





PRACTICAL CLOCK REPAIRING


By the same author

Clock and Watch Repairing

Complicated Watches and Their Repair

Practical Watch Adjusting

Practical Watch Repairing

Watch and Clock Encyclopedia

Watchmaker’s and Model Engineer’s Lathe, The


PRACTICAL
CLOCK REPAIRING

by

DONALD DE CARLE F.B.H.I.

Illustrations by

E. A. AYRES F.B.H.I.

N.A.G. Press


First published in 1946

New editions 1953 and 1969

This edition published by NAG Press, an imprint of

The Crowood Press Ltd, Ramsbury, Marlborough Wiltshire SN8 2HR

www.crowood.com

This e-book first published in 2019

This impression 2017

© NAG Press and Donald de Carle 1946, 1953 and 1969

All rights reserved. This e-book is copyright material and must not be copied, reproduced, transferred, distributed, leased, licensed or publicly performed or used in any way except as specifically permitted in writing by the publishers, as allowed under the terms and conditions under which it was purchased or as strictly permitted by applicable copyright law. Any unauthorised distribution or use of this text may be a direct infringement of the author’s and publisher’s rights, and those responsible may be liable in law accordingly.

British Library Cataloguing-in-Publication Data

A catalogue record for this book is available from the British Library.

ISBN 978 0 7198 3107 2


PREFACE

The clock repairer has been badly served by books, particularly really practical ones, in the past. Why this is I cannot understand because clock repairing is one of the highest of the skills and at times calls for considerable specialised knowledge. Yet no authoritative book on clock repairing has appeared for approximately 50 years.

After I had finished writing Practical Watch Repairing, my publisher Arthur Tremayne, said, “The next job is to write a book that deals with clocks in exactly the same way—one that can be understood almost without reading it; that shows in every possible illustration the clockmaker’s most important tools—his fingers”.

Practical Clock Repairing is the result. The subject is treated in exactly the same way as in its companion volume, and I sincerely hope that it will be found as valuable to my fellow craftsmen as I am told Practical Watch Repairing has been.

I have described processes and operations in minute detail because I am sure that although some readers may be impatient of such lavish description and illustration, the big majority, particularly among the apprentices, will prefer to see it all in black and white with no knowledge assumed and nothing left to chance.

Practical Clock Repairing first appeared in serial form in the pages of the Horological Journal and, like its companion work, drew many valuable suggestions which I have incorporated in the book.

For his care and skill in preparing the abundant illustrations my thanks are due to Mr. E. A. Ayres. They are due also to Mr. Maurice Aimer and Mr. E. Bruton, who have read through the proofs.

Pinner, Middlesex.D. de CARLE

1951.
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INTRODUCTION

CLOCK REPAIRING is an important job and demands specialist knowledge. Often the main work of the shop where watches and clocks are repaired is the repair of watches, clocks being relegated to the apprentice with some supervision by a watch repairer. Repairing clocks forms most excellent practice for the would-be watch man, but clock work is an absorbing subject and worthy of very close study; in fact, clocks can be a lifetime’s study, as are watches. Of the two, it is debatable which requires the greater skill.

Watches may require more delicate skill and a finer touch, acquired only by long practice, but clocks, with their vastly greater variety, no doubt require more knowledge. One has only to consider the type of clocks that pass through the average clockmakers’ hands : timepieces, strikes, chime, grandesonnerie, musical, calendar, while the majority of the work of his counterpart, the watchmaker, consists of timepieces, a chronograph occasionally, and repeaters at wide intervals.

Another important aspect of clock repairing is that the clock repairer often enters the house of the customer and it is felt that a special training should be provided to fit him for this important office. The man takes with him the reputation of the company he serves. If he is the master man, the remarks that follow may not apply, because he is the personality of his business.

In some quarters this trade of ours is regarded as a profession; there need be no delusions on that score; there is little doubt that it is a trade, one of the oldest and, in fact, the very first of the engineering trades. Clocks were the first of all mechanical instruments, and a man who qualifies as a first class clock repairer has achieved something and is a worthy citizen. It is with this background that a man should approach a customer; he should be polite, but not obsequious, act in a businesslike manner and, when he visits the customer’s house, know what he has come for and be capable of doing the job.

An inexperienced man should not be sent to a customer’s house to do the work expected of a craftsman. What happens in the workshop is one thing, but outside, with no supervision and perhaps an interested spectator, is quite another matter; so it is important that the outside representative should be experienced, not only in his craft, but also in selling the service he is rendering, and by that is meant in conveying unobtrusively to the customer the impression that he is a capable man. It may be asking a lot; but this book will aim at producing a man who is a good craftsman, not perhaps in the same way as the man who works only at the bench, but one who can understand and do his job well and at the same time is a good salesman, a salesman of the service he renders.

The class or quality of work to be done varies in different parts of the country and even in different parts of the same town. Therefore it is difficult, even impossible, to advise on the predominance of a particular type of clock. Some districts produce an abundance of carriage clocks and French clocks generally, others English clocks, i.e. grandfather and bracket clocks. All districts seem to have a fair share of the calotte, or folding type of clock, but these are really large watches. In this book the intention is to give equal importance to all types of clocks, from simple adjustments to extensive repairs.

Obviously an inexpensive clock will not stand the same expenditure of time and consequent expense of repair as a valuable antique or a fine quality clock. Discretion must be used; it may be found that the craftsman has a flair or an aptitude for one particular type of clock in one or other of the following categories : English clocks—grandfather or bracket, antique clocks; carriage clocks and French clocks; large watch type of clocks. Then there is the general type of work, i.e., the modern English strike and chime movement, electric clocks, American clocks, alarm clocks, including the style of clock that requires washing out only, without polishing, as the plates are treated with some form of protective lacquer by the manufacturer.

If the workshop is large enough and specialists can be employed, this should certainly be encouraged.


PRACTICAL CLOCK REPAIRING

CHAPTER ONE

WORKSHOP AND BENCH

WHERE POSSIBLE it is preferable to allot a workshop especially for the repair of clocks. Too often watches and clocks are handled in the same workshop and even at the same bench. If a separate workshop is not practicable, clocks should be repaired at a separate bench, as far away from the watch bench as possible. Clocks will not suffer because of the close proximity of the watches, but the watches will be affected. Repairing clocks is a noisy business; riveting new bushes, heavy filing, testing striking and chiming mechanisms, and so on.

A great deal of unavoidable dust is made when cleaning. The repair of some clocks such as calottes, French clocks and carriage work generally, is not so disturbing, although the cleaning of the French and carriage clocks is dust provoking. Therefore, a separate workshop for the repair of clocks is imperative if good work is to be done.

