16th Centu ry SM
Clock

by
John Wilding

( [ TIMEPIECB )
ﬂqzbf oduction
_ |

All ights reserved. No part of this publficetion mey be produced, stored in a retrievel systarmn, or
transminsd in any form or by any means aelactronic or mechanical, or by photocopying or
recording or otharwise, without tha consant of tha publishers.




©

Fubiished and Reproduced by the Watch & Clock Book Sodiety
P.C. Box 22, Ashford, Kent, England

ISBN 0 90351224 6

2nd edition

( TIMEPIECE )
\\ Reproduction )
\//

Published and Raproduced by the Watch & Clock Book Society
P.0C. Box 22, Ashford, Kent, Engiand

H




Contents

Introduction ... 1
The clock .. e 1
The eseapement ... ...t 1
The wheel trim ... . 2
Materials ...t e 3
Materials required .......... ... i 3
Getting started .................. e 4
Achuck board ... ... . . 4
ool Up o e 4
Grinding the tool bits ... ..o i 4
The lathe tool honing jig ... ... .. i 5
Twist drills ... . 6
A height gauge for lathe tools .. ... ... . ... ... 7
Lathe accessories required .......... ..o iiiiaaa.. 7
The main frame and front plate ...................... 9
The taper Pins ..o e i 12
Preparation for wheel cutting ................. e 13
Alternative methods ...... ... ... . Ll 13
The cutter ... .. i i i 14
Hardening the cutter ....... .. ... . .. .. i ..., 15
Acutterholder ....... .. 15
The wooden facepiate .............. ... .. ... 15
Turning 8peeds ..ottt e 16
Boring the centre hole .......... ... ... .. . .. ... 16
Wheeleutting ... 18
Cutting the second and hour wheels .................. 19
Marking out the wheel crossings ...............cc..... 19
The crossing template ... i i, 20
Filing the addendum curves ......................... 20
The crown wheel ... ... .. .. ... i i 21
Forming the undercut tooth face ..................... 22
The slitting saw ... .. i 22
Crossing oubt ... i i 23
Filing the crossings ...l 23
Burnishing the crossings ... ..., 24
The hub ..o e e, 26
Pulley flanges ... i 26
Ratchet wheel ... .. .. i i i, 27
Main wheel collet ............. ... ..o .., PO 28
Lantern pinions ... ... i 29

il



The pins or trundles ... 29

Methods of fitting in clockmaking  ......... oo 31
The clotK oot i e 33
CHCK SPTINE  « v ettt iia i eaen e 33
The arbors .ot e e e e 35
Main arbor ot e e 30
Cutting oil ..o 35
Measuring the arbor ... o 36
Registering the plates ......... ... .ooiiiiii 37
Depthing ..ot 38
Laying out the train ... i 39
Checking the freedom ...... .. 41
The crown wheel front bearing ..............ccovunnt. 41
Decorative TUNINE . ve it iaiii e 41
THE VETEE o eietntiie e iinnnnass 42
Filing the flats on the verge arbor ...............c.v0. 43
Soldering the pallets ... oot 44
Foliot suspension bracket ................... e 46
Lower frame SUPPOTt ... iiiieee i 47
The hanging ring ... oo vv i 47
The verge lower bearing ...t 47
The verge upper bearing ...l 47
Cross drilling oo e 49
Adjusting the escapement ............. ..o 50
The HNE - oie e et r e e sian s iaier e eaanas 50
The f0lOt ottt e it 51
The foliot weights ... 51
The weights ..o s 52
Hour wheel stud or post. oo e iiieinnn, 52
Hour wheel collet ... .o e 53
Dial feet and pillars ... 53
The dial ..ot s 54
The hour hand ... .o e 54
The pulley frames ........oviiiiiiiiiiiiiiaons 55
The pulleys ..o e 56
General finishing and polishing the steelwork .......... 58
OIHNE oo et e e 59
[@f0) STOIRD <310 o N DD 59
Modification to the pulley desipn ... b9
References ..o riee e iinnea e iiar e G0
Mounting a dimension plate on the Unimat3 .......... 61
Modifications to a 4-jaw chuck ... ... o oo 63

iv




Introduction, The clock, The escapement
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Chapter T

Introduction

IN previous books that I have written
on the construction of various types
of clocks, the machining has been
illustrated using the ML7 Jathe. Itis a
particularly suitable size of lathe for
work on clocks and also for the con-
struction of the many special tools
and fittings reguired in both clock
repairing and making.

Fig 1 General view of Clock

Materials required

However the ML7, together with
even a modest selection of acces-
sories, involves a fairly expensive
outlay and I thought it would be
appropriate to show how to make a
clock using a lathe in a cheaper price
bracket.

The Unimat 3, which is the tool I
have chosen is quite suitable for this
work. It is well designed, extremely
versatile in that it can be converted
for drilling and milling in a matter of
moments. The dividing attachment
can be fitted in no less than three
different positions and this feature is
of great value in the cutting of wheel
teeth and drilling lantern pinions.

It is capable of swinging a 3 in
diameter blank which takes care of
the main wheel in an English long-
case clock, and therefore any other
clock wheel likely to be required in
the normal run of repair work.

The Unimat 3 comes into the
category of the student or hobbyist’s
lathe and as such it is quite probable
that it will be the owner’s first
machine tool. I am assuming this, and
in the description I shall be dealing
with matters of elementary
lathework including ‘tooling up™.

I would like to thank Nathan Shes-
topal Ltd, who kindly made the
equipment available to me for the
purpose of this project.

The clock

Figure 1 shows the completed clock.
It is based on the style of the 16th
century, and would, at that time,
have been made of iron through-
out, using the methods of the black-
smith, ie fire welding for joining
metal, swaging and upsetting for
shapingit, and filing to form the teeth
and pivots. It is not my intention to
follow these traditionzl methods in
the construction of this clock. The
type has been chosen for its simplic-
ity and suitability as a beginner’s pro-
ject.

I have used mild steel for the gen-
eral structure, but all the wheelwork
is in brass. The contrast of the
polished brass and the blued steel-

work makes it a most attractive
piece.

The escapement

The escapement is a verge with a
foliot as the oscillator. Regulation is

PALLET ANGLES.

INCLUSIVE PALLET ANGLE
of 90°

FIG 2 VERGE ACTION WITH DIFFERENT

INCLUSIVE PALLET ANGLE
OF 30°
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carried out by moving the [oliot
weights either in or out on the arms. If
this action is insufficient then the driv-
ing weight can be altered, increasing it

wiil acceierate t'he action.
In the traditional form of verge

escapement, the pallets were usually
set at 90° to 100° apart, but in this
design I have reduced the angle to
49°. The disadvantage of a large pal-
let angle is the severe engaging fric-
tion which is encountered on the
recoil. Figure 2 illustrates this. On
the left, the tooth A has just escaped
from the paliet B, and the shaded
tooth on the other side of the wheel
has impinged on the pallet C. But the
momenfumn of the foliot is causing
the verge arbor to continue to rotate
in an anticlockwise direction forcing
the wheel backwards. This action is
common in all recoil escapements,
buit the angle of contact here is par-
ticolarly bad as you can see. It will be
& right as soon as the recoil is over
and the ratation is in the other direc-
tion. Clockmakers describe this as
the difference between engaging and
disengaging friction. In his book
Clockmaking past and present, GF C
Gordon describes the difference in
the two frictions with the illustration
of a pedestrian who trails his walking
stick on the ground as he walks along
the pavement, This is easy tc do, but
if he holds the stick out in front of
tim and pushes it along the ground it
will catch in every smal! obstruction.
If we look at the right side of fig 2
where the pallet angle is 30° you can
see that in the same situation the
action is much nearer the line of

FIG 3 GENERAL ARRANGEMENT

FIG 4 DIAGRAM OF WHEEL TRAIN

pinions
8T PCD -314”

pinion
4T PCD 157"

crown whecl
20T 154" dia

2nd and hour wheels
48T PCD 1-88"

main wheel
72T PCD 2:83”
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centres and the engaging friction will
be very much reduced.

Another interesting feature in this
escapement is the number of teeth in
the wheel. With the verge passing
across the centre of the wheel there
must be an odd number of teeth
otherwise the escapement cannot
function. However the Unimat divi-
sion plates do not offer a suitable odd
number in the range required and so
an even nuimber {20) has been cho-
sen and the verge is displaced 1/1¢ in
off centre. It functions perfectly well
in this manner and the anomaly is not
noticeable.

Figure 3 is a side view of the gen-
eral arrangement of the movement.

The wheel train
I was determined that I was going to
design a clock that could be mmade
entirely with the standard Unimat
accessories and without having io
import special attachments of
another make {such as a division
plate}.

The wheels in this train can all be
cut with the standard division plates
supplied with the dividing attach-

.ment. In fact only three of the four

are nceded, {the 24, 36 and 40 hole
plates). Figure 4 is a diagrammatic
arrangement of the wheels which is
the simplest way to show it for com-
puting the train.

In order to find out how many
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vibratiens the foliot will make in a
minute, and how far the weight will
fall in say an hour, we must “prove”
the train which involves making a
simple calculation in the form of a
fraction.

Cn the top line of the fraction we
putdown all the tooth numbers of the
wheels, from the hour wheel which
carries the hour hand up to the
escape wheel.

48x 72x48x{20x 2)

You will notice that the escape wheel
tooth count is multiplied by 2, as dur-
iIng one revolution e¢ach tooth is
engaged by both pallets.
On the lower line of the fraction
we put the pinion numbers.
4x8x8x (12 x 60)

Asthe fraction relates to a wheel that
revolves once in 12 hours and we
require the number of vibrations a
minute, the fraction is further
divided by 12 and 60. The completed
fraction therefore appears as shown
here.

48 x 72 x 483 x 20 x 2
4x8x3x12x60

=36

As you can see, it resolves to 36
being the number of vibrations a
minute. Apart from anything else it is
convenient to know this figure for the

- purpose of regulating the clock when

it is finished, as we simply count the
ticks over a period of a minute and
adjust the foliot weights accordingty.




The drive pulley is mounted on the
same arbor as the main wheel and
this ts geared with the hour wheel via
the four tooth pinion and so the pul-
ey revolves once an hour. The effec-
tive diameter of the puileyis 1§inand
so applying = we find that 3.9 in of
line will pass round the pulley each
hour, or 117 in in 30 hours, or if we
used a double fall 58 in. So we see
that the clock has a 5 ft weight fall
over 30 hours and should therefore
be hung about 63 ft above floor level
for the [ull running time to be
obtained.

When I mentioned this project to
colleagues, doubts were expressed as
to whether it was a practical proposi-
tion 1o make a clock on this class of
fathe. ““Will it be accurate enough?”
they asked, “What about rigidity?”
and “Is there enough power in the
motor?” The answer to these ques-
tions is to be found partly in the
choice of “*set-ups™ and in the proper
sequence of the operations together
with an intelligent appraisal of the
capability of the tool and working
within that limit.

I can assure the reader that I had
no difficuity in carrying out all the
machining in the construction of this
clock on the Unimat using a really
quite mudest selection of accessories.

It goes without saying that I
assume the reader will make a
thorough study of the instruction
book supplied with the lathe.
Another useful book published by
MAY is The Book ofthe Uninat by D
I Laidlaw-Dickson.

Materials
[ am giving a list of the main mater-
ials required in order to construct the
clock. 1 am specifying mild steel for
the main frare and general external
structure but brass could be nsed or
even light alloy if preferred. How-
ever I think there wili be a loss in
character if the latter two materials
are employed.

The miid steel is all listed in Whis-
ton’s catalopue! althougn it may be
shown in metric sizes, For instance

Materials required

Mild stee! flats

tinx%in 2 12inlengths
iinxein 1 12 iniangth
13inx Ysin 1 12inlength
finx Ysin 1 12iniength
3inx Yein 1 12inlength

Round mild steel
5 indiax 12 in
Sheindiax 12 in
*he indiax 12 in

pins

Brass blanks BS2870 CZ2120

3india x Ye in 1off
2'sindia x ‘isin 3 off
td3india x Yisin 2 off

Round brass B8 2874

1*eindia x "sin 1 off
1india x 3in 1 off
Sindia x 3in 1 off
Findia x 12in 1 off
sindia x t12in  1cff
fieindia x 12in 1 off

Brass flat B5 2874
sinxXsinx6in

Square
Iinxiinx6in

Angle
Finx3inx Veinx6in

main frame and front plate

foliot

foliot bracket

iower frame support

hour hand, verge pallets and click

foliot weights and height gauge
main arber, hour wheel post

pulley spindles

‘e in dia x 24 in (2 x 12 in) verge, arbors, hanging hook, taper

great whesi

secend wheel, hour wheel and
ratchet wheel

puliey flanges

crown whaal

various collets, piliars, etc

click spring and pulley frame

verge bearing bracket

lower verge bearing

the 1 in wide strip for the frame and
front plate is listed as 25 mm width
which is 0.4 mm undersize, but this
will not make the slightest difference.

The brass can be purchased from
Smiths of Clerkenwell or any of their
branches?®.

The pivot steel required for the
lantern pinions together with all the
special horological tools such as
piercing saw blades, broaches, canbe
obtained from Nathan Shestopal
Ltd, 1 Grangeway, London NW6
IBW,
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Chapter 2

Getting started

IT is a popular misconception with
beginners that having purchased the
fathe and some of the essential acces-
sories, they are then all set to start on
the project. “Let’s put something in
the chuck and get turning!” Although
such feelings are understandable, the
beginner must be patient and under-
take the preliminaries. Failure to do
this will almost certainly give rise to
disappointment in the first attempts at
turning.

A chuck board

The lathe bed is “sacred” and every
effort must be made to protect it from
accidental damage. When work is
being filed or burnished in the lathe it
is very easy for the tool to slip off the
work and damage the bed. Another
common cause of damage is the leav-
ing of a chuck key in the chuck and
then starting the lathe. Dropping
chucks on the lathe bed when chang-
ing them is a further cause. The con-

sequence of these occurrences can be -

greatly reduced by the construction of
the simple chuck board illustrated in

Fig 5 The chuck board in posttion on the lathe
bed

fig 5. This little protective cover is

made from a 2% in square of hard-
board with two wood strips glued one
at each side to straddle the lathe bed.
It is placed as shown whenever any
fitting is changed on the mandrel nose
and whenever any hand work is being
carried out on work rotating in the
chuck. '

Tooling up

The manufacturer can supply a set of
lathe tools in a box for this lathe.
Don’t buy them, T have several similar
sets of lathe tools in my tool cabinet
and the majority of them are unused.
In general they are too large for
horological turning and the shapes are
not satisfactory. Furthermore they
are ground with top rake which is not
required when turning in brass.

1 suggest that the constructor pur-
chases 4 Eclipse high speed steel tool
bits %1 in square and a length of 1 in
round silver steel.

In the making of a clock most of the
turning will be in brass, ie cotlets, pil-
lars, barrels, pulleys, wheel blanks,
etc. The two basic tool shapes which
will accomplish most of the turning
are shown on fig 6. They are the round
nose tool on the left and the right
hand knife tool on the right. For turn-
ing the pivots on arbors we also

FiG 6 SUGGESTED TOOL SHAPES FOF&
HOROLOGICAL WORK

tip radius not
to exceed J
'

require a right hand knife tool and this
differs from the brass one in that the
top of the tool should slope away from
the cutting edge whereas tools for
brass have flat tops. A parting tool is
required for use on brass and this is
also shown on fig 6. The width of the
cutting edge should not exceed '/1s in
in this size of lathe and the relief
behind the cutting edge should be
minimal otherwise the tool is
weakened at the neck. Other shapes
will of course be needed but these will
get you started. There is certainly no
need for “roughing” tools with a lathe
this size; we are not concerned with
the speedyremoval of large quantities
of metal. “Little and often” is the best
policy on a light lathe.

Grinding the tool bits

The Eclipse tool bits are already
shaped obliquely at the ends which
lessens the amount of grinding
required.

The Unimat grinding attachment is
excellent for the purpose of grinding
the tools. The grinding rest, however,
is a little smail for the comfortable
manipulation of the tool bits and I
enlarged mine by clamping a section
of 16 gauge steel plate on the standard
rest with a pair of toolmakers clamps.
This is demonstrated in fig 7 and suit-
able dimensions are shownonfig 9. A
more parmanent arrangement would
be to secure the extension with 5 BA
countersunk screws fitting into tap-
ped holes in the Unimat rest.

The beginner should realise that
the grinding of tool bits is carried out
in order to form the shape. After this
has been done the tool tip is honed
with an Arkansas slip stone?, in con-
junction with the lathe tool honing jig.
As a matter of interest, having shaped
my lathe tools as illustrated in fig 7, no
further grinding was carried out on
any of them during the construction of




Fig 7 The extension piece fitted to the Unimat
grinding rest

this clock. I mention this fact for the
benefit of those on a tight budget, as
apart from this initial use, the grinding
attachment will hardly feature again
in the construction of the clock. The
subsequent sharpening of the lathe
tools will all be done on the honing jig.

The lathe tool honing jig

It is not satisfactory to hone lathe
tools in a freehand manner. The little
lig in fig 9 enables the slip stone to be
presented to the cutting edge of the
tool in a precise manner. You can see
that 6° is the angle selected for clear-
ance under the cutting edge of the
tool. In order to minimise the work of
honing, the grinding should form the
clearance angle to an angle somewhat
less than 6°, then the stone wili only
have to engage the actual cutting
edge.

Six degrees is not critical, the angle
may be between 5° and 10°; however,
if excessive, the tool tip is weakened
and if minimal, the setting of the tool
at lathe centre height becomes more
critical.

It will be found that if the Unimat
grinding rest is set horizontally and
the extension as described is fitted in
place, then a *s in tool bit when
ground on the periphery of the wheel
will have a satisfactory angle formed
for use with the honing jig illustrated
here.

This little jig is simple to make and
will ensure consistent tool sharpen-
ing. The body of the jig is formed from
a short length of 2 in x 1 in wooden
batten to which the side plates are
secured. The dimensions are given in
fig 9. Almost any stiff material can be
used for the side plates. I have used

brass, but steel, formica, paxolin, etc,
would all be satisfactory.

Fig 8 shows the basic tools required
for marking out. It is convenient to
colour metal with a dye which will
then show up the scribed lines more
clearly, Layout blue as it is called is
available from all good tool shops,
and a make that I have used for years
is Talbot Blue. It dries almost
instantly and does not easily rub off.

The external shape is marked out
for one side plate, and after cutting
this out with the hack saw, it may be
used as a template for cutting out the
second plate. Then the two can be
clamped together for filing to the line.
1 have not shown the positions of the
screw holes which are not critical, but
they can be sized for a No 6 wood
screw and positioned 4 in from the
edges. Fig 10 depicts the two plates
clamped together and held in the vice
for filing.

Fig 11 illustrates the Unimat set up
for drilling the screw holes. Drilling is
always started with a centre drill as

Mo,

Fig 8 Basic tools required for marking out

shown here and then followed with
the twist drill. The circular marks vis-
ible round the hole were caused by the
swarf from the drill.

The next stage is to offer up the
plates to the wood body and secure
them witha “G” clamp as shown in fig
12. You can see here that I am using
the engineers square to check the pos-
itioning of the plates. Finally, in fig
13, I hold the body of the jig in the

HEIGHT SET
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Fig 10 The side plates of the honing fig
clamped together for filing the edges

Fig 11 The Unimat set up for drilling the side
plates

vice and using the hand drill spot
through the plate holes for the wood
screws. Figure 14 demonstrates the
jig in use for honing the general pur-
pose brass turning tool. The slip stone
is moved in close contact with the
front guides of the jig while the tool is
swung round to present the length of
the curved tip to the stone. An Arkan-
sas stone is essential, any other will be
too soft and quickly become grooved.
Finally, the tool is taken to the bench
stone where it is honed on its upper

Fig 12 Using the engineer’s square to check
the positioning of the side plates

Fig 13 Using a hand drill to form the screw
holes in the wooden body of the jig

and side surfaces by holding it well
down with heavy finger pressure in
the manner shown in fig 15. In the
background of this picture you can see
two Arkansas slip stones, the rectan-
gular one is used with the honing jig
and the triangular for other purposes.

