


ME JUBILEEEELECTRIC CLOCK

Completion
of the

contact unit

TH E  contact blade,  in the
form originally constructed,
proved to be somewhat diffi-

cult to adjust, both vertically and
laterally, so it has now been
modified to incorporate a slotted
slide and an adjustment screw,
the actual blade being shortened
to economise in. material and also
to give a somewhat heavier loading
without imposing too much friction
on the wiper.

It will readily be understood that
while it is desirable to avoid drag on
the pendulum during the period of
contact, a fairly firm pressure is

ARMATURE

EDGAR T. WESTRURY
deals in this instalment
with the completion of the
contact and the making

of the electro-magnet

Continued from 19 June
1958, pages 782 to 784

necessary to establish a sound electrical
connection.

The best material for a contact of

As will be seen from the detail
this nature is silver, or silver-plated

drawings in the last instalment of
bronze, but there is some difficulty

June 19 the blade is now attached by
in obtaining this and so far good

rivets or screws to a strip of 1/16 in.
results have been obtained with

brass, bent U-shaped, and in its turn
phosphor-bronze or beryllium-copper

attached to a thicker strip which
alloy. As the contact surfaces rub

carries a knurled screw? and is also
against each other, they are self-

slotted to allow of a limited move-
cleaning, so long as the current is

ment in the groove of the contact
not so heavy as to cause excessive

block. These two strips may be
sparking at the break.

riveted or sweated together into an
The shape of the contact blade at

integral part if desired; I used 10 BA
the working end has been altered, in

screws to attach the blade, as it was
order to give a shorter period of

anticipated that it might be necessary
contact, as a prolonged contact was

to remove or replace it in the course
found to be of no particular benefit,

of experimental work.
and tended to make adjustment more
critical. 

ARMATURE PIVOTS

IMPULSE LEVER T E R M I N A L S

ROLLER

ELECTRO -MAGNET UNIT ASSEMBLY

MODEL ENGINEER 8



Since the original article in the
series was published, I have had
some useful advice on the subject of
contacts from a reader who is a
specialist in electronics, and who has
brought to my notice the availability
of a ready-made contact device
which should be applicable to this
particular purpose. I  am following
this up closely and hope to be able
to report on it in due course, as
contacts have always been the
“ Achilles heel ” of the electric clock
and anything which can be done to
improve them or make them more
reliable deserves very careful con-
sideration.

The adjustment screw, pressing on
the lower limb of the bent strip,
enables it to be sprung downwards,
to adjust the tip of the blade to
exactly the correct vertical position,
and it is locked by the knurled nut.
To adjust the timing of the contact,
the blade assembly can be moved
sideways in the groove of the block,
and locked by the setscrew, which may
also serve as a terminal; a hexagon-
headed screw will be found more
readily accessible here than one having
a slotted head. Adjustment for the
arc of pendulum swing is obtained by
shifting the bracket which carries the
detent-lever on the pendulum rod.

Electra-magnet unit
This is a relatively simple and

robust unit,. which does not involve
any very delicate machining operations
or adjustments. The panel is identical
in size and shape with that of the
contact unit, and the fixing holes at
the corners also correspond, so that
as previously explained, the two
panels can be bolted together and
shaned at one ooeration.

In the magnetic circuit it is obviously
desirable to use material of high
permeability and low retentive pro-
perties-in simpler terms, easily mag-
netised and de-magnetised. Usually
in such cases, soft or “ Swedish”
iron is specified, but it is not easy
to obtain any special or unusual
material nowadays; there is a very
pure form of iron produced by
electrolytic methods, known as Hecla,
but I have not been able to trace the
source of supply. It would also be
possible to use laminations of magnetic
alloy such as Stalloy, or Standynis,
which would certainly have a high
efficiency, but would tend to compli-
cate construction.

A satisfactory substitute
It has, however, been found that

ordinary mild steel, if well annealed
by "  soaking ” at red heat in an
enclosed box (to exclude carbon) for
an hour or two, and allowed to cool
very slowly, gives quite good results.

3 JULY 1958

This process should. of course. be
carried out before machining or
finishing to shape the essential parts,
in case of scaling or distortion. There
is no special need to machine or
polish the outside of the cores,
provided that they are chucked fairly
truly for turning down the spigots,
which should be a good fit in the holes
in the yoke; the length should be the
same for both cores.

Detachable cores
Although detachable cores are not

an essential feature, and they may,
if desired, be permanently pressed’
or riveted into the yoke, it is an
advantage to fit them, especially if the
coils are wound directly on the cores
to dispense with the need for bobbins;
in the latter case. fibre cheeks should
be made, a press fit for the cores, to
locate the windings. When the cores
are in place and the yoke secured to
the panel, the pole faces should present
a flat seating for the armature surface.

There is scope for experiment to
find the most efficient winding speci-
fication for the particular conditions
of working, and the supply voltage.
In this part of the design, I have been
greatly assisted by Mr J. W. Cooper,
who has produced two sets of windings
for the magnet, and has also helped
me to explore further ideas in the
development of the electrical parts
of the clock. The most suitable
winding so far tried is 1,600 turns
(i.e. 800 per coil) of 26 s.w.g. ena-
melled copper, giving a resistance of
8.2 ohms, with 4-1/2 volts input; but
both higher and lower voltages can
be used successfully by suitable
adjustment of the number of turns
and gauge of wire employed, so that
the wattage and ampere-turns remain
substantially the same in all cases.
The fitting of terminals is optional,
but useful and convenient.

Swinging armature
The armature is of the same

material as the magnet cores and
yoke, in the form of a rectangular bar,
1/2 in. x 3/16 in.,suspended to swing
freely from a cross pivot at the upper
end. the latter being turned from
1/4 in. silver steel, taking the usual care
to finish the working surfaces. It is
attached to the flat bar in such a way
that the pivot centre lines up with
the inner edge of the bar, which can
be done either by cutting a flat on
the centre of the pivot? down to half
its diameter, or groovmg the bar to
the same depth. Either screws or
rivets may be used for fixing the two
parts together.

Two strips of brass. 3/8 in. wide x
3/32 in. thick, are used “to make the
bearings for the armature pivot, the
one at the back being flat and that
at the front being bent twice at right

The pivot bearings must be a good
fit, with the least trace of end play,
but must obviously work quite freely.
Slackness would tend to cause noise
when the impulse occurs. There might
be some advantage here in fitting
hardened cone pivots with end ad-
justing screws, but this has not been
tried.

It is not desirable to make the
impulse lever and roller any heavier

9 MODEL ENGINEER

Contact blade as finally jitted
to the experimental clock, shown
at the instant of making contact.
(Not identical with drawings which
incorporate detail improvements)

angles to form a half-bridge, or
“ cock ” as it is called, spanning the
centre body of the pivot. In horological
practice, a cock is usually made from
a casting or cut from the solid, in
either case producing neat sharp
corners instead of rounded bends;
but from the practical point of view
there is no special advantage in this.

Bearing alignment
It is, of course, important that the

pivot holes in the two bearings
should line up squarely, and that they
should be located so that the armature
will seat truly against the pole faces
of the electro-magnet. These positions
can be ascertained by clamping the
armature in this position, and after
drilling the pivot holes, marking the
fixing hole nearest the bend of the
cock, from the corner hole in the
panel. This is then drilled through
both bearings, and they can be
temporarily secured for checking
position and locating the second
fixing screw.

One or two dowels may be fitted
to maintain the relative alignment of
the bearings; only one is shown on
the drawing, and this has been found
sufficient, so long as the clearance of
the fixing screws is kept to the mini-
mum; but conscientious clockmakers
would probably insist on more than
one dowel to ensure correct two-
dimensional accuracy.
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than is absolutely necessary, but it
must be adequately strong and rigid
to perform its function properly. A
channel-section arm bent from sheet
brass is specified, but aluminium alloy
(not ordinary sheet aluminium) would
probably be better. The boss to carry
the roller pivot is made in the form
of a bolt fitted across the lower end
of the channel, with a bush between
the inside surfaces to prevent crushing;
alternatively, the boss itself may be a
bush tapped right through, and
secured by a long screw from the
other side, plus the spacing bush.

In either case the assembly should
be strong and rigid. The other end
of the lever may be tapered off as
shown, and is secured to the armature
by two 6 BA screws.

The roller is made from hard
plastic material and fitted to work
freely on its pivot bolt. It should not
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IMPULSE LEVER

be grooved to fit the contour of the
pendulum rod, as this might tend to
cause the latter to deviate from its
natural path, and thereby set up a
rolling motion. Like all other work-
ing parts, a slight amount of end play
should be allowed on the pivot.

When the pendulum is at rest, the
roller should only just make contact
with it, the armature being also in
contact with the pole faces. Any
error in this respect can be corrected
by packing or filing the face of the
lever at the upper end. In experi-
mental work, an eccentric adjustment
of the roller position was tried out,
but was not found necessary: the
effect of varying length of the lever,
also the use of a wooden lever to give
resilience, led to no very conclusive
results either.

It is always open to discussion as
to which is the best and most efficient

10

I OFF BRASS

method of applying an electro-
magnetic impulse to the movement of
mechanical parts which involve inertia.
The impulse must necessarily be
rapid and abrupt, and a heavy
pendulum does not react favourably
to this kind of treatment. From this
it might be argued that there would
be an advantage in applying electric
drive to light, short-period pendulums

 or balances, which is true as far as it
goes, but this also introduces the
maximum interference with natural
period, and thus departs further from
the ideal of the “ free pendulum.”

The higher the frequency of the
pendulum or balance, the more
necessary becomes exact regulation of
the strength of the impulse, and all
adjustments, not to mention physical
dimensions of essential parts, become
more critical and delicate.

l To be continued on July 17
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Assembly

ME Jubilee ELECTRIC CLOCK

Continued from 3 July 1958. pager 8 to 10

and adjustment
of the electrical

mechanism
THEE construction of the clock

has now arrived at a stage
where it is possible to as-

semble the electro-motive  parts and
set them working, and this will
no doubt appeal to many con-
structors, who may be excused
some natural impatience to prove
that their work is yielding satis-
factory results.

I know that I can never resist the
temptation, as soon as essential
working parts of a model are com-
pleted, to set up a “jury rig” which
will enable preliminary tests to be
made, without waiting till every last
detail is completed.

In any case, this part of the mecha-
nism will have to be adjusted in-
dependently of the actual clock
movement, so that  it is just as well
to do this now as later on. The
chassis may be set up on a vertical
board, or even on the wall of the
workshop, so long as it is vertical
both ways and steady enough to
avoid inadvertent movement. After
attaching the electro-magnet and con-
tact units to their respective seatings,
by four screws in each, the pendulum
is hung from its suspension bracket
and allowed to find its natural position
before tightening the clamp bars.

Handling the pendulum
A word of caution about handling

the pendulum may be advisable; it is
obvious that the delicate suspension
springs are liable to damage if roughly
handled, and in manipulating the
heavy pendulum into position, it is
only too easy for them to foul other
parts, thereby getting bent or distorted;
such faults are very difficult to correct.
and the cause should be scrupulously
avoided.

The electrical connections of the
clock are very simple, and can be
neatly arranged; some constructors
may wish to conceal them entirely
by taking them through to the back
of the mounting board, when the
clock is finally erected, but for the
present purposes, temporary wiring
will be satisfactory. Single lighting
flex will be adequate to carry the
current, and I favour p.v.c. covering,
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By EDGAR T. W E S T B U R Y

which is neat and durable, and can be
obtained in colours which harmonise
with the wooden panel, in whatever
finish may be selected, so that exposed
wiring will not be obtrusive.

It will be seen that a flexible con-
nection must be made to the detent
lever, so that it does not impose any
drag on the pendulum rod. While a
loose piece of light flex, hung from a
point as near the pendulum suspension
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Electrical connections of pendulum
mechanism

67

as possible, would serve this purpose,
it is much better to make a long coil
of enamel-covered wire, about 24
gauge, by winding it on a 3/16 in. rod
and pulling it out to the length
required. An  alternative and some-
what neater method would be to run
a straight wire down the back of the
pendulum rod, holding it in position
by small clips, or bands of trans-
parent adhesive tape, with a short
flexible coil just behind the suspension.

Preventing radio interference
The object of the condenser, which

is connected between the contact
blade and the wiper, is to suppress
the inductive spark which occurs
when contact is broken, and incident-
ally to prevent radio and TV inter-
ference, though this should not be
serious in view of the low voltage
and current employed. In the former
and primary function, the capacity
of the condenser is not at all critical,
and various sixes have been tried with
very little difference in results; either
the cylindrical “ cartridge ” type, or
the rectangular “canned ” type o f
condenser, is equally suitable.

One point to which attention may
well be called is the necessity of
checking insulation of the various
components in the circuit. If the
terminals of the electromagnet are
in the form of countersunk screws
from the back of the panel, as re-
commended, it is obvious that the
heads must be well sunk so that they
cannot touch the metal chassis; if
in doubt, however, a slip of paper or
cellulose tape will make this quite
safe. For clocks in which a metal
pendulum rod is employed,, the‘ flexible
lead to the rod can be elnnintaed in
favour of “ earth return ” through
the chassis; but in this case, the
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insulation of the panel carrying the
riding wheel and contact blade must
be above suspicion.

When all parts are assembled, the
first stage in the working adjustment
is to locate the clamp of the detent
lever so that the latter is parallel to
the back panel, and at such a height
that the detent can just drop to the
root of the tooth in the riding wheel.
The bent tip of the contact blade
should be about 1/8 in. to the left of
the wiper when the pendulum is at
rest, and the impulse lever should
just touch the rod, with the armature
in contact with the magnet poles.
It may be mentioned here that a slip
of thin paper or tape interposed
between these surfaces will not only
reduce the risk of noise, but also
eliminate “ stickiness ” caused by
slight residual magnetism.

Pendulum arc
The pendulum is set swinging by

hand, and the action of the detent
lever in engaging the riding wheel
may be observed. It will be seen that
by moving the pivot plate of the lever
to the right, the rod will have to travel
further to pick up a full tooth of the
wheel, and therefore this adjustment
affects the arc of pendulum swing.
For robust action with reasonable
time-keeping accuracy, an arc of
4 to 5 deg. (inclusive) is recommended.

When picking up a full tooth of the
wheel, the wiper should just pass
under the contact blade as close as
possible, but without actually touch-
ing it. As the arc of swing falls off,

however, the detent will fail to clear
the full tooth, and will ride in the
notch, raising the wiper so that it
strokes the contact blade and thus
establishes electrical connection
through the electro-magnet circuit, and
provides the impulse to drive the
pendulum. It is important that contact
should be broken just before the
pendulum reaches the centre or
neutral point of its swing.

Interval between impulses
Some little patience may be required

to adjust the mechanism to the best
possible advantage, but when once
this is accomplished, the action is
very reliable, and will go on like the
proverbial babbling brook. The
interval between impulses will of
course, depend on the energy applied,
but I consider that nothing is really
gained by putting too much power
into the magnet so as to cause con-
siderable variation in the arc of swing;
lighter and more frequent impulses
are more conducive to maintaining
accuracy.

As explained in the first article in
the series, it would be quite possible
to employ this mechanism, as so far
described, to serve as a master clock
or “ time transmitter,” similar to the
Synchronome, by fitting a contact
device on the riding wheel arbor, to
make contact once per revolution and
feed current impulses to one or more
secondary dials. This has been tried
experimentally with success (in the
photographs of the contact unit it is
possible to see the ebonite disc of the

contact-maker behind the contact
wheel), but no doubt most constructors
will prefer to make a self-contained
clock with a mechanically-driven time
train, which does not preclude the
possibility of driving secondary dials
as well, if desired.

The following part of the clock
mechanism, therefore, is more or less
orthodox clockmaking practice, in
which the usual methods can be
utilised, and it would in fact be
possible in many cases to utilise or
adapt the time train and dial work of
an existing clock.

Supporting pillars
A somewhat unorthodox method of

supporting the clock movement on
the chassis is employed, with the
object of making it as simple as
possible to remove or replace the
movement without affecting the rest
of the mechanism. This consists of
two rigid pillars screwed into the
chassis casting and fitted with extended
studs. The lower spacing pillars of
the clock movement are made hollow
to slide freely over these studs, and
are secured by cap nuts. It would,
of course, be possible to modify this
arrangement to suit an adapted move-
ment, including that of the English
“ grandfather,” which is usually fixed
by pulling down on to a flat platform
or “ seat board,” by means of hook
bolts engaging the spacing pillars.

Little comment is called for regard-
ing the machining of the supporting
pillars, which may conveniently be
made from hexagon brass bar, and

S U P P O R T  P I L L A R S  2  O F F  B R A S S

_STUDS 2 OFF MS                     CAP NUT5 2 0FF BRASS

‘/4 DIA.
/

SPACING PILLARS 2 OFF EACH BRASS

(HEX. NUTS, 1/8" THICK, FITTED EACH END)                            MOTION PLATE 2 OFF BRASS
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could be of more ornamental form
than those shown. It is essential that
they should be of uniform length,
and the screwed and tapped ends true
and concentric. Instead of turning
the male end from solid, both ends
may be drilled and tapped, and short
steel studs inserted at one end; this
would in fact increase strength and
ensure that the pillars would seat
properly against the bosses of the
chassis. Cap nuts are optional, but
they conceal the ends of the studs,
and are thus conducive to neatness.