In addition to the bench, a good strong steady table is required; a useful size is 3 ft. by 4 ft. Make sure it is firm and cannot rock. It is advisable to spend some little time to even up the table in all directions with a spirit level. A standard level surface is required so that pendulum clocks can be put into beat before sending home. On to this table lay a piece of plate glass about 18 inches by 12 inches and [image: ] inch to [image: ] inch thick; this is for testing the level of clock cases. Nothing is more detrimental to the accurate timekeeping of a pendulum clock than a clock case that rocks as the pendulum swings. This is not always apparent until tested on a glass plate. Attention will be given to this subject later.

The next thing is a strongly fitted shelf, which should be as long as possible and about 9 inches wide. Use good substantial wood, at least 1 inch thick; fix and even up with the spirit level, both lengthways and from back to front, and not more than 5 ft. high from the floor. It will be easy to lift a reasonably heavy clock on to the shelf and it will be at sight level, which is convenient, should adjustments be necessary to the clocks. Both the table and the shelf are for clock testing, the shelf for the lighter types and the table for the large heavy bracket type.


[image: ]

Fig. 1. Wall stand to hold four grandfather clock movements.



Some form of stand is also required to hold grandfather clock movements while they are being tested, as it is neither necessary nor desirable to remove the case to the workshop when only the movement needs repair. The stand shown in Fig. 1 is very useful if wall space is available; it has the advantage of being out of the way, but has the disadvantage of making the movement difficult to get at.


[image: ]

Fig. 2. Simple stand for long case movements.




[image: ]

Fig. 3. Paper hood to keep off dust.



Another and more simple stand is to plug iron brackets to the wall, a pair for each long case movement (Fig. 2). If this system is adopted it is advisable to make a paper hood for each movement to protect it from dust. Take a sheet of stiff brown paper about 35 inches long and 6 or 7 inches wide; fold it in half and let it rest on the bell (Fig. 3).


[image: ]

Fig. 4. Grandfather clock movement horse.



The stand illustrated in Fig. 4 is the type used for many years past by the old English clockmakers; it permits the repairer to walk round the clock, but it takes up floor space. A cupboard fitted with shelves and a glass door is an asset to the clock workshop; it is very useful for storing carriage, calotte, boudoir and the smaller type of clocks while testing, as dust should be excluded and the clocks should always be under observation.


[image: ]

Fig. 5. French clock movement horse.



The lower shelf can accommodate the French clock “horse” (Fig. 5) used when testing the movement alone.


[image: ]

Fig. 6. Clock repairer’s bench.



A good size for the bench is 3 ft. 6 in. to 4 ft. wide, 2 ft. deep and about 38–39 in. high. A rack is fitted at the back for large tools, such as files, burnishers, etc. It should be very substantially made of good stout wood, and should be screwed down to the floor (Fig. 6). The clock repairer’s bench must be firm. A stool with no back is preferable to one fitted with a back; much of the work is done standing and the stool can be pushed under the bench out of the way, which would not be possible if a back were fitted, and yet drawn out easily for use.


[image: ]

Fig. 7. Suggestion for a model clock repairer’s workshop.




A good light is essential; daylight for preference. The workshop facing north is ideal, as a steady light is then assured. The floor should be covered with a good quality plain linoleum, brown in colour for preference, and the walls and all woodwork painted cream so that light is reflected and not absorbed. Environment has a lot to do with encouraging good work; remember a third of our working days are spent in the workshop, so it is worth some attention. Frequently workshops are dull, miserable, dustridden back rooms. It is true that some of the finest clocks the world has seen were made despite such deplorable conditions, but that does not mean they should be perpetuated. Fig. 7 shows an excellent model for a clock workshop.


[image: ]

Fig. 8. Flat nosed pliers, and (bottom) Round nosed pliers.




[image: ]

Fig. 9. Nippers.




[image: ]

Fig. 10. Small and large screwdrivers, 7-inch and 12-inch.




[image: ]

Fig. 11. Watchmaker’s screwdriver.




[image: ]

Fig. 12. 3-inch focus eye-glass.




[image: ]

Fig. 13. Tweezers; a small fine pair and a larger, stronger pair.
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Fig. 14. Round faced hammer for riveting, and (right) flat faced hammer.




[image: ]

Fig. 15. Vice, 3 in. jaws.




[image: ]

Fig. 16. Turning arbor.




[image: ]

Fig. 17. Set of chamfers. The wheels should be rounded as shown in the small drawing.




[image: ]

Fig. 18. A clockmaker’s throw.



Here are some tools which are essential. This is not the complete list; others will be introduced as and when required. There should be two pairs of pliers, 1 pair flat nose and 1 pair round nose (Fig. 8); a pair of nippers (Fig. 9); a large screwdriver about 12 inches long and a small one about 7 inches long (Fig. 10); also two screwdrivers of the watchmaker’s type (Fig. 11) with blades of about 2 mm. and 4 mm. wide. A three-inch focus eyeglass (Fig. 12); two pairs of tweezers, one fairly fine and the other more robust (Fig. 13); two hammers, one flat faced and the other round faced for riveting (Fig. 14); a firm vice (Fig. 15); two or three pillar files 6 inches long, one coarse, one medium and one fine cut, and about six rat-tail files. A set of turning arbors (Fig. 16); six cutting broaches and six round broaches for opening and burnishing holes. A set of chamfers (Fig. 17); a set of burnishing chamfers, similar to Fig. 17, but with the wheels rounded as shown, not square; a clockmaker’s throw (Fig. 18); if you possess or are able to acquire a lathe so much the better, but for the beginner the throw is to be preferred; it is slower and the student is better able to “feel” the work and gain the sense of touch essential to good craftsmanship. The lathe is quicker and may be preferred from a commercial point of view, but at this stage the aim is to teach how to do the job and not how to make money quickly; that comes with experience.



[image: ]

Fig. 19. Lozenge shaped graver.




[image: ]

Fig. 20. Square nosed graver.




[image: ]

Fig. 21. Burnishers, flat and oval.




[image: ]

Fig. 22. Large broach.




[image: ]

Fig. 23. Setting the handle of a file or similar tool; strike the handle smartly on the vice two or three times in the manner shown.



Two gravers will be required, both [image: ] inch square, one whetted to a lozenge shape as Fig. 19 and the other to a square-nosed shape as Fig. 20; two burnishers, one flat and the other oval (Fig. 21). Buy handles of suitable size for all the files and burnishers and special handles for the larger broaches, both cutting and burnishing (Fig. 22). Spend a little time in fitting the tools into the handles correctly, i.e., straight and firm; nothing is more annoying than a file fitted into one side of its handle and then not firm. For good work you must have good tools in good condition. To fit files, etc., into handles, heat the tang to a cherry red; make sure the active part of the tool is not discoloured and then burn the tool into the handle to within about [image: ] inch of its final position; then hold the tool, say a file, upright, and strike the end of the handle smartly on the vice two or three times and this will drive the file firmly ino the handle giving a comfortable tool for as long as the file will cut (Fig. 23); this applies equally to all tools to which handles are, or should be, fitted. A firm fitting handle is of great help in controlling a tool.

