

[image: e9781602399617_cover.jpg]








The Clock Repairer's Handbook

A how-to guide to diagnosing and correcting faults in clocks, antique and modern.



Laurie Penman






Copyright © 2010 by Skyhorse Publishing, Inc.



 All Rights Reserved. No part of this book may be reproduced in any manner without the express written consent of the publisher, except in the case of brief excerpts in critical reviews or articles. All inquiries should be addressed to Skyhorse Publishing, 555 Eighth Avenue, Suite 903, New York, NY 10018.



 Skyhorse Publishing books may be purchased in bulk at special discounts for sales promotion, corporate gifts, fund-raising, or educational purposes. Special editions can also be created to specifications. For details, contact the Special Sales Department, Skyhorse Publishing, 555 Eighth Avenue, Suite 903, New York, NY 10018 or info@skyhorsepublishing.com.



 www.skyhorsepublishing.com



 10 9 8 7 6 5 4 3 2 1



 Library of Congress Cataloging-in-Publication Data



 Penman, Laurie.

The clock repairer’s handbook / Laurie Penman. p. cm.

Originally published: Newton Abbot [Devon] : David & Charles ; New York : Arco Pub., c1985.

Includes bibliographical references and index.

9781602399617

1. Clocks and watches--Repairing. I. Title.

TS547.P4 2010

681.1’130288--dc22

2010010216




 Printed in Singapore





Introduction

This book has been written with the intention that it should prove useful to both the absolute beginner and the more experienced clock repairer, without baffling the former or annoying the latter. I hope that the intention is realised.

Please read Chapter 1 first. If, like me, you are in the habit of skipping through a book looking for particularly interesting parts, restrain yourself. This first chapter gives an overall coverage of repairs and it tries to persuade you to tackle them systematically. Thereafter the book deals with the subject area by area and you are invited to jump directly to whatever covers the problem of the moment, but a disciplined approach to diagnosing faults is well worth cultivating. Whether you pursue the craft for gain or for pleasure, I believe that you will profit from avoiding the ‘dive straight in’ method, tempting though it is.

For those of you who are new to clockmaking, let me assure you that it is not necessary to invest in a workshop and an expensive collection of tools, good work can be done at the kitchen table with simple, good household tools — just take care and apply a lot of consideration to what is probably the oldest and most loved domestic machine in our homes.

Enjoy yourself!

Laurie Penman 
Totnes, Devon





1

Finding Clock Faults

This first chapter is intended as a quick reference aid for solving clock repairing problems. Most of the solutions are not set out in great detail — the other chapters do that. Here I simply try to help you to locate the problem and to give a little help in making what may be perfectly obvious corrections. On occasion you will find that there are two solutions proposed, one in this chapter and another in the specialised chapter. There is frequently more than one good solution to a problem and this is a convenient method of showing them.


FAULTS COMMON TO MOST CLOCKS


Diagnosis

The first necessity is diagnosis. Often the locality of the fault is clear: a hand is catching on the dial, or a gear is badly damaged, for instance. But this is not always so and it is worthwhile adopting a simple pattern of testing that will assist in finding faults. Of course the clock may be so dirty that it does not have a hope of going until the dirt and old oil has been removed. In this event it is useful to take the movement out of its case and carry out a crude (but safe) ‘dunking’ in paraffin (kerosene) that contains about 5 per cent of good lubricating oil. After draining it should be possible to proceed with the following tests. Do remember that this is not a proper cleaning; it is simply a means of loosening-up the clock for testing.

Consider the clock as a series of systems connected together and test each system in succession. The first thing to test is the power. Is the clock wound up? Is the mains or battery supply making a proper connection? Then test as follows:



	Open any part of the case that can, conceivably, come into contact with any part of the movement (including weights and pendulum).

	Check to see if the clock will run now. This check follows each test.

	Remove the hands or disconnect the display.

	Remove the dial.

	Remove the pendulum. Many clocks will need the crutch adjusted to put it ‘in beat’. Recoil escapements will run without anything further being done, but dead-beat escapements need a little weight added to the crutch so that it will unlock the escape wheel. Blu-tack or a similar stick-on product performs this service very well.

	Remove the hour and minute pipes.



If the clock runs after carrying out any one of these tests, the fault lies in the part that has just been removed. In a movement that has been working for years, you will most probably have to carry on and strip and clean the complete movement in a proper fashion (see Chapter 2). The tests should ensure that you do not waste time in correcting parts that look suspicious but in fact are working satisfactorily, or in taking a movement apart when the fault is caused by some exterior factor. After repairing the movement there is sometimes a disappointing lack of response from the mechanism. Repeat this series of tests — do not assume that there is an undiscovered fault in the movement until you have proved it, for life is too short to strip clock movements unnecessarily. Besides it is not fair on the clock. It is always best not to strip a clock if there is no sign of dirt, stiff oil or obvious wear or corrosion. The wheels and pinions will have worn together over the years and if the wheel count of teeth is precisely divisible by the pinion count, each leaf will have its own set of wheel teeth that it complements. Changing the set of wheel teeth that each leaf meshes with, will leave a meshing of wheel and pinion that is not as good as existed before dismantling. (This is the main reason for filing or stoning out any ‘pocketing’ of the pinion leaves.) A movement does not need dismantling if it operates and:



It is clean, with no stiff oil or ‘varnish’.

It has slight pocketing but no evidence of black or metallic particles.

It has sloppy holes that are round, with no evident wear of the pivots.

In those few movements that hold the escapement pallet arbor between the clock plates, if:

the escape pallet arbor does not lift as the wheel rotates.

In longcase or grandfather clocks, if they:

stop at the same day each week (eight-day clocks).

stop at the same hour each day (thirty-hour clocks).

These last two faults typify those that disappear when the case door is left open, and are a result of sympathetic vibration.