When fitted, the extended studs
should be in exact parallel alignment
both ways; if not, correction may be
made by machining or scraping the
faces of the seating bosses until proper
alignment is obtained. The lower holes
in the clock plates must, of course, be
exactly the same distance apart as
the studs, which is easily checked by
measurement, and actual trial before
opening them out to finished size.

Clock plates
The clock plates are cut from

3/32 in. hard brass sheet, and the
first essential is that they should be
perfectly flat. It is, of course, possible
to straighten bent and buckled plates,
but it is by no means easy, and at
best calls for a good deal of patience.
In the absence of specialised exper-
ience, attempts to do so may make
matters worse by putting stresses into
the metal instead of taking them out.
For this reason, it is advisable to
get true plates in the first place, even
if they cost more.

Metal merchants usually cut sheet
metal of this thickness with a guillo-
tine shear, which is quite capable of
doing a clean job if the blades are
keen and well-adjusted; but often
they are not, and this causes con-
siderable distortion. At best, the cut
edges are usually burred or depressed,
and for this reason, attempts to shear
the plates to near-finished shape and
size are not advisable. At the expense
of some waste metal, larger plates
should be obtained, and sawn to
shape all round.

Having marked the positions for the
corner holes as accurately as possible
on one plate, undersize holes, say
3/16 in. dia., may be drilled in it, and
it is then used as a jig for the second
plate. I did all my marking out on the
surfaces which eventually faced in-
ward on assembly, as scriber marks
are difficult to erase, and in this
position they will not be readily
visible. The plates may now be
temporarily bolted together by close-
fitting bolts, and trimmed over the
outside edges to the finished shape.
Mark the plates clearly to show front
and back, and to distinguish inside
and outside surfaces; the drilling of
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T h e  components of the clock movement

pivot holes may be deferred for the
present, but in most cases the front
plate can with advantage be marked
out and used as a jig for drilling the
other, when hole locations are defin-
itely settled..

Spacing pillars
These are turned from 1/2 in. dia.

brass rod, the upper pair having
the ends screwed 1/4in. BSF, and the
lower pair screwed 3/8 in. x 26 t.p.i.
(brass pipe standard) or other con-
venient fine thread. Four nuts are
required for each size of thread, all
being 1/8 in. thick; convenient hexagon
sizes are 1/2 in. and 5/8 in. across flats,
respectively, but nearest available
sizes may be used. The pillars must
be all of uniform length between
shoulders, and the ends true and con-
centric. I turned these pillars at a
single operation from bar held in the
chuck, with the outer end supported
by the back centre; the lower pillars
were drilled before parting off. I t
was, of course, impossible to screw
the inner ends at the same setting,
but this was done by a second opera-
tion, using a tapped piece of bar in
the chuck to hold the end previously
screwed. The holes through the lower
studs may be drilled at either setting,
and should be an easy fit for the
supporting studs.

The “ chair-leg ” ornamentation of
the pillars is, of course, optional, but
is orthodox practice on most of the
older types of clocks, and certainly

69

looks better than plain parallel or
waisted pillars; the particular shape
varies, however, and constructors may
exercise their individual taste in these
matters. I strongly recommend,
however, that if it is done at all, it
should be done carefully and neatly,
with nicely swept curves and a good
finish free from scores. The use of
hand turning tools will enable this
to be done quite easily, and they are
a delight to manipulate; no turner
should consider himself a master of
his craft unless he has acquired some
proficiency in the use of hand tools.
I am often horrified to see readers
recommended to shape curved contours
in the lathe with a file, when it could
be done much quicker and neater by
emulating the methods of an older,
and in some ways more conscientious,
generation of craftsmen.

l To be continued on July 31

EXHIBITION TICKETS
BY POST

The Model Engineer Exhibition
(Horticultural Hall, August 20-30)
will draw big crowds and there
will be long queues awaiting entry.
You can avoid the tedium of
shuffling up to the paybox, how-
ever, by obtaining your ticket by
post from the Exhibition Manager,
19-20  Noel Street, London WI.
Price of admission is 3s., children
under I5 Is. 6d. There is a reduc-
tion for people (adults or children)
travelling in a party of I2 or over.
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Components of  .

the clock movement .

By EDGAR T. WESTBURY

BY one of those mischances
which occur even in the
best-regulated offices, an im-

portant drawing was omitted from
an earlier article in this series,
namely, the details of the pendulum
rod and bob, which should have
accompanied the description of
these items in the May 15 issue.
I must admit that I had not
noticed this omission until my
attention was called to it by
several readers. However, no
harm has been done, as the drawing
was soon found. It is reproduced
here, with apologies for getting
it out of normal sequence.

Pallet bridge
The fittings for the clock frame

should next be made; the most
important are the two outboard
bearing brackets for the motion

pivot and pallet arbor respectively.
They follow norma l horological  prac-
tice in design and fitting; brackets of
this kind are generally termed “cocks,”
though when the bracket extends
both ways from the pivot centre, and
is secured at both ends, the term
“ bridge ” is more appropriate. They
are usually made from castings, or
cut from the solid; bent-up brackets,
although serviceable, are liable to
look rather slovenly, and are not
favoured in any but the cheapest clocks.

In my case, the pallet bridge was
machined from a piece of 5/8 in. x
3/8 in. brass bar, 1-3/4 in. long, and most
of the unwanted material was re-
moved in the lathe, by holding it
crosswise in the four-Jaw chuck, set up
symmetrical to the centre both ways,
at two separate settings for inside
and outside surfaces respectively. The
squaring-up of the gap, inside and out,
was done by milling. It is possible to

dispense with this further work if
curved surfaces are not objected to,
in which event the ends should be
similarly finished by turning, so that
they harmonise with the other curved
surfaces. But this is not in keeping
with orthodox clock practice, and I
thought it best to conform with it by
keeping to square edges. Needless to
say, whatever design or methods of
construction are adopted, the flat
seatings of the bridge must be true
and the pivot hole exactly square with
them; finally, the fixing holes are
drilled in the positions shown.

As the centre of the pallet arbor
(so-called, as there are no pallets, in
the true sense of the term, in this
clock) does not bear any fixed relation
to the gearing, the pivot holes may
be drilled in the main clock plates in
the position indicated, using the front
plate as a jig for the other, as already
described. To locate the bridge in its
correct position for pivot alignment, a

H BRASS FERRULES
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MODEL ENGINEER 134 31 JULY 1958



.

straight piece of silver steel rod 1/16in.
dia. may be passed through the holes
in the two plates and the bridge,
which is then held in position by
clamps while spotting the -tapping
holes in the rear plate.

The fitting of dowels to ensure
accurate location of the bridge is
optional; I do not consider it neces-
sary as the screws locate it near
enough for practical purposes, so
long as the clearance holes are not
made unnecessarily large. Finally
the hole in the rear clock plate is
opened out to 5/16 in. dia. to give ample
clearance for the pallet arbor.

It may be remarked that this bridge
might be dispensed with by pivoting
the arbor in the two main plates, and
extending the pivots on both sides as
required. This, however, would not
be very good practice, for two reasons;
first it would entail tight fitting of
both the crutch and the rocker on
the outside of the plates, making
assembly and dismantling more diffi-
cult, and second, because less adequate
support to the crutch would be
provided.

Motion cock
The motion cock was made by

building up from 3/32 in. hard brass
sheet, by silver soldering, as machin-
ing from the solid would entail a good
deal of waste metal, and in any case
no material of large enough section
was readily available. In order to
hold the three pieces of brass together
during the brazing operation, both the
vertical pieces were made longer
than required, and the horizontal
piece was provided with two dowels
or tenons (filed from the solid) at
each end; holes were drilled in the
verticals to correspond, and the
tenons, after insertion, riveted in.
After brazing, the unwanted end
projections were cut away and the
job generally cleaned up.

As the pivot hole in this cock
must line up with that in the front
clock plate, the location of which
depends on the meshing of the gear
wheels, the cock cannot yet be fixed in
position, though the fixing holes may
be drilled in the foot, ready for spotting
the tapping holes in the plate.

Rocker
This component carries the two

gravity pawls which propel the ratchet
wheel, and both accuracy and free
workmg are highly important. It
can be machined from a piece of 1-3/4 in.
x 7/16 in. brass bar, which should be
long enough to hold in the four-jaw
chuck, the position of the hole being
marked out and set to run truly.
The machining of the spigot, pivot
lugs, and drilling of the centre hole
can then be carried out at this setting.
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Before removing the job from the
chuck, it is a good policy at this stage
to mark out the holes for the pivots
and the fixing screws. The chuck
may then be removed bodily and laid
on the drill table, and the holes drilled,
taking them 1/4in. or so deeper than
would normally be necessary. The
pivot holes are, of course, left under-
size for final finishing. If desired, the
outer contour of the rocker may be
shaped by milling or filing while still
held in the chuck.

1

ready drilled. After opening up and
countersinking the latter, and tapping
the holes in the rocker, the two parts
nay be fixed together, and a“ reamer-
bournisher,” made as previously de-
scribed, run through the pivot holes
at both ends of the rocker assembly.

Pawls
These may be made either of silver

steel, hardened throughout at the
engaging end, or of mild steel case-
hardened; either will  give good

ROCKER PLATE laTq  w

PAWLS I OFF EACH HARD STEEL

CRUTCH PIN

PALLET ARBOR

10FF

The rocker may now be parted off
with a keen parting tool. If drilled as

service for quite a long time, but in
the event of any subsequent refitting

directed, the rocker plate can also be
produced, by opening out the centre

of the pawls entailing grinding or

hole and parting off a 1/16 in. slice,
honing, it would be necessary to
renew the “ case “of the latter. If

with the pivot and fixing holes all silver steel is used, it should be
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quenched in water, polished up, and
held by the tip end in tongs or pliers,
for letting down the other end and
most of the shank to a dark purple or
blue, before re-quenching. The
colouring enhances the appearance
of the pawls and may be protected by
a thin coat of lacquer, but this must
be kept away from the tips and the
pivots.

The pawls of electric clocks are
often pivoted on fixed pins; but while
this works fairly well in most cases,
much better results are obtained by
fitting double-ended pivots to the
pawls, with bearings both sides. As
shown, it is recommended that the
pivots should be pressed into the
pawls, and shoulders be provided to
prevent the latter from rubbing on the
sides of the bearing lugs. This form
of pivot may be a little  more difficult
to make than the other,. but it works
with less friction and is adequately
supported. The accurate chucking and
turning down of two tiny pivots may
be too much like watchmaking for
some constructors; I find the best way
is to turn them all over from larger
material at one setting, using  a narrow
pointed tool, and polishing the pivots
before finally parting off.

Some pains have been taken to
work out the simplest possible com-
binations of wheels for this clock, not
only to facilitate the work of those
who undertake cutting their own gears,
but also to improve the chances of
being able to obtain suitable gears
ready-made. As the loading of the
gears is very light, and all motion is
from a higher to a lower ratio, in-
volute form gears, with which all

made from pinion wire, which is now
obtainable in very accurate form, and
thus it is only necessary to cut the
60 t and 64 t gears, which may be
dealt with in pairs, so that only two
separate operations are involved. For
those who are not prepared to cut
their own gears, I confidently expect’
to be able to announce that a full set
of ready-cut gears will be available
very shortly.

Crutch
The crutch is cut to shape from

drilled 3/16 in. to receive a shouldered
in. hard brass sheet, the eye being

collet,  which is then riveted in, the
hole being left slightly undersize for
fitting. At the fork end, two steel
crutch pins are fitted; it will be seen
that the screwed ends of these are
eccentric to the shanks, so that they
can be adjusted exactly to fit the
diameter of the pendulum rod, after

 which they are locked by 8 BA nuts.
Note that if a metal pendulum rod is
employed the design of the fork end
will have to be moditied to suit the
different diameter.

The crutch is a press fit on the
pallet arbor, in such a position that
when the latter is assembled, it swings
just clear of the back frame plate,
allowing for the projecting crutch
pm nuts. It is permissible to make
the seating on the arbor slightly taper
-not more than about one thou in its
length-to facilitate fitting, and the
same applies to the extended front
end, which carries the rocker. The
latter should not be too tight a fit,
as its relation to the crutch must be
capable of adjustment when setting
up the clock ; a tight wringing fit should
be quite sufficient.  Some constructors
mav nrefer to use an easier fit, pro-
viding a setscrew for locking it when
adjusted.. These fitting operations
call for some delicacy of touch, but
they are common to all horological
work. and the required skill can only
be obtained by practice.

-  x - or 3 to 1 x 4 to 1 reduction.
20 64
Thus the complete wheelwork system
involves the use of a minimum
number of different gears, the full
set (not counting the ratchet wheel)
being two 60 t two 64 t, two 8 t pin-
ions, and one each of 20 and 16 t.
The pinions may conveniently be
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Generalarrangement of clock movement

engineers are familiar,
appropriate,

are quite
though there is no

objection to cycloidal or other re-
cognised horological tooth forms. By
adopting 40 diametral pitch, it is
possible to use gears of very con-
venient size, and relatively small
numbers of teeth, while the calcula-
tions for pitch and outside diameters
are simplified, enabling round decimal
figures to be used in all cases.

The ratios
The gear ratio of 1:60 from the

“ minute ” wheel-in this case the
ratchet wheel-to the centre wheel is
obtained in two stages, namely
8 8
-x- or 7-1/2 to 1 x 8 to 1 reduction.
60 64
A further two stages provide the ratio
of 1 : 12 for the “motion ” train
which drives the hour hand, namely
60 16

As the wheels and pinions, together
with their arbors and pivots. follow
normal clock practice, it ‘is not
considered necessary to describe them
at great length. The articles on wheel
cutting, by Mr J. C. Stevens, in the
issues of ME 29 January, 5 and 12
February 1953, together with Mr
C. B. Reeve’s more recent articles on
the ME Musical Clock, deal ‘with
these subjects far more competently
than, with my limited experience of
clockmaking, I could ever hope to do.

I would, however, encourage con-
structors to try their hand at wheel
cutting, which is by no means as
difficult as some of them believe,
especially as in this particular clock,
everything is of robust dimensions,
and the extremely high precision
required on many types of mech-
anically-driven clocks is not essential
to a moderate degree of success, when
electricity is used for motive power.

For those who do not wish to
undertake this work, however, I have
been able to get a stock of wheels cut
to order and hope to arrange for
their distribution through the model
supply trade in the near future.

l To be concluded on August I4
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Pinions, motion train and
final assembly

By Edgar T. Westbury

THE pinions, owing to their
small size in relation to the
arbors, cannot be made sep-

arately and mounted thereon; it
is thus necessary either to machine
them from the solid or make use
of pinion wire, the latter being
obviously simpler as it avoids the
need for cutting the teeth. In
obtaining suitable pinion wire of a
high degree of accuracy, I am in-
debted to the advice and assistance
of Co1 Taplin, who in addition to
being a keen model engineer, is a
specialist in the production of
precision-drawn metal sections.

Details of the tooth form of the
60 t ratchet wheel are given for the
benefit of those who wish to cut this
wheel, which can be done by the same
general methods as illustrated for the
15 t stepped ratchet on page 783 of
the June 19 issue. The cutter recom-
mended is one having an included
angle of 60 deg., though this is by no
means critical; to produce the rake
angle of about 1 deg., the front edge
of the cutter is advanced about l/32 in.
beyond the centre line of the work,
i.e. the lathe axis, as explained in the
same issue.

Methods of mounting wheels on
collets, etc., have also been described
in previous issues; in the detail
drawings, the riveted-over end of the
collet has been exaggerated for pur-
poses of clarity; in practice, only a
very slight projection is necessary for
riveting if the fit is good, and internal
bevelling of the end face avoids the
risk of burring the centre hole. When
mounting the ratchet wheel, make
certain that the teeth face the right
way, but if a mistake has been made,
it does not matter greatly whether the
collet boss is at the front or back so
long as the end location of the wheel
on the arbor is suitably adjusted.

Many constructors will no doubt
prefer to use spoked wheels, and
unless pierced blanks can be obtained
M O D E L  E N G I N E E R

-1 was not successful in this respect
-this calls for a fretting operation,
which should be done before the
wheels are mounted on the collets.
While spoked wheels undoubtedly
improve the appearance (if the job
is neatly carried out) they obviously
have no effect on the working of the
clock, and blank discs are less liable
to become distorted, though this
risk should not arise if due care is
taken in mounting them.

Machining the pinions
The obvious way to mount pinion

wire for machining is in a collet
chuck, but some caution is necessary
in this respect, as the standard form
of collet, which is split three ways,
does not provide the ideal bearing
for an eight-leaved pinion, and there
is a possibility that it may not be
held perfectly truly, even though the
collet is true in itself.

In the absence of’ a collet chuck,
the four-jaw chuck can be used, and
in this case the jaws will bear evenly
on four of the teeth; only light
pressure should be applied, to avoid
damage to the tips, unless the part
held in the chuck is subsequently to be
machined away. It will be necessary
to set the pinion up very carefully,
using a dial test indicator or similar
aid to accuracy, as eccentric pinions
cannot be tolerated in any clock.

To avoid what many may consider
to be a very tedious operation in
setting up each pinion separately for
operations on each of its ends, the
alternative is to use a chucking bush,
and personally I consider this to be
a more reliable method, in respect of
accuracy, than using a collet chuck.
The bush should not be more than
3/8 in. dia., preferably with a shoulder
on the outside for end location; it is
held in the self-centring chuck and
bored out in position to a tight push
fit for the pinion wire. I do not
split the bush_, as this entails removal
and re-chuckmg, but simply tighten
the chuck jaws a little further when
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the wire is in position; this holds it
quite securely and truly.