Provide yourself with two oilstones, one fine and one medium. The double type of oilstone with one side fine and the other medium is not satisfactory as both sides have to be oiled and it is therefore difficult to keep the bench clean when using such a stone.


CHAPTER TWO

EXAMINING THE MOVEMENT

THE FIRST type of clock to be dealt with is the “lacquered plate” variety, embracing the modern mass-produced alarm, strike and chime clocks. At one time Germany had almost a monopoly of this market, but in recent years Canada and America have come into the field with the alarm clock and in addition vast quantities of alarm, strike and chime clocks are being produced in the United Kingdom.


[image: ]

Fig. 24. Chime movement viewed from the back.
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Fig. 25. Nomenclature of the parts of a chime clock, which includes the chime, strike, and going trains.




[image: ]

Fig. 26. Chime movement viewed with the dial removed.



The plates and all brass work are lacquered and have something of a gilt appearance; the levers, racks, clicks, cocks and springs are pressings. They are not expensive clocks as a rule, but if certain details are attended to they give quite good results. Study Figs. 24, 25, 26, so that you become familiar with the parts and their names. A chime movement with pendulum has been selected for the purpose of nomenclature because it incorporates chime, strike and timepiece parts.

First of all, dismantling and assembly of a straightforward pendulum timepiece will be described, together with the best methods of cleaning and repairing the parts.

It would be futile to attempt to describe the various methods of removing these movements from the case, but in many instances the movement is secured to the dial on pillars and the dial is screwed on to the case. First of all remove the pendulum, then lay the clock flat on the bench, dial uppermost; open the front bezel and remove the three or four wood screws to be found on the outer edge of the dial. The movement can now be lifted out of the case.

Another popular system is where the movement is secured by lugs to the inside of the case, and the dial is screwed on to the case from the outside. In this instance remove the hands and then unscrew the movement from inside the case. The dial need not be removed.

Put the case away in a safe place and proceed to dismantle the movement. If the movement is secured to the dial remove the pin which holds the hands in position, this will release a small collet or washer and the minute and hour hands can then be pulled off with the fingers. Sometimes the hands are held in position by a screw collet only, no pin being fitted; usually the collet has a knurled edge and the procedure is to hold the minute hand steady and unscrew the collet, the hands then being pulled off as mentioned before.

The dial is removed by withdrawing the pins which run through the dial feet. Place the dial, hands, collet and case screws in a box for safety. It is not advisable to leave the dial exposed on the bench. Dials are usually silvered; the surface is delicate, and a tool dropped on it or drawn across its surface would mar the finish.

The next operation is to let down the mainspring. Place a key of the correct size on the winding square and wind forward for a fraction of a turn which will enable the click to be released. Hold the click out and away from the ratchet and at the same time reverse the direction of the key. It will only be possible to unwind about a half to three-quarters of a turn at a time. When the key has been reversed as far as possible, let the click in again to engage the teeth of the ratchet. Reposition the hand and proceed until the mainspring is fully unwound.

It is very unsafe just to release the click with no brake on the mainspring, or even to attempt to let the key slip through the hand. If such methods are adopted there is the risk of breaking the end of the mainspring and, should the mainspring be a strong one, of causing injury to the hand. Next, remove the minute wheel collet, which will allow the hour wheel to be lifted off, and then remove the minute wheel itself. Now examine both holes of the pallet arbor and the pallet face or pads for wear.


[image: ]

Fig. 27. Showing method of examining side-shake of pivots.



Hold the pallet arbor between the first finger and thumb (Fig. 27), as near the pivot as possible, and move it from side to side to ascertain if the hole has worn large. It is difficult, if not impossbile, to convey here when a hole is so large as to require rebushing. When the hole has worn to say 25 per cent. larger than its original size, or has worn oval, then it should be rebushed. There are instances, however, when it is debatable, and in such circumstances it is advisable for the novice to seek the advice of a good clock repairer and he will soon gain the necessary experience to be able to determine when a hole should be rebushed.

Proceed to examine all the pivot holes for wear. It may be necessary to hold some of the pinion arbors with the stout tweezers when testing, as it will not be possible to get the fingers into the movement.


[image: ]

Fig. 28. Right shows the amount of end-shake, and left the amount of side-shake.



Make a note, mental or otherwise, of the holes needing to be rebushed. How to do this rebushing will be explained later. Next examine the end shake of the pallet arbor and all the pinions. Here again the amount of end shake necessary is debatable; so, as for the side-shake, seek advice. For those who find it impossible to obtain such help the illustrations (Fig. 28) will form a guide.


[image: ]

Fig. 29. Method of holding the movement while examining the escapement.



Next examine the escapement. Hold the movement as shown in Fig. 29 with the first finger of the left hand on the fourth wheel impelling it in the going direction. Hold the crutch with the right hand and move it to one side to allow a tooth of the escape wheel to unlock, and with an eye-glass examine the position of the escape wheel tooth as it drops on to the pad of the pallet. For the depth to be correct it should be approximately 4 degrees measured from the pallet arbor centre. It is not practicable to measure 4 degrees on the pad, but by studying Fig. 30 it will be possible to make an estimate of the correct amount of locking.


[image: ]

Fig. 30. Showing the 4 degrees depth of the anchor escapement.



Escapements of this description allow for a fair amount of latitude; the clock will go if the pallet depth is a little deeper or much shallower and it is always safer to err on the shallow rather than on the deep side. If the locking is deep the arc of the pendulum must be large and to maintain a large arc power is needed. As the oil thickens the power to the escape wheel lessens, and if the pendulum fails only once to cause the escape wheel to unlock, the clock stops.


[image: ]

Fig. 31. Illustrating the cycle of action of the solid type of anchor escapement. The black teeth make clear the progress of the teeth actually in action during the locking, recoil, impulse, drop on to exit pad, and recoil.




[image: ]

Fig. 32. Cycle of action of the metal strip type of anchor escapement.



The illustrations (Figs. 31 and 32) show the solid type and the strip type of pallet; they are the “anchor” or “recoil” escapement, and it will become apparent that the shape of the pallet pads and of the escape wheel teeth can vary considerably, indicating the amount of latitude for this type of escapement to function satisfactorily. An important point to watch is the “drop,” i.e., the amount of movement of the escape wheel tooth between its release by one pallet and its arrest by another tooth locking on the other pallet. The amount of drop should be as little as possible, for two reasons : (1) it is lost power, (2) excessive drop disturbs the vibration of the pendulum, and the less the pendulum is disturbed the better the time-keeping; but locking will be dealt with first.