OPENING THE CASE

This first test should eliminate stoppages due to the hands fouling the glass and, in weight-driven pendulum clocks, any impedence to the steady fall of the weights. It will also allow you to see if the pendulum and weights touch at some part of the clock’s going, or if there is any sympathetic vibration. All these will be fairly obvious, but sympathetic vibration is unusual and, when it occurs, quite difficult to spot. At a time when the weight cords have unwound to approximately the same length as the pendulum, there is a tendency for the weight or weights to oscillate in harmony with the pendulum bob. This may be sufficient to rock the seat board or case if they are imperfectly supported, or cause interference between pendulum, weights or case. In any event the clock will show the habit of stopping, for instance, every fourth day, or always at three o’clock in the morning. The cure for sympathetic vibration is to improve the support of seat board and case — in extreme cases associated with very heavy clock weights fasten the case to the wall — and to ensure that there is plenty of space between the weights and the bob at the time when they are almost level. Clocks often have two suspension positions (Fig 1), and moving the pendulum from one to the other of these will change the position of the bob in relation to the weights and the case. The position of the cord anchorage on the seat board will also affect the position of the weights in relation to the door or pendulum bob as the cord unwinds and the weight moves over in the direction of this anchorage.

I have mentioned sympathetic vibration and the need for a proper support for seat board and case without pointing out that improper support is a frequent fault in longcase clocks. Do not stand these clocks directly on thick carpet, or floorboards that cross doorways. If the clock must stand over a thick carpet, make a support for it by standing a board underneath that rests on three screws eased through the weave of the carpet and into the floor. In similar fashion do not fit shelf clocks or wall clocks to walls with doors let into them if you can avoid it, or walls that have a piece of vibrating equipment such as refrigerator, freezer or central-heating boiler resting against them.




REMOVING THE HANDS

Obviously removing the hands will cure any interference between the hands, but there are a few points that are not immediately apparent.

Occasional fouling of one hand on the other can be the result of using the wrong washer beneath the hand-retaining pin. The washer should be dished so that when it is pressed down by the pin its outer edge bears on the hand rather than any other part of its surface resting on the minute pipe. If the washer bears on the pipe, the minute hand will most probably be unstable, even though it may feel firm (Fig 2). The hour hand and pipe should not rub against the back of the minute hand; this is often prevented by the design of the cock that supports the compound wheel (the minute wheel), or the post that performs the same task. The hour wheel is trapped either by the overhang of the cock or by a washer under the retaining pin on the post. If there is no room for a washer, the taper pin alone will do the job if it is sufficiently long and positioned to reach past the root of the teeth (Fig 3).
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Fig 1
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Fig 2
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Fig 3a
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Fig 3b







REMOVING THE DIAL

Old clocks with heavy dials place a great deal of strain on the support pillars; and if these allow the dial to droop, the hour pipe can be fouled quite enough to stop the clock. The single plate of a Victorian period dial is particularly liable to do this because the pillars were very often held in place by small screws and were not riveted into the plate. The fault can be corrected by filing out the hole that the pipes reach through, but this does nothing to remove the cause and, what is more, will give the impression that the dial has been ‘married’ to the movement and is not original. For a brass dial, either re-rivet using a polished planishing hammer and polishing and silvering afterwards if necessary, or use slightly larger screws and re-tap the pillars. Painted dials do not allow re-riveting, the best solution for them is to support the lower edge of the dial by attaching a piece of thin plywood to the uprights that carry the seat board, or any other form of support that is unobtrusive and does not mar the original work of the casemaker.




REMOVING THE PENDULUM

If the clock can be persuaded to go reliably when the pendulum is removed, the fault is either one already discussed or is caused by some idiosyncrasy of pendulum or suspension (which includes the cock). We must also consider the crutch. Faults and the necessary corrections to pendulums, suspensions and crutches are dealt with in detail in Chapter 9, but there are some simple points that can be looked at now.

The pendulum should not rattle anywhere — the connections between suspension and cock, suspension and rod, rod and crutch, rod and pendulum bob should be firm. In the case of the fit of the suspension in the suspension cock and the rod in the crutch there should be easy movement, but not looseness, between the two parts. Ensure that the path of the pendulum bob when viewed from above is at right angles to the crutch arbor and that it is not twisted on the rod so that it exposes more than its minimum cross-section to the direction of movement (Fig 4). A significant twist to the bob will give a sideways thrust to the pendulum and cause the pendulum to weave about instead of beating in a single plane.
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Fig 4a Fig 4b




The suspension springs in longcase clocks are always much longer than is strictly necessary. If there is any sign of damage or corrosion and it is desirable to retain the original spring, it is quite acceptable to shorten it, making certain that the crutch will engage the rod, or extension to the rod, that is normally provided. No more — and probably a lot less — than 18mm (0.75in) of spring is needed for proper operation of the suspension.




REMOVING THE HOUR AND MINUTE PIPES

If the clock has been working for any length of time it is unlikely that parts of the pipes are rubbing to an extent that will cause failure; but dirt, old oil and airborne grit have a surprising affinity for the inside of pipes and often cause a clock to stop. Examine the mesh of the cannon, hour and minute wheels; damage as a result of people forcing the hand round often shows here and will stop the clock. Completely irregular faults, with no obvious cause, can often be traced to variable meshing as pipes move, or result from bent posts that present the minute pipe at an angle to the other wheels. I once discovered a broken tooth held in place by a thin flap of metal so that although it was capable of leaning over and jamming, it almost always flopped back again and presented an undamaged appearance when the dial was removed. It was only discovered when the faulty wheel was removed and handled. I have never known this fault to occur in the train wheels.






Escapement faults

When the previous tests have been made and a fault remains, one must turn to the rest of the movement. In most cases it is still not necessary to take the plates apart, because the escapement is fitted with a cock or is on a separate platform.