I do not recommend machining
all the arbor and pivot surfaces
while the work is chucked; it is best
to turn the pivot ends only and bevel
them carefully with a hand graver,
then mount the arbor between hollow
centres for the remaining turning
operations. The standard form of
hollow centres are too clumsy for
this work (I am assuming that most
constructors do not possess watch-
makers’ lathes) but it is easy enough
to make a pair of special centres with
small diameter conical extensions,
drilled with the smallest size centre-
drill. The rear or “dead” centre
must, of course, be hardened.

While the arbor is between centres,
the truth of the pinion teeth can be
checked, and if any inaccuracy is
detected, it is not too late to correct
it by bending, but do not do this in
position, as the pivot ends, being
the weakest part, would bend first.
Turn down the unwanted metal on
the arbor as much as permissible,
and lay it in V-blocks for the bending
operation.

All this, however, is in the nature
of an emergency measure, which
should not be necessary in the normal
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way. The shank of the arbor is
finally turned and finished to a
suitable degree of accuracy; in the
case of the intermediate wheel, the col-
let is a press fit on the arbor,.whereas
on the minute arbor the ratchet wheel
collet fits outside the pivot bearing;
this projecting end of the pivot is
slightly tapered so that a seconds
hand can be fitted if required.

The centre arbor does not carry a
pinion, and can be made from 1/4 in.
silver-steel rod, which may be chucked
in the same bush as the pinion wire
and turned in the same way. Note
that in this case the wheel collet is
not a press fit, but should work freely
on the reduced diameter of the arbor;
the collar adjacent to it, however,
should be a press fit, and the easiest
way to attain this is not to pass
the reamer right through it when
machining the bore. This leaves it
slightly tapered, and the arbor can
be eased off with a dead smooth

or hard brass., bent as shown and
drilled 1/8in. dia. in the centre to fit
the arbor; tension is adjusted by the
position of the collar.

As in the case of the minute arbor.
the projecting end of the front pivot
is slightly tapered for fitting the
minute hand. I may mention that
this is not the orthodox method of
fitting, as it is more usual, at least
on high-class clocks, to square the
end and broach the collet of the minute
hand to fit, retaining it in place with
a washer and cross pin.

But I have found friction fitting of
both the hour and minute hands
quite satisfactory, and see no practical
advantage in the more elaborate
fitting. The degree of taper. should be
the same as a standard clock broach,
if available, or if not, a broach may
be made to a 1 deg. included taper,
as specified, for reaming the hands.

The motion train
This is the term used for the 12 : 1

ratio reduction gear which drives the
hour hand, and the particular arrange-
ment employed to enable the latter to
be co-axial with the minute hand is
sometimes known as a “reverting”
train. In some of the older clocks,
the actual reduction is accomplished
in one stage, by using a pinion with

file to correspond.
A friction spring is interposed

between the collar and the wheel,
the object being to allow the hands of
the clock to be set without turning the
entire wheel train-this, of course, is
a common arrangement in all types
of clocks. The spring can be made
from a 3/8 in. x 3/4 in. strip of shim steel
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the smallest permissible number of
teeth, meshing with a wheel having
12 times as many; the reverting pair
of wheels then have an equal number
of teeth.

It is generally more convenient,
however, to use two stages of reduc-
tion, to make the train more corn-
pact, and in this case the ratio is
3:l x 4:1, obtained by using a
20 t pinion meshing with a 60 t wheel
and a 16 t pinion meshing with a
64 t wheel. Whatever arrangement is
employed, however, an essential con-
dition is that the appropriate numbers
of teeth in all cases must be selected
so that the gear centres for the two
stages are identical.

The 20 t and 16 t pinions can be
made in pinion wire, either steel or
brass being suitable in view of their
light duty, or cut from the solid.
In the first case, the pinion is pressed
on the projecting end of the centre
arbor after it has been assembled in
the front plate. The 16 t pinion, if
made of brass, is fitted to a steel
pivot as shown, but if of steel, the
pivot ends can be turned from the
solid; in either case, however, the
pinion is shouldered down to form a
collet, to which the 60 t wheel is
riveted.

The cannon wheel is so called
because instead of being fitted to an
arbor it is mounted on a “cannon ”
or tubular centre, which is a running
fit on the centre arbor, and is tapered
on the outside for fitting the hour
hand. In all pairs of wheels and
pinions used in this clock,, end loca-
tions are by no means critical,. as the
pinions are made of ample width to
give plenty of latitude, or to enable
the wheels to be shifted after wear has
taken place, though this should not
be necessary for a very long time.

Meshing the gears
In the details of the clock plates it

was specified that the gear centres
should be checked before drilling the
pivot holes; this is most essential to
ensure sweet running and efficiency.
If involute gears of the sixes and
pitch as specified in the drawings are
employed, it should be possible to
work to “dead reckoning,” or in
other words to the exact measure-
ments stated, but in other types of
gears dimensions may not be quite so
definite, and in any case it is better
to check up before drilling than to
wish you had afterwards.

Clockmakers use what is known as
a “ depthing tool ” to check gear
centres; it enables the arbors, with
their wheels and pinions, to be
temporarily mounted between running
centres and their distance apart
adjusted until they run smoothly.
This distance can then be marked
out on the clock plates by scriber
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points on the ends of the running
centres. Mr C. B. Reeve has de-
scribed this tool, which is a relatively
expensive one to buy, but it is not
beyond the ability of the amateur
to make for himself.

There are, however, other means of
checking centres which entail less
elaborate apparatus. I have used
several devices for the purpose, but
the simplest method I know is to
mount one of the gears, preferably
the pinion, in the lathe so that it runs
quite truly. The other is held, either
on its own arbor between centres. or
on a dead running shaft which can be
set up on the lathe cross slide, parallel
to the lathe axis.

With the cross feed, the distance
apart of the gears is adjusted till they
run quite freely but without excessive
backlash; the noise, or rather absence
of it, when the lathe is running at
high speed, is a very good guide to
correct meshing. The distance apart
of the gear arbors is then measured,
allowance made for their radius in
both cases. and this dimension trans-
ferred to the clock plates with dividers.

Should an error in the pivot hole
positions be made,. it is possible to
correct it by openmg out the holes
and fitting eccentric bushes, but this
is not considered quite the thing in
the best horological circles. The holes
should be reamed as described in
previous issues, and countersunk to
retain oil, the final fitting and polish-
ing of the pivots then being carried out.

In the case of the motion cock, the
exact oosition can onlv be found after
the gear centres have been checked;
the cock is then clamped in position
to ensure that the outer pivot is
properly lined up, after which the
fixing screw holes can be drilled and
tapped, and if desired, one or more
dowels can be fitted to ensure positive
location.
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Assembly of clock movement
There is nothing that calls for any

special comment in this part of the
work as all parts should go together
without any difficulty if made as
described. A spot of clock oil should
be applied to each of the pivots
before assembly, but excess should be
scrupulously avoided. When all
the gears are assembled, the train
should run without friction or tight
spots; light finger pressure on the
centre wheel should be sufficient to
spin the ratchet wheel at high speed.
The complete movement may now be
placed in position on the chassis by
sliding it over the two studs, the pins
being adjusted so that they embrace
the pendulum rod without lost motion.

With the normal working swing
of the pendulum, the pawls should
feed the ratchet wheel forward one
tooth per half-swing; there is an
apparent paradox here, as each of the
pawls will appear to gather two teeth
each time. This may call for some
adjustment of the rocker on the
pallet arbor, as the maximum stroke
is obtained when both pawls are
disposed as near as possible to the
tangential position to the ratchet
wheel.

Dial and hands
I do not propose to say much about

this, as there is considerable scope for
individual taste and ingenuity in the
design of the dial and hands. The
dial fitted to my clock is of “ tradi-
tional ” design, with engraved figures;
it was made for me by Mr C. B.
Reeve, and is up_ to his usual high
standard of workmanship. Attach-
ment is by three sheet metal brackets
at 2, 6 and 10 o’clock respectively,
bent inwards and screwed to the front
clockplate.

Some constructors may wish to

STEEL & BRASS

adopt a more modern type of dial,
such as a transparent glass or Perspex
plate with metal figures or dart-
heads mounted on it. Complete dials
of various kinds are obtainable ready
made in the clock trade, but I have
not been able to find one which
appeals to me as in complete harmony
with the rest of the design. Fretted
Roman or Arabic figures, for mount-
ing on dials, are also available for
those who wish to fabricate them.

I have, I trust, now given sufficient
information on constructing all the
essential parts of the clock, up to the
stage of development the design has
so far reached. Once again I would
emphasise that this clock is intended
to provide some variety in the methods
of applying electricity to the pendulum
mechanism and in common with all
experimental designs, is undoubtedly
capable of further development but
it works quite well in its present form,
and is relatively easy to construct.
As soon as circumstances permit, I
intend to explore the possibilities of
increasing its efficiency by improving
the electro-magnetic and contact units,
and to pass on the results in due
course.

Meanwhile I am now handing the
job over to Mr A. L. Headech, who
designed and built the very handsome
case for the clock and will describe
its construction in detail.

FOF the benefit of those who wish
to “ re-cap,” as they say on the
BBC, the previous articles on the clock
mechanism were published in the
following issues:

(1) May 1: introduction and work-
ing principles; (2) May 15: chassis
and pendulum; (3) June 5: pendulum
suspension and detent lever; (4) June
19: contact unit; (5) July 3: electro-
magnet unit; (6) July 17: assembly of
electrical components; and (7) July
31: clock mechanism. *
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The ME
ELECTRIC

Jubilee
CLOCK

An entirely new design for a one-second pendulum impulse clock,
specially suited to amateur construction

By Edgar T. Westbury

ALTHOUGH it is often con-
sidered that clockmaking is
not within the legitimate

scope of model engineering, it has
always been very popular among
ME readers.

There are very good reasons for
this ; clocks are among the most
interesting of mechanisms, provide
scope for good craftsmanship both in
hand and machine tool operation,
and, when completed, can be appre-
ciated by everyone for their beauty
and utility.

Electric clocks, in particular, attract
the amateur constructor, not only on
account of their novelty, but also
because they depend less on specialised
horological  skill for their success
than the conventional type.

Many designs for electric clocks
have been published in ME during its
60 years of existence-it may be
recalled that the first constructional
article on the now famous Synchro-
nome system was published in this
magazine-and material proof that
full advantage of these designs has
been taken by readers can be found
not only at most model exhibitions
but also in innumerable homes.

In presenting yet another design
for an electric clock, my aim is not to
supersede all previous designs or to
claim any very special advantages
over them, but to introduce some
original features and interesting
methods of construction, which, I
trust, will appeal to an even wider
circle of readers.

Although I have never submitted
an electric clock design for publication
before, I have always possessed a very
keen interest in the subject and have
made many experiments with an aim
to improving or simplifying design.
In particular, I have studied the
problems of design from the aspect
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of the non-specialist constructor, who
often encounters small but irritating
obstacles to success in this branch of
work.

Among several essays on construc-
tion, I may mention that many years
ago I built a clock with only three
wheels in it, and this idea has since
been exploited in at least two clocks
which have been exhibited at ME
Exhibitions.

TYPES OF ELECTRIC CLOCKS
Before describing this particular

clock, it may be helpful to review the
various types of electric clocks that
have been designed in the past, to
explain what literally “makes them
tick.”

The term “ impulse clock ” is used
to define any type of clock driven by
electro-magnetic impulses applied to
the pendulum. which. in effect.
becomes a precision-governed motor;
capable of driving the dial motion
(or other time indicator) at a constant
rate. In this way the mechanism may
be said to be inverted in comparison
with weight or spring-driven clocks,
in which the pendulum is driven by
motive power applied through the
indicating gear train.

From the mechanical point of view,
therefore, the electric clock offers
some advantages as it avoids the
heavv loading on the gearing. affords
a very robust  pendulum action, and
enables interference with free pendu-
lum action to be reduced in compar-
ison with most kinds of escapements;
the latter property, however, is not
always exploited to its fullest ad-
vantage.

Some kinds of impulse clocks have
a balance wheel instead of a pendu-
lum, but the same general conditions
apply. Except in cases where it is
necessary for the clock to be readily
portable, however, the pendulum is
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The completed clock, fitted in a
 handsome longcase  with glass
front and sides and a battery
compartment fitted in the base

generally preferred, and only one or
two types of balance-wheel electric
clocks have achieved any degree of
popularity, though they are interesting
to construct. A notable example was
the Eureka clock which was fully
described in ME some years ago.

The type of electrically-driven clock
in which a normal gear train and
escapement is employed in conjunction
with a short spring which is rewound
at fairly frequent intervals by an
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 electro-magnet,. might loosely be de-
scribed as an impulse clock. But a
more accurately descriptive term is
“ electrically wound,” or “ remon-
toire,” to borrow from the French,
who are experts in coining technical
terms.

This system is common in motor-
car clocks, and has also been used in
electric supply meters; it offers
attractive possibilities for the adapta-
tion of existing clocks-from cheap
alarms and grandfathers, to auto-
matic electrical maintenance.

Prejudice against electricity
The modern a.c. Synchronous clocks

are not in the true sense devices for
measuring time, but only remote-
controlled repeaters, following the
motion of a master clock which is
used to govern the frequency of the
mains supply. Under normal cir-
cumstances, they give accurate and
reliable timekeeping. But their total
dependence on external factors may
be a serious disadvantage as some of
us have discovered to our cost in the
bad old days of overloaded mains
and power cuts.

For various reasons, traditional and
otherwise, practical horologists of
the orthodox school are not in love
with electric clocks of any kind. No
doubt many of them adopt as an
article of faith the dogmatic pro-
nouncement of Lord Grimthorpe, the
designer of the Westminster clock,
who in his book Clocks, Watches and
Bells, stated : “ These clocks never
answered in any practical sense; nor
would anything but the strongest
evidence, independent of the inventor,
convince me that any independent
pendulum directly maintained by
electricity can succeed in keeping
good time for any considerable
period.”

In my opinion, however, this
evidence is now forthcoming in the
large number of electric clocks which
have been, and still are, really accurate
and reliable timekeepers.

A more rational reason for the
dislike of electric clocks was once
given to me by a working clock-
maker, who said that he would not
have a magnet of any kind anywhere
near his work bench, where tools
might become magnetised and delicate
balances deranged. Generally, how-
ever, it may be said that human
nature dislikes, and often fears, any-
thing which is unusual and, even in
the remotest sense, mysterious.

HISTORY OF ELECTRIC CLOCKS
The first inventor who applied

electrical power to drive a clock, so
far as is definitelv known. was
Alexander Bain (1846) who used two
solenoid coils in conjunction with a
permanent magnet on the pendulum

rod, to drive the latter in alternate
directions by current controlled by a
sliding contact switch. A further
interesting feature of one of Bain’s
clocks was the use of an “ earth
battery,” consisting of carbon and
zinc electrodes sunk in moist earth, to
provide the current for driving it.

Although his clocks undoubtedly
worked, the contact mechanism gave
a good deal of trouble. and they
violated  basic principles of good clock
design by undue interference with the
natural swing of the pendulum.

Sir Charles Wheatstone, the pioneer
of the electric telegraph, with whom
Bain was at first associated but later
came into violent altercation, also
applied the principles of electro-
magnetism to drive clocks and the
transmission of time impulses to
remote-controlled dials. But here
again incomplete understanding of
basic requirements in clock design
limited his success.

Similar limitations were apparent
in the clocks designed by C. Shepherd
(who exhibited a clock at the 1851
Crystal Palace Exhibition), Sir David
Gill (1879), and Professor Froment.

Major problems
There were two outstanding

obstacles to complete success of elec-
tric clocks, which were never success-
fully surmounted in these early
attempts, namely a that of obtaining
a reliable and efficient electric contact
without interfering with the free
swing of the pendulum, and b regu-
lating the electro-motive force of the
impulse to maintain a constant arc
of pendulum swing. which is essential
to  really accurate isochronism-in
other words, good timekeeping.

Inventors have tackled these prob-
lems in many ways, and with equally
varied success; the inventions of
M. Fery (1908),  Frank Holden (1909)
and M. Fabre-Bulle (the designer of
the once-popular Bulle clock) deserve
mention in this respect. And out of
these experiments, two distinct but
equally successful principles in utilising
electro-magnetic  force to drive a
clock have emerged. These are: a
the use of an impulse directly applied
to the pendulum rod, uncontrolled
in strength but governed in frequency,
and b indirect action by an impulse
of constant frequency which is used
to lift a weight. the fall of which
nrovides a constant imvulse to drive
the pendulum.

Method a is employed in the Hipp
type of clock, which is by far the
most popular among amateur con-
structors while b is used in the syn-
chronome system and also in several
others which might be described as
modifications and variants of it, ex-
tensively employed for multiple control
of secondary clocks.

The Scott intermittent contact
governing mechanism

570 DIAMOND JUBILEE

A close-up of the dial and
motion work

The term “ escapement ” is generally
used, for purposes of convenience, to
describe the contact-making mecha-
nism of impulse clocks, though its
correctness in this application may
be open to question. Thus in the
Hipp clock the so-called “ butterfly
escapement ” is referred to, while the
synchronome system is said to employ
a “gravity escapement.”

