEUR’S WORKSHOP

Some Notes on Reaming

In order to avoid overloading a
parallel reamer, and to ensure a
smooth finish to the hole. it is impor- -
tant to ensure that only the correct
amount of materialis left for removal.
Manufacturers recommend that
this should be from 0-006 in. to 0-010
in. for reamers up to 4 in. in diameter
and from 0-010 in. to 0-015 in. for
reamers from 4 in. to | in. diameter.
Mention has already been made |
that new parallel reamers are purpose-
ly made somewhat oversize. The
figures of tolerance in this respect are
generallv in accordance with the
following table:
Reamer diameter High Low
i, n. 1.
Under 0-3 in. +0-0006" +0-0003"

0-3andunder 0-6in. +0-0008" +0-0004"
0-6and under 1-0in. +0-001" -+0-0005"

Expansion reamers of the type
tllustrated in Fig. 2 have already been
mentioned as having a limited range
of expansion.

The small amount of expansion
permissible 1s not always appreciated
and often results in permanent dam-
age to the tool. If the limits given in '
the attached table are followed no

damage is likely to be caused :
Reamer diameter  Permissible expansion

in. in.

1to 3 in. 0-005 in.
ito & in. 0-008 in.
1to 18 in, 0-0190 in.
13to 2in. 0-012 in,

Finally a few words of caution when
storing and using reamers. As it is of
the utmost importance to retain their
keeness reamers should always be
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Fig. 7. Five-sided broach

kept either in stands similar to those
8| used for drills or in drawers or cases

where theyv can lie horizontally and
| arc separated from one another by
| suitable partitions. Nothing is cal-
| culated to harm their usefulness more
than to allow reamers to be jumbled
! up together in a drawer with their
[ cutting edges in contact. It is also
|| cssential to see that rust cannot dam-
© age them. For this reason, when stor-
|| ingreamers, they should not belaid on
[| any substance likely to absorb moist-
~ure. For this reason stands are per-
naps preferable to drawers, uniess
some form of rust inhibitor can be
| introduced to overcome the trouble.
ll - When using reamers they should
i always be turned in the direction of
€ cut and never reversed on withdrawal,
¥ for their cutting edges are liabie to be
il dulled if they are turned backwards.
§ Practically all reaming operations
& can, with advantage, be undertaken
§ with a lubricant of one form or an-

other. The only materials to be
reamed dry are cast iron, bakelite and
the magnesium alloys. For the rest,
apart from assisting the production of
a smooth finish, particularly when
reaming in a machine. the lubricant, if
applied copiously helps to cool the
work. The attached table, based on
information received from the British
Steel Corporation as well as from
practical experience, will, perhaps
form a guide when using high-speed
steel reamers:
Material

Steel up to 80 t.p.s.i.

Stamless Steel
Maileable iron

Lubricant
Sulphurised o1l
Sulphurised oil
Mineral oii: soluble
ot or soda water
Soluble oil ; Paraffin
and lard oil or paraffin

Aluminium alloys

Brass Soluble il or paraffin
and lard oil
Copper Lard oil: paraffin

sulphurised o1l or
soluble oil

Lard oil or soluble oil
Soluble oil or soapy
walter

Phosphor bronze
Plastics







A

‘ALBRECHT Chuck, 45

Angular Grinding Rest, 83—384
Angle Plates, 197—198

Air, compressed, 235241
Addiiional Machine Tools, 244— 249
Adjustable Reamers, 258—259

B

Benches, 14

Bench Gninder, 2426

Belt Drives, 49—54

Belts, Round, 4951

Belt Fasteners, 49—30, 53--54

Belt Tenstoning Devices, 54

Boring Tool, 7980

Back Tool Post, 81—82

Box, Clapper, 58

Bell Chuck, 65

Boring Work in the Lathe, 94—96
Boring Tool with detachable cutters, 96
Boring Bar for small tools, 97

Back Facing, 98—¢2

Boring Tool Holders, Two Simple, 100
Boring Work on the Saddle, 100-—101
Boring Bar, 101—103