PLATFORM ESCAPEMENTS

Before removing the platform examine it closely, you will find a magnifying glass very useful. Give a sharp twist to the clock movement to see if the balance wheel will swing and the escape wheel rotate. If neither will move, there is either a broken pivot or the escapement is gummed up. Usually a broken pivot is obvious because if it is touched lightly with a thin piece of pivot wire, it will tip from side to side. Sound pivots allow the wheel to be lifted vertically and then drop again, without tilting. There are two types of common platform escapements — cylinder and lever — and these are illustrated in Chapter 6; only one, the lever, is available as a replacement. Repairs to a platform escapement are the province of the watch repairer rather than the clock repairer, but there are only a handful of craftsmen in Britain that are willing to accept repair work on these items. It follows then that if a cylinder escapement is broken you will almost always have to replace it with the lever type.

Proper cleaning of platform escapements requires dismantling the device, including the jewelled bearings; quite obviously this cannot be done when the platform is still in position on the rest of the movement. Before undoing the screws that hold the platform, make sure that the train wheels cannot turn by slipping a thin piece of pivot wire through the crossings of the wheel that engages the escape pinion.

Most good watch repairers will undertake to clean a platform escapement, or you can take advantage of a broken example and practise on it. Carbon tetrachloride is a good cleaner and there are several proprietary compounds available; lubrication with a good watch oil should be carried out before assembly. Since disassembling platform escapements makes use of watchmaking techniques this book contains only simple adjustments, but Further Reading includes titles that will be useful if you wish to carry out this type of repair.




ESCAPE WHEELS AND PALLETS

Set up the clock movement so that the escape wheel is being driven by its spring or weight. If all is well, the escape wheel will turn as the crutch is moved from side to side and the amount that each tooth moves before striking the impulse face (the incline plane that lifts the pallet) will be the same for the teeth entering the escapement as for those leaving it. This free movement is called the ‘drop’; it should not be greater than about 10 per cent of the distance between two teeth. If you use a feeler gauge to measure this distance, bear in mind the fact that the gauge will be measuring from the tip of the tooth across the shortest distance to the escape pallet; for a recoil escapement this is not the drop, which should be measured as the length of a tangent from the tooth tip. If the angle of the impulse face is 45 degrees (see Chapter 5 for more information on the recoil escapement), the drop will be 1.4 times the gauged dimension. The drop for a dead-beat escapement can be measured directly with feelers.

If the pallets catch on one or more teeth, the space between the teeth is uneven (varying pitch), either because of inaccurate manufacture or because the tooth tips have become bent. Inaccurate manufacture can be ignored as a reason for the clock stopping if the escape wheel is original, or at least has clearly been working for some years. The clock is obviously accustomed to coping with the error. Bent teeth can be put right with a pair of flat-nosed pliers. Gently pinch the tip so that one jaw of the pliers rests half-way down the curved side and the other lies flat on the radial side (Fig 5). When the tip bends towards the radial side, which is the most common state, a slight squeeze of the pliers will bring the tip upright. If it leans towards the curved side, the pliers must be rocked over until the tip is vertical again.
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Fig 5




An escape wheel that passes some teeth through the escapement more easily than others has a great deal wrong. This cannot be treated without dismantling the movement completely in most clocks. There is nothing very complex about this, but this would seem to be the place to make three relevant points. Weight-driven clocks have the pendulum removed before the weights. Spring-driven clocks must have the spring let down and the ratchet or the click removed before attempting to dismantle the movement. If you are not familiar with the clock, make a sketch of the position of all parts as you take them off.

To correct an escape wheel that works unevenly, take the wheel and arbor out of the movement and turn it — or have it turned — until all teeth are the same height. The method of holding the wheel for turning is similar to that shown in Chapter 4 when machining the seating for a wheel. If the job is done properly, the shortest tooth will just have scratches on it from the turning tool and will show some of the old tip surface. The tooth tips will now be too thick; use a half-round file to remove metal from the curved side of the tooth until the tooth thickness has been reduced to leave a flat on the tip 0.1 mm (0.004in) to 0.2mm (0.008in) wide. Do not touch the side that is radial or (in the case of the dead-beat escapement) nearly radial; this is probably still accurate so far as pitch is concerned (Fig 6).

Replace the wheel and arbor in the plates to test that it is rotating evenly beneath the pallets. It is not, however, sufficient to correct the wheel, because having altered this the pallets will no longer suit.


Fig 6
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CORRECTING PALLETS

The pallets are driven by the escape wheel, and the impulse is transferred to the pendulum by the crutch. Since the latter is pivoted quite close to the point of flexure in most clock suspension springs, it will swing through approximately the same arc as the pendulum. For a longcase recoil escapement, this should be about 3 degrees on either side of the vertical. Keep contact between the escape wheel and the pallets and slowly rotate the wheel; mark the swing of the crutch with a soft lead pencil. The angle between the two extremes of the swing ought to be about 6 degrees — degree measurement is difficult to apply but 6 degrees is equivalent to a chord of 11.23mm (0.442in) on a crutch length of 100mm (3.937in) as shown in Fig 7. A chord measurement of between 9.5mm (0.375in) and 12.5mm (0.5in) is acceptable with this crutch length.
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Fig 7




Any correction of the pallets is best carried out by drawing the pallets on card, using the wheel diameter and centre distance between the wheel and pallet arbors. If the wheel diameter or the centre distance has been altered from the original, use the new dimensions. The instructions for constructing recoil and dead-beat pallets are detailed in Chapters 5 and 6 respectively. When taking the centre distance remember that the arbors are not necessarily parallel and make the measurement by means of a vernier calliper held close against the escape wheel and pallets and making allowance for the diameters of the arbors.

After drawing the pallets, punch a hole on the escape-wheel centre so that the card can be slid over the pallet arbor and you can judge how far the pallets need to be bent and how much needs to be added to the impulse surfaces for them to match the drawing. If additions are to be made to the pallet faces, shape them before attachment so that little work needs to be done after soldering; harden them by heating to red heat and quenching in water in order to make the cleaning for soldering easier; tin the surface using solder, flux and a soldering iron and then tin the old surface of the pallets. Put the new piece in position on the pallet, tinned surface to tinned surface, then bring to soldering temperature by resting a hot soldering iron on the new piece or slowly heating with a gentle (quiet) gas flame. The soldering temperature will temper the new pieces to blue and make them sufficiently soft for a saw-sharpening file to shape them to suit the drawing. Polish after filing with emery and crocus paper.