I do not propose to describe these

.

devices in detail as they have often
been dealt with in ME articles, and
anyone who wishes to pursue the
subject can obtain books on electric
timekeeping to which I shall refer later

Some comments on the essential
differences between the two systems
may, however, be helpful to con-
structors as they explain some of the
reasons for the adoption of essential
features of the present design.

The electro-magnet of the Hipp
clock is so arranged as to give a brief
impulse or “ kick ” to the pendulum
at intervals, which are timed by an
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ingenious trigger mechanism in the
contact-making device.

Under normal working conditions
while the pendulum is swinging
over a determined arc-no contact is
made as the trigger swings completely
over the contact block; but as the
momentum of the pendulum declines,
it eventually reaches a point where the
trigger fails to clear the block so that
on the return swing it drops into a
notch in the latter and depresses the
contact spring, closing the contacts
momentarily and thus energising the
electro-magnet to produce an impulse
which restores the arc of swing.

DIAMOND JUBILEE

/
ELECTRO-

, MAGNET

IMPULSE FREQUENCY
The frequency of the impulse may

vary from a few seconds to well over
a minute, depending on the efficiency
of the magnet, the voltage or working
condition of the supply battery-all
of which in practice are variable
factors-but the ultimate result is to
keep the mean arc of swing sub-
stantially constant whatever the varia-
tion of power.

The Synchronome system, on the
other hand, does not apply the electro-
magnetic impulse to the pendulum
direct, but employs it to the lifting of
a weight which is then dropped at
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regular intervals (i.e. half a minute)
on an impulse pallet attached to the
pendulum rod, thus imparting a
constant driving force, which also has
the same effect of maintaining a
constant mean arc of swing.

Both systems, therefore, are immune
from the interference caused in other
types of clocks, where electromagnetic
force of varying magnitude is applied
to the pendulum at regular intervals
(sometimes at each complete or half
cycle) thereby affecting the arc of
swing.

Both the Hipp and Synchronome
systems employ a gathering pallet and
ratchet wheel in the count mechanism,
but whereas the former operates the
dial motion mechanically, the latter
usually transmits power to one or
more dials electrically, through the
contacts which control the weight-
lifting magnet.

Both systems are simple and robust,
electrically and mechanically, but of
the two the Hipp is rather better suited
for use as a domestic clock, being
quieter in action and readily adaptable
to the conversion of an ordinary
weight or spring-driven clock.

The Synchronome is, as it was
originally intended, essentially a time
transmitter, suited to the remote
control of secondary dials. Although
it can be used as a single self-contained
unit its use for domestic installation is
not popular; the noise of the falling
weight at half-minute intervals is
often found objectionable, and at-
tempts to quieten it have not been
completely successful.

NEW FEATURES OF DESIGN
In the present clock I have incor-

porated some of the features-I hope
the best ones-of both the Hipp and
the Synchronome clocks. Though
intended primarily as a domestic
clock, it can be used to control
secondary dials if desired.

The governed frequency of impulse
is adopted, but the method of apply-
ing it is modified, with the objects of
still further reducing noise (some
people object to the “ wipe-scrape ”
of the Hipp escapement, especially if
it occasionally catches a crab !) and
also of avoiding point-to-point con-
tacts.

The latter are often troublesome
because if they are closed with suffi-
cient pressure to be fully effective,
they impose load which interferes
with the free swing of the pendulum;
while if made very light in action they
may be unreliable, especially if pitted
or tarnished.

A further feature which should be
attractive to the constructor, is that
the clock is made up of a number of
self-contained and detachable units
for carrying out the various functions,
each of which can be removed for
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overhaul or adjustment. This increases
the number of individual parts and
would probably not be at all favour-
ably regarded in a commercially-
produced product, where the prevail-
ing tendency is to reduce parts to a
minimum-though some of them may
have to be of complicated form to do
so.

However, this unit construction
method actually enables the individual
parts to be simplified, and the finished
result looks more complicated than
it is, which may be an advantage
from some points of view !

The units consist of a the pendulum
and suspension unit, incorporating a
metal “ chassis ” on which the other
units are mounted,, with a bracket
at the top from which the pendulum
is suspended; b the electro-magnet
unit; c the contact control unit; and
d the clock train and dial unit. In all
these there are optional features of
design, to which I shall refer in due
course.

WORKING PRINCIPLE
The main item of novelty in the

mechanism is the method of control-
ling the frequency of the electrical
impulse, which, in common with that
of the Hipp clock, is only applied
when the pendulum swing falls below
a predetermined arc. But unlike the
Hipp, it is practically silent in action,
and employs a very lightly loaded
wipe contact which is largely self-
cleaning and imposes very little
impediment to the free swing of the
pendulum.

So far as the basic principle of this
device is concerned, I cannot claim
complete originality as it was first
employed several years ago by Herbert
Scott, of Bradford.

It entails the use of a ratchet wheel
C of special form, one tooth of which
is gathered at each swing of the
pendulum A by a paw1  or detent
carried by the rod. A  contact-
making device D is mounted above the
wheel, and in fairly close proximity
to it.

Under normal conditions of pendu-
lum swing, the paw1 is carried well
clear of the ratchet tooth so that it
falls to the root and does not operate
the contact; but if the arc of swing
is reduced below a predetermined
minimum, the paw1 fails to clear the
tooth completely and drops into the
step near the tip so that it rides at a
higher level on the return swing,
closing the contacts and energising
the electro-magnet, thus giving an
impulse to the pendulum.

In my modification of this device
the ratchet wheel, which I have
termed the riding wheel, to distinguish
it from the count wheel employed in
the clock train, does not necessarily
play any part in the timekeeping
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function, its purpose being simply to
control the contact.

It may thus be made with any
number of teeth, unless it is intended
to control secondary dials. But to
cope with this eventuality I have
designed it with 15 teeth so that it
rotates once every half-minute so that
it can be equipped with a subsidiary
contact to energise dials on the
Synchronome system if desired.

APPLICATION OF IMPULSE
The electro-magnet is arranged so

as to impulse the pendulum rod in the
direction of its travel (near the centre
of its swing) when it is moving at
maximum speed. Many impulse
magnet mechanisms are inefficient in
that they apply the power at the
wrong instant or in the wrong direc-
tion. Hipp clocks and others often
have the magnet mounted vertically
under the pendulum rod, to the end of
which an armature is attached, so that
it swings as close to the poles of the
magnet as possible.

This generally works quite well, but
it does not always apply the power to
the best advantage, and, moreover, it
increases the vertical loading on the
suspension spring, often causing a
sudden jolt when contact is made.
Its worst fault, however, is that if
contact is not broken at exactly the
right instant-as often happens if
adjustment is not quite correct-it
may waste power or even tend to
put a brake on the pendulum move-
ment.

In some cases a solenoid is used
to attract the armature and this is
more efficient, also less critical in
adjustment; a typical example is the
Bulle clock.

The electro-magnet in the clock
illustrated has a pivoted armature,
swinging vertically, immediately be-
hind the pendulum rod and on the
centre line. At the lower end this is
fitted with a roller which rests against
the rod, and, when the magnet is
energised to attract the armature,
pushes it gently but firmly to acceler-
ate the swing.

The armature movement is, how-
ever, limited when it contacts the
magnet poles at the centre of the
swing so that it does not prolong the
effect of the impulse while the speed
of the pendulum is decreasing. If
contact is delayed beyond this point
no retarding effect is produced, though
electrical energy would be wasted.

One of the difficulties often ex-
perienced by readers who wish to
embark on horological  work is that
of obtaining the necessary special
materials, either finished or semi-
finished, which are involved in this
form of construction. Many en-
quiries for advice in this matter were
received following the articles on the
ME Musical Clock, and considerable
attention has, therefore, been devoted
to ensuring that the essential supplies
for construction are available in the
present case.

The actual clock train could be
driven from the riding wheel by
suitable gearing, but it has been con-
sidered more appropriate to use an
entirely separate unit, which is oper-
ated from the pendulum by means of
a crutch, comparable to that employed
in a weight- or spring-driven clock,
but acting in the reverse sense. Instead

These will include such items as
wheel blanks or flnished gear wheels,
pinion wire, pendulum suspension
springs, engraved or fretted dials and
hands, etc., which readers often find
difficulty in making for themselves.
At present arrangements for supplies
are not finally completed but an
announcement will be made as soon
as they are ready.

l To be continued
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of the form of ratchet and paw1
commonly used in electric impulse
clocks, in which one tooth is gathered
in one direction of pendulum swing
only, the rocking lever operates two
pawls in alternate directions of swing. :,

One reason for the adoption of this
form of motion is to enable a seconds
hand and dial to be fitted if desired;

1

with the usual single-acting ratchet in
conjunction with a seconds pendulum,
the hand would move two seconds I
distance at each complete double
swing, and thus would not count

j

odd seconds.
In the form shown here the clock

is designed as a timepiece only, but
the possibility of adding striking and
chiming gear has been taken into
consideration, and it is hoped to
develop this at a later date. The clock
motion plates have, therefore, been
made large enough to allow plenty cf
room for fitting this extra mechanism
if desired.

It is possible to fit the complete
assembly in either a hanging or
standing case, but the latter is con-
sidered most suitable for domestic
purposes, and as pictured the case
is of tasteful design, quite in harmony
with up-to-date ideas in house
furnishing, without being too blatantly
“ contemporary.”

A full description of its construction
will be given, following that of the
clock mechanism.

The experimental work in the
development of the clock may be
described as a team effort, and I am
happy to acknowledge the valuable
assistance rendered by Mr C. B.
Reeve, in wheel cutting and producing
a very handsome engraved dial, Mr
J. Cooper, in experiments with the
electro-magnet, and Mr A. L. Headech
in making the case to my rough
specification.
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ELECTRIC CLOCK 

Even those who are not intending to build this 
timepiece will be interested in the construction 
of the pendulum, a feature which is vitall to 
accurate timekeeping. By Edgar T. Westbury 

Continued from I May 1958, pages 569 too 572 

N the experimental development 
of this clock, several alternative I methods in the construction of 

the various details have been tried 
out, and the features of design 
which will be described are those 
which have been decided upon as 
most satisfactory from the all- 
round aspects of constructional 
simplicity, or the facilitating of 
machining, fitting and adjustment. 
There are, however, several in- 
stances where optional methods or 
details could be incorporated or 
minor improvements introduced. 

“ Capable of improvement ” is 
generally regarded as a euphemistic 
implication that things are not as 
good as they ought to  be, but in its 
literal sense it surely applies to 
everything in this imperfect world. 
Whether I suggest possible modifica- 
tions or not, many constructors will 
undoubtedly exercise their prerogative 
to depart from the blue print; which 
is as it should be, for this is one of the 
essential differences between model 
engineering and mass production. In 
calling attention to optional features, 
I can advise readers as to what 
alternatives are permissible or desir- 
able, and thereby help them to avoid 
fallacies or pitfalls in any experi- 
ments they may venture to make. 

NEED OF CHASSIS 
The object of mounting all parts of 

the clock mechanismm on a rigid metal 
backplate, or chassis,” to use a 
popular modem term, is to ensure 
stability in the relative location of the 
various parts. Many electric clocks 
are assembled by simply attaching the 
parts to a wooden backboard. Subject 
to normal precautions, this is generally 
satisfactory; but even under the best 
conditions, timber is sometimes liable 
to warp or distort under stress, and 
examples of failure to maintain exact 
adjustments have occurred from this 
cause. Most established designs of 
electric clocks, including the Syn- 
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chronome, incorporate some form of 
metal chassis. 

Our chassis frame consists of a 
light alloy casting, which has a three- 
point attachment to  the backboard of 
the clock case, so that it is not dis- 
torted in the event of any possible 
warping of the latter. It has three 
flat facings, one of which carries the 
pendulum suspension bracket, while 
the other two serve as mountings for 
the electro-magnet and contact control 
units respectively. 

lower facings, may be left till later, 
as they can be accurately related to 
holes in the mating parts by jiggingg or 
spotting; in fact, it has not been 
considered necessary with the latter 
to indicate the holes on the detail 
drawing. Apart from cleaning up any 
rough edges or surfaces on the casting, 
no further work on this casting is 
called for. 

BRACKET FROM CASTING 
Our pendulum suspension bracket is 

also made from a light alloy casting, 
though it could be fabricated if 
desired. At one stage in development, 
a built-up brass bracket was actually 
used, but the work involved in making 
it, and also the cost of material, was 
considerably greater than with a 
casting. 

Although the essential work on this 
casting can, as in the previous instance, 
be done satisfactorily by filing, it is 
quite a simple matter to machine the 
rear bolting face, and also the top 
surface of the arms, by clamping itt to 
an angle-plate mounted on the lathe 
faceplate. The V-notch was milled, 
in my case, by mounting the casting 
on the vertical slide, with the top 

Facing the end 
of the pendulum 
bob with the aid 
of an improvised 
wooden steady 

No machining of the chassis casting 
is essentially required, though it may 
have a skim taken over the rear 
bosses and front faces if suitable 
machining facilities, such as a planing 
machine or a large-capacity lathe, are 
available. It  is, however, quite in 
order to true these to a reasonable 
degree of flatness by filing; a non- 
clogging type of file such as the 
Dreadnought, Surform or Tresa file 
will be found most efficient for this 
purpose. Exact adherence to the 
thickness shown in the drawings is 
not highly important. 

Three holes are drilled for fhe 
fixing screws. Other holes, including 
the tapped holes in the bosses just 
above the lower facings, and those for 
the attachment of the units to the 
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edge parallel to the vertical edge of 
the slide, the base of which was swung 
round at 45 deg. to the lathe axis. 
It was then possible to machine the 
notch with an ordinary side and face 
cutter, but this arrangement would not 
have been necessary hadd a 90 deg. 
angle cutter been available. 

A 1/4in. clearance hole is drilled in 
the centre of the bolting face, and 
thus coincides with the position of the  
top fixing hole in the chassis when 
assembled, but to ensure permanent 
location, two 4 BA screws are fitted 
to hold the bracket in place; the 
exact position of these is not im- 
portant. 

The detail drawing of the suspension 
bracket also includes the clamps 
employed to secure the crosshead or 
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suspension bar after the bar has been
allowed to find its own position in the
V-notch. These clamps are simply
bars of 1/8 in. x 3/8 in. brass, each fitted
with a single 5 BA stud, which passes
through a vertical hole in the arm of
the bracket and is pulled down by a
knurled nut. To keep the bar hori-
zontal a short distance stud is
screwed or riveted into its rear end,
having a round or pointed tip to seat
in an indentation drilled in the top face
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of the arm. To avoid any liability to
jam, the stud hole should have ample
clearance and at the lower end it
should be slightly countersunk, the
face of the knurled nut being bevelled
to correspond, as shown.

With this arrangement the entire
pendulum assembly may be removed
or replaced in a few seconds, by
slackening off the two nuts and
swinging the clamps round to release
the suspension bar.
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PENDULUM
It is well known that one of the

most important factors in accurate
timekeeping is the maintenance of
an exactly constant distance between
the suspension point of the pendulum
and its effective centre of gravity.
Although both the pendulum bob
and its rod are often made of common
metals, the thermal expansion of these
metals will introduce timekeeping
errors if there is any variation of
temperature. To compensate for these,
many ingenious devices have been
employed, including the bimetal or
“ gridiron ” pendulum, b u t  t h e ’
commonest method in  modem
practice is to make the pendulum rod
of an alloy which has practically a
negligible coefficient of expansion,
known as Invar. This material is
relatively expensive, but is worth
getting when extreme exactness in
time recording is necessary; often,
however, it does not produce the
desired effect because other errors in
the design or execution of the complete
clock may completely nullify any
advantage which it confers in tempera-
ture compensation.

Unless high precision is a definite
end in itself, it is rather doubtful, in
these days of regular time signals,
whether extreme accuracy is necessary
or even greatly advantageous in a
domestic clock. I know that expert
horologists will hold up their hands in
horror at such a suggestion, but the
average householder is usually satisfied
with a clock which keeps time within
a few seconds a week, sufficient to
avoid the risk of losing trains or other
important appointments. The good
old grandfather clock, with its plain
iron wire pendulum rod, will fulfil this
condition if carefully adjusted, and so
will h u n d r e d s  o f  m o d e m  mass-
produced and not very expensive
clocks. By all means pursue the ulti-
mate in precision timekeeping if you
wish (you will, I think, find it a full-
time hobby !) but do not imagine
that it is just a matter of using a
compensated pendulum, as there is
much more to it than that.

The pendulum rod in this clock is
made of wood, which has been
exploited extensively for this purpose,
as it is subject to very little thermal
expansion in the plane of its grain
fibres. With a very heavy pendulum
however, such as is necessary or at
least desirable in an electric impulse
clock, it is necessary to exercise some
care in the attachment of the rod to its
suspension and also to the fittings
which support the bob, as these are
subjected to considerable strain.

The wood used is a length of 1/2 in.
dia. hardwood dowel rod, the most
suitable varieties of wood being those
with long fibres such as ash, oak or
birch; birch, I believe, being the most
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readily available, as it is extensively
used in the furniture trade-mostly
as a substitute for rectangular tenons
for jointing. The particular specimen
was slightly oversize, even after it had
been glasspapered down to a good
finish  in the lathe, but this is not of
the utmost importance so long as
other parts are made to fit.