It is customary for horological tools
of this sort to be designed for holding
in the vice. This allows both hands
free. The honing jig can have a § in
square piece of wood glued under-
neath for this purpose.

Figure 15a shows the four basic tool
shapes which will accomplish nearly
all the turning in this clock. The one
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Fig 14 The jig in use for honing the general
purpose brass turning tool

on the left is the knife tool for steel,
the others are for brass.

Twist drilis

While discussing honing, I must stress
the importance of removing the rake
angle on these before they are used on
brass. As previously stated, brass
tools work better without any top
rake but the normal twist drill has a
built in rake angle formed by the
spiral flutes. If this is not removed the
drill will tend to grab» when drilling a
soft material like brass. The rake
angle can be negated quite easily with
the aid of a triangular slip stone as
demonstrated in fig 16. The drill (a
large one for the purpose of illustra-
tion) is laid on the bench with one of
the cutting edges parallel with it and
the stone is applied in the manner
shown. Only haif a dozen strokes will
be required to form a small flat on the

Fig 15 Method of honing the top and side
surfaces of the lathe tooi on the benchstone.

cutting edge. The drill is then rolled
over 180° to hone the other cutting
edge. Figure 17 attempts to show the
“white line” which is in fact the reflec-
tion of light on the honed flat,

Itis not really possible to hone driils
in this manner which are much less
than '/s in diameter. This doesn’t mat-
ter asitisin the larger sizes where it is
more important.

It is possible to buy straight fluted



Fig 15a The four basic too! shapes which
accomplished most of the turning in the con-
struction of this clock

Fig 16 Method of negaiing the rake angle on
a standard twist drilf

Fig 17 The ‘white line' illustrating the flat on
the cutting edge of the twist driff after honing

drills but it is hardly a practical pro-
position to equip the workshop with
complete sets of both types of driil.

A height gauge for the lathe
tools

We are nearly ready to use the lathe
now. Having honed the lathe tools it is
important to set them in the tool hol-
der at centre height. It will be found
with the Unimat 3, that a %/1e in tool bit
which stili retains its original thick-
ness will require a piece of packing
under it Y in thick. Although the
height of the tool tip may be checked
against a lathe centre, this is not
always convenient or possible if the
chucks are in position. The surface
gauge can be used, but again thisis not
very convenient being large and bulky
on a smail lathe.

The simple height gauge shown on
the drawing fig 9 wiil be found conve-
nient in this role. It is a two position
gauge and is designed for placement

Fig 18 The two posifion height gauge in use
on the iathe bed

either on the lathe bed or cross slide
whichever is convenient as demons-
trated in fig 18 and 19.

It can be machined from mild steel,
brass or light alloy, preferably the
former. The diameter is not critical
and in the pictures which follow I
show mine being machined from a
scrap piece of hexagonal stock. A suf-
ficient length that will hold up to the
measurement on the drawing is cut off

with the hacksaw and held in the -

3-jaw chuck where one end can be
faced true. It is then removed from
the chuck and the 1.81 in dimension
marked off using the oddleg calipers
(set from a steel rule} as illustrated in
fig 20. The stock is returned to the

Fig 20 Using the odd-feg calipers to mark out
the fength of the height setting gauge

chuck for machining to length and the
accuracy can be checked with a ver-
nier slide caliper as shown in fig 21,
the stock being returned to the chuck
for further machining if necessary.
This work could be carried out bet-
ween centres, and if the machining
involved concentric accuracy on the
diameter of the work this would be
the proper way to do it. Here, we are
only concerned with accuracy in the
linear dimension and the 3-jaw chuck

7

Fig; 18 The two position height gauge in us=
on the cross slide

Fig 21 Checking after machining to leng:h
using the vernier slide calipers

Fig 22 Turning the step on the height gauge
using the right-hand knife toof with fop rake

is satisfactory for this purpose. After
marking the 0.905 in dimension in a
similar fashion, a step is turned as
shown in fig 22. To ensure that the
gauge seats squarely on its base it is
advisable to machine a slight recess,
or relief, on the under side.

There will be other accessorics
required later on in the work, such as
helders for both the wheel cutter and
a circular slitting saw. A lathe filing
rest will be needed as well. But these
can be constructed at a later date.

Lathe accessories required
If the wheelcutting is to be under-
taken® then the constructor will nezqd
the following accessories:-



Vertical drilling and milling
attachment.

Vertical fine feed attachment.
Indexing and dividing attachment
with the set of plates.

Other accessories which are neces-
sary for the general machining of the
clock are three chucks (3-jaw, tails-
tock and 4-jaw), the top slide for taper
turning and the tool grinding attach-

ment. If the lathe is required for dril-
ling then the milling table together
with the milling table support will be
found more convenient than using the
cross slide as the drilling table.



The main frame and front plate, The

Chapter 3

The main frame and
front plate

IT is both customary and legical to
start the construction of a mechanical
clock with the plates and pillars as
they form the backbone of the move-
ment. In this ciock we have no pillars,
instead, the back plate is bent toa U
shape and the front plate is fitfed to
the horizoutal arms using mortice and
tenon joints, the whole being securely
locked together with tapered pins.

A drawing of the main frame is.
given in fig 23 from which it can be
seen that the main part of the con-
struction involves the forming of two
right angle bends in the mild steel
strip.

It is difficult to form really tight,
neat bends in this thickness without
the assistance of a bending jig, even if
the metal is brought to red heat.

taper pins

However the work can be accom-
plished quite easily in the manner
shown in the accompanying photo-
graphs. This method has the advan-
tage that the process is completely
under control and corrections (to a
limited extent) can be made during
the bending.

The work is started by takinga 12 in
length of 1 in x */s in mild steel strip
and coating one side with layout blue,
after which the approximate centre
position of the strip is marked. Posi-
tions 3 in above and below this point
are marked out and lines scribed
across the strip; these will of course be
6 in apart. A sawcut is made on the
line to a depth of about three quarters
of the thickness of the strip. The saw-
ing should not be attempted with the
saw blade parallel with the stock.
Start on one edge with the biade at an
angle, gradually dropping the handle
of the hacksaw frame and stopping
frequently to check the straightness
and direction of the cut. The cut is
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now closed up by bending the strip,
and this can be done quite easily with
the fingers. A second saw cut is now
made in the same position removing
the metal which has been pinched
together in the closing of the original
cut, This stage is illustrated in fig 24,

Fig24 lﬂustrating the principle of sawing and
bending in order ta form a right angled bend

Fig 25 Closing the sawcut in preparation for
the next cut

Again the cut is closed up by bending
as shown in fig 25, and the process is
repeated until a right angle has been
formed. This is checked with the
engineers square as demonstrated in
fig 26. The second bend is formed in
precisely the same way. The accuracy
of the bends will depend to a great
extent on the original saw cut sodo try

Fig 26 Checking the accuracy of the bend
with the engineer’s square

i




a soft solder

Fig 27 Filling the saw cut with
filiet

and make that at right angles to tae
strip. Check each bend after itis made
and if you can see any untruth or twist,
this can possibly be corrected by hold-
ing one part in the vice and applying
corrective pressure with a large
adjustable spanner or mole grips on
the other section. Finally the corners
are filled and strengthened by running
in a fillet of soft solder. You can see
mine being done in fig 27 where the
stock is resting on a fire brick for
warming with the gas torch. Make
sure the solder fills the saw cut com-
pletely and runs out at each end.

We shall require heat for various
operations in the construction of this
clock and the type of torch, such as the
Ronson blow-torch, which attaches to
disposable gas containers, is very suit-
able for this work.

Although an outside-measurement
of 6% in is shown on the drawing this
is mot critical and the front plate is
made to match the frame.

Fig 28 Method of marking out dimensions on
the arms of the main frame

Fig 30 Showing how the arms themselves are
used to locate the positions of the mortices on
the front plate

The next stage is to mark out the
lengths of the two arms, that is the 2 in
and the 2%s in dimensions. This can be
accomplished in the manner demon-
strated in fig 28. The scriber of the
surface gauge is set to the correct
height with a rule and with both the
work and gauge standing on a flat sur-
face the distances are scribed.

The surplus stock is removed with
hacksaw and file. We are now ready to

" ]
FIG 26 FRONT PLATE FROM %x1 MS
|
s} {
By
"1 ; T hotes A & B-—register pin holes,drill N255
k' %' holes C & D —dial pillas holes, tap 5BA
L L .
- hale E X dia: check 1:02" distance
/?”ET = 0 T tap 5BA an depthing tool
_’!{E_ hole F Xi dia: check 157" distance
) on depthing tool
ihe hole G —— %'dia: check 110" distance
an depthing toal. It is also
dritled X&' to the left cfcentre
%/ holes H tapped BBA but should be
' 7 1 driiled in conjunction with
6%’ 5% | _tap SBA the tcwer verge bearing
check with brocket
main frame 1 I
l
! } 102"
holes H .2} — |
fop 8BA e |y
[ aais'
i _tap 5BA
o |
i ro
L
JEEa
B — b —
T = )
.
P— *—

10

mark out the front plate. Although 1
give linear dimensions between the
mortices in fig 29, these should be
‘checked from the job’ as shown in fig
30. Here you can see that the frame
has been placed over the front plate
and the positions of the two mortices
marked by scribing across the front
plate each side of the frame arms.

When marking out the ¥s in width
of the mortice, work from the centre
of the stock. To do this a centre line
should be scribed on the material by
setting the odd leg calipers to 3 in and
forming a centre line locating the odd
leg from each side of the strip in turn.
Unless you are very lucky this will
result in’ a pair of ‘tram lines’ close
together but adequate to establish the
centre of the stock. From this centre
line you can mark out s in each side.

To cut out the mortice, drill a hoie
of some %3z in near one end of the slot
and thread the piercing saw blade
through this, clamping it tightly so
that the blade is under tension. Pierc-
ing saw blades are available in various
thicknesses and numbers of teeth per
-inch. In the Eclipse range I suggest
you buy a dozen M2 and M2/0. Use
the former in this case. You will also
require a vee notched sawing board
about 9 in x 6 in. This should have a
4 in block of wood 2 in x 2 in under-
neath at one end so that the board can
be held in the vice.

The blade is secured in the frame so
that it cuts on the downward stroke
and the work can be seen in progress
infig 31. You must persevere with the
piercing saw if you don’t succeed

Fig 31 Demonstrating the use of the piercing

| saw and the vee notched sawing board




straightaway, it is a vital tool in :

horological work. Use slow firm
strokes without excessive pressure.
When going round corners the blade
must behave like the soldier on the
inside position of a long rank carrying
out a wheeling manoeuvre, ie, he
must mark time. It is usually best to
keep the frame pointing in the same
direction and move the work on the
board.

The hole is filed to the line using
square and rectangular needle files of
No 2 cut. Needle files must be
regarded as expendable items. When
purchased they have cuts on all sur-
faces and in use it is frequently neces-
sary to have safe edges on one or
other of the sides. Old or part worn
files should be modified in this man-
ner by removing the cut on the grind-
ing wheel or carborundum stone, In
this particular case you will need a
square file with opposed safe edges
and a rectanguiar or pillar file with
safe sides to it. Only if this is done will
it be found possible to obtain sharp
corners to the slot. The sort of result
you should achieve is shown in fig 32.

Leave the front plate now and form
the tenons. These are marked out in a
similar fashion and the surplus metal
removed with a small hacksaw in the
manner demonstrated in fig 33. The
work is then filed to the line using,
firstly, a file of about No 2 cut and
finishing with a No 4 cut. A conve-
nient size of file in this situation would
be 6 in in length.

It may horrify the beginner to be
informed that it is good practice to
keep separate sets of files for brass
and steel, as a file that has been used
on steel will not cut brass efficiently.
In practice I have two drawers of files,
one for brass and the other for steel.
New files are put in the brass drawer
and relegated to the steel drawer after
they start to lose their bite on brass.
The same principle can be used with
the hacksaw. My frames are colour
coded blue for steel and yellow for
brass (coloured plastic tape). It may
appear extravagant but I can’t
remember when I last bought a hack-
saw blade and I can’t remember when
I last changed the general purpose
blade in the steel frame. Blades dotast
an incredible time if they are segre-
gated in this manner.

When filing the tenons on the frame
it is permissible to form the suspicion
of a taper on the sides to facilitate
fitting. The front piate must fit closely
on the frame tenons but without force
and excessive wriggling, When carry-

Fig 32 The mortice in the frant plate after filin g
to shape

Fig 33 Sawing out the tenons on the arm of
the main frame

ing out the filing to achieve this, it is
better to work on the hole, enlarging
where required rather than to reduce
the size of the tenon.

Although the shoulders of the
tenons are shown to be at right angles
to the frame, in practice it is custom-
ary to undercut them in a situation
like this. It is an accepted principle in
horological fitting that where wheel
collets and pillars abut against a mat-
ing surface, as they always do, the
shoulder is always slightly undercut so
that coutact is at the maximum diame-

Fig 35 Crilling the pin holes with the hand
drifl. Note use of sawing board and toci-
maker's clamps

ter. Although I do not have a close-up
ilustration of this feature you may
just be able to see it in fig 34 on the

limb being drilied. “

When the front plate fits closely
and without rock on the frame armis,
they should be assembled and a line
scribed on the teuon close up against
the front plate. We now have to drill
the pin hole in the tenon and it must
be formed so that a small segment of it
is inside the mortice. In this manmer,
when the tapered pin is pressed home,
the two components will be held
tightly together. The hole position is
carefully marked out as indicated on
the drawing fig 23 and centred with
the centre punch.

In this instance there is not suffi-
cient clearance to carry out the drii-

Fig 34 Methed of driffing the pin holes in the Unimat jathe




Fig 36 Hiustrating one of the mortice and
tenon joints. Note the partial ccclusion of the
hole

fing in the Unimat when set up as a
drilling machine. The work can be
accomplished either by hand as
depictedin fig 35 or in the lathe set-up
as shown in fig 34. In either case the
drilling is started using the centre drill
with a body diameter of /s in. In fig 34
you can see that the lathe face plate
has been fitted to the tailstock (the
nose being identical to that of the
headstock mandrel). The work is
clamped as shown and initially it
would be centred by inserting the
headstock centre and bringing up the
tailstock so that the position of the
work could be aligned with the point
of the centre. The result of the drilling
should appear as in fig 36.

1t may well be that the beginner has
not been entirely successful in the
accomplishment of all this work and
the sides of the front plate do not align
as well as they might with those of the
frame, and even if they do, it will be
desirable to pass a fiie across all the
edges to clean them up. Fig 37 illus-
trates how the frame may be held in

Fig 37 Method of holding the frame assembly
with moderate vice pressure for cleaning up
all edge

W

the vice using only moderate pressure
of the vice jaws. The file hereisa 10in
one of No 6 cut but a No 4 cut would
be all right.

The taper pins

The taper pins are formed from /s in
diameter mild steel. The taper which
is only nominal can be filed with the
work in the lathe chuck {remember
the chuck board), and the end of the
pin should be rounded. In horological
work the rounding of such items is not
carried out to equal the radius of the
component at that point but rather to

> equal the diameter of the stock.

The rounding at the large end is
carried out by hand as it is bad prac-
tice to grip non parallel stock in a
lathe chuck. Fig 38 shows the set-up.
Here a filing block (a piece of wood
with a notch filed in it) is held in the
vice. This particular filing block is
made especially for work on pins and
has a groove formed as shown so that
the end of the pin can be worked on
with the file. The pinitselfis held in an
Eclipse pin vice and twisted in the
fingers while the rounding is carried
out using a clockmakers pivot file®.
This is the file shown in this illustra-
tion and on its opposite face it is a
burnisher. It is normal practice to
burnish all surfaces of clock pins espe-
cially large ones like this. I shall be
dealing with the ‘making’ of bur-
nishers when we come to the matter of
polishing pivots.

The frame and front plate may be
cleaned up to remove the layout biue,
scriber marks and general blemishes
using wet and dry paper of about 180
grit. This is best cut into 2 in wide
strips and wrapped round half a wine
bottie cork. It is used wet, The proce-
dure is shown in fig 39.

Fig 39 HHustrating how 'wet and dry’ paper
may be cut imto 2 in wide strips and wrapped
round a half section of a bottie cork for clean-
ing the frame and front plate

Fig 40 The compietion of the main frame
assembly and the first stage in the construc-
tion of the clock

The assembly at this stage is illus-
trated in fig 40. Of course many holes
have to be drilled in both components
but we can leave the frame at this
stage and start on the wheelcutting.

NOTE Pivot files are not just fine
needle files, as I understand, some
readers imagine. They are properly
shaped for forming clean shoulders;
they are thick enough to prevent flex-
ing and are ofa super fine cut especially
Jor forming pivots on tempered steel.

Fig 38 Method of holding a taper pin for filing and burnishing the head in conjunction with the
wooden filing block
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Chapter 4

Preparation for wheelcutting

I THINK this subject —wheelcutting —
causes more concern than any otherin
clockmaking.

There are several reasons which
give rise to this. Firstly, the majority
of professional clock repairers do not
undertake the work. It is one of those
jobs which are usually ‘put out’,
Naturally, if the professional doesn’t
do it, the amateur isled to believe that
it must be very difficult. Secondly, an
enormous amount has been written
on the theory of wheel teeth. Every
text book has its chapter and I think
the beginner feels that the subject is
so technical and critical that there
isn’t much point in attempting it.
Thirdly, the normal centre lathe
requires adapting in various ways
before gears can be cut. Special
attachments must be bought or made
and this again is perhaps a deterrent.
Lastly, there is the purchase of the
cutters themselves, quite expensive
items.

Dealing with these difficulties in
order, it is strange that professional
clockmakers rarely undertake this
work. A mechanical clock is after all a
gear box and it seems odd not to be
able to produce new gears for iton the
premises if required. Perhaps it is,
that in the past, clock repairers did not
have sufficient training on the general
use of the lathe, and there also
appears to be a thinking that clock
wheels can only be cut on a traditional
wheelcutting engine. Regarding the
matter of the theory and the shape of
the addendum curves, etc; fortunately
this is not nearly so critieal as one
might imagine, especially when lan-
tern pinions are being used as most of
the action takes place after the line of
centres. The function of the curve is

Boring the centre hole

little more than that of providing a
relief or clearance so that the wheel
tooth can ‘let go’ of the pinion trundle
as the two part company. (Trundle is
the term used to describe the pinsin a
lantern pinion). The actual driving is
done by the flank of the tooth. A visit
to any museum will show the large
variations in tooth shapes. The reader
need not be worried by the special
attachments to enable wheelcutting to
be carried out as they are ali available
as standard Unimat accessories and 1

have enumerated them in chapter 2.

As to the cutter, we shali use a simple
fly cutter whi¢h we shall make our-
seives. This is very easy to do asitisin
fact just like a parting tool.

In forming the teeth we shall simply
cut rectangular slots round the edge of
the wheel and then form the adden-
dum curves by filing. Again, this is not
difficult nor critical and I shall be
showing you a picture of a wheel in
the process of having the teeth filed in
which you will be able to observe
irregularities and differences quite
clearly. I can assure the constructor
that in a clock of this type and with
such a coarse tooth pitch {deliberately
chosen), this method of producing the
wheels is perfectly satisfactory.

Another point over which some
readers may be concerned, is the fact
that the main wheel has 72 teeth and
there isn’t a Unimat dividing plate giv-
ing that number. In fact we use the 36
hole plate and go round twice, reset-
ting the biank for the second cut. This
may cause raised eyebrows among
those with an engineering training,
but such procedures are perfectly
workable in clock gearing. The same
method will also be used with the 48
toothed wheels using the 24 hole
plate.

At one shop where I worked the 80
hole circle on the dividing piate of the
wheelcutting engine was so badly
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worn that it was impossible to be cer-
tain when the indexing detent was
properly engaged in the hole. When
cutting a wheel with this number we
always used the 40 hole circle and
went round twice. ‘

Alternative methods

The Unimat is so versatile that it is
possible to carry out the work in two
different ways using the standard
accessories. I illustrate both ways in

Fig 41 A method of wheelcutting where the
dividing head is secured to the cross slide
and traversed across the path of the rotating
cutter

Fig 42 A method of wheelcutting where the
dividing head is secured to the lathe bed and
the cufter becomes the moving party




Fig 42a Another view of the arrangement
depicted in fig 42

fig 41 and 42. In fig 41 you can see
that the vertical column of the milling
attachmentis fitted in its seating at the
rear of the lathe bed and the dividing
head together with the wheel blank is
mounted on the cross slide. In this
case the cutter remains stationary and
the wheel blank is traversed through
its path.