Buttons, Toolmakers, {15—117
Blocks, ‘V’, 199

Blowpipe, Self-blowing 226— 227
Back Toolpost, 250—257

Back Toolpost, Tools for, 255—256
Broach, 260

C

Cable Support, 18

Cooling of Electric Moters, 22
Centres, 30—32

Chip Trays, 38--39

Chucks, 44—46, 6573

Chucks, ‘Albrecht’, 45

Chucks, ‘Jacobs’, 45

Chucks, securing drill, 44 —45
Clapper Box, 58

Chucks, Beil, 65

Chucks, 4-Jaw Independent, 65—66
Chucks, Self-centring, 66—67
Chucks, Collet, €769

Chucks, E.eyless, 69—70

Chucks, care of, 71—72

Chuck Brace, 72—73

Coliet Chucks, 67—69

Chucks, Drilling Machine, 44—46
Cables, Electric, 1718

Centres, Mounting Work Eetween, 92

Index

Cutting Internal Keyways, 103
Circular Saws, 1:2—124
Chucks, Drilt, 150

© Countersinking, 163164

Counterboring, 164—165
Centring Device, 162
Combination Squares, 202

"~ Centre Punches. 203—204

Case Hardening, 232234

Circumferential Dividing, 129—131

Compound Dividing, 131-—132

Change Wheel Mounting, Lathe Mandrel,
133—134

Cutting Racks, 144—146

Cross-Drilling, 158 —1€1

Countersinking, 161

Counterboring, 161

Colleted Diie Holder, 165

Change Wheel Gearing, 181—184

Change Wheel Gearing, Proving, 183—184

Callipers, Jenny, 202203

Compressed Air, 235—241

Circular Saw, 246243

D

Drummond Lathe, 27-—28

Drummond Toolpost, 28

Drilling Machine, The, 40—48

Drilling Machine, *Champion’, 40—43

Drilling Machine ‘Mode! Engineer’, 4G—44

Drilling Machine ‘Cowell’, 40—41, 14

Drilling Machine ‘Pacera’, 42

Drilling Machine, Driving the, 42--44

Drilling Miachine ‘Chucks’, 44—46

Drilling Machine, Speed Changing
Arrangements, 43—44

Drilling Machine, High Speed Aitachments,
46—47

Drilling Machine, Testing the, 47—48

Dividing Head, 64

Drilling Machine Setting Ring, 151—152

Drives, V-belt, 51—353

Depth Stops, 132—153

Drill Grinding, 153—157

Driiling from the Tailstock, 92—54

Drilling T3eep Holes, 24

D-Bit, 94

Dividing in the Lathe, 129—136

Dividing, 137-—147

Dividing Compound, 131—132

Dividing with simplz attachments, 134—136

Dividing attachment for the Headstock,
137141

Dividing Attachment for the saddle,
141—142



INDEX

Dividing, Linear, 142—144
Drills and Drilling, 148-—161
Drili Stands, 149130

Dirill Chucks, 150

Drill Point, 154—157

Drill Speeds, 157

Driil Lukbricants, 138

Drill, Pin, 165

Dis Holder colleted, 169

1t N uy H PPy A |
Dirilling Machine, Tapping in the, |

Dividers, 202

Dial Indicator, 212—217

Dial Indicator Magnetic Base for, 212

Dial Indicator, Internai Attachment,
213244

E

Electric Power Supply. 17
Electric Cables, 17—18

Electric Plugs, {7

Electric Motors, Coclingof, 22
Electric Drill, Low Voltage, 20
End Milis, Using, 122
Eguipment Measuring, 188—194
Errors in Marking Out, 176 —197
‘Eclipse’ Magnetic Base, 212
Electric Muffle, 232-—234
Enameiling, Stove, 241—2 42