After cutting to overall length, the
two ends were reduced to 3/8 in. dia.
for a length of 1-3/4 in., holding the rod
in a split bush in the self-centring
chuck. If the lathe does not have a
hollow mandrel, or if its bore is too
small, this may not be a very easy
operation to carry out, but it is
generally possible to rig some kind
of outboard bearing or steady, and
also a hand-tool rest, for dealing with
it. The thread only needs to be a
rudimentary one, and is best produced
by the old-fashioned kind of split
dies, which tend to compress the
wood rather than cut it; the solid
circular dies push the chips in front
of them, and may strip the threads
by end pressure. Alternative methods
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are screwcutting o r  hand chasing.
Note that the thread does not extend
full length of the reduced end portions,
a plain part being left to ensure
proper centring in the socket or ferrule.
The rod should be given two or three
coatings of thin shellac varnish or
french polish to seal the pores, the
threaded parts being liberally treated
or a thicker consistency of varnish
used.

The ferrules at each end are made
from brass ‘rod, which need not be
machined outside if they can be
accurately chucked. Both are drilled
and tapped to a depth sufficient to
clear the threaded ends of the rod,
the mouth of the hole being opened out
to the crest diameter of the thread for
a depth of about 3/8 in. The top ferrule
is flattened on two sides, and slit
down the centre to a width of 1/16 in.
and a depth of well over 1/2 in., with a
3/32 in. hole across the bottom of the
sawcut to improve flexibility, and also,
by breaking into the axial bore, to
form an air vent when the rod is
screwed in; note that a similar cross
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hole is drilled in the lower ferrule,
though it need not go right through
to the other side.

The lower extension of this ferrule
is turned down and screwed 1/4in.
tine thread (exact pitch is optional,
but fine thread is desirable for nicety
of adjustment) and pointed at the end,
the idea being to enable the pendulum
to be used as a plumb-bob when
setting up the clock, or to indicate
the arc of swing.

To attach the ferrules, shellac
varnish may be used as a cement,
the insides being well coated and
allowed to dry, after which they are
warmed up to soften the varnish,
and screwed well home to the shoulder.
This gives very satisfactory results if
the threads are a good fit, but if they
are slack it may be found safer to
use resin or similar heat cement;
alternatively Bostik or other plastic
adhesive may be used, but not glue,
or any cement which becomes brittle
when dry.

l To be continued
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ELECTRIC CLOCK

Continued from 15 May 1958, pages 619 to 621

The construction of the pendulum, its suspension, and the
assembly of the detent lever are reached in this article

By Edgar T. Westbury

A MIID steel pendulum b o b
was used in  the  actual
clock, the dimensions being

8 in. long x 3 in. dia., and the
weight approximately 15-1/2 lb. Any
other convenient-sized piece of
metal may be used; some con-
structors may prefer to cast a
lead bob inside a piece of brass
tube, which certainly enhances
appearance, though it confers no
practical virtue, and both brass
and lead are more expensive metals
in relation to weight. If nothing
else is available, a simple wood
pattern may be made and an iron
casting obtained.

It is not essential to machine the
outside of the bob except on the score
of appearance, but the hole should be
as truly as possible in the centre, and
the lower end face, at least, should
be square with its axis to provide a
true seating for the rating nut. The
centre may be marked out on the two
ends of the bob by the use of any of
the well-known centring devices, or
by surface gauge and V-blocks, then
drilled with a centre drill, after which
it is possible to, drill the bob from
either end, by holding it against the
back centre and running fhe drill in
the lathe chuck.

It is, however, much more com-
fortable and also more accurate, to
chuck the bob and drill it from the
tailstock in the approved manner.
Unless a very large lathe is available,
the overhang of the heavy bob will
necessitate fitting a steady on the
outer end, but the standard three-
point steady for 3-1/2 in. lathes will not
take so large a diameter as 3 in.

This difficulty was, however, sur-
mounted in my case by making an
improvised wooden bush steady, by
bolting a piece of hardwood to a foot
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made of angle iron, clamping the
latter to the lathe bed, and boring a
hole to fit the bob by means of a
cutter bar held in the chuck. It was
then a simple matter to face and
centre the bob, and drill it from each
end, as shown in the photograph;
this also enables the hole to be
reamed or otherwise opened out, if
it should be necessary, to fit the rod.
It should slide easily on the latter,
but not with excessive clearance, as
a sloppy fit may cause it to rock from
side to side,. and interfere with the
proper working of the clock.

Pendulum suspension
The method of suspending the

pendulum on a flexible spring follows
the principles which have been uni-
versally employed’ in. clocks for
hundreds of years, and are very
difficult to improve upon. Various
other devices have been tried, in-
cluding ball bearings, cone pivots,
and knife edges, but so far from
offering any advantages, they have
generally been found less durable and
efficient.

One merit of the suspension spring
which is not always realised is that it
provides some slight correction for
the “ circular error ” which occurs
in a pendulum swinging in a true arc.

A well-tempered flexible steel spring
produces very little friction, because
practically all the work done in
deforming it is given back on the
return swing by its natural elasticity.
It is, however, very important that
good quality spring steel should be
used, as fatigue must be considered,
and low-grade material will become
brittle in a relatively short time.
Shim steel is sometimes recommended,
but this material usually has a low
carbon content? and such elasticity
as it possesses i s  mainly due to cold
rolling; I should hesitate to guarantee
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it for this purpose. Fortunately, the
correct grade of spring steel, specially
made for clock springs, is not difficult
to obtain, or very expensive.

The two leaf springs used in the
suspension of this clock are sand-
wiched between brass cheeks, or
“ chops ” as they are called in the
trade, and secured by small rivets at
each end. Tempered spring steel is
difficult to drill, and it will be found
easier to punch the holes with a
square-ended blanking punch, though
locating them properly is not so easy.
Centre-punching is not recommended,
as it is liable to distort the spring.

The method I have used is rather
unorthodox, but produces satisfactory
results; I make the cheeks by folding
over strips of sheet brass as shown,
and drilling the rivet holes in them
first. Before closing them right down,
the leaf springs are inserted, and also
a slip of foil between them, the same
thickness as the springs, to take up
space. The assembly is then clamped
tightly in the vice, so that the springs
are held in place, but can be adjusted
if necessary, after which the punch is
located by the holes in the cheeks,
and driven through with a smart blow.

If drilling is preferred, a glass-
hard spearpoint drill, or a dental
burr, will generally penetrate the
tempered steel if lubricated with
turps and run at low speed. The rivets
should fit the holes closely and should
not project too far, so that they can
be closed up with a few light blows;
brutal bashing is more likely to distort
them and put the assembly out of
truth. After one cheek has been
riveted, the location of the springs
in the other cheek should be checked,
so that the assembly is square and the
springs parallel to each other. These
precautions are highly essential, as
an untrue suspension spring causes
the pendulum to roll, and sound
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assembly is necessary to carry the which it should fit closely, and pendulum rating nut, which is quite
very heavy weight of the bob. clamped by a 4 BA steel screw. When a straightforward job, and can be
The suspension bar is made in two the bar is placed in the V-notches of

parts, which screw together and the suspension bracket, it will take up
turned, drilled and tapped at one
operation. Care should be taken to

clamp the top cheek of the suspension its proper alignment, and can finally produce a good thread in view of the
assembly, the lower cheek being be secured by the clamp bars. load it carries; the tine thread em-
inserted in the slotted end of the rod, Little need be said about the ployed here, and on the end of the
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rod, is conducive to precise adjust-
ment, but may be varied if desired.
Some constructors may prefer to
serrate the edge of the nut, with
equal-spaced notches to indicate some
defmite increment of axial movement.

In describing the detent lever
assembly and other details of the
contact-makine mechanism. it is neces-
sary to point out that some modifica-
tions have been introduced since
the general arrangement drawing
shown on page 571 of the Jubilee
issue was made. The latter should,
therefore, be taken as explaining the
general principle and order of as-
sembly only, in which respects it is
quite correct, but details have been
altered.

Lever assembly
The lever assembly is carried on a

split clamp mounted on the pendulum
rod, and is thus adjustable for height
and alignment. Brass is specified for
the clamp, but it may with advantage
be made of lighter material. such as
aluminium alloy or laminated bakelite.
It may be machined in one piece and
split afterwards, or two pieces may be
used, by drilling and tapping the screw
holes and fixing  them together with a
slip of packing between for the boring
operation; in either case the hole
should be bored to fit easily on the
rod, so as not to jam on the “ horns,”
when the halves are fitted to the rod.
The top and bottom faces of the clamp
are trued up, and it is advisable to
stamp or otherwise mark them for
relative location.

To round off the ends of the clamp,
it can be secured by its own fixing
screws to a plate or block which can
be held on the faceplate or in the four-
jaw chuck. An alternative method is
to drill and tap a hole in the centre of
the rear face so that it can be screwed
on to a stud and held in the three-
jaw chuck. The shape of the ends, of
course, has no vital significance, and
they may be filed or machined to any
desired contour, so long as they are
neatly finished.

The pivot plate has been made
adjustable in the horizontal plane,
and placed at the front of the clamp
for ready accessibility. It is made
from 1/16 in. sheet brass, with the pivot
bush spigoted and lightly riveted in.
For fixings of this nature, including
wheel collets, it is desirable to make
the spigot a light press fit, and of a
length to project about l/32 in. bevond
the plate, which in this case is 3/32 in.

The centre hole of the bush should
be left slightly undersize for finishing
afterwards-for a 1/16 in. pivot, a No 5
drill may be used; and the spigot end
should be bevelled inwards to a
shallow angle, so that it can be
riveted over without burring up the

MODEL ENGINEER

hole. Support the other end of the
bush on a soft metal or fibre pad for
riveting, to avoid damaging the
machined face. and take care to keev
it quite square with the plate. If
desired, the fixing screws of the clamp
may be modified so that the plate can
be adjusted without loosening the
clamp on the pendulum rod.

For the detent lever 1/16 in. sheet
brass is used, cut to the outline shown
and drilled and tapped in three places.
The 10 BA hole for the pivot should be
tapped only partially through with a
taper tan. so that the pivot will screw
in-tightly: As a matter of fact, 1/16 in.
rod will not allow of producing a full
10 BA thread-it is nearer 11 BA,
which may be beyond the scope of the
equipment in many workshops. I was
able to obtain silver steel rod approxi-
mately 0.067 in. dia., which i s  just
right for screwing 10 BA, and the
pivot. bush was, therefore, opened out
to suit.

Another minor alteration of detail
in this assembly is seen in the design
of the contact wiper, which was
originally made in the form of a disc
mounted eccentrically for the purpose
of adjustment. It has now been found
moreconvenient to provide the adjust-
ment on the contact blade, which
enables the wiper to be made simpler
and lighter, namely in the form of a
small bush, which is secured to the
lever by an 8 BA screw and washer.
The best material for this is silver.
but nickel alloy or “ German silver ”
appears to give quite good results.

Hardening the detent
The actual detent which engages

with the riding wheel is made from
1/8 in. silver steel, turned down at the
end to 0.086 in. and screwed 8 BA.
After locating its position when it is
screwed tightly i n t o  the lever, the
outer end should be marked across
the diameter, square with the lever,
and filed half away as shown in the
plan view. This part of the detent
should be hardened and polished, but
the screwed end should be “let
down” to deep blue, by holding the
cutaway part in the jaws of a hand
vice or pliers and heating the end in
a bunsen or spirit flame. The working
surfaces, both flat and rounded, should
finally be polished.

It may be observed that while many
liberties can be taken with the design
of this assembly, the lever should be
kept very light so that it does not
produce unnecessary friction when in
contact with the riding wheel. The
object of the balanceweight at the
right-hand end is to take some weight
off the detent, and it may be found
worth while to experiment by adjust-
ing the size of this or adding metal to
it, but a point will inevitably be

reached where the effective weight of
the detent is not sufficient to ensure
reliable engagement.

In order to fit the pivot to its bush
in such a way that it works quite
smoothly and freely, but without
slackness, I recommend making a
reamer or D-bit from the same piece
of silver steel rod as that used for the
pivot itself. This is made semicircular
in the usual way, but instead of the
flat being parallel to the external
surface, it is made with a long taper,
starting well below the half-diameter
and running right out to full diameter.

Finishing the pivot hole
After honing the flat face,. it is

hardened right out in thin oil. It
should not be expected to take out
more than about 0.001 in., but its
chief merit is that in the final stages
it burnishes the bore of the hole and
leaves a high, accurate finish; if the
pivot is found to be slightly on the
tight side when fitted, a little lapping
on a spare bit of rod, using plate
powder or oilstone  sludge, will enable
it to work freelv. This simple tool is
applicable to the finishing of all
pivot holes; and can be made in a
few minutes in any size required.

The outer end of the pivot stud
must be provided with some form
of retaining device, and although it is
not orthodox horological  practice, the
easiest thing is to screw it and fit a
nut. This should screw on just far
enough to allow the pivot to work
with slight but not excessive end play.
A mere suspicion of recommended
clock oil such as Chronax or Ragosine,
made by Rocol Ltd, Swillington, near
Leeds, should be applied to the pivot
on final assembly.

l To be continued

Plug Cleaners

THE Birmingham Manufacturers and
Traders company, of Masterpiece

Works, Aston,  Birmingham, ask us to
point out that sparking plug cleaners
which were described in the article
“ Blast Those Plugs ” (24 April 1958)
are similar to those manufactured by
them, still in production, and on sale
at motor accessory dealers.

The author of the article concerned
has assured us that he wrote the
description in good faith and with no
intention of encroaching on the rights
of the manufacturers. We are glad
to publish this assurance a n d  at
the same time draw the attention of
readers to the plug cleaners which are
manufactured by Birmingham Manu-
facturers and Traders Ltd.

They are operated from motorists’
foot pumps and in a few seconds
thoroughly clean sparking plugs. The
retail price is 16s. 6d.

5 JUNE 1958



ME Jubilee electric clock

Making the
contact unit ’

EDGAR T. WESTBURY deals in this article
with one of the most vital parts of the mechanism

Continued from 5 ]une 1958, pages 7I8 to 720

As mentioned in the previous
article, several detail modi-
fications have been made

in the clock mechanism since the
general arrangement drawings were
made, the object being to simplify

 construction and facilitate adjust-
ment. In the case of the contact
unit now to be described, these
include increasing the diameter of
the riding wheel, and altering the
fittings which control the timing
and period of contact.

The entire unit is mounted on a
panel,. which is specified as being of
Paxolm, a proprietary form of lami-
nated phenol resin bonded plastic;
other very similar materials are
Tufnol and Delaron. No doubt there
are many other kinds of plastics
which would serve the same purpose,

 and it is also possible to substitute
wood or metal, but whatever material
is used, it is most important that it
should be stable, and not liable to
warp or distort m any way.

While cutting out the panel, it may
be noted that the external dimen-
sions are the same as that of the

=?F

Complete contact unit mounted on.
its panel (backstop disengaged)

MODEL ENGINEER

panel which carries the electro-magnet,
and advantage may be taken of this
fact to cut them out, or at least finish
the edges, at one operation, by first
marking out and drilling the four
corner fixing holes, and bolting the
two pieces together. The rounded
ends conform to the shape of the
seatings on the chassis, and chamfer-
ing of the edges is specified, partly
because it is difficult to ensure per-
fectly clean corners when filing or
machining plastic materials of this
kind. In my case, I produced a hollow
chamfer or flute all round the edges
by a simple milling process, using a
round nose cutter in the lathe chuck,
and a flat saw table on the cross slide
with a 1/8 in. strip attached to act as
a fence, limiting the width of the
chamfer. The work was applied
by hand, feeding from the back of
the lathe (if the cutter is run in the

normal direction) and the process is
the same as employed in woodworking,
using a spindle moulder. Obviously
it would be just as easy to produce a
more elaborate moulding, by the use
of an appropriate cutter.

The contact block is made from
similar material to the panel, the sides
and edges being finished square and
true, and the cross groove produced
preferably by milling. It is attached
to the panel by two 4 BA countersunk
screws from the back, and care must
be taken to set them flush or slightly
below the panel surface, so that they
do not interfere with its proper seating
on the chassis. This applies also to
the other two screws, which hold the
plate from the back.

Wheel mounting frame
The riding wheel is mounted in a

little motion frame of its own, con-
sisting of a square plate, two turned
pillars, and a front bar. Both the
plate and the bar are cut from 3/32 in.
sheet brass, and must, of course, be
quite flat and true. As the centre
distance between the two pillars is
taken on a diagonal, there may be
a slight discrepancy between the
stated dimensions on the plate and
those on the bar, but it is quite
obvious that these must be made to
coincide, and this can easily be en-
sured by using the part first drilled as
a jig for the other.

This applies equally to the centre
hole for the pivot, which should he
drilled undersize and finished by
reaming, as described for the detent
lever bush; the same tool should be
suitable, as the pivot can be made
to fit. Note that pivot holes should
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always be countersunk on the outside,
to form an oil sink ; a very slight
breaking of the corner is also desirable
on the other side, to eliminate the
burr, or the possibility of riding on
the fillet of the pivot. These operations
can best be carried out by means of a
flat drill, ground to 90 deg., with not
too fierce a cutting angle, and twirled
between the finger and thumb. Finally
mark the two parts, to show which way
up and which way round.