[image: ]

Fig. 33. Device for adjusting the Garrard escapement. The screw at the top adjusts the pallet cock hole.




[image: ]

Fig. 34. Wrong method of attempting to close solid pallets.



With the solid type of pallet, if the locking is found to be too deep it can usually be adjusted by altering the position of the pallet holes. In the case of the Garrard movement the screw shown in Fig. 33 adjusts the pallet cock hole, and as the pallets are nearer the pallet cock than the front plate hole, it is, as a rule, only necessary to adjust one end. To make the depth shallower, slightly loosen the two pallet cock screws and turn the screw a little in a clockwise direction and this will draw the pallets up and away from the escape wheel. If on the other hand the escapement is too shallow, the screw is turned anti-clockwise, which will cause the pallet to move downwards. When the depth is satisfactory examine the drop; if it is excessive you must exercise discrimination. These pallets are too heavy to close in. I have seen illustrations such as the one here (Fig. 34) where heat is applied to the belly of the pallets and then squeezed in the jaws of a vice while hot. I feel the results are doubtful and the risk great. At the worst, if the drop is a little more than it should be it will not stop the clock; excessive drop may affect the timekeeping but this type of clock is not a scientific instrument; it was not made for “fine time” and the error in its performance due solely to excessive drop is negligible, compared with the risk already mentioned, and the time taken for correction. With the astronomical regulators and fine clocks, where fractions of a second are of some account, it is another matter.


[image: ]

Fig. 35. Showing the amount of drop with the solid pallet anchor escapement.



An important point where notice must be taken and a remedy applied, is when the drop is not sufficient. When a tooth has dropped off the pad an appreciable space must be visible between the back of the tooth and the back of the pad from which it has just dropped (Fig. 35). If there is not sufficient drop there is a risk, when the pallet or the escape holes wear, or the escape wheel is slightly out of truth, of the pallet pad butting on the top of the escape wheel tooth; this can cause the clock to stop and also damage the teeth. Fortunately, the correction is quite simple if the lack of sufficient drop is, for instance, on the entry pad; that pad is stoned away, taking care to retain the original curve.


[image: ]

Fig. 36. Correct method of holding pallets between copper or brass chops in the vice.




[image: ]

Fig. 37. Stroking pad with Arkansas stone. Inset shows the direction of the grain.



Usually the solid type of pallets are hard and will not respond to the file, so proceed as follows. Remove the pallets and make secure in the vice, between copper or brass chops, as shown in Fig. 36. Use a Turkey or India stone and hold it much as you would a file, and proceed to reduce the pad, using a circular movement. Hold the stone firmly and, one might say, stiffly, inspecting the pad frequently to see that the surface is kept flat and at the same time retains the original curve. A little practice will make it quite simple. Test in the clock frame occasionally, and when sufficient metal has been removed finish the surface as follows. Hold the pallets on the end of an emery buff held in the vice, as shown in Fig. 37, and with the Arkansas slip in the right hand stroke the acting surface lengthways, using the same strokes you would employ if draw filing. Continue thus until all the rough marks made with India or Turkey stone are removed.

Next finish with the No. 000 emery buff, still keeping the strokes lengthways. This is important because if the surface were finished with a cross grain, the escape wheel teeth would cut across the grain and the pad would then act as a fine file and so wear the teeth. On the other hand, if the grain is lengthwise the teeth operate with the grain and consequently the wear is nothing like so great. Finally finish the surface with an oval burnisher, rubbing the surface, still lengthways, until it is polished. The inset (Fig. 37) shows the correct direction of the grain. The above remarks apply to all acting surfaces, whether pallet pads, pins which have work to do, springs impinging on another surface, or the surface upon which a spring operates; this principle makes for mechanical efficiency.


[image: ]

Fig. 38. Metal strip type of anchor escapement.
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Fig. 39. Correct method of closing the pallets of a strip of metal anchor escapement.



If the pallets are of the strip of metal type (Fig. 38) the method of correction is much simpler than that employed when dealing with the solid kind. For instance, if the drop on both pallets is excessive they can be closed in as illustration (Fig. 39) with safety.

While the pallets of this type of escapement are usually soft, it is advisable to apply heat to ensure that they do not fracture.


[image: ]

Fig. 40. Correct method of bending the exit pallet.
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Fig. 41. Adjusting one pallet only by peening.



On the other hand, if the drop needs adjusting on one pallet only it can be treated as shown in Fig. 40. If it is not desired to apply heat at all the adjustment can be made by peening the pallet needing attention as illustrated in Fig. 41.

Wear on the pads is removed by filing with a fine, worn file, finishing with a fine emery buff and burnishing as already explained.


[image: ]

Fig. 42. The escape wheel is firmly held with the first finger of the left hand, while the third wheel is moved backwards and forwards to check depth.



To proceed with the examination of the movement. Remove the pallets and examine the depths of the wheels into their pinions. As gearing is such an important subject two chapters are devoted to it and the reader is referred to these chapters to study what is a correct depth. To examine the depth of the third wheel into the escape wheel pinion, hold the escape wheel firmly with the first finger of the left hand and try the shake of the teeth in the leaves of the pinion, by moving the third wheel backward and forward (Fig. 42). The shake should be perceptible and appreciable, and there must be no suspicion of tightness.

Next place the first finger of the left hand on the arbor of the escape pinion and press downwards slightly, so to make the teeth engage as deeply as possible, then move the third wheel at least one complete revolution; the movement will be a little stiff because of the pressure on the escape wheel arbor, but it should be smooth and even, there must be no semblance of sticking, or of a jerky movement. Try all the wheels and pinions, including the depth of the barrel teeth into the pinion of the intermediate wheel.


[image: ]

Fig. 43. Depth tool.



Should one of the depths be “sticky,” it may be due to butting or wear of the pinion leaves. The procedure is then to fit the offending wheel and pinion up in the depth tool so that the action can be seen easily. If, for instance, it is the escape pinion and third wheel, remove these from the frame. Adjust the runners of the depth tool* (Fig. 43) so that the distance between each set of runners is exactly equal to the distance between the escape wheel and the third wheel holes. To do this place a male runner in each limb of the depth tool; make one runner secure by the knurled screw and leave the other runner loose. Place the fixed male centre into the third wheel hole, adjust the screw controlling the distance apart of the two sets of runners, until the loose male runner enters the escape wheel hole. Make sure the tool is upright before making the final adjustment of the screw last mentioned. The runners are now at the exact distance between the two holes, or, the “distance of centres.” From this point on no account touch the screw controlling the distance apart of the runners.


[image: ]

Fig. 44. Third wheel adjusted in depth tool to engage escape wheel pinion so that the depth can be examined easily.