SIMPLE RE-FACING OF PALLETS

A more common repair than the rather complex matter of turning the escape wheel and re-shaping the pallets, is straightforward compensation for the wear that takes place on recoil pallets. The evidence for this is a visible pit in the impulse face and the failure of the escapement to move the crutch through an acceptable angle (Fig 6). The wear can be corrected by removing metal from the impulse surface until a slip of spring steel can be soldered on and restore the original level of that surface.

Before you start, make sure that the remains of the original surfaces would give an even drop and the correct angle of crutch movement. If the drop is the same for both sides and the thickness of the spring steel that you have available is, for instance, 0.5mm (0.02in), it is only necessary to soften the pallets and file away 0.5mm (0.02in) from them. Do not worry about removing all evidence of the pits. If the original drop was uneven, now is the time to correct it by filing. Checking this matter of the original drop can be done quite simply by using feeler gauges to bridge the pit and discover the drop on each pallet; do not forget that the actual drop will be 1.4 times this measurement (Fig 8). Tin and solder the spring-steel pieces as before.


Fig 8
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Measurement of the amount of metal being removed is difficult. You can do it by putting the work back into the movement plates and using the feelers, or by measuring from impulse face to some other part of the anchor. A third method is to lay the anchor on a piece of scrap brass plate, locate it in place with a peg through the arbor hole and two other pegs registered on the outside, and record the starting position of the impulse faces by clamping two small strips of metal on the plate and resting against the faces.




CRUTCH COLLET

It is always a good idea to check the firmness of the attachment of the crutch to the pallet arbor. A slight failure of riveting or solder will allow movement of the crutch and prevent the full impulse being transferred to the pendulum.






Going train

Remove the escape pallets and try the freedom of the train. Do this by applying pressure to the teeth of the great wheel or going barrel until the train just turns, then very lightly touch the escape-wheel arbor with the tip of a finger so that there is the sort of back pressure on the train that the escapement would give. You will feel an unevenness to the rotation of the train, but it must not be such that would require much increase in drive (from the great wheel), to keep the escape wheel turning. If the train is alternatively hard and easy to keep going, the mesh or the pivots are at fault.


PIVOTS AND PIVOT HOLES

If the movement of the train is difficult, turn the train until the stiffest part of the rotation is found, stop turning and gently tip the plates to the horizontal. All the arbors of wheels and pinions that are meshing freely and have unbent pivots, should drop so that their shoulders rest on the movement plate. Turn the movement over so that the arbors fall in the opposite direction. Those arbors that failed to move on either of the tilts are suspect, mark them and the position of the teeth that are in mesh at the time and dismantle the movement. You can expect to find bent pivots, or gummed up or damaged teeth. This same tilting test that finds arbors that will not drop but do not show any significant variation in rotating, should reveal worn pivots and/or holes, or gummed up pivot holes.

Having checked the pivots for freedom, test the wear between pivot and hole. Inspect the holes for ovality and try to judge the amount of movement that the pivot can make from side to side and which will affect the ease of train rotation in one of two ways. The first will already have been seen in the test of train freedom, when you turned the wheel and noted unevenness of rotation. If the holes are oval the arbors will move away from each other and the meshing of wheel and pinion will alter. When the ovality is too much, the gears will mesh very badly and feel rough when turned; this can be so extreme that butting results and the gears will not turn at all (Fig 9).

The second effect is an increase in frictional losses, but not necessarily any great unevenness of rotation. The ovality may not be very obvious, but a great deal of sideways movement (shake) of the arbor may nevertheless be present as a result of the pivot wearing deeply and to a greater extent than the pivot hole. At the centre of the pivot there will be a waist and the original diameter on either side of this gives rise to two annular areas that rub on both sides of the plate (Fig 10). Both faults require the movement to be stripped and the pivots and holes refurbished (see Chapters 3 and 4).

The degree of sideways movement or ovality that can be accepted by the train without failure will depend on the size of the gear teeth, and can be evaluated by establishing the relationships between pitch circle, outside diameter and centre distances. Although gear teeth from a longcase or similar-aged clock will have been made to imperial measurements (or a contemporary system), the formulae used in calculating modern gears can be applied.
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Fig 9
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Fig 10




The pitch circles of meshing gears are equal to the number of teeth on each gear multiplied by the module.

PD = N × Mod


Do not worry about the term ‘module’, that is simply defined by turning the formula around.
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The outside diameters of gears can be found by adding an allowance to the number of teeth and multiplying that figure by the module. The allowance for wheels is different to that for pinions.

OD=(N+f)×Mod where



OD=outside diameter

f=allowance

f=2.71 for wheels

f=1.71 for gears with less than 10 teeth

f=1.61 for gears with more than 9 teeth



When a wheel and pinion are in mesh, the teeth overlap so that the pitch circles touch and the overlap is the sum of the addenda of both gears; the addendum being the distance from the pitch circle to the top of the tooth. Since this distance is half the difference between the OD and PD of the gear, the overlap can be found by multiplying the module by half the allowance ‘f’ for each gear. In British clocks this value is usually 2.15 to 2.5 times the module.

In practice the distance between centres can increase by up to 20 per cent of the overlap without butting taking place. The transmission of energy will not be as efficient as in a meshing pair whose pitch circles touch, but in most clocks the train will work. Twenty per cent can be taken as 0.5 x Mod, and if we consider a wheel and pinion of 0.8 Mod this allows a movement of the centres away from each other of 0.4mm (0.016in). This is extreme of course, but if we work within half this figure the movement can be expected to work without using weights heavier than usual or fitting a heavier spring, which is never acceptable. In a longcase clock this would be 3.5kg to 4.5kg (81b to 101b).