The pillars are a plain turning job,
which may be carried out between
centres, after first deep centring and
drilling (but not tapping) the holes
in the ends. It is, of course, important
to ensure that the length of the pillars,
between shoulders, should be the
same within a few thou, and that the
spigoted  ends should fit closely in the
7/32 in. holes in the plate and bar.

Riding wheel
The production of this wheel may

possibly worry some constructors,
owing to its specialised design, and
the improbability of being able to
obtain one ready-made. It is, however,
by no means a difficult job, and the
cutting of the teeth can be carried out

without very elaborate equipment.
Some readers are no doubt quite
equal to the task of dividing out and
filing the teeth by hand, as the con-
tours are simple, and the standard
of accuracy much less exacting than
those of a gearwheel. But for those
less highly skilled with hand tools,
milling with the aid of a simple
indexing gear is recommended.

A pierced wheel blank, if obtainable,
may be used with advantage, but other-
wise it may be cut from 1/16 in. hard
brass sheet, drilled and reamed fin.
dia., and mounted for external turning
on a shouldered and nutted mandrel,
which serves also to hold it while
cutting the teeth. Here, it may be
observed that it is well worth while
to make two or three wheels at once,
there is not only the possibility that
one might be scrapped in the course of
further operations, but a pack of
wheel blanks will be much more
rigid to withstand side pressure during
the cutting of the teeth. If a single
wheel is to be cut, it will be desirable
to provide check washers of at least
1-1/2in. dia. to support the blank, I
omitted these in my first attempts,
and nearly came to grief as a result.
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Cutting main teeth of ex-
perimental ratchet wheels
with a home-made cutter

The cutter employed in my case
was a home-made one, turned from
5/8 in. dia. silver steel, with an integral
1/4 in. shank to hold it in the collet
chuck of my milling spindle. At the
business end, it was turned to a
reverse cone with an included angle
of 50 deg., and the end face was well

MODEL ENGINEER



undercut to give clearance. Three
axial grooves were then milled to
form teeth, with deliberately in-
accurate spacing; these were, backed
off, the cutter hardened and tempered,
and finally honed.

Cutters of this type can be made in
a matter of minutes, and cut brass
very efficiently if kept sharp (as they
easily can be) and run at high speed.
Alternatively, a flycutter, or a multi-
tooth angle cutter of suitable shape,
can be used. Incidentally, I had to
make several cutters in the course of
experimental work with teeth of
varying depth and rake, some of them
had up to five teeth, but did not appear
to work any better, and were more
difficult to hone by hand.

For the cutting operation, the
mandrel with the pack of blanks in
position was held in the chuck, in
fact, at the same setting as for turning,
thereby avoiding possible inaccuracy.
The milling spindle was mounted
horizontally on the vertical slide, at
right angles to the lathe axis, and
driven by a plastic belt at a speed
of about 3,500 r.p.m. Indexing was
carried out by means of a 60 t change
wheel mounted directly on the lathe
mandrel by means of an expanding
bolt, and locked by a strongly spring-
loaded plunger (no trains of wheels
or bits of clock spring for me,
thanks !)

Alternative methods
For those who do not find it con-

venient to fit up a rotating spindle
type of milling attachment, the alter-
native arrangement of running the
cutter in the lathe chuck, and mount-
ing an indexing attachment on the

 vertical slide, is equally practicable.
Full details of these and other milling
operations, can be found, in the ME
handbook Milling in the Lathe.

In setting up the gear for this
operation, it is important that the
cross position of the cutter relative to
the blank should be properly located,
so as to produce the specified rake
of the teeth. To do this, the cutter
should first be adjusted, by putting
a point centre in the mandrel socket
and lowering the spindle to its level
by the vertical feed, then moving the
cross slide till the front edge of the
cutter is exactly in line with the
centre point.

If the wheel was cut with the cutter
at this cross setting, the teeth would be
exactly radial, or in other words,
would have zero rake, it is, therefore,
necessary to make a further adjust-
ment of the cross slide, beyond the
centre position, to produce the re-
quired positive rake. As the radius
of the blank is 1 in. and 10 deg. is
equivalent to approximately 2.100 in.
in 1 ft it follows that the amount of
extra movement required is 0.175 in.

MODEL ENGINEER

Cutting the steps
of  the  tee th
Second operation

The main portion of the tooth may
be cut at one pass, and the cutter
described is quite equal to the job,
but it will usually be found more
convenient to take more than one
cut all round at a time, or at least
a roughing cut and a finishing cut.
No exact depth of tooth is specified,
as it is not critical, but a trial cut on
one or two teeth, will give a good
indication of final depth, which
should be such as to leave a l/32 in.
land at the tips. When once set to
depth, the vertical slide should be
locked by tightening the gib strips,
likewise the cross slide to avoid risk
of indexing errors.

Mounting on the collet
After finishing the main teeth, the

cutter should be re-set by moving the
cross slide a further l/32 in. and the
nick, or step, cut in the tips of the
teeth. It will probably be found that
burrs will be produced, and possibly
some roughness of the milled surfaces,
but these can easily be removed by
the judicious use of a dead smooth
pivot file.

The wheel is mounted on a hub
or collet, which should be turned,
drilled and reamed at one setting to
ensure concentric truth, the end of

the spigot being bevelled inwardly so
that it can be riveted over without
burring up the hole. A spindle or
arbor is made from 1/8 in. silver steel
by chucking it truly and turning
down at each end to form the pivots,
the accuracy and finish of which
should be as high as possible to ensure
frictionless running. I hope to be
able to give some information on
pivot polishing when dealing with
the motion work of the clock, but
the subject has already been dealt
with by much more competent clock-
makers than myself.

When in position in the motion
frame, the arbor should have a slight
amount of end play, and the collet
should be a light press fit on it, as
this is much the simplest and most
satisfactory method of securing it in
position, and if necessary, adjusting it
endwise to coincide with the plane of
the pendulum swing. As already
explained, room is allowed on the
arbor for the fitting of extra contact
gear to energise secondary clocks if
desired, but this matter need not be
discussed further at present.

It is necessary with any form of
ratchet operated feed device to provide
some means of preventing the wheel

l Continued on page 804
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CASEY JONES POEM
SI R,-As a boy in 1913 I used to

watch the trains on the LBSCR line
and I well remember two Pacific tank
engines named Abergavenny and
Charles C. Macrae.  In all his Lobby
Chats, I cannot recollect LBSC
mentioning these engines. What is
their history ?

LBSC sometimes gives us a hint
of an apparently well known railway
poem all about a driver named
Casey Jones, and how he used to
drive his engines till they groaned.
Neither I, nor any of my fellow club
members have come across the full
r;Fusould he dig it out and give

Grpingtdn, Kent. HAYDN. D. SMITH.

GARDEN TRACTOR
Sir,-Would any readers be in-

terested in model common-or-garden
engineering ? Here is a photograph
of a garden tractor just slapped
together from what was lying around.
The engine was borrowed from another
task. Even then, bolts,. chain, and
shaft ran to $50. Everythmg costs too
much these days. The engine is
2-1/2in. x 2-3/4in. (3-5 h.p. American
Wisconsin), and it needs another
5 h.p. of muscle to hang on to it.
Nothing stops the engine even if a
plough catches. Cleats or spuds just
dig down and the whole business will
be through to China in no time.

As a lad in Hertfordshire in the
early years of the century I was able
to see the steam ploughs in operation.
I always thought the fella on the
plough was due for decoration (above
and beyond the call of duty).

I considered some winch arrange-
ment to tear up my cabbage patch
(75 ft x 200 ft) but I should need
steam to do it’right. I like to see
the pictures of those large ploughing
engines. Incidentally, it was under-
stood that the crew made big money
in those days; £ 15 a week being
mentioned at times. Probably owner
operators.
Vancouver, 14 BC. R. C. FAJRALL.

METALLURGICAL BOOKS
Sir,-In modification and ampli-

fication of the reply to S.L.H.‘s
inquiry concerning early springs, may
I suggest that reference is made to
the following books: Metallurgy, Iron
and Steel, by Dr John D. Percy.
Published 1864 by John Murray of
Albemarle Street, London. -Metal-
lurgy of Iron, by H. Banerman, F.G.S.
Published 1868, 1871 and 1874 by
Lockwood and Co., London. Iron
in All Ages, by James M. Swank.

 Published 1884 (1st ed.) and 1892 by
American Iron and Steel Association,
Philadelphia. Manufacture of Iron, by
Frederick Oerman. Published 1854

MODEL ENGINEER

(3rd ed.), published at Philadelphia
and by Trubner and Co., 12 Pater-
noster Row, London. Metallurgy of
Iron, by Thomas Turner. Published
1895-1918 (5th ed.), by Charles
Griffin and Co., London.

All these contain excellent, and
accurate, information on the materials
S.L.H.  IS interested in, but un-
fortunately without going into great
detail, the answers given in the lower
half of column three page 469
April 10, 1958 issue are, in many
phases, inaccurate and misleading.
All the references cited in turn
furnish other references, and the
interesting story of the hows and whys
of early iron and steel manufacture
may be readily tracked down.

Incidentally, as Hexham appears to
be reasonably close to Newcastle upon

The garden tractor which Mr Fairall
built from a collection of oddments

Tyne, perhaps S.L.H. could contact
the metallurgical people at the Univer-
sity of Durham and obtain more
guidance in his sleuthing !
Birmingham, R. V. HUTCHINSON.
Michigan.

SUNDIALS
SIR,-I am very interested in sundials,

especially the more elaborate types,
and when in Britain recently thor-
oughly enjoyed looking through the
collection in the Science Museum.

I also saw a very tine one in the
Bodnant Gardens (a National Trust
property near Llanrwst in Wales) but
this was unfortunately incomplete.
1 wonder if anyone could give me
details of this, or any other accurate
type of dial so that I might be able to
satisfy my ambition to make one of
these interesting and ornamental time-
keepers. Perhaps you could refer me
to a good book on the subject.

I look forward very much to the
arrival of my copies of ME, which
usually come three or four together !
Being at present away from my home-
land (Australia) and my workshop, I
can only look forward with pleasur-
able -anticipation to the day when I
can remove all the rust-protective
coatings from my lathe and tools and
get to work again.
Christchurch, K. G. ANDERSON.
N e w  Z e a l a n d .

ME Jubilee electric clock
Continued from page 784

from (running back on the reverse
stroke of the pawl, or detent. In this
particular case the backstop, as it is
called, presented a special problem,
as an ordinary click, or spring detent,
would not necessarily stop the wheel
invariably in the right place, due to
the presence of the step, into which the
detent might engage mstead of the
root of the tooth. In early experi-
ments, a form of silent or friction
ratchet was tried out, in which a
grooved wheel on the arbor was
engaged by an eccentrically pivoted
disc if the wheel tried to run back.
This was certainly silent. and provided
a remarkably powerful one way grip,
but still the indexing was not positive
enough for the purpose, and other
methods had to be found.

The backstop gear finally employed
may possibly look like an after-
thought, but its position on the bottom
end of the pivot bar is ideal for
accessibility and adjustment, so I have
not attempted to alter it very much
from its experimental form. It will
be seen that instead of a detent, this
employs a roller, which cannot engage
in the step, but must necessarily go

804

fully into the root angle of the tooth.
The lever is made with a counter-

poise at its tail end, so that it engages
by gravity and it may be found
necessary to adjust the weight to
ensure that it acts quite positively but
without imposing more friction on the
wheel than is absolutely necessary. I
did this by -fitting an 8 BA screw in
the tail and adding one or more
washers, but a neater method would
be to solder a little extra metal on
the back, should it be required.

The construction of the lever and
its bracket calls for little explanation,
as both parts are quite straightforward.
Both the pivots should be turned from
silver steel and highly finished, the
ends being threaded only just far
enough to enable them to screw stiffly
into the plates; lock nuts could be
fitted, but should not really be neces-
sary. The roller should spin freely on
its pivot, and after fitting should be
 hardened and polished. By means of
the
the

slotted bracket, it is easy to adjust

the
position of the backstop to arrest
wheel dead, with no run back

whatever. A washer may be desirable
under the screw which holds the
bracket, but I have used special large
headed screws which serve the purpose 
quite satisfactorily.

l To be continued
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J. H. WILDING has carried out some alterations to the

experimental design without disturbing the main layout

Improving the Jubilee clock

Experimental clock designed by Edgar
T. Westbury  for the Diamond Jubilee of
MODEL ENGINEER and introduced in the
Diamond Jubilee Number (1 May 1958)

MODEL ENGINEER

IN the serial on the M o d e l
Engineer Jubilee Clock, Edgar
T. Westbury made it clear that

the design was experimental and
was presented as an alternative to
the well-tried and popular Hipp
and Synchronome movements.

Although my Jubilee clock has been
working for two years, I felt that there
was room for improvement in the
method of imparting the impulse to
the pendulum. I have been to some
trouble to arrange the modifications
so that they can be easily fitted to
existing Jubilee clocks. The main
components, the count wheel and
magnet assemblies, are hardly altered
at all constructionally.

For the benefit of new readers and
of those who would like to be reminded
of the working principles of the clock,
I shall describe the original layout and
explain some of the difficulties in its
operation. Those with back numbers
should turn back to 1958: May 1 and
15, June 5 and 19, July 3, 17 and 31,
and August 14.

Fig. 1 gives in diagrammatic form
the original and modified layouts side
by side. Fig. 2 shows the original
magnet assembly, and Fig 3 the same
thing after modification.

Now look at the left side of Fig. 1.
Freely pivoted on the pendulum rod,
which is of “seconds length,” is the
gathering arm E which has at its
extremity the gathering pallet D. This
gathers one tooth of the count wheel C
at each complete double swing. The
wheel has 15 teeth and is, therefore,
rotated once in half a minute. With a
cam or lever of some sort fitted to the
arbor of the wheel, a pair of contacts
may be closed at half-minute intervals
to operate a series of impulse dials if
you so desire. The original design

234

specif ies  a  movement  worked
mechanically by the pendulum; here
the number of teeth on the count wheel
is immaterial within reason, provided
that the diameter of the wheel is such
that the distance between two adjacent
teeth is about 3/8 in.

You will notice that the tips of the
teeth are notched. As the swing of the
pendulum decreases, owing to various
sources of friction, a time will come
when the gathering pallet fails to
gather the tooth of the count wheel
completely and lodges in the notched
part. This will give the gathering arm
an extra high action on this swing,
causing the momentary closing of two
contacts just above. These complete
a circuit which includes a battery and
the magnets M, which become
energised and attract the armature A
-a piece of soft iron or steel.

Operation cycle
The armature is firmly attached to

the impulse lever L pivoted at P, and
so the roller R is pressed firmly
against the left-hand side of the
pendulum rod, driving it to the right.
The arc of swmg is now restored: and
the teeth of the count wheel will be
fully gathered again. The pendulum
continues to free-wheel until the swing
again drops to the point when the
gathering pallet fails to gather the
complete tooth, and the whole process
is repeated.

This method of maintaining the
swing of a pendulum is similar to the
Hipp principle and will be well known
to many readers. Fluctuations in the
battery voltage are compensated by
the pendulum itself in demanding
either fewer impulses or more. But
in my experience this does not work
too well, and I have found that the
essential point for a reasonable
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degree of accuracy is to have large-
capacity batteries, such as those for
bells, which can be counted on to
maintain a fairly constant voltage for
18 months or so. In this way a
constant arc of swing is more likely
to be attained.

The ideal would be to use the mains
supply through a transformer and
rectifier, providing that the clock is to
be used only for domestic purposes.
For myself, this is out of the question
as my Jubilee operates as a master
clock and will soon control a tower
clock with three dials and striking

mechanism. I always regard public
clocks, which depend directly on the
mains supply for their time-keeping or
for the propulsion of their hands, as
the lowest form of horological  engi-
neering. It would be quite permissible
to use wet batteries on trickle charge
but, generally speaking, the large bell
batteries of 1-1/2 v. connected in series
as required are the most suitable for
amateurs.

My difficulty was the shuddering of
the pendulum rod every time an
impulse was given. On the specified
voltage of 4-1/2 it was very bad, and on

3 v. it was still bad. I finally used the
clock on 1-1/2 v. and even then it was
still noticeable, though the power
transmitted by the magnet was not
enough to maintain the swing of the
pendulum for a reasonable number of
vibrations between impulses. Con-
sequently the batteries did not last
as long as they should have done.

Cause of shudder
An examination of the action in

detail will reveal the cause of the
shuddering. The contacts are closed
just as the pendulum starts its Journey
to the right. At this moment the
armature is some way from the magnet,
and the attraction is only slight. As
the pendulum moves to the right, the
attraction increases until the armature
touches the poles when the force is at
its maximum, and the impulse then
ceases abruptly.

Whether the impulse is finished by
the breaking of the contacts, or for
the other reason, makes no difference.
The impulse is ending when the magnet
is at full power. Although the
pendulum is in the vertical position,
and therefore travelling at its fastest,
the difference in acceleration (which
operates on a cube law) between the
pendulum and the magnet is too great;
the excess energy is absorbed by the
flexing of the pendulum rod. As soon
as the impulse is cut off, the rod
springs back in the form of a shudder.