In fig 42 the situation is reversed.
Here the dividing head is clamped to
the lathe bed just in front of the head-
stock and the column of the vertical
milling attachment is fitted to the
cross slide.

I have used both methods and each
is perfectly satisfactory. It might be
thought that there would be more
rigidity in the former method, where
the vertical column is secured in jts
vee shaped bed at the rear of the
lathe, as opposed to its position in the
second method where it seats on its
end on top of the cross slide. In prac-
tice there did not appear to be any-
thing to choose in the matter of rigid-
ity between the two methods. How-
ever, the disadvantage of the first sys-
tem is that owing to the direction of

rotation of the cutter, the direction of |

feed must be from behind the blank
cutwards and this means that the
thrust of the cutter instead of being
against the wooden face plate is away
from it and against the screw heads
which hold the blank. This also means
that the woocden face plate must be
thick enough (about 1§ in) to allow
room for the cutter behind the wheel
blank so that it doesn’t foul the chuck
jaws and is still well clear of the blank
itself when the latteris indexed for the

next cut. In my illustration (fig 41)
you can observe a pair of toolmakers’
clamps attached to the lathe bed. This
was to form a temporary stop so that [
didn’t run the cutter back into one of
the chuck jaws.

It is this method which is illustrated
in the sales literature on the Unimat
where a gear is shown being cut. In
this case the gear appears to be some
14 in from the chuck jaws to give the
necessary room for the cutter illus-
trated. An overhang or projection of
this amount is not ideal, but can in this
instance possibly be excused by the
fact that the pitch of the gear being cut
is quite fine.

I am recommending the second of
the two set-ups (fig 42).

The cutter

I am not going to caver the theoretical
side of clock gearing in this book. As1
have already mentioned, this subject
is dealt with in almost every other text
book. Whether wheel teeth are coarse
or fine is designated by the diametral
pitch of the wheel which is the number
of teeth in each inch of diameter. In
this cjock the dp is 25.4 or No 1 mod-
ule. To make the cutter we need to
know the circular pitch of the wheel.
This is the distance between two adja-
cent teeth measured at similar posi-
tions. To find the circular pitch we
simply divide the diametral pitch
into 4. In this case 3.142 divided by
25.4 = 0.123 in. As the wheel teeth
and the spaces between them are
equal in clock gearing we divide this
number by two and we have the figure
0.061 in as the width of a tooth or
tooth space. The matter is illustrated

in fig 43. You can see from this draw-
ing that the process of cutting the
teeth involves the removal of a series
of rectangles from the edge of the
blank just under Yie in wide. The
depth of the rectangte (or the length
of the tooth) is not critical and is usu-
ally made deeper than necessary. The
usual reason given for this is that it
provides room for dust and particles
of dirt.

A plan view of the cutter is shown
on the drawing (fig 43) and a side view
demonstrates the necessity of suffi-
cient clearance under the cutting
edge.

It is made from a length of § in
diameter silver steel and the first step
is to file a flat at the end to a depth of
about *e in, This will represent the
top face of the cutter. With a Junior
hacksaw remove the bulk of the metal
from each side. If a grinding wheel is
not available, the whole of the forma-
tion of the shape can be carried out by
filing. However, it is easier to put the
embryo cutter in a square block as
illustrated in the following pictures.
This is simply a § inch square of mild
steel in my case but light alloy or brass
would do. A 1 in hole is drilled to
accommodate the cutter and a 4BA
clamping screw is provided.

With the cutter secured in this
block it can be presented to the grind-
ing wheel in a positive manner and in
a variety of ways. We can put the cut-
ter on its side for instance and by pre-
senting the top face to the side of the
grinding whee! we can form this flat
and true. By slackening the clamping
screw and rotating the cutter very
slightly first one way and then the

metal removed -061" radius

by filing\

pitch circle
lire

FIG 43 1_'OOTH FORM AND FLY CUTTER

o

X< approx

check that
bottom of
cutter has
clearance
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Fig 44 Bringing the cutter fo red heat before
guenching in water

other we can form the sides with a
slight clearance. With the shape
roughly formed, it can now be har-
dened.

Hardening the cutter

At this stage the embryo cutter is still
attached to the parent stock and may
be gripped in a large pin vice as illus-
trated in fig 44. In this illustration
it is being held close to a fire brick
and brought to red heat with the gas
torci. Atthis temperature it is quickly
quenched in cold water. The cutter
should now be dead hard and a file
should skate off it. It would be too
brittfle to use in this condition so we
temper it by further heat treatment.
To do this it must first be cleaned with
emery cloth or sticks® to brighten the
metal so that we can observe the col-
our changes. When this has been done
the stock is again heated but this time
with the flame turned down low and
the heat applied about an inch from
the tip. The colour changes are care-
fully watched and when pale straw is

reached at the tip it is again quenched.

The cutter can be separated from
the parent stock with the hacksaw
now, by cutting in the area where it
has just been heated as the temper at
that point will have been lowered suf-
ficiently for this to be possible.

The final grinding can now be car-
ried out measuring the width of the

cutting edge with a micrometer.

Lastly the cutter still in its square
block is taken to the honing jig for
honing the cutting edge. As the clear-
ance angle in this case is more than
that for which the jig was made, the
block must be tilted slightly. You can
see in fig 45 that I have placed a
matchstick under the front edge of the

Fig 45 Honing the tip of the cutter in the hon-
ing jig. Note the matchstick under the holding
block to give increased clearance

block for this purpose. The topface of
the cutter is honed with a triangular
ship stone as demonstrated in fig 46,
and the general appearance at this
stage can be seen in fig 47. The dark
area at the top of the end of the cutter
is the area that has been touched with
the stone and is in fact polished to a
mirror finish by the Arkansas slip
stone,

A cutter holder

A cutter holder is illustrated on draw-
ing fig 48 together with a suitable
mandrel for a slitting saw which we
shall require later on,

The holder is made from 4 in diame-
ter mild steel and the cross drilled
hole is perhaps most easily formed in
the Unimat by cutting the stock
slightly overlength and then holding it
crosswise in the 4-jaw chuck for dril-
ling the % in hole from the tailstock.
Two of the chuck jaws will have to be
reversed in order to provide a secure
holding. After the hole has been dril-

led the stock is then held in the 3-jaw

chuck for turning the shank to { in
diameter,

The wooden faceplate

The method by which the wheel blank
is secured to a hardwood faceplate is
standard practice for large wheels as it
enables the outside diameter and the
centre hole to be machined, together
with the cutting of the teeth, all at one
setting.

In this instance the diameter of the
faceplate should be some 23 in to give
maximum support to the blank and
the thickness about 1 in. It is held in
the 3-jaw chuck with the jaws
reversed for holding large diameter
work. The beginner should read the
instructions carefully regarding jaw
changing. These are not inserted in
the same slots from which they came.
The locations are reversed and the
order in which the scroll engages the
threads is important. The matter
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Fig 46 Honing the top face of the cutter with
a triangular siip stone

Fig 47 The cutter ready for use

needs a little practice. In fig 49 you
can see my wooden faceplate being
faced. The centre part of the disc is
very slightly recessed to ensure a firm
support at the maximum diameter.

Fig 50 gives the drawings of the
wheels from which you will see that
the outside diameter of the main
wheel blank is 2.95 in. The first step is
to find the approximate centre of the
blank and you can see this being done
in fig 51. The odd leg calipers have
been set to slightly less than 14 in and
the odd leg is positioned on the edge
of the blank while a short arc is
scribed at the centre. This is done four
times as shown, thus forming a little
square. A fairly deep centre punch
mark is formed in the centre of the
square,

Four screw holes are now drilled ¥/s
in size and these are formed at a
radius of 1 in and roughly equidistant
from each other. In this way they wiil
occupy the part of the wheel which
will be cut away during crossing out.

The blank is now held against the
wooden face plate while the tailstock
centre is brought up to engage the
centre punch mark in the middie.

With the tailstock locked to the
lathe bed, a pointed tool such as a
bradawl is put through the ¥s in holes
to form a start for the wood screws.



FIG 48 CUTTER HOLDER AND MANDREL FOR
SLITTING SAW — IN MILD STEEL
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Fig 49 Carrying out a facing cut on the
wooden faceplate

These can be ¥4 in x No 2 size and it
will be found that a long handled
screw-driver is convenient for insert-
ing them. This operation is depicted in
fig 52.

It may be found that when the
screws are tightened the blank is pul-
led slightly off centre. This doesn’t
matter as there is sufficient metal in
the diameter to allow for this.

Fig 51 Using the odd-leg calipers to find the
approximate centre of the biank

Fig 53 demonstrates the machining
of the outside of the blank.

Turning speeds

In the instruction book with the lathe
a table of turning speeds is given for
various diameters and in different
materials. The beginner might
imagine that he should have a cal-
culator on the bench in order to com-

FIG 50 WHEELS—ALL
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Fig 52 Using the lathe tailstock centre to
locate the wheel blank while the wood
screws are inserted

Fig 53 Machining the outside diameterofthe
blank fo size

pute each turning operation. This is
not so and such instructions may be
regarded as a guide. I found that with
the belts fitted for the slowest speed
and the motor used in the fast running
position (ie 200 r/min}, this pro-
vided a speed that was satisfactory for
nearly all the turning in the construc-
tion of this clock. Certain operations
such as grinding need the maximum
speed and in wheelcutting the fly cut-
ter also requires this.

If when turning this blank for
instance you experience chatter or a
squeaking noise, reduce the depth of
cut and if you are still in trouble,
reduce the motor speed. If this
doesn’t cure it check the play in your
lathe slides and finally if all is in good
order then you probably have too
large a radius on the tip of the general
purpose tool thus presenting too big a
contact area with the work.

Boring the centre hole

As in all boring operations, the hole
must be initiated with a drill pro-
ceeded by the centre drill as shown in
fig 53. Be very careful when starting
the centre drili especially if the centre
punch mark has been pulled off centre
by the wood screws. The tailstock bar-
rel should be retracted as much as



Fig 54 Two types of boring fools

possible to give the minimum exten-
sion. Drilling can follow with ascend-
ing sizes of drills in increments of /a2
in up to %1s in, the maximum capacity
of the tailstock chuck. There should
be no difficulty in the drilling if the
rake angies on the drills have been
negated in the manner previously
explained.

The hole should now be enlarged
with a boring tool. Two of these are
itfustrated in fig 54. The near one is

for truing small holes of about Vs in
diameter and is ground from '
square tool steel. The other tool is a
commercizal boring barin 2 holder and
very suitable for this type of work. It is
shown in action in fig 55. It must be
set to lathe centre height like any
other lathe tool and when used on
brass the top should be horizontal.
This 1s achieved by a combination of
twisting in the holder and packing
underneath.
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Fig 55 Boring the centre hole of the wheel

After what must appear a rather
long protracted procedure we are now
ready to cut a wheel.

The beginner must appreciate that
preparations of this nature are normal
practice in lathe work. However one
soon accumulates a great variety of
special jigs and fittings which can be
used or adapted for other purposes.
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Chapter 5
Wheelcutting

WE are now ready to cut the main
wheel which is a comparatively quick
and simpie operation. As is so often
the case, it is the preparation which
takes the time.

The Unimat should be set up as
shown in fig 42. The first step is to fit
the cutter in its holder and grip the
latter in the drill chuck. One advan-
tage of fly cutters is that it is not vital
to rotate them truly as would be the
case with the multitooth type of cut-
ter. The fine feed attachment must be
fitted, and using this, the cutter is
adjusted to lathe centre height as
depicted in fig 56. The belis should be
set for the fastest speed and we are
ready to go.

Fig 56 Setting the cutter tfo lathe centre
height with the home made height gauge

Constructors may have noticed that
the Unimat division plates are
engraved on the front with angle
markings in increments of five
degrees. As there are therefore 72
markings, why cannot we use these
mstead of the holes in the plate or in
conjunction with them?

I did in fact try this and it is a work-
able proposition, but did not produce

CUrves

such an accurate wheel as the method
of going round twice.

What [ did was to index with the
spring plunger every second tooth and
use the angle marking for the alter-
nate teeth, but it is very difficult to set
this accurately even using an eve
glass. The matter was aggravated by
the fact that on my plate the engraved
markings did not quite match up with
the holes on the other side of the
plate, so I had to make a slight allow-
ance for this on each alternative
tooth.

Rigidity is of vital importance on a
smali lathe especially in the case of
wheelcutting. When setting the posi-
tion of the milling attachment on the
vertical column, position it as low as
possible. Don't place it high up then
use the feed lever to bring the cutter
down to centre height. When the cut-
ter has been set to the correct height,
lock the fine feed position so that it
cannot move under vibration. Par-
tially tighten the carriage locking
screw so that the movement of this
component is stiffer than normal.
When the depth of cut has been estab-
lished, leck the cross slide clamping
screw so that it cannot move.

AsImentionedin Part 4, the length

Fig 57 Measuring the depth of cut

Rikiiey T
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of wheel teeth is not critical and the
cutter here may be fed in to a depth of
/¢ in. Figure 57 shows how the depth
of the cut can be measured, using the
steel rule. The cutter should take this
cut in one pass quite comfortably and
the general sequence of operations is
as follows.

Set the indexing plunger in the hole
in the dividing plate, start the motor,
traverse the cutter through the blank,
stop the motor, traverse the cutter
back again to the front side of the
blank, pull the spring loaded indexing
plunger back and move the blank
round one position, start the motor
and repeat the operation 36 times!
The appearance of the wheel should
be as in fig 58, where you can see the
segments of the uncut wheel are some
14 in in length.

Fig 58 Setting the cutter for the second series

of 36 cuts

With the indexing plunger engaged
in one of the holes in the division
plate, slacken the chuck jaws slightly
and move the wooden faceplate

"tound the equivalent of half a tooth

space. This can be done reasonably
accurately by positioning the face of
the cutter close to the wheel blank and
making a critical observation. Tighten
the chuck jaws, retract the cutter weil
away from the wheel blank, start the




motor and bring up the cutter until
you hear it just making contact with
the wheel. Stop and examine the
“nick’ the cutter has just made. Ifitis
not central between two teeth previ-
ously cut make the correction with the
vertical fine feed adjustment. You will
find that you can do this extremely
accurately, Don’t worry if you have
several attempts at this operation,
remember that the tips of the teeth
will all be filed afterwards and your
“¢rial and error” marks (providing
they are only on the edge of the blank)
will all be eliminated.

When satisfied with the new posi-
tion for the second set of 36 teeth,
lock or tighten all unused slides ete,
and go round for the second time.
This is the position in fig 59 where I
am nearing the end of the work

Fig 59 Nearing completion of the second
series of cuts

Remember to switch the motor off
when bringing the cutter back to the
starting position each time. Do not
traverse it back through the blank
while rotating. Apart fom anything
else the Unimat motor is not continu-
ously rated and likes frequent rests.

Cutting the second and hour
wheels

The procedure is the same as for the
main wheel only we use the 24 hole
division plate and go round twice so
obtaining 48 teeth. .

As the two wheels are identical they
may be cut together. :

They could be attached to a
wooden faceplate in the same manner
as the main wheel, but in this size it is,
I think, more convenient to secure
them with a ¥4 in BSF screw through
the centre of the wooden face plate. In
this case the wooden faceplate, which
should be reduced in size now to
about 1¥4 in diameter, is drilied from
the tailstock with care to 7/5; in size
and finally brought to size with the

Fig 60 Turning the blanks to size for the
second and hour wheels

Fig 61 Showing the appearance after the first
series of 24 cuts

-

boring tool previously shown in Part
4. This will ensure a true hole. Figure
60 illustrates the two blanks being
turned on their outside diameters.
Andinfig 61 you can see that the first
24 cuts have just been completed.

1 do hope that I have been able to
dispel some of the difficulties which
the constructor may have imagined to
exist in cutting clock wheels. I know
that we have not compieted the oper-
ation yet, but the hardest part is done.
There really is nothing very difficult in
it and you will have the enormous

Fig 62 Using the surface gauge fo mark out
the Jocations of the four crossings

satisfaction of having miwde  he
“heart” of the clock mechanism In
fact more than that, because you I ive
made the actual cutter with which o
carry out this work.

Marking out the wheel
crossings

When a wheel is set up for cutting, it is

aconvenient time to mark some of the

guide lines for the wheel crossings.
These wheels have four crossings or

" spokes and in fig 62 I show the surface

gauge positioned on the cross slide. It
has already been set to lathe centre
height with the assistance of our little
gauge. A horizontal line is lightly
marked on each side of the wheel
which can then be rotated 90° using
the indexing arrangement for mark-
ing the other two lines.

I should perhaps mention that all
dimension lines should be marked
very lightly as it is quite surprising
how deep a scriber will go if used
under pressure. When you come to
finish the work it is 1nost annoying to
find that you have perhaps obtained a
nice grained or polished surface which
is marred by scribed lines. These will
involve a lot of hard work with the
cork block and wet and dry paper to
remove.

We have now finished with the
dividing attachment for the moment
and the chuck can be unscrewed and
repositioued on the headstock spindle
for marking the circular lines which
indicate the termination of the ¢ros-
sings. '

Some constructors like to do this
with a keen vee-pointed tool in the

tool post thus forming positive
engraved lines. If you do this you are
committed! It means that you must
work to these lines because the
delineation is so definite it cannot be
ignored. I prefer to use a lightly
scribed line which can be disregarded
in the event of an error in the sawing
or filing at the later siage,

The radii of these knes is shown on
the drawing of the wheels (fig 50). A
satisfactory way to mark them is to
measure the distance using a rule and
make a pencil mark which shouid
show clearly when the wheel is
rotated in the chuck. Then taking the
scriber and resting the hand on the
cross slide, let the scriber point make
contact with the rotating wheel at
such an angle that it trails against the
wheel, It is only necessary to just
touch the wheel for the briefest pertod
in order to produce a circular line.



The crossing template

A crossing template, which I designed
years ago, is a valuable means of
marking wheel crossings in the tradi-
tional design.

It is dimensioned on drawing fig
63 and can be made from almost any
thin stiff material even a postcard for
those who require it only for this one
clock.

In this case take the card and bisect
one corner with with the line AB.
Mark the point C | in distance from
A. With centre C draw a circle 3/; in
radius. Draw the angle BDE of 50
making the line DE tangential to the
circle whose centre is C. Cut away the
shaded portion.

Figure 64 demonstrates the temp-
late in use. It is positioned so that the
portion of the line AB passes through
the centre of the wheel; the remainder
of the positioning will be obvious
from the picture. The template is
turned over to draw the other half of
the crossings.

Fig 64 The crossing tempiate in use

Filing the addendum curves

I hope that in Chapter 4 1 was able to
convince the reader that in this class
of clockwork the addendum curve on
the wheel teeth is not critical espe-
cially when lantern pinions are emp-
loyed. You can see thatin the drawing
I show this curve to be ogival in form,
like a Gothic arch.

In fig 65 1 show an enlarged view of
a wheel in which some of the teeth
kave been filed to shape. I think you
can discern the irregularities in the
addendum curves quite clearly. If not
then you must take my word that they
are there. At a later stage when the
lantern pinions have been made and
we mesh the wheels and pinions in a
testing jig you wiil be able to examine
the action with an eyeglass and
observe what a small part the adden-
dum curve plays in the transmission of
the power,

Figure 66 demonstrates the work of

FIG 63 A TEMPLATE FOR DRAWING WHEEL
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filing in progress. The file in use here
Is a barrette or ridge back file of No 4
cut”. This is one of the few needle fifes
which comes with safe edges on the
two ridged surfaces. It is designed so
that these may be ground to produce a
sharp junction with the cutting face
for getting into tight corners. In this
case 1t is used in its normal state but
the plain smooth ridges prevent the
file cutting where it is not wanted.

=

Needless to say a half round file could
be adapted to give a similar action by
removing the cut on the curved back.

In use, literally only three or four
strokes of the file are required on each
side of the tooth. Concentrate on
keeping the file at right angles to the
face of the wheel.

In Chapter 6 we shall cut the crown
wheel and then all the wheels may be
crossed out.