The above establishes a rule of thumb that allows 10 per cent of the module for the total movement of arbor centres. This will be reduced if there was any error in placing the arbor centres in the first place — the figure given is allowed on the theoretically correct positions of pivot holes.

The remedy for worn pivots is either to file them and then burnish as described in Chapter 4 or, if they would then be too slender, to remove them altogether and re-pivot which is also described in Chapter 4.

Worn pivot holes need bushing. However, remember that pivot holes in clock movements cannot wear round; if a hole is round it is unworn and it will only need to be bushed if the pivot is reduced in diameter. Chapter 3 describes bushing techniques.




WORN GEAR TEETH

Trains that are uneven in their rotation, with no evidence of worn pivots or pivot holes, are suffering from worn or distorted teeth. Both faults call for dismantling the movement and examination with a magnifying-glass.

Distorted teeth can only result from some mistreatment of the clock; had the fault been in the original manufacture, failure would have followed within a short time. A few distorted teeth on a wheel indicate that someone has continued heaving on the winding handle or key after the clock was fully wound (wounded is a reasonable description of an over-wound clock). In a spring-driven clock this can be caused by the click breaking or coming loose.
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Fig 11 Straightening gear teeth




Teeth can be straightened by levering them upright with the blade of a screwdriver; rest the end of the blade against the bottom of an adjacent tooth and then press the bent one gently back into position (Fig 11). This does work sometimes, but there is always the risk of the tooth having been seriously weakened even though the fractures are microscopic and not seen through a magnifying-glass. Repair by breaking the tooth out and then sawing down the centre of the stub or scar with a saw blade that is slightly narrower than the tooth. File out with a flat file that has had one side ground smooth, and then fit and solder a new piece of 70/30 brass that has been hammered to the tooth thickness. After soldering, reduce the replacement to the same height as the other teeth and file the gear form on the top. Finish by filing it to the same width as the rest of the gear and polish both faces on emery paper.

Wheels that have all their teeth distorted have been subjected to an even, excessive load and, as a first measure, the wheel should be replaced with a new one with the same pattern of crossing-out. Do not leave it at this, there has to be a reason for the overload. If you have already discovered very stiff pivots or dirty train teeth, it is probable that this is the sole cause, but always suspect any bushed holes of having been drilled out of true centre and thus altering the meshing of the gears. Punching the outer edges of holes has the effect of altering the centre distances of the arbors as well as butchering the appearance of the plates. Check the centre distances by running the arbors concerned in a depthing tool and obtaining the distance at which smooth, even running occurs. You will be testing for easy running, no sudden stopping of the wheels when spun and no ‘bounce back’, any one of which will indicate that the distance is wrong. A punched-up hole can be drilled out with a size of drill that removes the punch marks as well (use your judgement, you cannot put huge holes in the plate); the hole can then be plugged and the depthing tool used to scribe the correct centre distance on the plug. File and polish down to plate level (see Chapter 3).




POCKETING OF PINIONS

Presumably because brass is relatively soft and grit tends to be pressed into it, the steel pinions are usually more worn than the wheels, which behave rather like grindstones. Each leaf of the pinion has a small pocket cut into it (Fig 12). This type of wear only begins to affect the working of the clock when the pockets are deep enough to enfold the wheel teeth, and any fall of dust onto the train provides material that jams between the top of the wheel tooth and the bottom of the pocket. If the clock is left in this state the speed at which wear takes place on the gear teeth and the pivots/pivot holes will accelerate. I mention this because, on occasion, clocks with badly worn pinions have had extra weight added to make them go and save the cost of replacing pinions or carrying out any work on the old ones. It is a false economy, which can only lead to tremendous damage to the train and pivots in the relatively near future.

If there is sufficient metal left on the worn pinion to retain a strong leaf after the pocket has been removed, the best solution is to soften the pinion and use a file to restore a full gear form to the leaf (Fig 13). The leaf will be much thinner but will operate well. This correction is fairly easy when the pinion stands alone, it is not easy when the pinion carries a wheel on its circumference, as it often does. The wheel will have to be removed and there is no certainty that the modified pinion will withstand the remounting of the wheel as described in Chapter 4.
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Fig 12
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Fig 13





Fig 14
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Pinions that cannot be restored, and those that would create more work in restoration than is justified, must be replaced with new parts.




WEAR ON WHEEL TEETH

Although worn pinion teeth are more common than worn wheels, there is no doubt that the latter do occur in normal service. However, since a major cause of worn wheel teeth is excessive load as a result of increasing the weight or fitting too strong a spring, carry out an examination of the drive when you see this type of wear. As a very general statement that is by no means always true, wear due to excessive pressure on the wheel teeth causes displacement of the brass sideways so that the face of the wheel has a raised portion around each worn area; wear caused by abrasion removes the metal by cutting and leaves hardly any raised metal around the area of wear.

I would not advise the filing of wheel teeth; it is simpler to turn the wheel around on its collet so that the other, previously unused, side of the tooth is presented to the pinion.




LANTERN PINIONS

The lantern pinion was used on cheaply produced clocks of the nineteenth and earlier twentieth centuries; it does not appear to have been used in mass-produced clocks since the 1960s. It also appears on turret clocks and a few high-quality eighteenth-century clocks.

It is not common for much wear to show on a lantern pinion and, since the train can accommodate wear up to the point that the pinion loses its accuracy of pitch, it is even more unusual for this pinion to give rise to a train failure. Correction is made by removing the old trundles (the bars of the lantern), and replacing them with pieces of pivot steel. Removal is achieved by either facing back the brass collar that supports them (Fig 14), or by cutting the middle of the old trundle with side cutters. In both cases the trundle is then slid out with narrow-nosed pliers, and the holes drilled with a drill of the same diameter as the trundle to remove burr and old dirt. The replacement trundles can be held by swaging the metal of the collar over their ends — you will have seen the original swaging on the face of the old collar — or by using an industrial adhesive such as Loctite, a cyano-acrylic.