The obvious solution might be to
make the rod much stronger, and
perhaps rectangular in profile, t o
resist the bending tendency. I tried
this, and there was some improvement;
but I felt that I was only hiding the
fault instead of curing it. There was,

Fig. 2 (left) and Fig. 3: Right-hand
clock panel before and after changes

22 FEBRUARY 1962 MODEL ENGINEER



too, another thing which I wanted to
change. I did not like the way in
which the pendulum was required to
pick up the impulse roller at each
swing. carry it to the extreme left.
and brige it back to the centre position:
This was, I felt, an unnecessary source
of friction.

My fina l solution to the problem is
shown on the right-hand side of Fig. 1 .
Straightaway it-can be seen that-the
pendulum no longer has to pick
anything up at each swing. But the
main improvement is in the increase
of the amount of leverage between the
armature A and the roller R, which
now operates on a curved pallet.
Because of this increase in the leverage,
the armature movement is greatly
reduced. Measured between the lower
pole and the armature at that point,
the total tnovement is little more than
l/32 in.

FIG. 4

FIG 5

Top, Fig. 4: Pendulum top chop, 1/2 in. sq.
brass. Above, Fig. 5: Pendulum bushes

Because of this short movement,
the force is more nearly constant;
there is not a wide variation in power
as there is when the armature starts at
a considerable distance from the
magnet poles. Besides, the efficiency
is greatly increased as the armature is
so close to the poles.

It only remains to transmit this
power, in a suitable way, to the
pendulum. In Electrical Timekeeping,
Hope-Jones explains quite clearly
that the impulse should begin gently,
build up to a maximum as the rod
passes the vertical, and gradually tail
away. The rolle r is arranged to travel
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a curved path which is calculated to
produce exactly the effect demanded.
The mathematics of the curve are
shown in Mr Hope-Jones’s book in
graph form; some readers will recog-
nise the curve as the one in the
Synchronome movement. But the
curve is calculated for a gravity
impulse which would be constant. As
ours is not constant, the curve should
be different-in what way, and to
what extent, is beyond me. I do not
think that there is much need to
worry about it; I have had excellent
results with the curve shown.

Trials with the pallet
What I have written seems obvious;

yet I spent a long time trying to get
results by using a straight-sided pallet
whic h I made adjustable so that it
could swing through a wide range of
angles. I was certain that somewhere
I would find the optimum position.
I could see that if the slope were
nearly vertical the impulse would be
strong, and if nearly flat it would be
weak, and I spent ages juggling with
the angle of the pallet, the adjusting
screw S, and the voltage of the
battery; but I could not get more
than about 20 swings between
impulses, and the shuddering was still
present.

At last I removed the pallet.
Placing a scrap end of 3/4 in. dia.
brass on top of it, I scribed the 3/8 in.
radius and filed the curve roughly to
shape. I replaced the pallet on the
pendulum without expecting much to
happen. But the result was highly
encouraging despite the roughness of
the curve.

At this stage the whole assembly
was very rough and experimental.
There was no roller; I had only the
fixed head of a 4 BA bolt with a drop
of oil to help it slide! But even with
this , I had an improvement of 300
per cent.

Thus encouraged, I began on the
contact side and tried to time it so
that the contacts closed and opened
at an equal distance on either side of
the centre position of the pendulum;
I felt that this would be the best timing
to suit the curve on the pallet. By
adjusting the screw S, I was able to
control the power applied to the
pendulum. I soon had the pendulum
swinging for 90 seconds between
impulses with no visible vibration of
the pendulum rod. I thought that
this was satisfactory; in fact, I have
now reduced the 90 seconds purposely
to 60-with 3 v., from two bell
batteries in series.

All that I had to do was to tidy
up the constructional side. As I have
said, the main components are hardly
altered. The magnet,. armature,
impulse lever and supportmg cock are
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all used as they are, but are turned
round to face in the opposite direction.
Some new parts are mounted on a
sub-plate which is fixed by the existing
screws to the back casting.

The left-hand side of the clock need
not be touched, but I have tried one
or two variations of the contacts;
they are, I think, an improvement,
and I shall describe them.

Some of the photographs do not
tie up with each other. This is because
there are two clocks. I made the
second one to experiment with, and
then converted the first.

There should be no difficulty in
making the new parts. While I was
designing these modifications, I
changed the pendulum rod to one of
steel. The original was of wood,
1/2 in. in diameter. I have nothing
against wood from the operating
point of view, but I had never liked
the appearance of the original rod;
it seemed to me to look amateurish,
but, of course, that is only my own
view.

For those who would like to alter
the rod I have included some drawings
(Figs 4 and 5). I have used a mild
steel rod, and I doubt whether there
is much to be gained in this type of
clock by fitting an Invar. My own
clock is kept in an office which is
warmed by an electric heater controlled
by a thermostat and so the temperature
variation throughout the year is not
very great.

Improved suspension
The same suspension spring is used,

but a new top chop (Fig. 4) is needed.
It can be of 1/2 in. square brass. The
1/16 in. slit can be made with a slitting
saw between centres in the lathe. Do
this before you part the chop from the
original length. It will then be easier
to grip it in th e toolpos t and to align
it at right angles to the lathe bed.

I used the same pendulum bob, but
two brass bushes (Fig. 5) are required
to reduce the size of the hole. Do not
ream the 5/16 in. hole in the top bush,
as the pendulum rod is sure to be
slightly undersize when a close fit is
essential. I would advise you to
carry out any polishing or cleaning of
the ro d first.

There are a number of components
which should all be good sliding
fits on the rod. I drilled them out
gradually to a letter N size and
finished  them off with a 7.9 mm
one thou under 5/16 in. I bought this
drill especially.

Try the fit. You can do any enlarging
by lapping on a piece of brass rod
5/16 in. dia. in the lathe chuck. Slit
the end with the hacksaw for about
3/4 in. and hold the component in the
fingers. I used a fine water paste
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lapping compound made by  the
Carborundum Company. I found that
it needed only about ten or fifteen
seconds to remove enough metal-but
this will depend, of course, on the
diameter of the rod.

The bottom bush is drilled 4 BA
clearance size. A short length of
threaded rod this size is screwed into
the bottom of the rod; this is much

easier than threading the rod itself.
Work on the right-hand pane1 can

now begin. I found that my original
marking out of the Paxolin pane1 had
been sufficiently accurate for me to
turn the whole panel through 180 deg.
leaving the magnet in its original
fixing holes. I had to drill only one
4 BA tapping size hole for the back
plate and cock supporting the arma-

ture pivots, as these parts must now
be brought from the bottom of the
panel to the top. The armature and
impulse lever are both used again.
The impulse lever requires a 4 BA
tapped hole 3/16 in. from the bottom
of the lever th is is to take the adjusting
screw with its locknut.

* To be continued on March 8

Steam age ending in Bendigo

J N. MASKELYNE'S  Locomotives
’ I Have Known which has
delighted me here in Bendigo,

is really an epitome of British
locomotive practice in its most
flourishing period. Together with
J.N.M.‘s  posthumously published
additions, it will be of incalculable
value in the years to come. With
matchless draughtsmanship and in
vivid, living prose J.N.M. captured
the very ethos of his subject.

How redolent  of  the Bri t ish
character and genius one of the
designs illustrated: nothing grotesque
nothing bizarre, no dramatic and
s t a r t l i n g  c h a n g e s - e v e r y t h i n g
“ broadening down from precedent to
precedent.” The master magicians,
even in what a harsh critic might
term their “ aberrations,” never lost
their dignity and produced anything
aesthet ical ly unworthy-witness
Webb’s Compounds and Drummond’s
Double Singles.

It is a melancholy reflection that
our late friend has only embalmed
his subjects; for the steam loco-
motive is, to all intents and purposes,
dead. By 1970, on our Australian
system-and this is typical of all the
States of the Australian Common-
wealth-Rudof Diesel will have
finally triumphed over George
Stephenson.

For the first time in my life-apart
from a visit to New Zealand-l am
venturing outside Australian waters.
I am leaving for Singapore on a
family visit early this year-overland

to Fremantle and thence by ship.
The land journey is now made in
air-conditioned, diesel-hauled luxury,
a contrast to my first trip to West
Australia in 1922. Then, as one
moved forward through the State of
South Australia, the years seemed
to roll back to the Victorian era.
The motive power from Serviceton
(the border station between the
VR and SA systems) belonged to
1891-two  4-4-0 inside cylindered
S class engines with 6 ft 6 in. driving
wheels-the largest ever used in
Australia, beautifully turned out in
glossy black livery, with a profusion
of polished brass and copper, and
neat red livery. They gave place at
Murray Bridge to two 1901 4-6-0s of
the RX class for the 60-mile journey
through the hilly terrain that con-
stitutes the Eastern approach to the
capita1 city of Adelaide.

From there, on the Northward
section, we had another S, banked
(you would probably say “piloted “)
by an 1886 Q class, a 4-4-0, very
similar to the S, but with 5 ft drivers,
and, believe it or not, Salter spring
balance safety valves on the dome.
The whole was strongly reminiscent of
Samuel Johnson’s lovely creations.

At Terowie there was a change of
gauge from 5 ft 3 in. to 3 ft 6 in. to
Port Augusta. Two 4-4-0 Z class
engines of 1890 headed the tram.
The Zs were very like small cousins
of the Ss with outside cylinders. At
Quom the Zs gave place to a 2-6-0
Y-the maid of all work of the SAR
narrow-gauge system of that time-

for the journey to the Commonwealth
Railway terminal at Port Augusta
where one transferred to the 4 ft 8-1/2 in.
gauge for  the  1,500-mile  run to
Kalgoorlie.

The section was operated by 4-6-0s
-replicas, generally, of the New
South Wales Railways 32 or P class.
At Kalgoorlie the West Australian
State system-3 ft 6 in. gauge-begins.

At the time of my visit, the trains
were headed by 4-6-2 engmes of the
E class-mostly from the Vulcan
Foundry or the North British Loco-
motive Company. It took me quite
a while to get used to the eerie silence
that seemed to pervade them. They
were equipped, of course, with the
vacuum brake, and I missed the
familiar tish-tish of the Westinghouse
brake pump.

Most of the engines to which I
have referred were illustrated fifty
years ago in a special issue of the
Railway Gazette devoted to Austral-
asian Railways. I wonder if the
Railway Gazette is still in print, or
obtainable in Tothill Street ?

I find that the r.p.m. of the wheels
of memory has been increasing lately
and so I must shut off steam now.
Greetings to all at Noel Street-to
those who, with lens and pen, are
building a memorial to the object of
our common affection-and also to
those dedicated men who (even
though only in miniature) are per-
forming the miracle of resurrection-
the modellers. G. D O E N A U.

[The ” Railway Gazette ” is still
pubhshed from Tothill Street. -EDITOR.]

HE Catalogue of Working DrawingsT published by Percival Marshall PM PLANS SERVICE
Ltd, price 6d., or  10d. by  pos t ,
contains designs for many interesting
projects. But not all the subjects are
models or pieces of workshop equip-
ment  ; some of them are useful
accessories.

acting type for 1 in. scale engines.
Price is 3s. 6d.

For example, drawing No LO 17 is
of a locomotive feed water pump. It
was designed by J. Austin-Walton
(of Twin Sisters fame) and is a double-

Martin Evans has produced two
recent drawings for steam brakes.
No LO 25 gives details for a hand
and steam brake for 3-1/2 in. gauge tank
locomotives and No LO 29 shows
constructional data for a 5 in. gauge
steam brake. Both drawings are
priced 3s. 6d.
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Our Queries Service is often asked
to recommend a simple marine steam
power unit for the less-experienced.
One which a person of moderate skill
can tackle is M 6, a small double-
acting slide valve engine of 5/8 in. bore
and 5/8 in. stroke. A suitable steam
plant for the beginner is M 18, an
oscillating engine of 7/16 in. bore and
3/4 in. stroke. It is an Edgar T.
Westbury design. M 6 is 2s. 9d.,
M 18, 3s. 6d. q
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Improving the jubilee clock

WHERE WAS THE FAULT?

Continued from February 2. page  237

THE new parts are mounted on
a sub-plate (Fig. 6) cut from
3/32 in. brass plate in accord-

ance with the drawing. It is secured
by two 4 BA screws which hold
the bottom of the Paxolin panel to
the back plate. Although the holes
should be 2 in. apart, I should
check this, and make any necessary
adiustment on the plate. before
drilling.

 

The two 7/32 in. holes are to mount
the terminal  screws insulated by the
fibre washers shown in Fig. 7; the
terminal nuts are seen in Fig. 8.

Making the impulse arm pivot post
from 1/4 in. mild steel is straightforward
turning. The 1/8 in. dia. part must be
brought to a good finish with emery
sticks. You should first make the
collet which will run on it. Finish the
collet with a 1/8 in. reamer; then you
can finish the pivot to a close fit.

The No 60 hole can be easily drilled
in a simple jig (Fig. 10)-a short
length of 5/16 in. square mild steel
stock gripped in the four-jaw chuck
with about an inch or so projecting.
Coat with marking fluid, and with a
pointed tool mark the adjacent sides
by rotating the chuck by hand. Do
this at about 1/4 in. intervals. The
marks on one face are drilled to
suitable sizes such as 1/16 in., 1/8 in., and
3/32 in., and the other face is drilled
with the No 60 which will, of course,
break into the larger holes.

It is only necessary to place in the
jig the component to be cross drilled,
and there can be no doubt that the
hole will be drilled through the
diameter. The retaining pin can be a
l/32 in. split pin or a tapered pin
filed up in the lathe.

The stop for the impulse arm is
made from 1/4 in. dia. brass. It is slit
in the lathe after you have drilled and
tapped the 5 BA cross hole. The slit
is either closed up in the vice or is
opened out slightly with a screwdriver,
so that the adjusting screw is gripped
tightly enough to prevent it from
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turning on its own. Drill the screw
in the lathe for a short distance to
accommodate a fibre button, which is
fixed by a dab of glue after the screw
is in position. The button is to quiet
the action of the impulse arm as it
drops after giving the impulse. It
could just as well be a piece of leather
glued on to a brass button; but it
must be reasonably firm, as the height
adjustment of the impulse arm is
carried out through this screw.

The impulse arm (Fig. 12) is cut
from a strip of 3/32  in. brass 1 in.
wide. After marking out, machine the
slot by gripping the strip in the
machine vice on the vertical slide.

I use home-made D cutters pro-

instead of the 1/8 in. The finish of
the 3/32 in. pivot should be of a high
standard.

Fig. 13 shows the dimensions of
the impulse clamp block for the
pendulum rod and the impulse pallet.
After coating with marking fluid the
end part of a length of 1/2 in. square
brass, mark out the dimensions as
shown. Make the 5/16 in. hole with the
7.9 mm., and drill and tap for the
2 BA hole. Take a clearing-size drill
halfway through, and mount the piece 
of material in the toolpost ready for
a 1/16 in. slitting saw.

Remove the surplus metal with a
hacksaw to form the oblique step.
The block still attached to the parent

“ One was behaving perfectly and the other was
not. Again and again I checked the timing of
the contacts . . . ” J. H. WILDING in this second
instalment tells of a mystery which he solved

duced from silver steel. They have
the advantage that they are easy to
sharpen free-hand and need not be
mounted so truly as the multi-toothed
commercial cutters.

There is a separate drawing of the
collet, which is riveted in place.
Fitted to the arm is an angle bracket
made from 1 in. x 1 in. x 1/16 in. brass
angle and fixed by two 6 BA bolts.

A 5 BA clearance hole is provided
at one end of the long leg of the
piece to take a case-hardened button
-simply a 5 BA bolt with the screw-
driver slot machined away and the
face domed and polished. This part
is acted on by the 4 BA screw at the
end of the original impulse lever. Its
proper position is ascertained by
assembling the components and check-
ing from the job.

The impulse  roller and its pivot
are both machined from 1/4in. mild
steel. You should case-harden the
roller. The No 60 hole is drilled with
the help of the same jig as before,
except that the 3/32 in. hole is used
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metal is then clamped to the face of
the vertical slide and set by a protractor
for the machining of the 60 deg. angle
with an end mill. At the same time
the 3/16 in. dimension is machined.

The block can now be parted from
the stock with a hacksaw. Machine
the curved ends by gripping a scrap
piece of 1 in. dia. round brass in the
three-jaw chuck, facing the end and
drilling and tapping 2 BA. The block
is fastened to this by a 2 BA screw,
and light cuts are taken. A fine feed
is used and efforts are made to get a
good finish.

Leave the two 6 BA holes until the
pallet is completed. This part is made
from 1/8 in. brass (Fig. 14).

Select a length of brass strip 1 in.
wide and 1/8 in. thick. After making
sure that there are no blemishes or
burrs which may upset the accuracy
of the protractor, coat the end 3 in.
with marking fluid. At about 1-1/2 in.
from the end of the strip and 7/16 in.
from one side mark centre 0. With
the dividers, scribe two circles of
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Fig. 10: Simple method of
cross-drilling small parts

3/16 in. and 1/8 in. radius. Using the
protractor, draw the line BC through
centre 0 and at 30 deg. to the side
AB.

Then, with the protractor set at
60 deg., draw tangents FG and HJ.
These lines will, of course, form right
angles with the line BC. Make E K
parallel to A B .  Draw the angle
LDJ, 10 deg. The portion of curve
required is that from E to D.

Mount the whole piece on the
faceplate and centre it so that the
point 0 runs truly. The 3/4 in. dia.
circle is now bored out (Fig. 15).
Finally, the acting face of the pallet
is shaped to form a convex surface.
This 1 did with a form tool.