Furniture, Warkshop, 15

Front Tool, 78

Fasteners, Belt, 49—50, 53—54

" Flycutting, 118—120

1 - Feed Screws, Independent, 223—224

G

Grinding Rest, Angular, 83-—-84
Grinding Wheels, 84—86
Grinding Wheels, Tuning, 85—86
Grinder, Bench, 24—-26

Guard, Leadscrew, 37

Grinding Drills, 154157
Gearing, Change Wheel, 181—184
Gear Train, Proving the, 183—184
Gauges, Smali Hole, 189190
Gauges, Depth, 193

Gauges, Taper. 194

Gauges, Slide, 191—192

Gauges, Surface, 199—201
Gauges, Scribing, 201

H

Heating the Workshop, 15—16

Headstock Mandrel, 35

Hand Tools, 82

Head. Dividing, 64

Hand K nuri Wheel Holder, 87

Holes, Drilling Deep, 94

Headstock Dividing Attachment, 137—141
Headstock Spindle, High Speed, 224—225
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Hard Soldering, 228229

Hard Soidering Equipment for, 229—230
Hardening. Case, 232—234

Hacksaw Machine, 244—246

1

Indicator, Thread, 180—181
Independent Feed Screws, 222—223

ll

‘Jacobs® Chuck, 45

Jacks, Screw, 198-—199

Jenny Callipers, 202—203

Jenny Callipers, use of, 205—207
Jigsaw, 246—248

K

Knife Tool, 79

Keyless Chucks, 65—70

Knurling, 87—91

Knurl Wheel Holder, Hand, 87

Knurling Tool, Single Wheel, §8
Kaurling Stiaddle, 88

Knurling Operation, Starting the, 89—90
Keyways, Cutting Internal, 103

Keyways, Marking out internal, 208—209
Keyways, Angular Location of, 208

L

Lighting the Workshop, 16—17

Low-Veltage Power Supply, 19—24

Low Voltage Electric Drill, 20

l.athes, 27—39

L eadscrew, 32—37

Lathe, Levelling the, 35—36

Lathe, caring for the, 36—39

Lathe, bearings, 37

Lathe, bed, 37

Leadscrew guard, 37

Lathe Tools, 78—86

Lathe, Drummond, 27—28

Lathe Operations, 92103

Lapping, 110—114

Lapping of shafts, 110—111

Lapping, Internal, 111—i13

Lapping compounds, 113

Lap, Boyar Schulze, 112

Lapping, Protection of Machine, 113—114

Lathe, Miiling in the, 118-—128

Lubrication, Qil Mist, 220

Lathe Gverhead Drives, 221—225

Lathe Mandrel Change Wheel Mounting,
133—134

M

Motor generator, 20

Motors, cooling of, 22

Motors, internal connections, 22—23
Morse Taper, 34

Milling Machine, the, 60—64
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fachine Vices, 61
Machine Vices, errors in, 61-—62
Machine Vices, testing, 62
Milling Machine, Tc.n Senior, 6263
Milling Machine, Vertical, 63
Mandrels, 75—-77
Mandrets, Plain, 74
Mandrels, Expanding, 74—73
Mandrels, Stub, 75
Mandrels, Le Count, 74---73
Mandrels, Hollow, 76---77
Mandrel, Headstock, '3
Milling in the Eathe, 18128
Milting Attachments, 126—127
Mandrel Handle, 176
Micrometer, 188
Micromeier Stands, 189
Micrometer, Depth Gauge, 193
Measuring Equipment, [88--194
Marking Out, §95--210
Marking OQut, Errors in, 196147
Marking Out Internay Ko yways, 208—-209
Mist Lubrication . Oil, 220
Muftie, Electric, 32--233
Machine Toois, suddiiional, 244---249
Machine, Hacksaw, 244—246
Marking-out Tables, 197
Machine Beamers, 259