Fig 65 Showing the appearance of the wheel teeth after filing the addendurn curve by hand

Fig 66 Using a barrette fife for the purpose of

forming the wheel teeth




The crown wheel, Forming the undercut tooth
face, The slitting saw, Crossing out, Filing
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Chapter 6

The crown wheel

IN escape wheels we are really con-
cerned with the leading face of the
tooth, the rear profiie is designed only
to produce a well proportioned tooth
and, a space that will give clearance
for the action of the pallets. It is usual
to remove the metal in the tooth space
with a form tool. However this results
in a rather heavy cut with this type of
tooth shape which is undesirable on a
small lathe. I have chosen an alterna-
tive method of making the wheel in
which a circular slitting saw is used to
form the front undercut face of the
tooth, while the back curved surface
which is not critical is formed with the
use af the piercing saw and filing. In
this manner we use the Unimat in
order to obtain the accurate spacing
of the 20 teeth and for forming the
angled acting faces. We do the unim-
portant part of the work by hand.

Figure 67 shows the drawing of the
wheel. We start witha 7/, inlength of
15/4 in diameter round brass of the
machining type. In Part 1 I specified
the grades of brass to be used in the
construction of this clock. 1t is most
desirable that this advice is followed. I
find that some constructors are temp-
ted to pick up the odd piece of brass
from a loca! scrap vard. It is both dif-
ficult and unpleasant to machine brass
which is intended for riveting. There
is a tendency for drills and small taps
to jam and possibly break, and wheel-
cutting is especially laborious when
using soft brass. There is really no
point in making the work more dif-
ficult than it need be.

In fig 68 you can see how the stock
is held in the 3-jaw chuck with the
jaws reversed for large diameter
work. After taking a facing cut to true
the surface, the centre hole is drilled
from the tailstock. If a reamer is avail-
able this should be used, drilling the
hole to letter I size {or the equivalent

FIG67 THE CROWN WHEEL
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CROWN WHEEL
oo 1A

20 teeth

tooth undercut 10°

metric size)} prior to using the reamer.
The advantages of the reamer are
firstly that the hole wiil be accurately
sized (at least more accurately than
with the drill) and secondly the sur-
face finish will be better than that
obtained with the drill.

After the hole has been formed, the

Fig 68 Starting the recessing of the crown
wheel
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disc is recessed to a depth of 3/ ¢ in. I
have a special toolholder designed to
hold round cutter bits for this work
and you can see this in fig 68. But the
work can be done equally well using a
right hand knife tool which has been
ground with more than the usual side
clearance. This is depicted in fig 69.

Fig 69 The compietion of the first stage in the
making of this wheel




Forming the undercut tooth

face )
As can be seen from the drawing the

teeth are undereut 107, The work is
carricd out on the Unimat by fitting
the vertical milling attachinent in 1§
seating at the rear of the lathe bed and
angling the head to 1¢°. The embryo
wheel, stiil held in the 3-jaw chuck, is
fitted to the dividing attachment with
the 40 hole plate, and meunted on the
cross siide.

The slitting saw

These can be obtained in a variety of
thicknesses and are about lin in
diameter®, They are mounted on a
Lome-made mandrel as illustrated in

fig 48 of Part 4. On several oceasions -

in this serial I stress the advisability of
undercutting shoulders where parts
abut. But in the making of this saw
mandrel you must be careful. When I
miade the mandrel shown here some
vears ago, | found that with the thin
saws I couldn’t saw straight, the cut
kept veering off. The cause was too
much undercut on the shoulder of the
mandrel and the thin saws were flexed
when clamped up tight; the thicker
saws resisted this distortion. It is of
course important that the corner of
the shoulder is absolutely clean and a
smal] undercut may be made at this
point, but the main length of the
shouider should be machined straight.
Figure 70 shows my saw and the
thickness of the blade in this instance
is (.4 mm. The long pointed imple-
ment is the scriber of the surface
gauge which is set at the centre height
of the dividing head. Be careful here,
this is notJathe centre height, asin this
case the dividing head is mounted on
the cross slide.

The feed is not applied with the car-
riage feed screw, but with the cross
slide feed handle, traversing the
wheel through the path of the saw
biade so that the latter cuts its way
through the rim of the wheel from the
inside to the outside. Figure 71 shows
the work in progress and vou see the
saw here after the completion of a cut.
Don’t forget you index every second
hole! The speed of the saw can be
about 200 r/min. The depth of the cut
is 3/, in. In the illustrations that fol-

low, the depth of the teeth are 14 in-

but this is unnecessarily deep, 3/ ¢ in
is more than adequate. Remember,
you eannot alter the depth very easily
once you have started because of the
angle of the saw blade. The carriage
raust be locked during the work. You
will find that the saw goes through the
rim of the wheel very easily.

Fig 70 Centring the slitting saw for forming
the crown wheef teeth

Fig 72 Facing the back of the whesel to size

Fig 74 Marking the crown wheel for the cros-
sing tempiate

The next step is to set the Unimat
for turning, and hold the wheel as
demonstrated in fig 72. Do not over-
tighien the jaws in this set-up. The
back of the wheel is now reduced in
thickness by a series of facing cuts
until this realises '/, in.

It will be desirable to clean up the
peripheral surface of the wheel even if
you do not actually machine it. In
order to obtain complete access to the
area, the wheel must be pulled away
from the chuck jaws for a short dis-
tance,say '/ in. The problem then is
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Fig 71 Forming the 20 angled saw culs in the
Unimat

Fig 73 Using a “truing fool” fo set the wheel
true {see text)

Fig 75 The crossing template in use. The lay-
out blug gives prominence to the lines

to make it run truly. Figure 73 illus-
trates a round ended or chamfered
steel rod in the ol post. The wheel is
heid loosely in the chuck (tight
enough of course so that it doesn™t
come out)and the rod is brought up to
the edge of the work while it rotates
and this will make it run true, Tighten
the chuck jaws in moderation again
and you can either machine the edge
of the wheel or clean it up with emery
sticks, 0 grade followed by 00 and
000. Although emery sticks are
graded by numbers, this means very



little as 1t depends how much they
have been used. The (0 and 000 are
best when they have been well worn,

The crossings are marked out as
demonstrated in fig 74 and with the
template in fig 75 {see previous page).

I mentioned before that the curve
to the back of the teeth is not critical,
it is simply a clearance curve. In fig 76
you can see how 1 used a two pence
coin as a template in order to draw
these. Make sure you draw them in
the correct direction.

The waste metal 1s removed with
the piercing saw and a 2/0 blade will
be found about right. Note how the
wheel is held in the vice using a short
tength of a wine bottle cork in order
not to damage the points of the teeth.
Figure 77 depicts this, and the saw
must be used at a slight angle in order
not to touch the lower half of the
wheel.

Filing of the tooth backs is done
either with a small crossing file or haif
round needle file. The tips of the teeth
are not brought to a sharp point but a
shight witness of the original suriace
should just be visible. Figure 78 shows
how I held my wheel on the sawing
board. It is secured with a screw
through the board and wheel centre.
You can slacken off the screw and
rotate the wheel as the work pro-

ceeds. In order to form a sharp clean
root to the tooth vou will require a

half round necedle file with the flat
face made safe. This latter surface can
be run along the undercut front face
of the tooth without risk of cutting it
and this wili enable you o form a
clean root.

Crossing cut

Crossing out, along with wheelcutting
1s another part of clockmaking over
which many people have difficulty. It
is largely a matter of practice. An
experienced operator will cut out and
file up a wheel in less than 15 minutes,
but the beginner may take two hours.
Donr’tlet this worry you, it is largely a
matter of confidence in the use of the
piercing saw and being able to saw
close to the line leaving the minimum
of metal to remove by filing.

Figures 79 and 80 show the piercing
saw in use on the main and second
wheels respectively. The thicker of
the two suggested blades is used on
the main wheel. The segments which
have been removed in the process are
also shown. A brush should be used
for brushing away the swarf which
obliterates the line if allowed to build
up. The thinner wheel is perhaps the

Fig 76 Using a 2p piece as a template for
marking out the curved backs to the teeth

Fig 77 Method of holding for cutting out the
waste mefal with the piercing saw

Fig 78 Crossing ouf the main wheel with the
plercing saw

easiest to start on. If you find that
there is a distinct tendency for the cut
1o veer off to one side, examine the
blade carefully and check that the axis
of the teeth is in the same plain as that
of the clamping sections at the end.
This is sometimes a fault in manufac-
ture.

Filing the crossings

Figure &1 illustrates a selection of
crossing files #, They are all equipped
with a different radius of curve on
each side. Ideally, one requires the
four sizes shown here and in two dif-
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Fig 80 One of the 48 toothed wheels being

crossed out

ferent cuts, say, No 2 and No 4. Read-
ing from the left, the sizes are 6 in, 4
in, 3 in. and needle. In the size of
wheels we are making here the & in
file is essential. The ordinary half
round engineering file has too small a
radius to the curve for use in crossing
out. :

I find that it is best to place the
wheel flat on the sawing board over
the vee notch and use the file verti-
cally in the manner demonstrated in
fig 82, only of course the wheel would
be held with the other hand. In this
way the peripheral curve and that of



Fig 81 A sefection of crossing files

Fig 82 Using the crossing file in a vertical
manner

the inside of the crossings can be filed
to the line and that will Jeave the
straight tapered parts of the arms. It
will probably be found convenient to
file these with the flat face of a half
round needle file and with the wheel
on edge in a small vice as shown in fig
83. (Note the use of a cork to prevent
damage to the wheel teeth).

Neither of these files will produce a
sharp corner at the junction of the
arms with the rim. To do this a file
with a safe edge is required, and my
favourite for this work is a half round
needle file with the flat surface made
safe. It is shown in use in fig 83. In this
particular illustration it will be moved
forward with side pressure towards
the rim and at the end of the stroke it
is lifted upwards still in contact with
the rim. It is difficult to describe the
action verbally but 1 think you will
appreciate the method with a little
experimentation.

Finally, | show three wheels in fig
84. to illustrate the result of crossing
out and the clean sharp corners. The
centre whee! is not finished. The
peripheral curves and the inside radii
of the crossings have been treated
with the crossing file but the arms
have yet to be done.

Burnishing the crossings

There comes a time during filing the
crossings when it is best to clean the
layout blue from the surface of the
wheels, obliterate all the marking
lines and finish the work by eye. Itis
aimost certain that you will find for
instance that you may have a good
corner on the front face of the wheel
but the opposite side is not so good.

Figure 85 illustrates the basic mat-
erials 1 use for cleaning and polishing
flat surfaces. In this picture you can
see a 2in x 2in balsa block, cork
blocks and various grades of emery
papers which can be wrapped around
these. The advantage of using soft
materials in this rofe is that they yield

Fig 84 The two outer wheels are finishad but the arms of the centre wheei have ye! to be fited

ig 83 Formih'g'; a sharp corner with a safée
edged half round needle file

sufficiently to account for the small
inaccuracies in flatness which are usu-
ally present with flat brass plate.

Initiafly, the surface blemishes,
scriber marks, etc, can be erased using
wet and dry paper of 220 grit used
wet. This will leave a grained appear-
ance. The wheels should be critically
examined and minor corrections in
the corners or to the shape of the
curves will almost certainly be
required. When satisfied that the
shape “looks right” all the internal
surfaces of the crossings should be
drawfiled using a No 4 cut file. Start
the file right in the corners and pull it
out. The action of drawfiling will give
a grain which is lengthwise instead of
across the wheel as before.

We are now ready to burnish the
crossings. Oval burnishers are avail-
able!? espectally for this work but a
steel knitting needle works quite well,
although the area of surface contact is
a little small. A steel sewing needle
cemented into a piece of dowelling is
useful for getting into the corners. 1n
practice the wheel is held in the vice
and the burnishers are applied as in
drawfiling with fairly heavy pressure.
This should bring up the edges of the
crossings to a mirror polish. Tt is much
easier to burnish brass than steel.

The effect of burnishing wiil upset
the metal forming a burr on the faces
of the wheel. This is removed with
grade 0 emery paper and the cork
block. Once the crossings have been




Fig 85 Materials for polishing fiat brass surfaces

burnished satisfactorily the polishing
of the wheels can continue with grade
00 emery paper and finally crocus
paper *'. It is important to critically
examine the surface after the use of
each grade of paper as the more

polished the wheel becomes the more
the surface scratches will show up.
One area which is difficult to pelish
is the inside face of the crown wheel.
Figure 86 demonsirates a procedure
which is helpful in this situation. Here

Fig 86 Set-up in the Unimat for polishing t.":s‘
inner face of a crown wheel
a section of cork is cemnented to a suit-
able steel or brass holder and on the
under face, emery paper is cemented
in position. You can observe that the
chuck board is placed on the lathe
cross sfide and the Unimat is set up as
a drilling machine. The wheel is held
firmly in the fingers and the lap
brought down gently in contact with
the wheel. The latter is moved in a
circular motion until the turning
marks are removed. The process is
repeated with finer abrasive papers.
It will be apparent that the polish-
ing of the wheels in the way described
could not be carried out when they are
colleted, so this is, in effect, the last
opportunity to do this work.
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Chapter 7

The hub

THE hub is machined from a 34 in
lengih of 1 in diameter brass. Itis beld
in the 3-jaw chuck using the jaws set
for small diameter work. The */,¢ in
step is turned to 7/ ¢ in diameter. and
the work reversed in the chuck hold-
ing it by the part just machined. The
second side of the hub can now be
turned to conform with the dimen-
sions on drawing {fig 87), The puliey
fianges will fit against the 1 in diam-
eter part of the hub and it is important
that thers is a slight undercut on these
faces. The centre hole is drilled from
the tailstock in preparation for ream-
ing */ ;¢ in . The finishing driil should
be either 7.9 or 7.8 mum. If the fetter N
drill is used this will leave too much
metal for the reamer to remove. Fig-
ure 88 demonstrates the use of the
reamer in the lathe. A slow speed is
used and the lathe carrier provides a
hand hold although a tap wrench
would do equally well. The tailstock
centre is focated in the centre hele at
the back end of the reamer and the
two are held to make close contact
with the left hand while the right hand
advances the tailstock barrel with the
feed screw.

Puliey flanges

These are formed from ¥/, in blanks
1% in diameter. The jaws of the 3-jaw
chuck must be reversed so that each
blank can be held in turn for drifling a
centre hole ¥ in diameter.

We now use the same wooden face-
plate previously used for supporting
the 48 toothed wheels in wheelcut-
ting. The flanges are secured through
their centre holes with a ¥ in BSF
screw and nut. In this way the edges
are free for machining the chamfer,
Figure 89 shows the arrangement.

At this stage, my taper turning

FIG 87 DRIVE PULLEY COMPONENTS IN BRASS
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attachment had not arrived and so 1
had to make do with other methods.-
In fact I presented the flank of the
general purpose brass tool to the edge
of the disc. Of course as soon as the
length of the cut exceeded about
'/, in, chatter developed and I had to
re-angle the tool slightly. I did this
three or four times untif I had pro-
duced some sort of chamfer then I
finished the wark with the aid of a file.

Towards the end of this series, I

Fig 88 Using a ¥/ ;4 in reamer inr the Unimat

iHustrate the use of the taper turning
attachment in the machining of the
wooden pulleys where the situation is
similar.

The flanges are now held by the
edge in the 3-jaw chuck for boring the
centre hole to 7/, in diameter,

In fig 90 you can see a matting rol-
ler being used to roughen the drive
surfaces of the flanges as T thought
this might be necessary to provide a
grip for the line. Infact 1 am quite sure

Fig 89 Method of holding the flanges for
machining the chamfered edge




Fig 50 A matting rofler can be used to roughen
the drive surfaces of the pulley flanges; but this
proved unnecessary

this procedure is not necessary as suf-
fictent grip is provided by the wedging
action.

Ratchet wheel

This is the last itern which together
with the two flanges and the hub make
up the puliey assembiy. The 2!/¢ in
diameter blank is provided with a
14 in diameter centre hole so that it
can be mounted on the wooden face
plate as in fig 89. Coat the surface
with layout blue and it is easy to do
this with the work rotating. A good
applicator is a woolly pipecieaner;
just dip it in the liquid and touch the
rotating disc. With a hand held
scriber, mark a circle */,, in in from
the edge. Remove the disc from the
wooden facepiate and bore out the
centre hole to 7f/,¢ in in the same
manner as the flanges.

The teeth are cut by hand; they are
in no way critical. Set a pair of dividers
to 0.78 in and step round the edge,
this wili give you eight positions. With
a rule, scribe a line from each of these
positions tangential with the edge of
the 7/,¢ in centre hole. This will give

Fig 891 How a pulftey flange may be used as a
template to marx out the back curve on the
ratchet teeth

you the faces of the 10° undercut
teeth. The backs of the teeth are
formed by placing one of the flanges
on the ratchet wheel in the manner
shown in fig 91 and using its edge asa
remplate to draw the curvature.

The piercing saw is used to remove
the bulk of the metal in the tooth
space and then needle files are used to
complete the work, Again, in order to
obtain a sharp root to each tooth, a
three sguare (triangular) needle file
with a safe edge will be needed.

The assembly is held together
either by three rivets or three 8 BA
screws. I used the latter in case I had
to alter the design. If screws are used,
they pass through clearance holes in
the flanges and hub, and are secured
in tapped holes provided in the
ratchet wheel,

In order to simulate rivet heads, [
have used rfound head screws
through-out the construction.

Although it is not vital that the
three holes should be eguidistant in
this part of the work, itis easy to make
them so on the Unimat and I suggest
the following procedure.

Set the Unimat vp as a drilling
machine and put the dividing head on
the cross slide facing upwards, fit the
3-jaw chuck on it with the 24 hole
plate and hold one of the flanges as
demonstrated in fig 92. Hold a small
centre punch in the drilf chuck and
adjust the cross slide so that the centre
punich contacts the flange at 3/ in
radius. You can sce how the meas-
urement is achieved in this iflustra-
tion. Lighrly mark the flange using the
feed lever of the drilling attachment,
move the chuck round eight divisions
on the 24 hole plate and repeat the
operation twice. Now remove the
flange from theé lathe, enlarge the
centre punch marks and assemble the
pulley components holding them
Fig 92 Setting the radius for three equidistant

holes required in the components forming the
pufley assembly
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Fig 83 Drilling in the Unimat

together with the toolmakers clamps,
as shown in fig 93, which also illus-
trates the drilling of the first hole. For
B BA size, drill right through with the
No 50 driil. Separate the components
and eniarge the holes in the flanges
and hub to No 43 size. Tap the hole in
the ratchet 8BA and re-assemble the
components with one 8BA screw. The
other two hole positions may now be
drilled with the No 350 dril} right
through all four components and after
dismantling again, the clearance holes
are formed with the No 43 dril] as
before, and the two holes in the
ratchet tapped 8§ BA.

Whenever mating parts are secured
with screws the holes should be lightly
chamfered, especially the tapped
holes as in this process a burr will be
thrown up by the tap. Two types of
chamfering tools are depicted in fig
94.

Fig 84 Two types of chamfering tools used

primarity in horological work for forming oif
sinks .
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Fig 95 Machining the refief in the centre of the ratchet

If the shoulders of the pulley
flanges were undercut and the holes
all chamfered, the four components
should fit snugly together. Stecl
screws are always used in clockmak-
ing and these can now be tightened up
for the final machining operatien
which is illustrated in fig 95 where the
assembly is held by the pulley flanges
for forming a shallow recess in the
face of the raichet in order to provide
arelief at the centre. The depth of this
recess need only be 0.005 in. The
machining will at the same time face
off the ends of the screws.

Main wheel collet

The main wheel collet is shown on
drawing fig 96, and is turned from
5/, in diameter brass rod. Cut off a
length of about 3/ in, grip it in the
3-jaw chuck and turn the 7/,¢ in
diameter for a distance of at least 14
in. The coliet which is a permanent
fixture in the wheel can either be sec-
ured with Loctite or made a press fit
assisted by iight riveting if required.
In the latter case it will help in the
fitting if a slight taper is formed with a
fine file on the wheel seating of the
coliet. The centre hole is now drilled
and reamed 3/, in and the work
reversed in the chuck for facing the
back of the collet and forming the
curved shoulder with the graver.
The graver for this kind of work
requires to be */ ¢ in square and the
end is ground obliquely. Like the
brass turning tool, it is not enough just
to grind the shape, it must be honed
on the oblique face and the two side
faces. The finish on the work will
depend on the polish that is present
on the cutting faces of the graver.