If the pinion is so damaged as a result of a sudden shock to the train that it cannot be used again, turn the new one as a spoolshaped piece of brass so that both ends of the pinion — originally separate pieces — are joined by a mid-section of tubular form.






Rack-striking train and front-work

The tests for this train are, of course, the same as for the going train; but the following faults can also prevent the train from operating.


FAILURE OF WARNING

The warning is that movement of the train which, initiated by the lifting piece, puts the train ready to strike but held by the trigger effect of the warning piece. The lifting piece is the composite lever that extends one brass finger down to the minute (or cannon) wheel which carries a lifting pin, and the other finger raises the rack hook. The finger that lifts the rack hook has an extension at right angles that passes through a hole in the front plate and is able to interfere with a pin on the face of a train wheel. These are called the warning piece and warning wheel respectively.

Raise the lifting piece by hand. If the train runs and then fetches up on the warning piece (its proper action), there is still the possibility that in normal running the clock is not lifting the piece as far as you have lifted it by hand; so check this. If the train does not warn — making a limited rotation — when the lifting piece is raised, the fault is in the gathering pallet, the rack spring or the rack hook. If the train does not stop rotating after lifting the lifting piece, the fault lies in the position of the warning piece, or in the condition of the pin on the warning wheel.

Before stripping any of the front-work of the striking train, check the posts for looseness. The fault may simply be the result of the posts moving slightly or, in the case of a missing taper pin, a lever or wheel sliding backwards and forwards so that sometimes proper engagement is achieved and sometimes not.




MINUTE WHEEL

The minute wheel carries a pin that lifts the lifting piece, and over the years it can become worn or bent so that it does not lift the piece high enough to start the warning. Check by putting pressure on the great wheel so that the train is ready to turn — in the right direction — and turn the minute wheel. Check that the lifting piece makes full contact and is not in danger of slipping off the end of the pin. Make sure that it is raised sufficiently to free the rack hook from the rack teeth and that the gathering pallet turns until the warning wheel stops the train.

The first fault (not making full contact) can be the result of a distorted lower finger on the lifting piece, a bent pin on the minute wheel, or a very loose-fitting pipe and post to the lifting piece. When making this test, wiggle the lifting piece to make sure that a fault cannot be brought about by shaking of the movement.

Insufficient lift can be caused either by the lower arm of the lifting piece being twisted (turning the minute hand anti-clockwise will do this) or by it coming free of its soldering to the supporting pipe. If neither fault is evident, it is quite possible that lifting piece, rack or rack hook are not original to the movement or that some other repairer has modified them.




WARNING PIECE

It is possible for the lifting piece to grip the warning wheel, or for the wheel to press down on the flag so that pressure builds up on the minute wheel and stops the going train. This usually comes about when the flag on the end of the warning piece is incorrectly angled. If it is angled so that its face (where the pin on this wheel strikes) is not radial to the centre of the warning wheel, the pin will tend either to hold the warning piece in its raised condition or will oppose the lifting action, which in turn throws pressure onto the minute wheel. Beware too of pits worn in the working face of the flag, occasionally these will interfere with the latter’s proper operation.




RACK HOOK (OR PAWL)

Two parts of the pawl are important apart from the fitting of the post that supports it, the part of the arm that is lifted by the warning piece, and the tooth that engages in the rack. Most longcase pawls are relatively slender in the main part of their length broadening out, scimitar fashion, towards the outer end. The slimness allows a certain amount of adjustment by bending so that movement of the warning piece will lift the tooth out of its position in the rack, and the broadening puts sufficient weight into the piece for smart operation. There should never be any need to add spring assistance onto a longcase drop, gravity should be quite sufficient.

The tooth of the drop is shaped so that it will ride up over the rack teeth as they are moved to the right by the gathering pallet. It should also have a slight slope on the opposite side to throw the rack tooth forward as the gathering pallet finishes moving the rack and comes clear of the teeth, at this point the pawl drops off the tip of one tooth and into the space between. If the pawl tooth falls onto the slope of the rack tooth without pushing the rack clear of the pallet there will be a backward shock as it hits the tooth slope, and the pallet will suffer additional pressure from the tooth it is driving. A slight slope on the pawl tooth makes for neat, precise movement of a rack that will suffer less wear.

The shape of the pawl tooth is such that the rack is left at the end of one tooth’s movement, with the next tooth just within the arc of the pallet and slightly less than half its pitch from a line drawn between pallet arbor and rack mounting-post.

If you decide that a rack hook requires alteration to operate correctly, bear in mind that there are three faces that affect position — the face that the warning piece presses against and both faces of the tooth. It is safer to mark the line of the new surface and try it for effectiveness than to file away and then discover that your original idea of what needed to be done was wrong. It is rather like the problem of getting impulse and drop-off faces right on an escapement.




GATHERING PALLET

The tooth of a gathering pallet can wear so that it no longer throws the rack far enough forward at each revolution for the pawl to drop into position. This is usually apparent on one or two places on the rack. In other words the clock will strike correctly at certain times of the day, but add in a few extra strikes at others. It may be so bad that it continues striking until the train is run down.

Correction can sometimes be made by filing the righthand-facing surface of the pawl so that the point moves to the left and falls into the rack tooth sooner. If this cannot be done, the only remedy is to add a little metal to the tooth of the pallet. Remove most of the existing tooth so that a fairly large seat can be obtained for the new one, and silver solder a piece of silver steel there. Plunge into water as soon as the joint is made, or pour water on, so that the new metal is hardened. Now temper blue and file to shape with a saw-sharpening file. Polish on Arkansas stone to finish and do not leave a sharp edge on the tooth.

A striking train that starts to move at the warning and then refuses to complete the strike, is having to work too hard at the beginning of its operation. Almost certainly you will find that the hammer is left on the pin-wheel at the beginning of the strike so that the train has no chance of turning before being called upon to lift the hammer, or the hammer spring is too hard, or has made a notch for itself in the hammer lever. The first can usually be catered for by taking the gathering pallet off the arbor and rotating it until the hammer comes off the lifting pin just before the gathering pallet stops the train.