Oil Mist Lubrication, 220

Overhead Drives, Lathe, 221223
Overhead Drives for Drummond Lathe, 22
Overhead Drives for Myford Lathe, 222

p

Power Supply, 17—21
Parting Tools, 80--81
Plugs, Electric, 17

Power Supply, Low Voltage, 19—24
Pin Drill, 165

Plates, Surface, 197

Plates, Angle, 197198
Packing Strips, 198
Punches, Centre, 203204
Painting, Soray, 239—240
Paint Tables, Rotary, 243

Raw Matenal Storage, i4
Rectifiers, 19

Reversing Switch, 23
Rack, 34

Rotary Table, 64

Racks, Cutting, 144—146
Rotary Table, 146—147
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Rules, Stee!, 194--195

Raising Blocks, 198

Rotary Paint Yables, 243
Reamers, 258--261

Reamers, Adjustable, 258--239
Reamers, Machine, 259
Reamers, Taper, 239

Reamers Taper, Fin, 259---261

!
-

Storage of Tools, 14

Storage of Raw Materials, 14

Storage of Nuts and Bolts, 14—15

Spot drilling attachment, 20

Switches, reversing, 23

Switches, Heavy Current, 23

Switches, Foot, 24

Steadies, 29---30

Shaping Machine, the, 55--59

Shaping Machine, The Drummond Hand,
55

Shaping Maching, The Cowell Hand,
3556

Shaping Machine, The Acorn Tools Power,
56—57

Shaping Machin~, Operating the, 57--58

Shaping Machine Tools, 37

Shaping Machine Toolholders, 58

Screw Cutting Tools, 80

Self-centring chuck, 66---67

Small Tools, Boring Bar for, 97

Saws, Circular, 122—124

Shides, Vertical, 123—124

Spoifacing, 166

Screw Threads, cutting, 167177

Squares, 202

Squares, Combination, 202

Suds Equipment, 218 —220

Saddle, Boring work on the, 94

small Tools, Boming Bar for, 97

Setting Fing, Drilling Machine, 151-—-152

Stops, Depth, 152—153

Spotfacing, 161

Screw Cutting Tools, 178—180

Screw Cutting, Practical, 184187

Small Hole Gauges, 189190

Steel Rules, 193—194

Slide Gauge, 191—192

Surface Plates, 197

Screw Jacks, 188—189

Scribers, 203

Surface Gauge, use of, 207—208

Soldering and Brazing, 226—230

Solders and Fluxes, 226

Self-Blowing Blowpipe, 226—227

Soldering, Hard, 228—-229

Spray Painting, 239---240

Stove Enamelling, 241242

96

T

Tool Storage, 14
Toolposts, 29
Tool Turrett, 29
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Tumbler Gear, 3233

Top Slide, 34

Taper Gauge, 58

Tool Holders, 82

Tool Grinding, 82--86

Tools, Boring, 79—80

Toolposts, Back, 3182

Trays, drip, 3839

Toolpost, Drummond, 28

Testing the Brilling Machine, 47—48
Tools, Hand, 82

Tool, Front, 78

Tool, Parting, 80—81

Tool, Screw Cutting, 80

Taper Turning, 104—109

Taper Turning Attachments, 104—105
Tailstock, Adjusiable Centre for, 105—107
Tapers, setting with Dial Indicator, 108
Tapers, Caiculating, 108

Tapers, Checking, 109

Toolmakers, Buttons, 115—117
Toolmakers Butions, Setting, 115—117
| Tap Wrenches, 170

| Threading in the lathe, 170—175
Tapping in the Drilling Machine, 176—177
Tools, Screw Cutting, 178—180

Thread Indicator, 180—181

Taper Gauges, 194

Tables, Marking Qut, 197

Tailstock Drilling Spindle, High Speed, 224
Toolpost, Back, 250—257

Toolpost, Back, Tools for, 255—256

v

Vice mounting, 14
V-belt Drives, 51—53
Vertical Slides, 124—125
V-Blocks, 199

“."

Wheels, Grinding, 834—86
Workshop, Heating the, 15—16
Workshop, Lighting the, 16—17
Workshop Furniture, 15
Wrenches, Tap, 170

‘Wobbler’, 215-—-216