The hand turning rest I used is sim-
ply a short length of */,¢ in square
mild steel held in the tool post, the
upper corners are rounded off with a
file and it is positioned close to the
work. The height of the rest is net so
important as might be thought as it is
the angle at which the upper surface
of the graver makes with the work
which matters. This should be a zerdo
or negative rake angle. I think you will

“see what [ mean in figures 96(a) and

(b). It does not matter which edge of
the graver is presented to the work.
Don’t be frightened of the graver; in
use 1t can be “‘clamped” to the rest
with the finger and thumb of one hand
and the handle manipulated with the
other. To form the curve it is swung
round on the rest in a sort of pivoting
action and you will be amazed how
easy it i3 to do and how satisfying as
well.

Fig 96a Using the side of the graver for turn-
ing a convex shape

Fig 96b Using the oblique face of the graver
for the same operation

You wil notice that the two impor-
tant machining operations are carried
out at the same setting, ie the machin-
ing of the step on which the wheel will
be mounted and the bering of the
centre hole.

Figure 97 demonstrates the
arrangement for pressing the collet in
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the wheel centre. A steel block with a
suitable hole is gripped in the vice and
a piece of card is used to prevent
marking the surface of the wheel. A
wooden dolly is used to prevent dam-
age to the collet from the hammer.
The success of this sort of operation
lies in the ability of the machinist to
turn the seating of the collet about
half a thou’ Jarger than the size of the
hole. If it turns out to be too loose, the
fit must be tightened by riveting. For
the beginner Loctite is perhaps the
easiest method, but again, the fit must
be close as the setting of this liquid
depends on the total exclusion of air.

Finally, the wheel is held by the
collet in the 3-jaw chuck as shown in
fig 98 for turning away the surplus
part flush with the wheel. Stiff paper
should be wrapped round the body of
the colet to prevent damage from the
chuck jaws.

The collet for the crown wheel is
machined in a similar manner, It is
particularly impertant in the case of
this wheel that the collet shoulder is

Fig 98 Facing off the surplus collet material

Fig 97 Set-up for pressing or driving the coliet into the main wheel

undercut so that a good seating is
made. If the wheel is not truly
mounted and has a wobble when
rotated, it will be impossible to obtain
a good action in the escapement.

Lantern pinions

The lantern pinions are also shown on
drawing fig 96. The Unimat lathe is
tdeal for the making of these compo-
nents. The construction of the two
pinions is similar, although the lower
one in the clock is a combined pinion
and mounting collet for the second
wheel.

The work is started as a turning
operation with the 14 in round brass
held in the 3-jaw chuck for forming
the bobbin shape. This is carried out
with the parting tool illustrated in Part
2. A succession of plunge cuts is made
and itis important to ensure that there
is a good finish to the inside flanks of
the bobbin. Any turning ridges may
deflect the dril} in the next stage of the
operation. At the same setting the
centre hole is drilled No 31.

At this stage the chuck is removed
from the nose of the headstock man-
drel and transferred to the dividing
attachment with the 24 hole plate, the
whole assembly being secured to the
cross slide. The Unimat is arranged as
a drilling machine and the set-up is
shown in fig 99. The embryo pinion
must be accurately positioned under
the drill chuck and you can see in this
illustration I am using a centre for this
purpose, The one shown here was
made from ¥4 in silver steel machined
to a 60° point after being accurately
centred in the 4-jaw chuck orheld in a
collet chuck. The carriage and cross
slide feed screws are adjusted until
the centre is properly located.
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Fig 99 Method of centrin
under the driff chuck

The pins or trundles

I am specifying /4, in silver stéel or
blued pivot steel (12) No 56 gauge for
these, There is a choice of drills for
forming the holes in the bobbins. No
57,1.1 mm, 1.15 mm or 56. The hole
wants to be just too small. The best
thing to do is to experiment on a piece
of scrap brass. There is often a varia-
tion in the actual diameter of blued
pivot steel,

When the size of drill is decided
upon, it is held in the drill chuck with
not more than ¥/, in projecting. The
lathe cross slide must now be either
advanced or retracted half the pitch
diameter of the pinion which is
0.314 in, so we have to move the s[ide

0.157 in.
As the calibrations on the feed

screw are metric it is convenient to
convert'this figure to 3.99 mm. A dril]
of this size needs to be run fairly fast. I

Fig 100 The situation after drifling the eight

g the embrya pinion

-holes in the first fiange of the pinion bobbin




Fig 1071 Drifting the second sefof holes in the
bottom flange after extending the drill from
the chuck

used the 1500 speed range. The dril-
ling is taken through the top flange
only of course and the dividing head
moved three divisions each time.

This stage is iflustrated in fig 100
and the drill is now pulied out from
the chuck a little further about 4% in
this time, depending on which bobbin
is being drilled. The operation is
repeated taking the drilf into the sec-
ond flange for a distance of zbout
/15 in and this operation is depicted
in fig 101.

This will be the last opportunity to
polish the inside surfaces of the bob-
bin, as once the pins are fitted, they
are virtually inaccessible. A fine fiie
will remove burrs produced by the
drilling and in the large pinion there is
room to use an emery stick with the
work rotating in the lathe.

To assist in the fitting of the pins a
broach may be used to slightly ease
the holes in the outer flange. Figure
102 shows this. Broaches are best
purchased in assorted sizes. Hope-
fuliy, you will find one that is the right
size at its tip as shown here, I not then
break one. They should be regarded
as cxpendable items.

If the blued pivot steel is being
used, the first step is to'remove the
bluing with grade 0 emery paper. This
hardened and tempered steel cannot
be cut with the hacksaw or cutting
pliers; it is severed by offering it up to
the corner of the grinding wheel. It
should be formed into ¥4 in lengths by
ihis method. Each length is then held
in a pin vice and onc end is again
offered up to the wheel to nicely
reund the end. Dip the end of the pin
in Loctite 601 and with a flat ended
punch drive the pin through the first
fiznge and into the second flange until
it bottoms in the bole. You can tell
immediately by the fzel and sound
when this occurs. Each pin is treated

Fig 102 Using a broach to ease the holes in
the first ffange

similarly and the result should appear
as in fig 103. Wash all the Loctite off
in paraffin and offer the embryo pin-
ion up to the periphery of the grinding
wheel as demonstrated in fig 104 to
remove the bulk of the surplus pins.
Finally, hold the work in the 3-jaw
chuck and with a well oiled carborun-
dum slip stone, stone away the end of
the pins until they are flush with the
brass of the hohbin. This is illustrated
in fig 105.

At this same chucking, the stock
can be reduced to 7/, in diameter in
the case of the crown wheel pinion
and then parted off: fig 106 shows
this.

The second wheel pinion can also
be parted off leaving a sufficient
length for the wheel seating. This pin-
ion is now located by its bore and
supported with the tai stock centre Fig 103 Appearance of pinion after fitting
for turning the wheel seating to 14 in e pins

Fig 104 Cfeaning up the surplus ends on the grinding wheel




diameter. You can see the set-upinfig
107. A shortlength of Y/ in brass rod
is held in the chuck and a slight taper
machined or filed. The wheel seating
is made longer than required in order
to be able to use a micrometer for
measuring the diameter. I coated the
shouider with layout blue before
machining and you can see quite
clearly here how the angle of the tool
gives the requisite undercut required
for a good mating contact with the
face of the wheel,

Methods of filting in clock-

making

In horofogical engineering, it fre-
quently occurs that parts have to be
fitted together as a tight and possibly
permanent fit. I am thinking of such
components as plate pillars, dial pil-
tars and collets in wheels, ete. In anti-
que clockwork, this was always car-
ried out by riveting and the necessary
close fit required prior to making the
rivet was carried out by drilling the
hole slightty smaller than the spigot it
was about to accommodate. The hole
was then enlarged with the tapered
cutting broach until the mating com-
ponent would enter about two thirds
of the way, when it was then pressed
or driven in and the metal expanded
in the hole by hammering. In modern
timies we make use of screw threading
equipment for many of these applica-
tions. Pillars in clock plates are usu-
ally screwed in or held in place by
screws, and this is more convenient
especially when it comes to cleaning
and repairing the clock.

Wheels arc not screwed on to col-
lets because of the narrowness of the
wheel and the conssquent ultra fine
thread which would be needed. But in
good quality work wheels are secured
to their collets with three 10 or 12 BA
screws. In cheaper work the wheel is
fitted to the collet by riveting, and the
method outlihed above in which the
broach is used to give the closeness of
fit prior to riveting is excellent.

Those with engineering training
may find the use of the broach dif-
ficult to accept and regard it as an
outmoded tool superseded by the
tapered reamer. This is not so; the
broach is designed for use on brass,
and the negative rake on the cutting
edges makes it most sensitive in use
and capable of removing small con-
trolled amounts of brass from a hole.
Furthermore it is capable of greater
accuracy in enlarging a hole than a
twist driil.

In the case of the main wheel and its

Fig 705 Using a carborundum siip stone to
stone the end of the pinion head

Fig 106 Parting off the pinion

Fig 107 Locating the second whee! pinion by its bore and supported by the tailstock centre for

turning the wheel seating to size

Fig 108 Cleaning up the rivet of the crown
whee! collet

collet in this clock, there is a sufficient
area of surface contact to use Loctite
if this is preferred, but in the second
and crown wheels, the riveting proce-
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Fig 109 Reaming the centre hole of the pinion
in preparation for fitting to the arbor

dure should be used and whether it is
done with the use of the broach as
outlined above or whether the hole is
sized with the reamer and the collet

.



turned to size is up to the preference
of the constructor.

After the rivet has been made by
light hammering, the face of the rivet
can be tidied up as illustrated in fig
108.

Note the extension of the tool here
in order to clear the teeth of the crown
wheel. Under normal circumstances
this would be bad practice, as at all
times in lathework the extension of
the tool in the tool post and the work
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in the chuck should be at a minimum.

In the last itlustration in this chap-
ter you can see the centre hole in a
pinion being reamed in preparation
for fitting to the arbor (fig 109).




The click, Click spring, The arbors, Main
arbor, Cutting oil, Measuring the arbor,

Chapter 8

The click
THE click is the horological term

for what engineers would call a pawl. .

It is dimensioned together with the
click spring on drawing fig 110, and
can be marked ocutonalengthof */;in
x /¢ in mild steel strip.

Before cutting it out, it is conve-
nient to position it as demonstrated in
fiz 111 where you can see I have
assembled the main wheel and pulley
on a temporary °/,¢ in arbor and
sandwiched the click between the
two. Its position is adjusted to ensure
that there is clearance on its underside
for the ratchet teeth to pass and to
ensure that it is not too near the edge
of the wheel where it might be fouled
by the shrouds of the lantern bobbin.
At the same time the engaging angle
of the end of the click is checked with
the ratchet teeth.

When the most suitable position is
found, the click is clamped to the
great wheel and a No 50 hole is drilled
right through both components. The
click hole is then opened out to No 43
size and the countersink formed. The
chamfering tools illustrated in the
previous chapters are not satisfactory
in this instance and a 90° tool should
be used which will produce a counter-
sink to match that of the screw head.

Figure 112 shows how the compo-
nent is left attached to the parent
stock until the last possible moment.
It is much easier to carry out the filing
and shaping while there is some sort
of “handle”. In this picture the piece
is shown clamped to the sawing board
for the final parting off with a piercing
saw.

The click is pivoted on a counter-
sunk 8 BA screw. It must of course be
free to move and the pivot screw in
this case is locked at the back of the
wheel with an 8 BA nut to prevent it
turning. The conventional § BA nut
will be too thick in this role and it
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should be run on to a piece of
threaded rod prior to reducing its
thickness in the lathe to about !/, in.

Finally, the click is brought to a nice
polish by rubbing it on diminishing
grades of emery paper.

Click spring
The click spring can be cut from !/, 4 in
brass strip of the extruded type BS
2874. 1f soft brass is used it will be
necessary to harden it by hammering,
but with the type specified this is not
necessary.

These components are made
straight and then curved. After mark-

Fig 111 Checking the shape and positioning of
the click

ing out the shape, the waste metal is
removed with the piercing saw and
the component can be held in an
instrument vice as demonstrated in fig
113 for filing the jong tapered por-
tion. Figure 114 shows the spring
after filing to shape and with the 10
BA No 50 clearance hole drilled.
The curve is started at the spoon
end, as shown in fig 115, using the fin-
gers; the remainder of the curve can
be accomplished by the use of a suit-
able diameter former and the tip is
most easily dealt with in the manner
Hlustrated in fig 116. Round nose
pliers may be helpful but the fingers in

Fig 112 Separating the click from the parent
stock




Fig 113 Halding the clickspring for filing long
tapared portion

g 114 Spring ready for bending

Fig 115 Sterting the band near the spoon

Fig 7116 Completing the band at tha iip

conjunction with suitable formers will
give the best results.

The click spring is tried in position
on the wheel with the click and it is
impeortant that the tip of the spring
contacts the click as close to the pivot
point as possible where the movement
s icast, Again care must be taken to
see that there is clearance for the
siirouds of the lantern bobbin. Figure
117 shows the method of clamping
the spring to the wheel and the hole
position can be marked through the
spoon of the click on the wheel. After
iriling and tapping the 10 BA hole in
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Fig 117 Clamping the click to the whee! for

checking position of the spaon

Fig 118 Driliing the No 60 for the steady pin

the wheel No 55 size, the spring is
fitted withits 10 BA screw as shown in
fig 118 for driling the No 60 steady
pin hole right through the tail of the
spoon and the wheel.

The broach is now used through
both parts tegether to form a taper
(tig 119) and the holes on the mating
sides are chamfered, This is shown in
fig 120.

A stee] clock pint3 is used for the
steady pin. [tistapped in tightly, using
a vice stake as demonsirated in fig
121%, It will be appreciated that if the
chamfering had not been carried out
the metal round the pin hole would
have bulged, preveming close fitting
of the two parts. )

The surplus pin on the top side is
cut off and filed flush, the underside is
cut to length, filed square and cham-
fered. There is no difficuity in round-
ing pins where they can be rotated in
the Jathe, but in this instance you will
require a litile hand tool to do this.
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Fig 119 Broaching the steady pin holes

Fig 120 Chamfers on steady pin holes and taol
with which they were made

Fig 121 (left} Steady pin about to be ham-
mared in on a vice stake

It is made from a
short length of !/; in silver stee] with
two 60° notches filed at 90°, This can
be done with a three square needle
file. The tool is hardened and tem-
pered to dark straw and fitted into a
suitable handle. It is extremely useful
for rounding the ends of steady pins
and those in suspended lantera



Fig 123 Propery fitted and finished steady pin

pinions as I shall show later on. Figure
123 shows the completed steady pin.

The receiving hele in the wheel will
almost certainly need a small amount
of broaching so that the steady pin
enters for the full length but of course
without undue play. Excessive free-
dom here will be magnified at the
operating end of the click spring,.

Figure 124 shows a group of
wheelwork at this stage,

The arbors

The arbors are shown on drawing fig
125, In clockmaking, the large arbors
are usually machined from silver steel
as this material, being harder than
mild stecl, is more able to resist the
heavy pressures on the pivots. Also
the winding square stands up to the
wear fron: winding better in this mat-
erial

In this clock, however, the weight s
very light and there 1s no winding
square and mild steelis perfectly satis-
fuctory in this role. I have also used
mild steel for the other arbors. There
is of course nothing to prevent the
reader using stiver steel throughout if
he chooses.

You can see from diawing fig 123
that there are three arbors and ihe top
cne which carries the crown wheel is
shorier than the others beczuse its
front pivot runs in an extended bear-
ing. This is specially designed and cut
away in the centre to enable the verge
te take up its position on the centre
line of the clock.

Main arbor

We can start with the main arbor,
which you can see has a threaded end
on which the hour wheel pinion is
screwed, This pinion has to be
detachable as it is outside the front
plate, and screwing it onis an effective
method, The direction of rotation is
such as to tighten the fixing rather
than the reverse. Although this thread
could be made part of the arbor, itis 1
think easier to form it by tapping a
holein the end of the arbor and screw-
ing in a short length of 6 BA studding
secured permanently with Loctite.
The difficulty in the former method is
in producing a thread which runs right
up to a shoulder. The matter is one of
preference and both methods prop-
erly carried out are acceptable.

Fig 124 A group of wheelwork at this stage
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The general procedure is to chuck
the */,4 in steel truly in the tathe. A
collet chuck can be used if availabte or
the stock can be set up in the 4-jaw
chuck and made to run true using the
dial indicator in combinaticn with
individual adjustments of the chuck
jaws. In my case the 3-jaw chuck was
so accurate that I was able to use it for
this purpose, The reader must bear in
mind that the lathe and equipment
which I was loaned was all new,

For those readers whose 3-jaw
chuck does not hold true then the
alternative is {o start with a piece of
oversize steel, say 3/g in diameter,
machine centres, male or female, at
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each end and then turn the arbor be-
tween centres reducing the main body
to /15 in and the pivots to 3/, in.

Cutting oil

I haven't mentioned cutting oil yet.
Whereas brass is machined dry, a bet-
ter finish results on steel if a cutting il
is used. Where heavy cuts are being
taken it is usual fo arrange for a con-
tinucus supply of il to be directed on
to the cutting tool, but in the sort of
turning we do, it is quite satisfactory
to keep the cutting fluid in a jar beside
the lathe and apply it with a small
brush. Cutiing oils are available from
suppliers of engineering tools.



The pivot is turned with the right
hand knife tool to ¥/, in diameter and
the chamfer formed so that the
appearance is as shown in fig 126. A
turned finish is not good enough in
clockwork and it is usual practice to
finish the pivot surface with the pivot
fife and finally the burnisher'?. In fig
127 the same pivot is shown after
treatment with the pivot file and in fig
128 after burnishing. It is possible
these stages will not reproduce very
well. However, the difference be-

tween fig 126 and 128 should be quite
noticeable.

Fig 126 A turned pivot

Fig 127 The same pivot aftertreafment with the
pivot file

The combined pivot file and bur-
nisher shown in fig 129 is 34 in wide,
Its use as a file is straightforward and
those readers who doubt their ability
to file the pivot parallel can make the
little roller rest which I describe later
in this series.

With all the turning marks
removed, the opposite end of the tool
is used to burnish the surface and
before doing this it will be necessary

Fig 128 The pivot after burnishing

Fig 129 Combined pivot file and burnisher

to “make” the burnisher as clock-
makers say. In fig 130 you can see this
being done. The burnisher is being
pushed afong the surface of a fairly
coarse pgrade of emery cloth. Two
hands are used of course, but my
other hand was operating the camera
shutter release. Ideally, the piece of

Fig 130 Making the burnisher

Fig 131 Eniarged portion of burnisher showing
cross grain imparted by the emery cloth

wood backing supporting the emery
cloth should be curved slightly in its
length to assist in keeping the surface
of the burnisher flat and not convex.
The appearance of the surface is
shown in fig 131 and the cross grain
imparted is, 1 hope, clearly visible,
Some operators use both the file and
burnisher with oil. 1 prefer to use
them dry, but in the final stages of
burnishing it sometimes helps to
moisten it with saliva. A fair amount
of pressure is used in the operation
and the tool is taken round the end of
the pivot to polish that as well. You
should achieve a mirror polish.

If for some reason you are not sue-
cessful, then the pivot can be finished
with emery sticks in diminishing
grades, but this does not give quite the
same effect as a burnished surface.
Don’t worry about the finished
diameter of the pivot, this is not
important as the hole will be broached
to fit. This is the usual technique in
pivot fitting.