Fit the escape and third wheels in the female ends of the runners and adjust so that the third wheel comes at the top of the head of the escape wheel pinion (Fig. 44). Make the runners secure by the screws, to bind the wheels, so that not only is there no end-shake but the wheels are stiff to move. Now the depth is clearly observable by rotating the third wheel slowly; observe the complete circle of the gear. The chapters on gearing will now be of assistance enabling determination of the fault and suggesting the remedy.

In the case of a depth that is too deep (i.e., the wheel teeth engage the pinion leaves so deeply that unnecessary friction is caused) there are three remedies :—

(1) Change the wheel or the pinion for a smaller one,

(2) increase the distances between the holes in the plates,

(3) reduce the diameter of the wheel by topping.

To deal with (1) first, it is often not economical or possible to change the parts, and it is seldom necessary. But if through some circumstance it is possible, then sector the wheel and the pinion and find which of the two it is most advantageous to change; the chapter on gearing explains how to use the sector.

(2) Unless the plates have been maltreated, i.e., new bushes badly fitted or the holes have been hammered up, it is not advisable to drill new holes, but again, if it is thought necessary to resort to this method proceed as follows. First open the holes of the wheel much larger than would be the case if a new bush only were being fitted. In this instance it is better to move the offending wheel rather than the pinion of the escape wheel because this will not upset the escapement. Next plug the new holes with brass wire. Fit the wire tightly into the hole, rivet well, and file off superfluous metal from both sides, finishing with water-of-Ayr stone. The procedure is explained fully when fitting new bushes. Both holes of the wheel should be plugged. With the pointed ends of the runners in the depth tool, and the depth tool used as dividers (making sure not to touch the distance of centres screw) scribe an arc from the escape wheel hole across the plug in the third wheel hole. Then fit the third wheel and the centre wheel in the runners to ascertain their correct distance of centres, and scribe another arc with the pointed ends of the runners using the hole of the centre wheel as a centre. The new hole is drilled at the intersection of the arcs. This is explained more fully in Chapter 13, page 133 et seq.

(3) To reduce the diameter of the wheel, by topping, is in most circumstances the more practical method of overcoming the trouble. See page 78 of Practical Watch Repairing where the use of the topping tool is explained. The information given equally applies to clock work.



*  Readers wishing to make depth tool are referred to page 228, where a dimensioned drawing is given.


CHAPTER THREE

DISMANTLING AND REPAIRING THE MOVEMENT

THE MOVEMENT should now be completely dismantled for a close examination of every part for wear or breakage. It will be assumed for convenience that, other than the removal of the motion work, the movement has not been dismantled. Unscrew the pallet cock screws and remove the pallet cock. Make it a habit to associate the screws with the parts to which they belong; a deal of time and trouble may thus be saved. Next, remove the pallets. Place the movement on the edge of an upturned cardboard box (Fig. 45). In this manner parts projecting from the movement, as in this instance, the winding square, centre arbor, etc., are free, so that when the back plate is removed the train does not jump out of position with the attendant risk of damage to the pivots.


[image: ]

Fig. 45. Upturned cardboard box used as movement stand.



Next, unscrew the four pillar nuts and gently lift the back plate up and away from the movement. Now remove the escape wheel, third, and intermediate wheels, and also the barrel. The centre wheel is held firmly in position by the cannon pinion which is driven friction tight on to the centre arbor. The necessity for removing the centre wheel at all is debatable. The manufacturers say it is advisable not to remove the cannon pinion because it may not be possible to replace it as tightly as it was originally; owing to the fact that the cannon pinion has been driven home once, the hole will be larger than before it was driven into position and the second fitting cannot be as tight. But it is generally better practice to remove it so as to ensure cleaning the hole and pivot properly.
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Fig. 46. Method of holding plate to remove cannon pinion.



To remove the cannon pinion hold the plate in the palm of the left hand as Fig. 46, and strike the end of the centre arbor with a fairly heavy brass, or brass-faced, hammer. Strike with a good decisive blow, not a riveting tap.
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Fig. 47. Stake for removing cannon pinion.



Bergeon of Switzerland have designed a useful stake for the purpose of removing the cannon pinion (Fig. 47). Place the plate on the stake as illustrated and give the centre arbor a smart blow with the brass hammer. This tool is also useful for replacing the cannon pinion.
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Fig. 48. Adjusting end-shake of barrel arbor.



All the component parts are now lying on the bench and the barrel should be next to receive attention. Hold the barrel firmly in the left hand, grip the barrel arbor square with the brass lined pliers and test the end-shake of the arbor in the barrel. If it is tight, place the barrel on a hollow stake, such as a piece of brass tube, or an old and smaller barrel, and strike the end of the arbor with the brass hammer (Fig. 48). Consider which end it is best to strike; by giving endshake to the arbor the position of the barrel can be altered. In this instance strike the end opposite the square which will tend to bring the barrel teeth away from the second wheel.
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Fig. 49. Removing barrel cover.



When satisfied that the barrel arbor endshake in the barrel is correct, proceed to prise off the cover with a clock screwdriver (see Fig. 49). Next remove the barrel arbor and to do this reverse the arbor a little to unhook it from the eye of the mainspring. It is not always necessary or advisable to remove the mainspring from the barrel; if the oil appears clean it is quite safe: to leave it. Should, however, the spring appear to be very dirty with thick oil, proceed as follows to remove it. Hold the barrel in the left hand, and with the brass lined pliers in the other hand pull out the centre of the spring very gently, far enough for the inner coil to be held by the hand, and then carefully manipulate the spring so as to uncoil it from the barrel. This is most important; to pull the spring straight out will distort it. When only the last or outer coil remains barrel carefully unhook the eye of the spring from the barrel hook. Cleaning and replacing the spring will be dealt with later.
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Fig. 50. Testing pivot with finger nail.
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Fig. 51. Fit up in throw to polish pivots.



The movement is now in pieces and the rest of the repairs can be proceeded with, rebushing worn holes, for instance, and polishing pivots. Before rebushing a hole, the pivot must be in perfect condition; usually wear, in the form of ridges, can be seen quite easily, but to make sure pass the finger nail of the third finger along each pivot (see Fig. 50) and it will be possible to feel any roughness. To polish the pivot, fit up in the throw, as shown in Fig. 51. and if the pivot is badly cut use a fine worn file first.

The steel work of the type of clock under repair is usually made from mild steel and is soft, not hardened and tempered; it will be quite easy to file. Hold the file down on to the pivot firmly to hold it in position. Cause the wheel to rotate slowly; it will revolve toward you and then move the file forward with a steady even pressure, using enough pressure to feel the file cutting; use plenty of oil on the file. When a full forward stroke is accomplished, ease the pressure off the file slightly, still causing the wheel to rotate, and then give another forward stroke, continuing thus until the ridges in the pivot are removed.