Clocks that are required to make the first strike precisely on the hour almost always leave the hammer resting on the lifting pins at the end of the strike, but they are then arranged so that the lifting lever of the hammer arbor is tangential to the pins when resting there, which ensures that the train is not loaded when the strike begins (Fig 15).
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Fig 15







RACK AND SNAIL

The striking train that progresses through the lift and warning but varies in its number of strikes, is almost always failing at gathering pallet, rack or snail. The pallet has just been dealt with, let us now test the rack and snail.

Advance the hour hand and snail to eleven o‘clock. Few longcase clocks have the snail on a star wheel, but if this is the case then remember to synchronise the snail with the hour hand after all is done. Run the train by hand, going through each strike, and check whether the three positions — 11, 12 and 1 — have the correct relationship to one another. By that I mean that, if there is incorrect striking, the difference between the hours of 11, 12 and 1 o’clock remains one strike and eleven strikes respectively. If this is the case, then proceed to ‘pitch and lever-arm faults’ (below). If, however, you are getting variations at this point it is probable that the clock has been dismantled by someone not familiar with striking problems, or that the rack, snail or gathering pallet are not original, but ‘spare parts’ that have been put in optimistically.

Simple faulty adjustment will allow the tail of the rack to fall onto one end or other of the snail segments, so that wear causes one strike more or less than is proper. It can also result in the rack tail falling onto the radial drop between 12 and 1, giving any number of strikes between 11 and 2 and quite possibly stopping the clock at about five minutes past the hour. Re-adjustment is often merely a matter of disengaging the hour wheel and the cannon wheel, and advancing or retarding the meshing point. If the hour hand is pinned to its pipe, you may find that correcting the strike will leave it pointing to one side or other of the hour division. All that can be done is to check that the hand has not been bent at some time, thus causing misalignment, or to re-pin the hand on its pipe.

Faults that result from using a ‘spare part’, call for remaking either the snail or the rack tail. The latter is simpler. If the clock is not giving enough strikes, the tail needs to be shortened; if giving too many, lengthen it. In both cases use the old tail for establishing the right radius for the pin that registers on the snail, by drilling a small hole at the estimated position and inserting a taper pin. Try the train by hand to prove the position, and then either replace the tail completely or put another register pin in the new position.

Pitch and lever-arm faults Over a period of years the pitch of the rack teeth varies as a result of wear or mishandling. This will evidence itself in a tendency for the strike mechanism to fail to gather properly at certain times. This pattern of failure will be repeatable, for example a clock may often fail on a particular strike, say seven o‘clock, but never anywhere else, or the clock may stop every time it is required to strike five o’clock.

The only cure is to mark the pitch of the rack teeth, using a pair of dividers. Set the dividers to a distance equal to two pitches (Fig 16). Using a file, ensure that the first two (left-hand) teeth are of equal pitch. Place one leg of the dividers at the bottom of the radial part of the first tooth and mark the arc for the third tooth, move the leg to the second tooth and mark the fourth, and carry on in this manner until all are marked. Now file the radial faces to the marks scribed by the dividers. If one of the teeth cannot be filed back to its mark, insert a piece of steel, solder it and then file. Use a saw to put a slot at the base of the tooth before soldering, and then use this to hold the new piece.
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Fig 16




Snail wear Similar faults to those resulting from a damaged rack will appear if the snail’s segments are worn. You can probably alter the position that the rack pin falls onto and find an unworn space at each segment, but if this has already been done you will have to correct the snail itself. Make sure that the lowest segment — twelve o’clock — can be filed without fouling the pipe that it rides on. Sharpen the face of the rack pin by filing a sloping front to it, the edge coming at the point that is expected to touch the snail; break the soldered joint between the rack tail and its pipe and open up the angle slightly. If this opening up has placed the rack pin slightly below the snail surface when the rack is positioned for the twelve o‘clock strike, use it to scribe an arc on the face of the snail in the twelve o’clock segment. If the rack pin has not moved to scribe a line a little lower than the old worn surface at twelve, open the angle a little more. Now scribe an arc on each segment with the rack hook resting in the appropriate rack space. The snail is usually fastened to the hour wheel with two steel rivets, which will need to be driven out after marking the segments and before filing.






Locking-plate striking

This is also referred to as count-plate or count-wheel striking, although strictly speaking there are slightly different definitions for each. All perform the same duty, that of establishing a sequence of strike patterns. An ordinary clock has the pattern one o‘clock, two, three etc; a half-hour striking clock interposes a single strike between each hour; a Comptoise repeats the hour strikes after a couple of minutes; a Roman strike uses different bells for I, V and X — and even this is not the limit of striking variations. However, what is common to all locking-plate systems is that the pattern is unvarying in sequence for a given clock. It cannot be asked to ‘repeat’, ie strike the time upon request, and the hands must be arranged to coincide with the hours being struck when the clock is started. The clock will not automatically strike the right time as a rack strike does.

The system is often used to control chiming on a clock that has rack strike. In this instance the sequence of the quarters can be corrected automatically, after an alteration of the hands, by stopping the sequence of chimes just after the three-quarters and ensuring that it cannot start again until the minute hand comes up to the 12 position. (This does not invalidate the previous statement regarding the striking of the hours.)

Since any failure to strike at the hour will result in hands and bell being out of agreement with one another, occasional faults will be made apparent by the striking mechanism. A rack strike may leave some doubt as to whether the hour has just been struck, or whether one has simply not noticed it, a locking-plate strike is not so courteous — everyone will know as soon as it is time for the next striking.

Lifting and warning are tested in the same manner as for a rack strike.