Measuring the arbor

With one pivot formed, the arbor is
laid across the frame as demonstrated




Fig 132 Marking shoulder position of pivot

Fig 133 Turning the second pivot and drifling
the end

Fig 134 Tapping the end hole 6BA

in fig 132 for marking the shoulder of
the other pivot. Unfortunately, in the
posing of this photograph I omitted to
pin up the front plate which is a seri-
ous omission. The assembly must be
pinned up tight. The shoulder of the
pivot is marked with a needle file, or
as in this case, a screw slotting file and
the second pivot turned and bur-
nished in the same manner. At this
same setting the end is centre drilled,

Fig 135 The completed arbor

Fig 137 The plates registerad for drilling the pivot holes

Fig 136 Drifling machine set up for forming the
holes for the register pins

followed by the No 43 or 2.3 mm drili
in preparation for tapping 6 BA. This
is illustrated in fig 133, and the tap-
ping in fig 134. The arbor, with the
6 BA studding (which can be a short
length of a 6 BA screw) is shown in fig
135,
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The second wheel arbor and the
crown wheel arbor are treated in the
same way; the length of the latter is
made according to the drawing and
the front bearing will be machined to
suit it.

Registering the plates

Before pivot holes are dritled the two
plates must be registered by fitting
them together with register pins. The

-position of these pins is shown on the

drawing fig 29 at A and B. Because of
the design of this clock the front plate
is placed behind the back plate but
still facing in the normal direction and
the marking out for the pivot holes
will take place on the back of it. So the
first step is to clamp the front plate to
the back plate sighting through the
holes of the tenons and secure the two
firmly with toolmakers clamps. After
marking out the position of the regis-
ter pin holes, drili through both plates
with a No 55 driil as illustrated in fig
136. The fitting of the register pins is
exactly the same as previously
described and the resultis shown in fig
137.



Depthing, Laying out the train, Checking the freedom,
The crown wheel front bearing, Decorative
turning, The verge, Filing the flats
on the verge arbor, Scldering
the pallets

Chapter 9
Denthing

IT is of course true that there is a
theoretical distance for the wheel
centres with two meshing gears and it
is quite easy to calculate. You simply
add the total numbers of teeth on the
wheel and pinion, halve the sum and
divide the quotient by the diametral
pitch. As an example we can take the
hour wheel and its mating pinion.
Here 48 + 4 = 52 and this halved
hecomes 26 and divided by 254
=1.02 in.

If the wheels and pinions were cut
with mathematical accuracy this
theoretical distance could be
accepted. However, in hand made
clacks it is safer to carry out a practical
meshing test of the gearing and
clockmakers do this on a special jig
which has adjustable centres and on
which wheels and pinions can be tried
at different engagements until the
optimum position is found. The toolis
then taken to the clock plate and this
distance transferrcd by seribing an
arc.

The conventional depthing tool is
designed to test wheels and pimons
which are mounted on their arbors. It
isa controversial tool and suffers from
the disadvantage that the centres
which are used to scribe the distance
on the clock plate can be as much as 4
in or 5 in from the meshing position of
the two gears. This is ilfustrated in fig
138, Many clockmakers doubt
whether the design of the tool is cap-

Fig 139 Simple home-made depthing tool

Fig 138 Conventional depthing tool
able of giving the requisite accuracy
under these conditions.

The iitile tool which I designed
some vears ago and which T show in fig
139 and 140, has the advantage that
the distance between the scribing
centres and the two wheels in mesh is
less than 1 in. Furthermore, the tool is
easily made and can be used for other
purposes such as the coastruction of
pallets. It is true that wheels and pin-
tons which are already mounted on
their collets cannot be depthed on this
tool, but in the making of a clock it is
just as convenient to carry out the
depthing before this is done,

A drawing of the tooi is given in fig
141, Unfortunately, I have no illustra-
tions of the actual making of this tool

as it was built some years ago. How-
ever, there is nothing very difficult in
its construction.

The most important consideration
isto obtain a piece of 1 inx !/ in brass
strip which is flat. The long slot is not
critical and can be formed by drilling
two ¥ in holes, one at each end, and
joining them up with the piercing saw
and filing. The fixed bush should bz
undercut so that it seats truly in the
base plate, where it is made a light
press fit. The runners or scribing
points are carefully turned from silver
steel and the tips hardenad and tem-
pered to blue. In addition to the two
plain points you will need a “tram-
pet” runner for locating the toolin an
actual pivot hole. In addition you will

Fig 14GC The depthing tool dismantied
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need to make several bushes or tubes
to fit on the upper extensions to
accommodate various diameters of
wheel centres.

It should be mnoticed that the
pointed runner in the fixed bush is
both removeable and adjustable so
that the main plate can be kept paral-
lel with the clock plate. The other
runner can be fixed permanently with
Loctite.

Laying out the train
Remember we shall be marking out
the pivot hole positions on the back of
the front plate. Firstly apply layout
blue and scribe a centre line using the
oddleg calipers as described in the
second chapter. Mark out the centre
position and make ua shallow centre
punch mark just deep enough to
locate the point of the dividers. Set
your dividers to 1.02 in and scribe an
arc below the centre position as
demonstrated in fig 142, This marks
the position of the main wheel pivot
hole. By this method we have estab-
lished that the hour hand will be cen-
tral on the front plate, as 1.02 inis the
theoretical distance between the hour
wheel and its mating pinion.

There are two options in the pivot-
ing with this clock. We can either run
the pivots in the steel plates, or we can
bush these with brass bushings which
is the better method and that which 1
shall describe here.

A suitable diameter of brass bush
to accommedate a 3/16 in pivot is
5/16 in. When drilling a hole of this
size it is quite possible that the
finished hole wiil not be conecentric
with the eriginal cenire punch mark.
It is advisable therefore to scribe a
series of circles with the dividers, the
largest being slightly bigger than 3/16

Fig 142 Using dividers fo mark the positions
of the main arbor pivot hole
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Fig 143 Set-up for hamrmering in a brass bush

in diameter, before starting the diil-
ling. This will give a visual guide as to
whether the drilling is proceeding
accurately, If not, correction can be
made with a round file before carrying
on with the next size of driil. With the
Unimat the increments in drill size
should be kept to 1/32 in the larger
sizes. The plates should be clamped
together firmly and the drilling taken
through both together if possible.

. The brass bushes are turned in the
3-jaw chuck from 3/; in brass rod and
the centres drilled /g in diameter. A
slight taper is formed on the outer
surface with a file and they may be
parted off to ¥ in in length. When
located in the plates (from the inside)
they should not pass right through the
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hole but only enter part of the way.
Now place the plate on a steel stake,
as shown in fig 143, and hammer the
bush right home and continue with a
few more Blows of the hammer to
expand the bush in its hole. The sur-
ptus bushing is removed by filing, o1, a
useful tool is the counterbore shown
in fig 144, Be careful not to damage
the surface of the plate in either
method.

The holes are now broached to fit
the pivot as demonstrated in fig 145,
When using a broach, keep furning
the work through 90° backwards and
forwards to check the uprightness of
the tool. Aslight chamfer is formed on
both sides. The freedom of the arbor
can be checked with the plates pinned



Fig 144 Using a counterbore to remove buli of
surplus bush

up. There must be end shake. The
amount is not critical, but it must
be present. Aim for about 1/64 in to
1/32 in. It will not be possible to check
the fit of the hole properly until the
main wheel has been permanently
secured to the arbor.

The next step is to depth the main
wheel with its mating pinion {fig 146).
Although the Iatter is shown fitted to
the second wheel it is really easier to
do the depthing before this is done.
There is better vistbility without the
wheel there. As mentioned earlier it
will be necessary to turn up different
sizes of tubes to fit the wheel centres
and one soon accumulates an assort-
ment of these. In this picture a bush
having a centre hole of 3/16 in and an
outside diameter of 3/16 in is required
for the main wheel and a bush with an
outside diameter of '/, in and a centre
hole of 3/32 in is also required.

The best test for the optimum
engagement is that of feel. Apply
resistance to the pinion with pressure
of the finger and turn the wheel. If
there is a gritty feel then the depthing
is either too tight or loose.

When the optimum position is
found the setting is transferred to the
clock plate. In this case as the main
pivot holes have been drilled, the
trumpet runner is used as demons-
trated in fig 147.

Remember that as we are marking
out on the back of the front plate the
second arbor pivot hole will be on the
opposite side to that shown on the
drawing. This time the hole size may
be 5/32 in and a brass bush made from
3/16 in brass rod in a similar manner
as before. The centre hole should be
drilled to {f161in. Itis hammeredin on
a steel stake as illustrated in fig 143. It
will be found that the largest size of
bouchon as supplied by Progress in
their English clock selection is exactly

Fig 145 Broaching the bush to fit the pivot

Fig 1456 Depthing the main wheel and second pinion

Fig 147 Transferring the distance to the clock plate

Fig 148 Using a miniature counterbore fo remove surplus bushing




the right size'$. The surplus material
is removed as before and vou can see
the little counterbore which I use in
fig 148. Again the hole is broached to
fit the pivot always from the inside.

In the last depthing operation the
second wheel and crown wheel pinion
are meshed and the distance set out
on the plate as illustrated in fig 149,
Remember that the top arbor is set
out /16 in off centre.

Although we stili have to make the
front bearing for the crown wheel
arbor, the fixing of the main wheel
and the second wheel to their arbors
can be carried out now. Figure 150
shows how the position of the main
wheel is marked on the arbor and the
location can be judged from the gen-
eral arrangement drawing fig 3. You
can also see in fig 130 the bottle of
Loctite 601 in the background. Both
mating surfaces should be degreased,
If the fits are as close as they should
be, the Loctite will stiffen up in sec-
onds and the parts become immove-
able with the fingers in a matter of
minutes so make sure you have the
final position clearly marked.

Checking the freedom

It is vital to check the freedom in
clockwork. Put each arbor in position
separately and spin it. It must rotate
absolutely freely gradually coasting to
a halt., There must be endshake, and
as the frame is tilted over from one
side to the other, the arbor should
drop down with an audible click. If the
endshake is satisfactory then tightness
will be due to a tight pivot hole which
must be broached out very gently
from the mside.

There ts no guestion of letting it go,
if a bit on the tight side, assuming that
it will run itseif in. This doesn’t work
with clocks. You must have complete
freedom in the train.

The crown wheel

front bearing

The crown wheel front bearing was
dimensioned in drawing fig 125 and
the first step in its construction is to
hold the stock in the 3-jaw chuck for
facing each end and drilling and tap-
ping the 5 BA hole. Suitable size drills
for this are No 37 or 38. The work is
reversed in the chuck for drilling the
pivot hole which can be 1/16 in ini-
tially,

The centre part of this component
is cut away with the piercing saw in the
manner demonstratedin fig 151. I see
that T have not given a dimension for
the thickness of metal remaining here.
The saw cut can be on the centre line

Fig 148 Using the trumpet runner in the depthing tool located in second arbor pivot hole and

scribing the arc for crown wheel pivot

Fig 150 Marking position of main whee! on its arbor before fixing with Loctite

of the stock and the filing can be taken
a further 1/32 in feaving 5/32 in. The
matter is not critical providing there is
clearance for the verge arbor. The
best way to file this surface is to lay the
stock on the partially opened vice
Jaws as shown in fig 152. In this man-
ner the work will find its own level.

Decorative turning

Decorative turning is, of course,
optional but adds interest to the
design.

The work is held as shown in fig
53, and it is important that there is a
proper bearing for the tailstock
centre. If, when drilling for the 5 BA
thread, the 3/16 in centre drill was
used, this will have formed a sufficient
bearing for the lathe centre. This
centre is of course fixed and when
used should be lubricated with a drop
of oil.

Diagram fig 154 illustrates the
steps in forming the decorative
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Fig 151 Removing centre part of crown whee!
front bearing




Fig 152 Flling the flat

grooves. The graver is presented on
its side, first one way then the other as
shown in 1 and 2, and in 3 you can see
how the point of the graver was
located in the apex of the left hand
recess and then swung round to the
right to make the curve. The same
procedure would be followed on the
right hand side swinging the tool tip
round from right to left, so forming
the shape illustrated. The hand turn-
ing rest is a 3/16 in square piece of
mild steel held in the tool post with
the upper corners rounded off.

1t should not be necessary to use
needle files, and anyway they will not
produce the surface finish that a well
honed graver will, and furthermore
they will not produce the sharp cor-
ners at the bottom of the vees in the
way that the graver can. ’

The stock is now reversed in the
chuck for taper turning the other end.
The taper attachment is set over 20°
and the work is illustrated in fig 1355.
The concave surface is formed with a
hand tcol as demonstrated in fig 150.
As you may be able to see, this tool
was made from an old file with the
serrations removed by gentle grinding
and the tip radiused as shown. As
usual the cutting surfaces are honed
and thus a fine finish wili be imparted
to the work.

The bearing is secured to the inside
of the front plate with a 5 BA screw,
znd the pivot hole is broached out to
fit the crown wheel front pivot. It may
be necessary to face off one or other
of the ends to give the end shake.

The verge o

As I mentioned in Chapter 1, a source
of heat is necessary in the small work-
shop for such jobs as soldering — both
soft and hard, and for hardening and
tempering tools. The Ronson blow-
torch is adequate for these applica-

Fig 153 Set-up for decorative tuiming

tions and will give ample heat for the
silver soldering required in the con-
struction of the verge.

The design of this component
which is shown on drawing fig 157
requires the pallets to be sitver sol-
dered to the arbor of the verge and to
form an included angle of 40°. Flats
are filed on the verge arbor to

accommodate the pallets and of
course these must also be formed to
include this angle. :

Here is an example of the useful-
ness and versatility of the Unimat. We
shall use the dividing attachment in
conjunction with a simple home made
filing rest in order to {ile these two
flats in a precise manner.
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Filing rest

A filing rest is a valuable piece of
equipment for any lathe. The best
type is the “two relier” rest where the
rollers are mounted on a bracket,
which in turn is adjustable for height.
The rollers straddie the work which is
held in the chuck and in this way pre-
cise and accurate filing can be carried
out.

In drawing fig 158 { show a very
simple roller rest which is primarily
designed for use in repairing pivots
where it ensures that the pivot file is
parallel with the lathe bed. It does not
give the control and accuracy of the
two toller rest, nevertheless, it is an
assistance in producing flats and
squares, which are so often required
in clockmaking. The filing rest disas-
sembled is iltustrated in fig 159, and
you can see that the pivot pin on the
end of the 3/5 in square arm is formed
eccentrically. By mounting the square
shank in the tool post in one of three
positions, a crude form of height
adjustment is obtained, sufficient to
enable the file to be used in a horizon-
tal plane with varying diameters of
work.

After marking out the centre of thc'
pivot pin on the end of the square -

stock and forming a centre punch
mark, the work is held in the 4-jaw
chuck and set to run true with the aid
of a centre wobbler.

Here again we find the need for a -

simple gadget which I am sure is
available from tool shops but which
the keen machinist will like to make
for himseif. I show the wobbler in fig
160 and inuse in fig 161. You can see
that its operation lies in magnifying
the error and the longer the tail is
made the more sensitive the tool is .
Normally the tip of the tail would be
lined up with the tailstock centre to
give & datum from which to compare
the movement. However, in a small
lathe there is not sufficient length in
the bed and as you can see in the
illustration I have used the scriber in
the surface gauge for this role.:

With the centre punch mark run-
ning true, the work can be machined

according to the drawing. It is advis-.

“able to make the rolier flI'St as then

the 7/32 inreamed centre hole may be -

“used as a gauge for machining the
pivot pin. You can see the right hand
knife tool being used in this part of the
work in fig 162, :

Filing the flats on the verge
arbor _

Figurc 163 shows the set-up in the
Unimat for carrying out this work

Fig 155 Machining the faper on the front bearing for the crown whee!

Fig 156 Forming the concave shape to the end of the crown bearing with a hand too!
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using the roller rest just described.
The dividing attachment is fitted to
the Jathe bed with the 36 hole plate in
position and indexed at zero degrees.

The verge arbor. which should be
cut a little Jonger than required,
should have the tocations of the pal-
lets marked. and held at each end by
the two chucks as illustrated. The flats
are not filed to the centre of the arbor
as [ found that this weakened it too
much. They are taken to about a third
of the diameter.

After the first flat is formed, the
arbor must be rotated through 180°
plus a further 40°, in other words
220° in all and the direction should be
away from you. Don’tforget to loosen
the jaws of the tailstock chuck! With
this second position indexed and the
tathe carriage moved up the bed, the
other flat is filed. By holding the safe
edge of the file against the shoulder
on the roller of the rest you should
obtain neat ends to the flats. [ used a
file */; in in width.

Soldering the pallets

I always recommend the use of silver
solder paste 7 for small jobs such as
this. The flux is already incorporated
in the paste. It is easier to handie the
work if the pallets are still part of the
parent stock as demonstrated in fig
164. Here you can see the arbor
positioned on a fire brick and the ¥4 in
x 1/16 in mild steel strip placed with
one end on the flat and the silver sol-
der paste applied to the joint; bring
the area to red heat.

Figure 165 shows the verge after
the second pallet had been soldered
but before the surplus material had
been cut off with the hacksaw. The
flux residue can be removed with a
wire brush and the verge generally
cleaned up. The length of the paliets
should be teft a little overlength for
the moment.

Fig 162 Turning the eccentric pin for the roller
of the filing rest
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Fig 159 Parts for a simple design of filing rest for Unimat

Fig 160 The two components of a home made centre wobbler




The included angle embraced by
the pallets can be checked by sighting
down the verge and holding the work-
shop protractor set at 40° on the same
axis. If an error has been made the
fault can be corrected by twisting the
verge arbor between the pallets. To
do this, that part of the arbor should
be brought to red heat, and holding
one end in the vice and the other with
pliers, an adjustment is made. Almost
certainly this will put the verge out of

Fig 163 The home made filing rest being used to assist in filing flals on vergs arbor

-

Fig 164 Pallet ready for silver soidering - niote
solder paste on joint

Fig 165 Verge after the second pallet has been
soldered on

truth and this may be checked by
spinning it between centres in the
lathe, removing it and applying light
blows with the hammer on the convex
side.

In chapter 10 we continue by
making the foliot suspension bracket
and the two verge bearings. Then we
can assemble the parts and check the
action using a temporary foliot. We
shall also complete the remainder of
the steelwork.
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Foliot suspension bracket, Lower frame support,
The hanging ring, The verge lower bearing,
The verge upper bearing, Cross drilling,
Adjusting the escapement, The line

Chapter 10

Foliot suspension bracket
IN this part we complete the remain-
der of the steclwork in the clock.
Those with a sense of organisation
might wonder why ali the construc-
tion in steel could not have been car-
red out together when the main
frame was made. It could, and really
should have been. However, I am
bound to present the construction 1o
the order that I built the clock other-
wise the photographs would be out of
sequence.

Drawing fig 166 gives the dimen-
sions of the foliat suspension bracket,
hanging ring and lower frane sup-
pore.

Fig 167 Marking out the position for the mor-
tice fo accommodate the tenon of the foliot
bracket

In fig 167 you cansee how the mor-
tice is marked out on the top of the
main frame and it is formed in exactly

Fig 168 Method of driling the foliot bracket
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the same way as those in the front
plate.

After marking out the foliot sus-
pension bracket, this can be cut out,
either using a piercing saw, or by a
series of straight cuts with a hacksaw.
Again the drilling of the ¥/, in hole is
carried out so that a portien of it is
occluded by the underside of the main
frame. When drilling this component
it 1s difficult to hold it in a machine
vice, but the method shown in fig 168
where the arm is supported against a
clock pin hammered into a piece of
wood will give adequate support
against the rotation of the drill. A
series of vees are filed at the top of the
bracket to provide alternative posi-
tions for the suspension thread.

Lower frame support

With this thin section of steel strip, the
bending can be carried out by simply
hoiding the main length in the vice and
hammering the feet round the end of
the vice jaws.

Although I have specified 8 BA
screws to fix this compoenent, rivets
could be used. One of the register pin
holes (B on fig-29) is used as a fixing
hole and after fitting the two compo-
nents together with one screw. They
can be alipned with the engineers
square then clamped together as iflus-
trated tn fig 169 for drilling through
both together.

The hanging ring

In order to form the hanging ring
neatly and without having to use
force, 1t is advisable to heat the work.