When satisfied with the surface of the pivot, proceed to burnish it. First clean the pivot by dipping into benzine or petrol and brushing well, then clean the bed in the runner with a brush dipped in benzine or petrol. Do not remove the runner from the throw to clean, as by so doing the “seating” will be altered.
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Fig. 52. Sharpening or “making” surface of burnisher.



When both pivot and runner are clean and dry replace the wheel in the throw and in place of the file use a flat burnisher about 6 inches long. Sharpen or “make” the burnisher, by cleaning it on a No. 2 emery buff. The surface of the burnisher must be cross grained (Fig. 52), the fine ridges made by the emery buff acting as a very fine file, so fine that the surface produced is a polished one or, to be more correct, a burnished surface. The burnisher cuts slightly and also closes up the pores in the metal, hardening it by forming a thin tough skin.

Before using, wipe the burnisher on a clean linen rag and smear a little oil on the surface. Hold the burnisher on the pivot, causing the wheel to rotate fairly quickly and using an even pressure, both in the forward and backward strokes, gradually increasing the speed of the burnisher so that it travels faster than the speed of the pivot. A few strokes in this manner and the pivot is polished, or burnished. With a little practice you will find polishing pivots quite simple.

Having polished all the pivots that required it proceed to bush the holes. After a worn pivot has been polished its hole is almost sure to need rebushing. There are two methods of rebushing and both will be described here. The objectionable practice of closing the holes by punching up, is not good clock repairing; it can disfigure the plates and the metal so spread is thin and the life of the repair is short.
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Fig. 53. Method of testing uprightness of hole during broaching.
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Fig. 54. Chamfering hole to receive rivet of bush.



To deal with the riveted bush first. Open the hole from the inside, i.e., the opposite side to the oil sink, with a cutting broach. Open it to an extent sufficient to ensure that the walls of the new bush are reasonably substantial. It is important, while broaching, to keep the hole upright, and to ensure this hold the plate up at about sight level, with the broach as far as possible in the hole. By turning the plate half a turn it is possible to see if the broach is upright and at right angles to the plate, both ways. If it is not, sway the broach over to the required position while broaching. Figure 53 shows the broach upright and also out of upright. Chamfer the hole from the oil sink side sufficiently to receive the rivet of the bush (Fig. 54). Next select a piece of bush wire with a hole a little smaller than the pivot it is to fit.


[image: ]

Fig. 55. Turning arbor, with bush.



Brass bush wire is sold by the material dealers in lengths of about 2 inches, of assorted outer and inner diameters. Cut off a length of the wire equal to a little more than the thickness of the plate. Place the bush on a turning arbor as shown in Fig. 55 and turn to a slight taper, about the same taper as the cutting broach, reducing the diameter of the bush until it enters the hole in the plate from the inside to about half the depth of the hole. Turn both ends square and reduce the length of the bush so that it is a little longer than the full depth of the hole in the plate. Remove the bush from the turning arbor.
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Fig. 56. Driving home and riveting bush.



Place the plate, oil sink side down, on to a flat stake, insert the bush and, with a flat end punch, drive home the bush flush with the plate. Now reverse the plate and chamfer the end of the bush until the sink is about as deep as the original oil sink before the chamfer was cut for the rivet. Then rivet the bush, using a round end punch. The metal so spread should fill the chamfer made for that purpose. Open the hole from the inside with a cutting broach—always apply a little oil to the cutting broach—until the pivot fits tightly and no more. Hold up the plate occasionally while broaching, with the broach as far as possible in the hole to ensure that the hole is upright, as explained when opening the hole to receive the bush. The illustrations (Fig. 56) show the procedure of riveting the bush.

The hole is then burnished with the round broach. These broaches are cleaned by drawing an emery buff—say No. 1 or 2—up and down their full length; this makes the grain lengthwise; its action is similar to the flat burnisher already mentioned. Smear a little oil on the broach and insert it in the hole from the inside and lightly open the hole until the pivot fits freely. The broach is twirled in the fingers in a similar manner to that employed when using the cutting broach. Not only does the round broach polish the inside of the hole, it also hardens the surface. As the bush has been riveted do not use much pressure for fear of dislodging it, but if the hole were solid with the plate, considerable pressure would be desirable, as will be explained when describing how to make a clock movement in Chapter 11, page 103.
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Fig. 57. (Left) Burnichser; and (right) cutting wheel chamfering tool.




[image: ]

Fig. 58. Chamfering tool made from rat-tail file.
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Fig. 59. Filing bush on protrusion.



When the side-play of the pivot is satisfactory, finish the oil sink side with the wheel chamfering tool using the cutting tool first and then the burnishing one (Fig. 57). If the bush has been cut to the exact length it should be flush with the inside of the plate and it will only be necessary to remove the burr thrown up by the broaching, using the rat tail chamfer (Fig. 58) for the end-shake to be correct, and the job is done. On the other hand there may be a protrusion, which will take up the end-shake, which it will be necessary to reduce. To do this proceed as follows : hold the plate firmly in the left hand (see Fig. 59) and with the very end of a fine pillar file, file only the end of the bush. With a little practice it will be found that this is simple. Use just a corner of the file only; the illustration will give some indication of what is required.
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Fig. 60. Set of rose cutters.



File the bush in two or three directions by moving the plate round to avoid undue ridges. In this manner little of the plate will be touched by the file. To finish, sharpen the end of an ordinary slate pencil to a narrow chisel shape, dip the end in water and rub the roughened surface until it is quite smooth. No further finish should be necessary. A very neat and speedy job can be carried out with a rose cutter (Fig. 60). These cutters are made in various diameters and supplied with a pilot which, when inserted in the hole, forms a location and enables the cut to be made concentric with the hole. On the other hand, if the cutter is required to make a sink without a hole, the pilot is removed.

It now remains to try the wheel and pinion in the plates to ascertain that the pivots are quite free. Give the wheel a spin and hold the frame first with one plate uppermost and then reversed, when the wheel should fall from one plate to the other quite freely.

There are two other systems of bushing, one using friction-tight bushes and the other French clock bushes.

The first of these is, then, the press-in or the friction-tight system. This system is not yet much used in England but it will become popular. From an engineering point of view it is sound and is an accepted practice. In principle it is exactly similar to the friction-tight jewel hole system, which is now an accepted method of fitting jewel holes in watches and the smaller clocks.
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Fig. 61. The friction-tight bushing tool.
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Fig. 62. Accessories for the bushing tool.




[image: ]

Fig. 63. Brass bush or chaton for use in the bushing tool.



The method of procedure is similar to that employed when fitting a friction-tight jewel hole. The tool and its accessories are illustrated in Figs. 61–62. The bushes or chatons (Fig. 63) are supplied ready for fitting; finishing is not necessary once the bush has been pressed into position.