The object is to ensure that the
roller acts as near the centre of the

FIG.6 Sub plates for magnet assy.

FIG.8 Terminal nut 48A

2 off brass

pallet as possible even if the two
components are slightly misaligned.
After the pallet has been cut free and
the lines KE and DL have b e e n
carefully filed, it can be either
temporarily soldered, or fastened on
the clamp block with a small tool-
maker’s clamp, for the drilling and
tapping of the fixing holes.

As I have mentioned, the left-hand
side of the clock need not be altered.
But I carried out some useful experi-
ments with another type of gathering
arm and two different  contact
arrangements.

1 set up both clocks after having
modified them as described, and
arranged for them to be close together
on the workshop wall so that I could
easily compare their performances. On
one clock I fitted the gathering lever
as specified in the original design.
On the other clock I fitted the gather-

kz---- 2 %I,$‘---,
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S.

Impulse roller pivot

MODEL  ENGINEER

FIG.7. lnsulating washer

&_3y&+:

2off fibre

FIG.9 Impulse arm

pivot post. MS

ing lever shown in Fig. 17. This is a
much lighter component. The clock
with the original arm would go for
about 45 seconds between impulses
and the one with the lighter arm went
for 90 seconds.

The main point about the gathering
arm and the back stop pawl is that
they should be as light as possible
as they are both lifted at each swing
of the pendulum and any extra
weight in either has to be paid for
many times over when the pendulum
receives an impulse.

I advise you to lighten the back
stop. Grip the paw1 by the little
collet  which is riveted at its centre,
and with a sharp pointed tool reduce
the thickness to l/32 in. in the lathe.
I also discarded the silver steel roller
and substituted one of fibre which is
much lighter and seems quite tough
enough. Counterbalancing is carried

FIG.12 Impulse arm 3/32" brass

Roller MS CS Collet for impulse arm

292 8 MARCH 1962



i\60’

Bmss

c
I %$ FIG.13 Pendulum clamp block

 a n d  impulse pallet
” ’ ’ 1/l6" slit 

Fibre buttonh

Drill 1/l{

5BA

FIG.11 Impulse arm stop brass

Fig. 15: Set-up for the machining
of the curve on the impulse pallet
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FIG.14 Marking out diaqram for impulse
out by dropping a blob of solder on
the back of the tail end of the pawl

pallet. I “x1/8” brass s t r ip

and filing it away until the correct
balance is achieved.

While I was experimenting with the
two different types of gathering paw1
I made another discovery. One clock
did not at first go very well. I was
getting a small amount of vibration
at each impulse of the pendulum, the
very trouble which I had set out to
cure. It was almost uncanny. Here
were two clocks, identical as far as
their impulsing was concerned, and
not 12 in. apart on a wall. One was
behaving perfectly and the other was
not. Moreover, the one which was
shuddering slightly was also making a
slight rattle at the moment of impulse
as if there was something loose on
the pendulum rod.

Again and again I checked the
timing of the contacts, looking from
the good clock to the bad one and
copying the adjustments closely. I
checked the measurements of the
curved pallet, trying to find a dis-
crepancy between the two movements.
Eventually 1 discovered the fault.

The only part of one clock which
was different from the other was the
suspension spring. On the good clock
I had copied the pendulum suspension
from the synchronome movement,
which has only 3/16 in. of spring
exposed between the chops. On the
other clock 1 was still using the
original spring which had 1/2 in. of
spring exposed. On examining the
top of the pendulum rod with a
magnifying glass at the moment of
impulse I was able to detect a distinct
sideways movement. After I had
shortened the spring, the trouble was
completely cured. The rattle was
being caused by the vibrating rod in
the top bush of the pendulum bob.
this was not as tight as it should
have been, although the play was only
just perceptible.

* To be continued on March 22
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Top, Fig. 16: Finished clamp block and
impulse pallet. Centre, Fig. 16a:  Here
is the completed sub-plate assembly for
fixing to the right-hand clock panel.
Above, Fig. 17: This type of gathering
pawl and clamp block is suggested
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IMPROVING THE JUBILEE CLOCK

FIX IT
J. H. WILDING in his last instalment quotes
an authority on the importance of a factor
which affected the pendulum arc of Big Ben

F I R M L Y

To construct  the  gather ing
pallet is a straightforward
task. T h e  paw1 is  made

from a used Eclipse Junior hack-
saw blade. with the teeth ground
away to reduce the width o f  the
blade to about 7/32 in. You can
do the bending with pliers. in the
flame of a Bunsen burner.  

I keep an old pair of pliers especially
for this kind of work and I do not
hesitate to grind away a sharp corner
to form rounded bends. The pliers
should be warmed or the chilling
effect on the blade may cause it to
crack. While the exact shape is not
critical, the measurement of 1-l/32 in.
is important as there is not a great
deal of adjustment in the clamp block.

The blade is clamped by a 10 BA
screw in a small block, the slit in
which can be made by a saw in the
lathe while the component is still part
of a length of 1/4 in. square brass rod.
You can drill the hole in the blade
easily after annealing. Quench the
tip after it has been brought to red
heat. It must also be stoned with a
really hard slip stone to give a smooth
polished edge. The clamp block is
similar to the other.

You can machine the 1/4in. slot in
the lathe by various methods. The
5/16 in. hole is formed in exactly the
same way as the hole for the other
block. I made the 1/8 in. slot by end-
milling first one side and then the
other with a home-made cutter from
silver steel.

To machine the curved ends to the
block, take a scrap piece of round
brass about 1 in. in diameter and
1 in. long, grip it in the chuck for
facing the end, and turn a number of
grooves on the end with a pointed
tool. The piece is then removed,
placed on a fire brick, and warmed
with a gas flame until shellac will
melt on it. Shellac can be had from
horological suppliers. It comes in the
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form of sticks similar to sealing wax.
The clamp block is also warmed.

and when both parts are at the quite
low temperature where shellac will
melt, the piece of 1 in. round is
replaced in the chuck and the clamp
block is placed against it. Before
this, a centre dot should have been
made in the centre of the reverse face
of the clamp block. This is located
on the tailstock centre, which is then
screwed in to press the two parts
together. Thev should be held
together for about a minute.

Then machining can proceed. Only
light cuts should be taken, owing to
the intermittent nature of the work.
Note that the centre is made in the
back face of the clamp block, as if it
were made in the front face it would
be found difficult to erase unless a lot
of metal were removed. It is surprising
how deep a centre dot goes in.

The pivot pm with its screwed
collar is straightforward turning. To
prevent the paw1 from falling down,
a hole is drilled in the back face for
a piece of 1/16 in. brass wire which is
pressed in. The hole should be drilled
slightly lower than is required. Then
the wire is bent upwards to bring the
paw1 to the horizontal position.
Height adjustment is made by sliding
the block up and down the rod after
slackening the 2 BA screw.

You will see the contacts in Figs 20
and 21. Those in Fig. 20 are taken
from a telephone relay and have
proved highly satisfactory. Similar
relavs can be obtained from Whistons:
they contain four pairs of contacts
which are separated by undoing three
screws. I do not know what metal is
used for the points; it seems to be of
very good quality, and I have had a
pair in use for three years in one of
my clocks without any trouble.

An alternative arrangement shown
in Fig. 21 has the advantage of being
slightly lighter in action, as only one
spring has to be flexed. But it is
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much more complicated to make and
set up, and so I am not giving draw-
ings. I made it because at one stage
in my experiments I thought that the
period of impulse was not long
enough, and I had intended to
arrange for the contact to be locked
in the closed position and then
released by the upward movement of
the impulse arm. But none of this
proved necessary, and I would advise
the simpler arrangement.

As can be seen, the bank of contacts
and the insulating packing is fixed to
a brass plate which is machined to
provide a spigot gripped by a clamp
which also grips the top left-hand
pillar of the count wheel assembly.
It will be necessary to make a new
pillar here if the original one has
already been made, as a parallel
surface is needed. Make it 5/16n. in
diameter.

The spigot on the flat plate, Fig. 19,
is machined by gripping a short length
of brass strip 1 in. x 1/8 in. in the
four-jaw chuck. Holes are drilled to
suit the contacts. The clamp can be
made from strip brass 7/16 in. x 1/4 in.
Drill and ream the holes, and slit
with a saw in the lathe. A 4 BA
Allen cap screw should be used here
as there will not be room in the case
for a screwdriver.

It will be noticed that in Fig. 20 a
second pair of contacts is provided.
These are for use if the Jubilee is
needed as a master clock. A Perspex
disc is machined 1 in. in diameter and
fitted with a brass collet which has a
10 BA grubscrew to lock the whole to
count wheel arbor. The disc is
provided with a D-shaped piece,
screwed into the disc. This closes the
contacts each 30 seconds. Another
screw fitted at 180 deg. to the D
shaped one, and in the reverse face of
the disc, acts as a counterbalance.

Used impulse movements can be
obtained from the Synchronome Clock
Company for, I believe, 17s. 6d. each,
plus postage. At this price they are
hardly worth making. I have had
several, and there seems to be nothing
wrong with them.

Spark quenching should be provided
in the circuit. And I have fitted a
two-micro-farad condenser and a
68-ohm resistance in series across the
contact points. On the actual clock
magnet I have fitted a 75-ohm resist-
ance across the magnet windings.

This completes the construction,
except for the finishing of the parts.
As there is so little work in this type
of clock, it is important to give the
parts a good finish. Emery sticks
from the horological material dealer
are graded 1, 0, 00, and 000, and
may be used for work which can be
rotated in the lathe. Flat pieces can
be treated first with the finest grade of
wet and dry, and finished off with a
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0000 grade. The paper is laid on a
flat surface, such as the drilling
machine table, and the parts are
rubbed on it. I do not use metal
polish as it seems to produce a yellow
colour which is not so bright as the
finish from the fine grades of emery
paper. I use Canning’s Frigilene
lacquer, applied by brush. Using
the grades of emery stick in order, I
polish the screw heads in the lathe.

On one clock I blued all the screws
which were on brass by drilling
various sizes of hole in a brass plate.
After the screws have been highly
polished, I put them one at a time
in the plate and heat them from
underneath with a gas flame, tipping
them into oil when a rich royal blue
is reached. The brass plate dissipates
the heat and slows down the colour
changes, giving me more time to
observe them.

All that is left now is the setting
up and adjusting of the clock.

I feel that the best case is one which
is hung on the wall. It can be secured
rigidly top and bottom. I cannot
overstress the importance of rigidity
in this kind of occasional impulse
clock with a heavy pendulum bob.
One of my Jubilee clocks was mounted
in a rather crude and haphazard
manner on the wall of my workshop
during the testing period; and as
soon as it was correctly mounted in a
proper case on the wall, and rigidly
fixed, the arc of swing immediately
increased and the action altogether
improved.

Lord Grimthorpe in C l o c k s ,
Watches and Bells (seventh edition,
page 93) tells us how a rigid pendulum
fixing affected the arc of Big Ben’s
pendulum. Of rigid fixing, he says:
“ I cannot give a better proof of how
much the arc depends on that, than

PIVOT P IN  MS- COLLAR BRASS

Fig. 18: Clamp block and gathering
pawl. Fig. 19 (right) illustrates the
contact platform and clamp brass

Below: Fig. 20 (left) and Fig. 21
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the effect of hanging the Westminster
pendulum on its proper cock,. which
is a large cast-iron bracket bwlt into
the wall; the arc increased full 45’
over what it had been in the factory,
where it was hung on what seemed a
perfectly firm support, a strong timber
frame built from the ground. Even
smaller pendulums generally increase
their arc from about 2 deg. in the
factory to 2 deg. 30’ as soon as they
are properly fixed to a good wall on
stone corbels or iron beams. This
shows the extreme badness of the
common way of fixing large clocks on
a stool or timber frame set upon a
wooden floor in a tower, and common
clocks by a single nail through a thin
back of the case.” He then refers the
reader to an earlier paragraph, where
he states: “ A perfectly firm suspension
is essential to good performance of
any clock, and the heavier the
pendulum the firmer its support must
be.”

The case designed for the Jubilee
clock is meant to stand on the floor;
but if it can be secured to a wall as
well, so much the better. A vertical
centreline should be drawn inside the
case on the backboard and the back
plate casting should be bolted so that
it is equally disposed either side of
this line. If the case is of the hanging
sort it should be hung on a vertical
wall. This may seem a stupid remark,
but those who, like myself, enjoy the
doubtful privilege of living in ” Ye
Olde Worlde,” will appreciate how
difficult it often is to find a wall that
is upright and flat. It is better to
have the case flush against the wall
and to pack out the movement back
plate-which is what I have had to do.
There is something to be said for
leaving the top edges of the pendulum
support bracket flat, and not veeing
them out, so that the pendulum can
be moved forward and backwards if
it is not possible to hang the case
vertically. Play in the trunnion is
also convenient; then the pendulum
can be moved laterally if this is
required.

Adjusting the motion work
When the clock has been mounted

in the best manner possible, adjust the
back stop of the count wheel so that
any tooth of the wheel lies on the
line between the top of the suspension
spring and the wheel centre. This can
be done either by stretching a thin
wire between the two points or by
laying on a 12 in. rule edgeways.
When you have locked the back stop,
check that it can release the wheel
when this is turned, as it is possible
for its tail to hit the support pillar
and the tip of the tooth to be damaged.

With this setting, arrange for the
gathering paw1 just to clear the top
of the tooth previously gathered:
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when the pendulum is hanging
vertically the pallet should lie about
mid-way between the tooth just
gathered and the one about to be
gathered. Check that the edge of the
paw1 is truly at right angles to the
wheel, or there will be a hit-and-miss
action when the paw1 is deciding
whether to stop in the notch or fall
clear.

The contacts can now be adjusted;
if they are from the PO relay there
will be a fibre projection on the bottom
one. It should be set so that the
shoulder on the gathering paw1 just
clears it; then move the contact
sideways so that, as the paw1 rides up
the sloping tooth, it hugs the contact
projection as closely as possible.
Watch the action carefully for all
fifteen teeth, in case there is any
inaccuracy in any one of them.

You can then turn your attention
to the magnet side. Fix the impulse
arm by the adjusting screw so that it
is horizontal, and then lower the
impulse pallet so that the lower edge
just clears the impulse roller. Now,
make the electrical connections holding
the pendulum by hand, cause it to go
through the impulse cycle. Watch the
impulse roller keenly, and adjust its
position so that when the magnet is
energised the centre of the roller is
directly under the lowest part of the
curve on the impulse pallet.

Check that the adjusting screw on
the impulse lever is so positioned that
the roller can make the full journey
all the way to the top of the curve
without the magnet armature’s touch-
ing the magnet poles. It will be
noticed that if this screw is taken out
too far the armature will reach the
poles before the roller has completed
its journey.

Continue moving the pendulum to
the right and note the point at which
the contacts break. The roller should
be at the top of the curve; if it is not
there, adjustments must be made, as
the success of the impulse depends on
the roller’s completing its full amount
of travel.

First. check the contacts. There
must be no lost motion. The initial
gap between the points must be the
minimum, and the paw1 must clear
the projection on the lower contact
blade by only a few thou of an inch.
Make sure that the roller is not too
far to the right. There must be no
travel along the flat part of the pallet.

Check that you have not made the
curve too long. The 3/16 in. measure-
ment shown on Fig. 13 must not be
exceeded.

Provided that all this is done, the
impulse should be pretty well free
from shudder. The adjusting screw
on the impulse lever should now be
screwed in half a turn at a time until
the impulse is completely free from
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vibration. Ninety seconds between
impulses should be achieved with the
clock running free, or as a master
clock. I cannot say what result would
be achieved with the pendulum
driving the wheelwork, as my clocks
are both used with impulse movements.
I should think that the 90-second
period would be reduced to about 60.

Adjustment of case
If the clock is mounted in a

Grandfather case, adjustable feet
should be provided, two at the back
and one centrally in the front, to
give a three-point mounting. An
adiustable point should be urovided
under the pendulum rod so-that the
pendulum can be used as a plumb
line for the clock to be correctly set
should it be accidentally moved or
bumped. But this kind of clock will
not stand much rough treatment; the
heavy bob will cause serious damage
if it is caused to swing out of its
proper arc. And the clock will most
certainly stop if the case is tilted by
even a small amount; 1 think this is
the main reason why electric pendulum
clocks have never been much of a
success as domestic timekeepers. The
anchor escapement thinks nothing of
being lifted off the mantle piece for
dusting, and I have seen Grandfathers
lifted from one room to another
without even the unshipping of the
pendulum rod.

Readers who have already made the
clock will, I hope, try out the con-
version for themselves. I am going
to make a pendulum movement for
one of my timekeepers as it is stupid
to have two master clocks in one
house. I thought that I would try
using a worm to get the reduction
instead of the conventional train of
wheels, as I have a small electric
clock with a worm and it has proved
highly satisfactory. *

* This three-part serial began on
February 22 (page 234). The other
instalment was published on March 8
(291).

Edgar T. Westbury  introduced the
ME Jubilee Clock, “an entirely new
design for a one-second pendulum
impulse clock, specially suited to
amateur construction,” in the Diamond
Jubilee Number of 1 May 1958.

SUPPLIES FOR THE
JUBILEE CLOCK

Castings (12s. 6d. a set) and gears
and pinions (15s.) for the Jubilee
electric clock, may be had from
Percival Marshall Ltd, 19-20 Noel
Street, London Wl. Prices include
postage.
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