Fig 1689 Marking hole position on the main
frame through the lower support

Fig 170 Forming hanging ring, first stags

Fig 171 Completion of the second stage in the
forming of the ring

Fig 172 Futing in the bend at the neck with
rounid nose pliers

Fig 170 shows the first step in forming
the bend. A ¥2 in mandrel is gripped
in the vice together with the end of the
/¢ in rod. This is then pulled right
round hugging the mandrel tightly as
shown in fig 171. Ancther heat is
taken and the work held in the vice as
shown in fig 172, The round nose
pliers are used to form a bend of the
opposite hand at the neck. Finally, the
waork is held in the vice for threading 5
BA as demonstrated in fig173. The
nut can be cut from !/ in steel strip
and filed to shape, the cenire hole
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Fig 173 Threading the shank of the hanging
ring

being dnlled No 37 prior to tapping 3
BA.

The verge iower bearing

The lower verge bearing is formed
from a short fength of 34 in x 34 in x
'/, ¢ in brass angle but it could just as
well be bent up from 3/4 in strip.

If being made from angle, it is
marked out according to drawing fig
174 and the work can be held in the
Unimat machine vice in the manner
demonstratedin fig 1 75, Note the soft
packing between the brass and the
surface of the machine vice. After all
the holes have been drilled the work is
scparated from the parent stock with
the hacksaw and the best way to file
the sides, is to place a large file in the
vice and push the work along it. This
method will be iilustrated in a later
part. Finaily, the weakening curves
are filed, as illustrated in fig [76.
These give a small measure of
adjustment by means of bending,
should this be necessary when adjust-
ing the escapement.

The verge upper bearing
The verge upper bearing is made from
Y4 in square brass which has a slot
formed at one end to give some
adjustment if required. Initially, the
stock is cut overiength and set up in
the 4-jaw chuck for facing both ends
square and to form a centre 4t one end
with the centre drill. The work is then
pulied out from the chuck and sup-
ported from the tailstock, for turning
the centre part.

At the time of making this compo-
nent, my taper turning attachment
had not arrived and 1 simply turned
the centre to Y/ in diameter and then
formed the taper with a file.

I then drilled the !/, in hole and
formed the slot with the piercing saw
and needle files. The work was then
taken to the Unimat for a milling
operation.



Fig 175 Method of holding brass angle for
driffing on the Unimat

Fig 176 Filing the weakening curves in the
fower verge bearing

Fig 177 Checking the state of fevelness of the
upper verge bearing prior to milling with a fly
cuttar
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In fig 177 1 show the set-up. The
Unimat machine vice was fitted to the
cross slide and the work clamped so
that the upper surface was above the
vice jaws. I then placed a small square
as shown and by making a critical

Fig 178 Milling the siotted end of the upper
verge bearing
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observation of the blade against the
Unimat’s upright column I adjusted
the work in the machine vice so that it
was horizontal.

A fly cutter is part of the Unimat
accessories but I already had a
home made holder which is drilled to
accommodate 14 in silver steel cutters
and I show it in this illustration. One
thirty-second of an inch is taken off
each side, so reducing the total width
to 3/, in. This work can be seen after
milling one side in fig 178.

The end which forms the actual
bearing is reduced in thickness to !/,
in and I did this by filing.

It will be observed from drawing fig
23 that thereis a 3{5in hole on the top
of the frame. This is a clearance hole
for the verge and it shouid be marked
out now but only drilled No 30 size.
With the bottom verge bearing in pos-

“.w ition, locate the verge as shown in fig



Fig 179 Method of checking the "set” in the
upper verge bearing

Fig 180 The steef framework of the clock less
the front plate

[ 79, where it is held in its bearing at
the bottom and through the hole in

‘the frame. The centre of the verge

arbor is positioned ¥ in from the
front plate as you can see from the
drawings. The “set” is now put in on
the small diameter of the arm of the
top verge bearing. This can be done
with round nose pliers and then tried
in position on the foliot bracket. The
setis adjusted by gentle manipulation
until all three holes are in fine. Finally,
the clearance hole for the verge in the
top of the frame is opened up by dril-
ling to /g in.

In fig 180 you can see the steelwork
of the clock at this stage. In fact the
metal here has been blued.

We are almost ready now to have a
trial run and to test the escapement.

You will notice that the verge is
suspended on a loop of carpet or but-
ton thread which passes through a
cross-drilled hole in the top of the
verge.

Cross-driiling

Apart from the cross-drilling of the
two holesin the verge arbor, there are
several other places in the construc-
tion where it is necessary to produce a
hole diametrically through an arbor
or stud.

Well equipped workshops usually
have cross-drilling jigs to locate the
work accurately, the drill being taken
through a guide which ensures that it
passes through the diameter of the
work.

In clock work we are not very ofter.
concerned with the accuracy so long
as it loeks all right, as in most cases
the holes are only required to accom-
modate a tapered clock pin. A very
satisfactory way to do the work is to fit
a vee pad in the tailstock, the work is
located in the vee and the drill is held
in the headstock chuck. Unfortu-
nately, this accessory 15 not included
in the Unimat range and 1 did not
have time to make it on this occasion.
Instead 1 took a short length of %/ in
brass, turned 34 in to ¥4 in diameter
and filed a vee on the other end. It is
important to try and file the vee sym-
metrically in relation to the axis of the
stock. [ set the vee jig up in the
Unimat as illustrated in fig 181 and:
using a length of ¥4 in diameter steel
in the drili chuck, I adjusted the jig
with the carriage feed screw so that it
was accurately located under the
chuck as shown here. With the car-
riage locked. I drilled the cross holes
in the verge arbor as shown infig 182.
It is of course necessary to form a
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Fig 181 Setting the cross drilling fixture in the
Unimat

Fig 182 Cross drilling for the pin holes in the
verge arbor

pe

positive marking with the centre
punch on the work.

It will be noticed that the top of the
verge arbor is tapered and the taper-
ing should include the arca where the
hole is drilled as otherwise the sus-
pension thread will be sheared off
when threading the upper end of the
arbor through the bearing hole.

Although the bearing hotes in both
the top and bottom verge bearings are
shown to be !Yg in. they should
initially be drilled No 3! size and a
chamfer formed on both sides. The
final sizing is done with the broach,

On all occasions when broaching is
mentioned, I mean to imply that the



cutting broach is used. That is the one
with five sides. Clockmakers use a
round or smoothing broach as well
and this has the effect of burnishing
and work hardening the bearing sur-
face of the hole. Itisanexcellent prac-
tice to use the round broach although
it seems that not many clockmakers
deinfactuseit. The round broach will
produce a burr or swelling at the
entrance to the hole and this must be
removed with the chamfering tool
otherwise the end shakc will be
reduced,

Adjusting the escapement
An important setting in this type of
escapement is the tocation of the
crown wheel on its arbor. It should be
positioned so that there is /4 in bet-
ween the teeth of the wheel and the
verge arbor. This wheel can be sec-
ured with Loctite, or if the reader
feels happier it can be secured with a
small 8§ BA grub screw through the
collet to provide a means of adjust-
ment. But this of course is not tradi-
tional practice. With the wheel cor-
rectly positioned on its arbor, the pal-
iets are reduced in length by filing
until they allow the teeth of the wheel
to escape. It is mnportant that the
length of the pallets is not reduced
more than necessary for this to occur.
If too much 1s removed, then the drop
will be excessive.

The drop is a feature of almost
every clock escapement. It is the free

Fig 183 The movement at this stage, and
ready for the initial testing and adjustment of
the escapement with a temporary foliof

movement of the escape wheel as a
tooth escapes from one pallet and is
arrested by the other. It should be
minimal, as it is wasted cnergy. Not
only must the drop be minimal but it
shouid be equal on each pailet.

if, for instance, we notice that the
wheel makesa farger movement when
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it is arrested at the top pallet, the
upper verge bearing must be bent
over to theright to bring the top pallet
in that direction. If o the other hand
the larger movement occurs when the
wheel is arrested by the lower pallet,
the bottem bearing must be bent a
Hittle to the left. You will find the
amount of movement needed
extremely small.

The engaging surfaces of the pallet
should be given a good finish with
diminishing grades of emery stick.

At this stage a temporary foliot can
be improvised with an Eclipse tap
wrench as shown in fig 183 and as
finger pressure s applied to the tecth
of the main wheel the escapement
should start to function,

Just as it was important to have
freedom in the wheel train. so it is
with the verge arbor which should be
absoluzely free in its bearings. There
shouldbe a healthy recoil in the action
and of course this cannot be if there is
tightness,

The clock can in fact be hung up on
a wall in this condition and driven
with a temporary weight.

The line
Lhave used a piping cord ¥/, indiame-
‘ter as sold for edging cushions.

In the finished clock vyou will
require 12 ft.

A weight of some 112 [b should
drive the clock on a single line for this
initial testing.
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Chapter 11
The foliot

THE folict was shown on drawing fig
157 and I shall describe its con-
struction now with illustrations. It
is cut out of ¥/, in or 34 in mild steel
strip and the first step is to mark out a
centre line, find the centre, scribe the
%1 in centre circle and drill the 44 in
hole. The sawing can be carried cut
with the hack saw in straight cuts and
the component should lock as in fig
184, The locations of the bends
should also be marked with light
centre dots. The work should now be
fited to the line and it is convenient to
clean it up with wet and dry paper
before putting in the bends. It is
alwavs much easier to finish stock
which is in the flat condition.

One way to form the bends neatly
and under control is illustrated in fig
185 where you can sce that I have
utilised an old strap hinge in conjunc-
tion with the bench vice. The strap of
the hinge providing the lever. The
bends are made to an angle of 40° and
you c¢an see this angle being checked
in fig 186,

The serrations for the foliot weights
should not be filed in a haphazard
manner. They can be marked out on
both arms in a positive way as shown
infig I87 in increments of !/, in. The
piercing saw is then used to form a
shallow cut on each mark and finally
the three square file is used to form
the notches. Figure 188 depicts the
piercing saw in use for this operation.

The celiet which is also of mild steel
is straightforward turning and the
foliot arm is riveted in position.

The foliot weights

The foliot weights are also in mild
_steel and dimensioned on drawing fig
189. You can see that a fairly large
chamfer is formed on their upper sur-
faces and if the taper turning attach-
ment is available then it may be used

g

Fig 184 The first stage in the construction of the foliot

Fig 185 Using a strap hinge in the vice to assist in forming the bend

Fig 186 How the angle of the bends can be checked with the workshop protractor
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Fig 187 Marking cut the positions for the rating
notches on the arms of the foliot

Fig 188 Using the piercing saw lo start the
notches aon the foliot

Fig 190 Machining the chamfer on a foifot
weight

Fig 197 Bending the wire for the foliot weights

in the manner demonstrated in fig
190. You can also machine a shallow
circle ¥4 in diameter which will be a
convenience far drilling the holes for
the wire hooks. After cutting off with
the hacksaw and facing the bottom, a

~.decorctive
grooving
|

DRIVING AND JOCKEY WEIGHTS
FRCOM ROUND M S

FIG189 WEIGHTS FROM

M S

040"

Spring wire

FOLIOT WEIGHTS FROM
ROUND MS — 2 OFF

Fig 192 The completed foliot assembly

diametral line may be scribed on the
upper surface and the hole positions
marked with a centre punch,

Tused a stiff wire 0.04¢ in diameter
and the holes in the weights were dril-
led No 60 size.

The wire is bent inio a U shape as
illustrated in fig 9] and they are tap-
ped into position with a little smear of
Araldite on each leg if necessary.

The complete assembly is shown in
fig 192. Here again the steel has been
blued and I will be commenting on the
finishing of the clock at a later stage.

The weights

As the weights are also on drawing fig
[89 [ shall deal with them now. It is
quite commeon to use stones in this
role and there is no objection to this
provided a suitable shape can be
found. The driving weight needs to
weigh some 235 Ib and the jockey
weight 8 oz. The dimensions given in
the drawing will fulfil these require-
ments and {44 in diameter can be
accommaodated in the fixed steady of
the Unimat lathe which is convenient
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for facing the end and dnilling the hole
for the eye or hook. In the absence of
the fixed steady, the stock can be filed
reasonably flat at the ends and a
centre marked out as accurately as
possibie. After drilling the centre by
hand the work can then be held in the
3-jaw chuck at one end, and by the
tailstock centre at the other for facing
and chamfering the end. Figure 193
shows the two weights.

Hour whee! stud or post

The hour wheel stud or post, is dimen-
sioned on drawing fig 194. It is made
from 3% ,¢in mild steel rod. The
machining can be carried out with the
work held in the 3-jaw chuck, turning
the /4, in diameter firsi. The pivot
file may be used to form a good finish
on this part and the work is then
reversed in the chuck for forming the
5 BA thread. .

The hole in the front plate to
accommodate this stud can be marked
out with the depthing tool in the man-
ner shown infig { 95, Here you can see
that the hour wheel and its mating



Fig 193 The driving and jockey weight

Fig 195 Depthing the hour whes! and pinion
and marking out the radius on the front piate

Fig 196 Showing the chamfering toof for use in
rounding the ends of pins
pinicn have been mounted in the tool
for checking the engagement, and
with the trumpet runner engaged in
the main arbor pivot hole, the other
runner scribes an arc, 1t will be inter-
esting to see how this arc compares
with the theoretical measurement
which you marked out in the early
stages of the construction of the clock.
I have not shown the making of this
pinion as it is carried out in the same
way as the others. After tidying up the
ends of the pins on the grinding wheel
it will be necessary to chamfer them
and the little tool shown earlier can be
used. Figure 196 depicts a stage in the
construction of this pinion and you
can see that the two pins on the right
have been chamfered with the tool
illustrated, whereas the two on the feft
appear in the state left from prinding.

Hour wheel collet, dial feet
and pillars

The hour whee} collet, dial feet and
pillars are shown on drawing fig 194
and are straightforward 3-jaw chuck
work. In each case the stock is held for
the first part of the turning, parted off
and reversed in the chuck for machin-
ing the other end. A group of brass
compenents is illustrated in fig 197
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Fig 197 A group of small components

and a view of the front plate is given in
fig 198 where you can obseive that
the hour wheel stud has not been cut
to length. The dial pillars have, how-
ever, been screwed into the plate and
it is better to do this prior to dnlling
the cross holes for the 8 BA screws as
then these can be located in a conve-
nient position for access with the
screwdriver. It will be appreciated
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that the dial feet will be cemented to
the back of the dial and locate in the
sockets of the dial pillars where they
are retained by the 8 BA screws.

A further group of wheels is shown
in fig 199, and in fig 200 you can see
the train wheels sitting in their pivot
holes on the main frame as they would
be in preparation for fitting the front
plate.



Fig 198 Ths front plate with its fittings

Fig 201 Centrafising the dial ring on the front
plate

The dial
I am recommending the purchase of
the dial as it would be difficult to
engrave it on the Unimat in the man-
ner that I have done with the other

Fig 203 Method of supporting the hand for shaping by filing

Fig 189 A group of wheels

Fig 200 The train wheels in position in the main frame ready for fitting the top plate

clocks®. For the benefit of those who
would like to make some attempt at
this, either with Letraset or by paint-
ing, etc, the dimensions of the ring
are:— od 5%/4 in and id 33/, in.

A satisfactory way of centralising
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the dial on the clock is shown in fig
201. In this llustration the dial feet
have been placed in their sockets in
the dial pillars and a blob of Araldite
placed on the upper faces of each.
Needless to say the area on the back
of the dial where the feet will be sec-
ured shiould be roughened with emery
cloth and the faces of the dial feet
treated similarty. A circle of thin card
is cut out a iittle smaller than the
inside of the dial ring and two cross
lines drawn as shown. This is impaled
on the hour wheel stud with one of the
cross lines paralle! with the axis of the
front plate. The dial ring can then be
dropped in position and manoeuvred
until the 90° markings coincide with
those on the cardboard circle as
shown in this ilfustration.

The hour hand

A drawing of the hour hand is given in
fig 202 together with its collet, Of
course the constructor is at itberty to
indulge his own preference in this
matier. The one I show is quite simple




Flg 204 Using a horne made spiit vice stake for
riveting the collet in the hand

Fig 205 The back of the dial and the wheel-
work

to make. It is cut out from a strip of
/6 im mild steel 34 in wide. After
marking out, the 3/5 in hole should be
drilled and the shape can then be cut
out with the piercing saw. When filing
to shape, the edges are not formed at
right angles to the face of the work but
angled inwards so forming an
upwards taper. The hand is also given
shape at the tip and tail which are both
thinned at their extremities. There is
also a tapering towards the sides and
the main stem is ribbed. A convenient
way to hold the hand for this work is
to position iton the edge of the sawing
board. A couple of clock pins arc
knocked in to support it against ihe
thrust of the file. This is illustrated in
fig 203.

Another view of the hand is shown
in fig 204, where you can see the collet
being riveted in the ceutre. The back
of this collet is slit with the piercing
saw as depicted on the drawing and
the saw cut slightly pinched up in
order to make it a friction fit on the
hour wheel tube,

Figure 205 illustrates the back of
the dial and the method of fitting, 1t
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also gives a general view of the
wheelwork. It has just occurred to me
that [ have not explained the reason
for the second pin hole at the bottom
of the verge arbor. It will be apparent
that if for any reason the verge is lifted
up, the pallets will be disengaged from
the crown wheel and the latter will run
away athighspeed. Itis almost certain
that on re-engagement the teeth of
the crown whee! will be damaged.
This pin is located in such a position
that it contacts the underside of the
lower verge bearing before the pallets
become disengaged. The same will
happen if the thread breaks, and this
situation can be avoided, either by
making the arbor sufficiently long at
its lower end so that it bottoms on the
main wheel arbor, or by positioning
the foliot so that its coilet rests on the
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frame before the paliets become dis-
engaged.

The pulley frames

The pulley frames are the {inal parts
to be made and are dimensioned in
drawing fig 206. The pins are riveted
in the side plates and in fig 207 you
can see again the clockmakers broach
being used to enlargen the hole until
the pin will enter about haifway. In fig
208 you can see how I use a wooden
dolly to protect the polished end of
the pin from the hammer. You can
also see the vice stake. The tightness
of the press fit should be such that
hardly any riveting is required. The
back of the side plate is tidied up in
the mannershown in fig 209, Here the
file is held in the vice and the compo-
nent pushed along it.



?:ag
tion with the hammer and vice stake in order to
drive the pin heme

The puileys

The machining of the pulleys is such
an interesting operation and covers
such a range of lathework that I
decided to photograph every step and
the beginner might like to make these
parts first as an intreduction to gen-
eral turning.

The first step is to mark out two
114in diameter circles in pencif on a
piece of flat hardwood 3/, in thick.
These are then cut out by any conve-
nient means to as nearly circular as
possible and held in the 3-jaw chuck
as demonstrated in fig 210. You can
see one of these pieces positioned on
top of the headstock, the other piece
has been turned to i34 in diameter
for as far as the chuck jaws will per-
mit. An ordinary knife tool ground for
steel turning is being used. In fig 211
you can see the work has been
reversed in the chuck and the other
half of the pulley turned to the same
diameter. At this same setting the pul-
leys are drilled from the tailstock to
5/,¢ in diameter. It sometimes hap-
pens that when drilling in wood the
drill tends to wander out of truth and
if this occurs the boring tool should be
used.

Fig 211 Stage 2: here the work (s reversed in
the chuck for machining the other half. Noie
the setting of the tool

208 A wooden dolly being usegrn—con/unc- Fig 207 The broach being used to enlarge the hole prior to fifting the steel pin

Fig 209 A convenient method of filing small flat surfaces. The file is held in the vice and the

component pushed along it

-

Two fin lengths of 5/, in brass rod
are now cemented in the centres of
the pulleys. This stage is illustrated in
fig 212. A groove is formed now
according to the drawing by feeding in
a roundnose tool as shown in fig 213.
In a small lathe the work will be facili-
tated by keeping the round nose for
the final shaping and using a parting
tool first to remove the bulk of the
material. The work is held this time by
the brass rod and the chuck jaws have
been reversed.

If the taper turping attachment is
available then it may be used to form
the sloping sides as shown in fig 214,
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Fig 210 The first step in machining the wooden pulleys

The slide is offset ten degreees and in
this position the engraved markings
are of no help so the workshop prot-
ractor is used as demonsitrated here in
order to set the slide. In fig 215 you
can see the flanks of the pulley being
machined. Finally the sharp corners
are removed with a fine file and emery
paper. In fig 216 you can see the pul-
leys at this stage, the one on the left
still has to have the sharp corners on
the flanges rounded off.