This system is accurate, it cannot be otherwise; even the inexperienced can hardly go wrong. To rebush a hole proceed as follows : first select a bush with a hole of the correct size for the pivot it is to fit. Note carefully the size of the outside diameter of the bush; this is most important and is the essence of the success of the operation. The size is marked on the lid of the container. The bushes are made in various dimensions of outer and inner diameters and in height, or thickness. Select one that when fitted will be flush with the inside of the plate and the oil sink will come level with the original oil sink; this must be estimated and a little experience is an advantage.
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Fig. 64. Reaming open the hole in readiness to receive the bush.



Having selected the correct bush, say the outside diameter is 197 (i.e., 197 hundredths of a mm.) select a reamer three-hundredths of a mm. smaller, i.e., No. 194. Fit the plate up in the tool, place a male centre in the stock, secure the plate by the dogs on the stake with the inside of the plate uppermost because the bush is pressed in from the inside the plate. Do not tighten the dogs for the moment but bring the male centring rod down so that it enters the hole to be rebushed. Press the rod down fairly hard and then tighten up the dogs to hold the plate securely. This procedure ensures the bush being pressed into the correct position. Now replace the male centre with the reamer No. 194. Fit this reamer into the stock to facilitate boring out the hole to receive the bush. Rotate the hand wheel of this tool (Fig. 64) and at the same time apply downward pressure and proceed thus until a full cut has been made, continuing until the round part of the reamer also enters the hole. The hole should now be the correct size; the necessity for accurate sizing cannot be emphasised too strongly.

After the hole is opened, remove the burr thrown up by the reamer with the chamfering tool supplied for that purpose. This tool fits into the holder used for the centring tool. Remove the plate, reverse it on the stake and remove the burr from the oil sink side, replacing it on the stake, as was done for the first operation, with the aid of the centring rod.

Fit a stake or busher into the tool, the diameter of which is a little larger than the diameter of the bush. Place the bush in position, flat end uppermost, and press into position by tapping the end of the tool holding the busher, with a mallet. Continue to tap until the busher touches the plate; the bush itself should then be flush. If it is necessary to open the hole so that the pivot fits correctly, use the cutting broach from the inside and open until the pivot fits closely. Then use the round broach to make the pivot quite free : this hardens the inside of the hole.

When broaching a friction-tight hole use a little discretion, do not ram the broach in, it might loosen the hole. Remove any burrs thrown up by the broaching with the chamfering tool. The hole has now been rebushed and no further finish should be necessary. If, for some reason, it is found necessary to open the original hole very much, it is advisable first to use smaller reamers, gradually working up to the size actually required. This procedure ensures that the hole is kept upright.

To upright a wheel or other part, proceed as follows : If it is a wheel and pinion it is always better to work on the hole most distant from the pinion head; to cause least interference with the depth. Say, for instance, it is the hole in the back plate; then make secure the front plate in the tool, using the centring rod before finally tightening the dogs. Then, without removing the front plate from the tool, place the back plate into position and either pin up or screw, as the case may be. Fit the smallest size reamer into position and start to open the hole; in this manner the new hole must be in alignment with the opposite hole. Then proceed to open the hole to the required size and fit the new bush as already explained. When a full cut has been made, the back plate can be removed and placed on the stake in place of the front plate.

Another method is to use a pump centre in the lower stake; both the plates are mounted together as in the assembled clock, and the pump centre made to enter the hole opposite the one it is proposed to rebush. Make secure in this position by the dogs and open the top hole as already described.

There is a great deal to commend this system of bushing. It is speedy and accurate; and quite apart from the uprightness of the part being rebushed, the hole itself must be upright, which makes for free running of the pivot and the ability to provide a better fitting hole. Many clock repairers may look upon this system with suspicion, not feeling “safe” unless they rivet. The principle of “friction tight” is an accepted one in engineering; the important thing to remember is that the outside diameter of the bush must be 3/100th mm. larger than the reamer; a good and safe fit is then assured.

The last system of bushing is to use French clock buchons. These consist of short lengths of brass wire (about [image: ] in. long), each end being turned to a slight taper with a central hole. The ends are chamfered. A nick is turned round the circumference at a convenient distance from the ends so that with side pressure the end will break off. Buchons can be obtained ready made in assorted sizes from tool shops.

The method of use is as follows : select a bush with hole of correct size and fit into the pin tongs; open the hole in the plate from the inside with a cutting broach until the bush fits for about one third of its length, then force the bush in tightly and break off. The new hole is riveted, opened to fit the pivot and finished in the manner already explained.


CHAPTER FOUR

CLEANING AND REASSEMBLING

HAVING CARRIED out the repairs to the movement, such as polishing pivots, rebushing holes, and polishing out wear, cleaning can now be proceeded with. There are two methods of cleaning; one is with the aid of the cleaning machine (Fig. 65) and the other is by washing out in benzine or petrol. The machine method will be described first : With this particular type of movement no polishing of the wheels and plates is necessary, they have been lacquered. The operations of polishing the plates will be described in the chapters on English and French clocks.
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Fig. 65. Clock cleaning machine.



The principle of the cleaning machine is that the parts are first washed in No. 1 solution, which is the cleaning medium, then rinsed in No. 2 solution, which is to remove all the No. 1 solution clinging to the pieces, and finally heating, to dry off the No. 2 solution. All the small parts, such as the train and striking parts are placed in the basket and the whole lowered into the No. 1 solution and made to revolve at a moderate speed. The jar should not be more than [image: ] full of the fluid; if more is used there is the danger of whirling the fluid out of the jar. The same danger equally applies if too great a speed is imparted to the basket. Allow the basket to spin in the fluid for about half a minute, then raise the basket clear of the fluid but still in the jar, and “rev-up” to a higher speed for just a few moments to shake off as much fluid as possible. Then immediately immerse in the No. 2 solution and allow to rotate for another half minute.

Both the No. 2 and the No. 3 jars contain No. 2 solution, and about the same quantity as for the No. 1 jar should be used. Again raise the basket and spin off at a higher speed for some seconds so that all the fluid is thrown off; repeat in No. 3 jar; the fluid in this jar is the final rinse and is, or should be, almost clear. All traces of the No. 1 solution should be removed. After the final rinse throw off as much fluid as possible so that the parts are almost dry. Then place in the heated chamber and spin at a slow speed for about one minute. The parts should now be quite dry and ready for removal.
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Fig. 66. Pegwood sharpened for cleansing oil sinks.