HOOP WHEEL OR STOP WHEEL

This is the position where the train is usually stopped and held ready for the next sequence; failure will be due either to wear (or bad workmanship) at the radial face of the lever that stops the wheel, or because the relationship between this lever and the locking-plate hook does not allow the proper positioning of the stop lever or stopping piece. Check the positions of these two levers, the contact face and, in the case of a stop wheel that carries a pin, the length and condition of the pin. American clocks are sometimes stopped by a lever catching the fly, as are some modern British and European clocks. Since it is important that the stop position does not shift about, the fly does not follow normal practice and slip on its arbor, it is a positive fixture. However, if the stop is on the fly arbor and not the actual ‘fan’, normal practice is followed.




LOCKING PLATE

This part, that gives the mechanism its name, can be either a plate with cut-outs around its periphery, a hoop with cut-outs, a plate with pins around the periphery arranged radially or parallel with the axis, or a toothed wheel with a series of deeper cuts at the hour or hour and half-hour positions (see Chapter 10). The slots or pins are simply marking the end of a free-running period of the striking train, which runs and strikes until the end of the period is reached, whereupon the stopping piece halts it. Since the number of strikes in a twelve-hour period is 78, or 90 when half-hours too are struck, the locking plate is divided into 78 or 90. The end of the period is ‘sensed’ by the locking lever dropping into a space or resting on a pin.

Most failures of locking are due to the locking piece catching on one side or other of the space that it falls into. Allowance must be made for any movement that the locking plate can make before the locking piece has lifted clear. This lever also holds the stopping piece clear when the clock is required to strike. The relationship between the two must be satisfactory, otherwise the stopping piece will fail.

Adjustment of German, British and American clocks can be made by bending the locking-hook lever-arm or the blade itself. In many cheaper clocks these levers are made of wire which can be adjusted by means of the tool shown in Fig 17, otherwise use smooth-jawed pliers. French clocks often have a friction-tight joint between the locking piece and its arbor.

Since the positions of the cut-outs on the locking plate do not have to be precise and they should not suffer wear, it is unusual for these to be wrong. Check everything else before deciding that there is an error in the plate and, if there is no evidence of any ‘bodging’, check again.
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Fig 17
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CHIME BARREL

If the chime is giving the wrong notes for the quarters, ie if notes from one quarter are not being struck until the beginning of the next, the barrel has changed its position relative to the chime count plate. There are many arrangements of chime, but there is usually some means of turning the barrel without moving this plate. Frequently it is done by having barrel, idler gears between barrel and count plate or the count plate itself fastened to their respective arbors by means of a grubscrew. Loosening the screw, or screws, enables one to turn the barrel forwards or backwards. Make sure that you are familiar with the chime tune before embarking on this.

When dealing with a strike that has automatic correction remember that, during the time that the clock is correcting itself, the chime will not work. Overlooking this simple fact can lead to much unnecessary work.






Movement plates

Squareness of the movement plates is fairly obvious and can be determined without stripping, although correction will result in the train being removed. What is not always obvious is that plates can distort when the weights are attached, or when the seat-bolts or hooks are screwed tight. If a clock movement shows all the signs of having a tight train when mounted in the case, but no tight pivots or meshing pairs can be found, suspect distortion of the plates — very old clocks with slender pillars that have been drilled and tapped in the centre are very prone to distortion. The seat board should be checked for flatness and the seat-hooks registering on the pillars close to the shoulders replaced by new ones; insert the old screws, however, but not tightly. Sometimes this fault can be traced to the use of large washers under the seat board that prevent the nuts sinking into the wood when over-tightened.


CORRECTING A DAMAGED SET OF PLATES

Dropping a clock movement is a not infrequent reason for distorted plates and correction must depend upon what has actually happened. If the pillars are slender and the plates stout, it may well be that the former have bent but the seating into the back plate is still secure. Lay the plate flat on the bench and slip a piece of brass tube over the pillar, using this to ease the pillar square to the plate once more (Fig 18). Bear in mind that the pillar is a casting, probably with a fairly coarse grain, and that it is old; if it breaks you will have to turn another.

If the pillar itself has not bent (Fig 19), it is extremely unlikely that it can be moved back without damaging the riveted seating into the back plate. Try it by all means, but be prepared to carry out the following repair.

Remove the pillars from the plate — those that are not square, or those that show light under one side of the shoulder. Flatten the plate with a polished planishing hammer using a piece of brass plate as an anvil. Support the pillar in the lathe with a steady (Fig 20), and face the shoulder back slightly — 0.25mm (0.01in); do not worry if the origional rivet will not run true, but make sure that the new diameter at the shoulder is smaller than the original. In other words, undercut the old diameter of the rivet. Gently use a cutting broach to make the pillar rivet enter the hole in the back plate; the broach enters from the outside surface of the plate so that the rivet will be ‘made’ in a slightly tapered hole. Ensure that the inside surface is flat by placing a straight edge on it and holding up to the light. Before riveting the pillar, make a support for the other end (Fig 21) in the form of a piece of steel drilled to accept the pinned end of the pillar and then faced so that the shoulder of the pillar will lie on a smooth surface. Rivet with a ball pein hammer or the ‘peck’ on a planishing hammer, beginning with light taps around the protruding edge of the rivet and finishing in the centre. File flat and polish. All filing should be done in the direction of the long axis of the plate (see Chapter 3).

The plates should now be square, but the distance between front and back plates has decreased by the amount that was removed from the shoulder of the pillars, and if only one pillar had to be re-riveted the plates will not be parallel. If the latter is the case, machine a thin washer to make up the amount of metal removed and fit it between the shoulder of the pinned end and the plate. The pin hole will very probably have to be opened out with a cutting broach before the movement can be pinned together again (Fig 22).


[image: e9781602399617_i0022.jpg]

Fig 18
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Fig 19
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Fig 20
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Fig 21
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Fig 22




If all pillars have been machined — do make them all the same length in this event — you can either make up a complete set of washers as above, or file back the shoulders of the arbors until they all have movement between the new position of the plates. This is not always as tedious as it sounds, because if the pivots have been re-polished several times in their life the shoulders will probably have been filed back anyway, and if new pivots are needed it is no problem to face back these shoulders when re-pivoting.
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