In fig 217 you can see the decora-
tive grooves being put in with the
graver and following this, which com-
pletes the machining on the actual
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Fig 212 The embryo pulleys drilled for the
chucking pieces which have been cemenied
in position

Fig 213 Holding the pulley by the chucking
Dpiece for forming the groove with a round nose
tool

Fig 214 Using the protractor to set the top slide in preparation for turning the 10° taper to the
sides of the pulfey

Fig 216 A further stage in the making of the pulleys

Fig 215 Machining the tapered fianks of the
pulley

wooden pulley, we can turn away the
chucking pieces as they have now
served their purpose. In fig 218 I have
reduced the length of the brass to
Hgin and am using the centre drill
prior to drilling through with the No
13 or 14 drill (fig 219). This would
then be followed with the 3/,4in
reamer.

In order to work on the other side
of the pulley we have to locate the
work by its bore as we have lost the
chucking piece on that side. A short
piece of scrap brass rod is turned to
just over 3/, in and a taper formed
with a fine file. The pulley is “wrung
on’ and we can now shorten the other  Fig 218 After turning away part of the chucking piece, the centre drifl is used
side as demonstrated in fig 220. The o
constructor might be wondering why
the pulley could not be held by the
/g in length of brass rod. In an
emergency it could be, but there
would not be a secure hold and exces-
sive tightening of the chuck jaws in an
attempt to compensate for this would
strain the chuck and generally be bad
practice.

Fig 217 Putting in the decorative grooves with the graver
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Fig 220 Locating the pulley from its bore for
facing and chamfering the second side

The pulley assemblies are iilust-
trated in fig 221.

General finishing and polish-
ing the steeiwork

Although ironwork is usually painted
in turret clocks to protect it from
moisture, etc, in the case of domestic

clocks paintis seldom used at any time - .

except on painted diais. There are
really two choices — the steel may be
blued or left in its natural state but
protected from rusting by a fluid such
as Jenolite. I chose to blue my steel
and used Perma Blue which is soid for
fuing gun barrels, ete,'?. It is very
easy to use and full instructions are
supplied with the kit. The depth and
colour of the blue depends to 2 large
extent on the finish of the steel.
Blemishes and scriber marks should
be removed with wet and dry paper
and then a fine grained finish
obtatned with emery paper of grade 0.
A burnished finish can be cbtained
with a fine steel wire wheel as shown
in fig 222 where you can sce it being
used on the foliot. Aithough this pol-
ishing spindle is a Unimat accessory,
the overhang here is excessive and the
sct-up bad. My own feeling is that the
lathe should not be used for polishing
of this type and wheels or mops can, if
required, be used on a portable drill
secured in a bench stand where there
is a great deal more power available.
A pleasing blue-black will be
achieved with Perma Blue and if the
work is treated to a gentle application
of 0} wire woel this will highlight the
corners and edges and make for an
attracuve finish. I restricted my bluing
to the frame components and the
foliot. T did not blue the arbors.
Screw heads are burnished using
the pivot file initially and then turning

Fig 219 Drilling the centre hole from the iailstock

Fig 221 The compieted pulley assemblies

Fig 222 Burnishing fhe foliol with a soft steef wheel in the Unimat .

Fig 223 Burnishing screw heads in the Jathe. Note the use of the drilf chuck for hoiding the work
which is safer thar the 3-jaw chuck




it over for burnishing. This is shown in
fig 223, and you will see that the driil
chuck is used and not the 3-jaw as
there is less likelihood of an accident
if the burnisher slips off the work.

Arbors should have been polished
with emery sticks in the lathe before
the collets and pinions were fitted.
The ends of ail pivots and pins, etc,
should be rounded and burnished.

The round brass work s polished
with fine grades of emery sticks in the
lathe, although, if the tools have been
properly honed there should be very
littie need for pelishing. The flat sur-
faces are treated again with fine
grades of emery paper on the cork or
baisa blocks finishing with Crocus
paper.

The principle of polishing is the
application of abrasive papers in
progressively diminishing grades.
Metal pofish can be used in the final
stage and should be applied with a
grease brush?®. This is a stiff bristle
brush especially designed and used
for clock cleaning. After polishing
with a soft clock brush?? the parts
must be washed in paraffin to remove
all traces of the metal polish from
pivot holes, etc. After shaking the
excess paraffin from each part, it may
be dropped into a box of sawdust
which is then shaken up. The sawdust

Modification to the pulley

SINCE making the original clock
which has formed the subject for this
series, [ have made a second one and in
both cases I have found the design of
the pulleys to be a little unsatisfactory.
There is a tendency for the weight to
slip off the horizontal pin, either if it is
aflowed to bottom on the floor or if
wound over vigorously.

An alternative arrangement is
shown in the accompanying two illust-
rations where you can see that a con-

will absorb the moisture and the parts
can then be brushed using a soft clock
brush charged with chalk?®. This
should bring up the brasswork to a
high polish. These latter processes are
the normal methods employed in
clock cleaning.

I have not lacquered any part of my
clock. If gloves or finger cots are
worn when assembling the clock the
brass will remain bright for a consid-
erable time.

Oiling
All pivots are ailed, together with the
patlets and other points where metals
are in rubbing contact, but not the
gearing; this always runs dry in clock-
work? !,

The two ends of the line are secured
through steel hooks which pass
through holes driifed in the lower
frame support bracket. This can be
seen in fig 1.

The weights may be blued like the
other steelwork but I used Jenokite on
mine to retain the natural steel colour,

The clock is designed to hang from
a standard picture hook, and as
already stated in Part I, this shouild be

design in the foliot clock

ventional stirrup is used. This can take
the form of a length of !/, in round
brass rod about 214 in long, which is
slightly tapered at each end. Holes are
drilled in the pulley spindle slightly
less than !/, insay No 55 size and the
ends of the brass wire rivered over.
The bending can be carried out round

a length of 7/ 4 in round rod with the - =

fingers.
This arrangement has proved to be
more functional.

Component parts of the modification to the putley
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positioned about 614 ft above floor
level for a full thirty hour run.

Conclusion
That completes the consiructional
work on this clock.

I hope the reader will agree that
expensive lathes and machine tools
are not necessary for the making of
clocks. There was no operation in the
construction of this clock when I felt
that the Unimat was inadequate for
the work, which is really a most
praiseworthy statement to make in
view of the fact that horology is a
specialised field of engineering.

l'am informed by the importers that
at least two firms manufacture a divi-
sion piate to enable the Unimat to
cope with the high wheel numbers
encountered in clockmaking. With
the use of one of these I hope to
describe the making of an 8-day ciock
in the near future. However in this
series the object has been to iniro-
duce the beginner to the craft of
clockmaking using an inexpensive
lathe with its standard accessories.

After the construction of this ciock
my lathe appears as new, the bed is
unmarked, nothing has been dam-
aged and no part strained. In other
words, the work carried out has been
well within the limits of the tool.

The completed pulley after modification




Heferences

UK R Whiston Ltd. New Mills. Stockport
SK 12 4PT. can supply all steel requirements.
1ools. screws. etc; catalogue sent free,

* J Smith & Sons {Clerkenwell) Lid. 42-54 5t
John Square. London ECTP IER. or at any of
their branches at West Midlands, Bristol,
Bracknell, Nottingham, Biggleswade. and Hor-
sham.

* Arkansas skip stones available from Nathan
Shestopal.

4 A set of ready cut wheels and pinions are
available from Geoffrey Booth, Tower House,
Tower Hill. Bese Regis. Wargham, Dorset.

5 Pjvot files available from Nathan Shestopal.
¢ Emery sticks from Nathan Shetopal.

7 Barrette file from Nathan Shestopal.

8 Circular siitiing saws available from Mathan
Shestopal.

¢ Crossing files available from Nathan Shes-
topal.

19 ang 1! Oval burnishers and pelishing papers
available from Nathan Shestopal.

2 Blued pivot steel. three lengths of No 56
gauge required and these are available from
Nathan Shestopal.

13 Agsorted steel clock pins from Nathan Shes-
topal.

14 A vice stake available from Nathan Shes-
topal.
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15 Pivot files and burnishers available from
Nathan Shestopal. Two are really needed, ane
15 in wide and another 1% in wide.

¢ Bouchons for English clocks by Progress.
avajlable from Nathan Shestopal-

V7 Silver solder paste avajlable from K R Whis-
ton.

”“A finished dial ean be obtained from
“Timepiece”. 15 Pudsey Hall Lane, Canew-
don, Rochford, Essex 554 3RY.

1% Permza Blue from any gunsmith.

20 and ?! Clock cleaning brushes, chalk and
clock oil from Nathao Shestopal.




Appendix 1

Mounting a division plate on the Unimat 3

AT the time I wrote the first of the
clock constructional serials in the HJ ~
The Watch & Clock Journal, many of
the special items of equipment
required in the construction of a clock
were difficult to obtain, As the series
gained in popularity, manufacturers
came to the rescue and such items as
miiling spindies, cutter frames and
division plates are now readily avail-
able.

High quality division plates, very
suitable for clockmakers and repair-

ers, are now produced by Chronos

Designs Lid*.

I describe here the fittings and
indexing arrangement necessary to
mount these plates on the Unimat 3.

In the current serial on the con-
struction of a foliot clock the dividing
can be carried out with the standard
facilities available from the range of
Unimat accessories, it is, however, a
little easier to use a division plate con-
taining the exact tooth numbers
required and those who wish to make
the more advanced of my clocks will
of course need a plate giving the
higher tooth numbers. ‘

In fig 1 you can see the DD62 pat-
tern plate, 6 in in diameter and manu-
factured by Chronos Designs Ltd. Itis
illustrated attached to the rear end of
the lathe mandrel. The indexing
arrangement can also be seen.

The plate can be fitted or removed
in less than ten seconds, and when
taken off, the detent arm is folded
down out of the way as demonstrated
in fig 2. You can also see in this illus-
tration that the lathe wheel guard can

Fig 2 flustrating how the detent arm folds
down out of the way when the division plate is
not in use

be closed in the normal manner.
The fittings necessary for attaching
the plate to the jathe are quite simple
and can be made on the lathe itseif.
Use is made of the cross drilled hole in
the lathe mandrel provided for the
insertion of a tommy bar to hold the
mandrel when fitting and removing
the chucks. The division plate is
clamped between two brass flanges,
one of which has a locating spigot
which fits snugly in the bore of the

Fig 1 A division plate manufactured by Chronos Designs Ltd ﬁﬁednro_tf;e

Unimat 3

lathe mandrel. A drawbolt passes
through the flanges and locates in a
brass nut which is also cross drilled. A
fulecrum rod passes through the nut
and the lathe mandrel. When the
drawbolt is tightened the whole
assembly isrigidiy secured to the Jathe
mandre].

The Chronos division plates are
supplied with § in or %/s in centre holes
and both are equally suitable for use
on the Unimat 3.

FIG 3 PLATE HOLDING FLANGES AND
FULCRUM NUT [N BRASS
drite %
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Figure 3 is a drawing of the plate
holding flanges, the fulcrum nut and
the fulcrum rod, and these items can
be seen i fig 4.

Fig 4 Showing the two flanges. the drawbolt
and nut, and the fulcrum rod

A 1% in length of brass or light alloy
having & diameter of not less than 14
in is required. The two flanges can be
obtained from this length but it is ask-
ing a bit much of the Unimat to part
off in this diameter, 0 a section of the
stock some ¥ in in length should be
sawn off with the hacksaw. This small-
er flange should be held in the 3-jaw
chuck with its jaws in the pesition for
holding large diameters. After carry-
ing out a facing cut, the work is
reversed in the chuck for facing the
second side and reducing the thick-
ness to 1 in. At the same setting, a
ciearance hole for the 1 in drawholt is
drilled from the tailstock and a shal-
fow relief or recess is formed toensure
that the clamping action takes place at
the maximum diameter. This recess
although not shown on the drawing is
visible in fig 4. A chamfer is also
formed on the outer shoulder.

The flange that locates in the bere
of the lathe mandrel is held in the
3-jaw chuck and the position of the
chuck jaws will be dictated by the
diameter of the stock. Normally, any
diameter in excess of lin should be
held with the jaws set as previously
described and in this case I suggest
that a centre is formed in the work so
that suppert can be given from the
taiistock centre. A step s inin length
and 0.445 in diameter is machined. It
will be found that this diameter will be
a close fit in the bore of the iathe
mandrel, and the chuck complete with
the embryo flange can be unscrewed
to check this fit. After this, the work is
reversed in the chuck and the jaw pos-
itions altered so that the eomponent is
held by the spigot just machined. The
flange is now reduced to § in thickness
and the centre machined to fit the

FIG 5 MOUNTING BRAC
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centre hoie of the division plate. At
this same setting the shallow recess is
formed as before and a clearance hole
of e in diameter drilled right
through the centre.

The brass nut is machined from a
short length of % in diameter brass
rod which again is held in the 3-jaw
chuck for drilling No 3 size. This is a
convenient size of drill to precede the
i in BSF tap. The work is then
removed from the chuck and held in
the vice for tapping part of the length
and cross driiling the No 30 hele. It
wilt be clear that the fength of the § in
drawbolt must be such that the
threaded end does not reach the hole
in the nut for the fulerum rod, there-
fore the tapping need only be carried
out as far as this point. However it is
easter if the taper tap at least is taken
past the cross drilied hole.

The fulcrum rod is simply a iength
of Ysin diameter round mild steelrod.

The piate 1ogether with the holding
flanges. § in drawbolt and nut can now
be fitted in the bore of the lathe man-
drel. The fulcrum rod is threaded
through the cross drilled holes in the
mandrel and the nut, and the draw-
bolt tightened. If the flapges have
been relieved as suggested, the plates
should be rigidly held.

I tried several materials for the
detent arm and varicus shapes for the
actual point of the detent. However a
mild steel strip stiffiy pivoted ina sim-
ple bracket proved ta be rigid in oper-
ation and to have sufficient spring
when moving from one hole to
another.

The shape of the detent tip that
proved to be most satisfactory was a
6(° cone formed on the endofa 5 BA
screw.

Figure 5 gives the measurements of
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the components. The mounting brac-
ket is made from brass angle and is
straightforward sawing, filing and
drilling. The detent arm is marked
out, drilled and filed according to the
drawing and a knob is provided for
convenience In operating the detent
arm. This latter component s secured
at its base in the tapped hole in the
mounting bracket with a 4 BA screw
tightened up to the requisite amount
and then secured with a lock nut. The
knob at the top end of the detent arm
is riveted in position and the 5 BA
detent screw is also secured with a
lock nut.

The tip of the detent can be
machined in the lathe using the set
over top siide. The screw can be held
in the ‘screw head holding tool
described in my book on the construc-
tion of a Congreve clock. After the
60° cone has been formed, the
extreme tip is rounded and burnished
to avoid scoring the division plate.

The mounting bracket is screwed to
the Unimat base with four No 6 woeod
screws 2nd the pivot point is located
centrally under the ten rows of holes.
It is aleo positioned so that the detent
is biased against the plate.

When using the plate, always try
and use ahole circle of large diameter.
For example, if a 30 toothed wheel is
to be cut, the 120 row of holes would
be setected and indexing carried cut
on every fourth hole. It is advisable to
mark the hcles with a felt tip pen in
these cases in order to lessen the
chance of a mistake over the counting.
HReferences
*The Chronos division plates can be obtained
from the manufacturer, Chronos Designs Ltd,
Woeods Lane, Potterspury, Towcester, North-
ants; or, MNathan Shestopal, 1 Grangeway,
London NWé 2BW, or, A Shoot & Sons Lid,
116-118 5t John Strect, Clerkenwell.



Modifications
to a4-jaw chuck
by John Wilding

IN iathework, when we require fo
hold a length of round stock so that it
runs true. we have the option of using
a collet chuck or the 4-jaw chuck with
independently operated jaws. In the
latter case a dial indicator is used and
the mdividual jaws are manipulated
untii the needle of the indicator
remains motionless as the stock is
rotated,

Collets are much guicker in opera-
tion, but the disadvantage is their
resiriction to a particular diameter
and they must not be used on either
oversize or undersize stock as this will
strain them. It will be apparent there-
fore that a great many collets are
required to cover all requirements in
turning and this in turn involves an
expensive capital outlay.

A 4-jaw chuck on the other hand
can cope with an unlimited range of
diameters within its physical capacity,
the only disadvantage is that the stock
must be manvally adjusted to run true
with the aid of a dial test indicator and
thig takes time.

When I came to use the 4-jaw chuck
supplied with the Unimat 3 for the
first time, I was astounded to find that
the jaws would not ciose down to hold
a diameter of less than about & in
and as in horological work our arbors

re much smaller than this in most
cases the chuck appeared to be useless
in this type of work.

I was so amazed at this error in
design, that I approached the impor-
ters to see if 1 had been supplied with
the wrong chuck or a fauliy one. But

Fig 3 Checking the length of the lower
threadsd end of the screw
AT R

: s

Fig 1 {left) The 4-jaw chuck for the Unimat 3 showing the minimum closing capacity of the jaws
Fig 2 (right} The same chuck after modification to the feed screws

this was not so. The manufacturers
had taken the option of giving the
chuck a maximum rather than a
minimum holding capacity.

When I examined the chuck § found
that the feed screws operating the
jaws butted together when the latter
were in the closed position thus pre-
venting any further mevement. Fig-
ure 1 illustrates the chuck as pur-
chased with the jaws in the fully
closed position. In fig 2 I show the
same chuck after modifying the feed
screws and it can be seen that the jaws
very nearly meet at the centre and can
be made to do so if necessary.

The modification involves the
removal of approximately /¢ in from
the end of each screw and the forming
of a 45" chamfer. The work can be
carried out on the bench grinder by
locating the feed screw on the chuck
key and presenting the end to the
periphery of the wheel. After remov-
ing the bulk of the metal in this man-
ner the screw can be placed in a vee
block and offered up to the side of the
wheelin order to form the end flat and
true, It will be appreciated that these
feed screws are hardened and cannot
be turned in the lathe.

The end section of the screw should
be ground until it measures ¥4 in and
fig 3 shows how this measurement can
be checked using a caliper gauge.

A 45" chamfer should be formed on
the end as this assists in further
advancement of the screws. 1 iffus.
trate a suitable set-up in the lathe in
fig 4. Here the teolpost grinder is
clamped to the top slide which is then
offset to 45° and the spindie driven
from the overhead gear. In the
absence of this equipment the
chamfer can be formed in a frechand
manner on the grinder which will be
betrer than not forming it at all.

The modification is well worth car-
rying out as the usefulness of the
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chuck is greatly increased by its ability
to hold smail diameter arbors which it
is incapable of doing in its manufac-
tured state.

Finally, I show an illustration of the
modified chuck being used to centre
an arbor. The anvil of the dial test
indicator is located against the arbor
and the jaws are adjusted until thers is
no movement of the needle when the
chuck is turned. 151

B

Fig 4 Forming the 45° chamfer on the end of
the screw

Fig 5 Showing the modified 4-jaw chuck in use
holding an arbor truly, the dial test indicator is
mourted in the lathe toolpost
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HOW TO REPAIR ANTIQUE CLOCKS
volume 1. by John Wilding, contents ~
The Repair of Pivots, The Construction of a
Jacot Orum & Pivot Filing Rest, Rebushing
and the Repair of Paliets, Overhauling a 30
Hour Longcase Movement, Cverhauling the
"Humble" English Dial, Replacing a Missing
Locking Plate, Replacing a 24 Hour Wheel,
Replacing a 24 Hour and Date Wheel,
Repairing a Broken Pinfon Lea!, Rebushing a
Weight Pulley, The Construction of an 8-day
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Book)
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Existing Movement, A “Universal” Movement
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Locking Plate, Overhauling a 30 Hour
Lengcase Movement, Casing and Fitling
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Overhauling a Damaged B-day Longcase
Clack, Gathering Pallet Replacement and
Removing a Brokern Seatholt, Replacing
Broken Wheel Teeth, Back Winding a
Mainspring, Making a vee pad for the Unimat
3. An Adjusting Red, A Split Vice-Stake,
: Making a Graver and a Honing Jig,
~ Screwdrivers and Their Maintenance, Letting
down Mainsprings, How fo Make aLet-Down
Tool, Making a Gathering Pallet and Door
Catch for a Synchronome Clock, An
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Workshop Phatography.
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