The manufacturers say no further treatment is necessary but it is advisable to brush the parts lightly with a stiff watch brush. As a rule the basket is not large enough to take the plates, so the parts too large for the basket are washed by dipping a stiff watch brush in the No. 1 solution and well brushing, afterwards drying off as much as possible with a linen rag. With another brush, kept especially for the purpose, dip in the No. 3 jar and well brush to remove all traces of the No. 1 solution; dry thoroughly with another clean linen rag. Do not mix the brushes or the rags. Clean all the train holes from both sides with long pointed pegwood. First twirl the peg in the hole, using some pressure; scrape the soiled part of the peg away with the bench knife and again insert in the hole and continue thus until the pointed peg leaves the hole quite clean. Then sharpen a piece of pegwood as shown in Fig. 66 and twirl in the oil sinks; this is most important as the oil sinks are the reservoirs or storage places of the oil. The other holes in the plate, such as the pillar holes, etc., which are not pivot holes are cleaned as follows.
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Fig. 67. Cleaning holes by means of chamois leather strips.



Have tied to the vice a bundle of long strips of chamois leather, about 15 inches long and about one inch wide tapering down to a point. Hold the plate in the right hand, thread one of the strips of leather through a hole, hold the other end with the left hand and work the plate up and down the leather (Fig. 67). You will find this bundle of leather very useful for many cleaning purposes as will be described further on. Clock repairers’ benches are to be seen with bunches composed of lengths of string of various thicknesses and strips of linen rag as well as the leather already mentioned, all for the same good purpose. Having cleaned both plates, lightly brush with a clean stiff watch brush. As the parts are cleaned place them under a cardboard box to keep off the dust. Cleaning clocks is a dirty business; as the parts are cleaned, keep them free from dust arising from other work.

Just a word about the cleaning solutions before the movement is assembled. First, they should be kept away from strong light. It has been proved that light causes a chemical action in one of the solutions which can cause rust. The solutions, as a rule, are sold in tins, so the light cannot harm them there. Keep the cleaning machine with its glass jars in a dark corner, not up on a bench near the light. The No. 1 solution should be changed when it becomes a bad colour, and has a muddy greenish appearance. The No. 2 solution in the No. 2 jar can be cleaned by passing it through filter paper. The No. 2 solution in the No. 3 jar can be used if necessary in the No. 2 jar. The object of having two jars of the No. 2 solution is to ensure that all traces of the No. 1 solution are removed. It is advisable to transfer the basket from the No. 1 jar to the No. 2 quickly in order to avoid spotting as No. 1 is inclined to stain if allowed to dry on. The process of cleaning by the machine method may sound a lengthy business but in practice it is not; it is both efficient and speedy.

In America an immersion method somewhat similar to that used in watch cleaning with a machine is employed. No machine is necessary and no bad effects result.

For the solution use a four gallon enamelled iron vessel with a closefitting lid. The solution is a mixture of ammonia, acetone and oleic acid. To make up this amount pour one quart of ammonia into the vessel and stir in a quart of acetone. To this add one pint of oleic acid. Then add the water. The oleic acid will probably curdle but if it does it will clear up in about a day. The amount of water added should be sufficient to make about three and one-half gallons. If concentrated ammonia is used, the amount should be less otherwise it will blacken brass. It is best to use soft water if obtainable. The cover of the vessel should fit fairly well to avoid the odour getting into the workshop as well as to retain the strength of the solution.

The next vessel is a bucket of water. After that use two aluminium preserving or cooking pots of two gallons capacity, both of these containing naphtha.* Then comes the final vessel, which contains benzol.† In the bottom of the last three is a screen of coarse iron wire of about [image: ]-inch mesh and raised from the bottom about [image: ]-inch by using four small bolts with washers for feet. For a container to hold the clock movement or parts, obtain a wire mesh frying basket such as is used in restaurants for frying chipped potatoes. A small container also is made to hold the screws, washers, hands and delicate parts that might fall through the coarse mesh of the basket. For this obtain an ointment tin of the largest size (about three inches in diameter). The bottom and top are cut out and discs of gauze wire carefully soft soldered in so that the ends of the wires are attached all round. In addition a wire handle is attached to the lower half. Place a brass clock nut on both the inside and outside of the box where the wire handle enters and run soft solder around them, making a solid reinforcement for the handle. The handle is left about seven inches long and bent around into about a [image: ]-inch ring.

With this shaker small parts can be cleaned separately and conveniently. The water rinse is used to remove the heavy soapy solution from the movement or parts so that it will not get into the naphtha. The naphtha removes the water and with slight agitation does it very thoroughly. The screens are placed in the bottom of the container so that the water will separate from the naphtha and fall to the bottom, and also to prevent the wire basket from getting into the accumulated water and churning it up with the naphtha.

When the water has accumulated to the depth of the screen, the screen can be carefully removed with a hooked wire and the naphtha poured off. Then the water can be poured out, the vessel wiped out, and the naphtha poured back again.

This plan of using the screen prevents the water and naphtha from emulsifying and the naphtha can be used until its strength is gone. After the naphtha in the first vessel has become “worn out,” it is replaced by that in the second vessel, which is filled with fresh naphtha.

The benzol in the last vessel removes the naphtha from the parts, and when the clock is dried it is clean to the touch and odourless. Benzol accumulates water by condensation and a small amount of water will gather in the bottom of the benzol vessel. Since benzol evaporates rapidly it is quite a cooling process and it has been found that hanging the basket in a current of air prevents any sweating in the drying.

With alarm clocks, remove the balance and balance spring so that they can be cleaned by hanging on a dip wire or in the small shaker. This is because the cleaning solution will eat away the thin alloy balance spring and cause it to lose time.

The mainsprings should be let down about half so that the solution will circulate freely between the coils. Of course mainsprings in barrels should be removed and placed in the basket with the rest. The handle of the wire basket can be made into a hook so that the basket can be hung up while the contents dry. After leaving the balance in the solution for a minute or two it is rinsed through the naphtha and benzol. Meanwhile the movement is left in the cleaning solution to soak. Churning it up and down seems to rinse off the dirt that remains after the grease is gone.

Before rinsing in the water examine the movement for any remaining hard deposits. If any remain dislodge them with a small stiff brush and the solution. Rinse the contents of the basket in the water, swing the basket a little to throw off the excess water, and then immerse in the naphtha, sousing it up and down a few times to dislodge any water contained in lantern pinions or similar places. Then rinse again in the second naphtha bath. See that no mainspring barrels are so placed that they will transfer one solution into another. Shake off the surplus naphtha and immerse in the benzol. It takes a little time for the benzol to remove the naphtha so give it sufficient time to act. A small electric fan is used for drying out from the benzol, and it will be found that if sufficient time is allowed the drying is most thorough.

The solution will gradually weaken so that the immersion period must be lengthened. Also a small amount of benzol must be added to make up for evaporation. As to the matter of dismantling cheap and 30-hour clocks you must use your own discretion. Where bushing is necessary the clock can be put through the solutions first in order to remove the grease and dirt so that when the clock is taken down it is not so dirty to handle. With French clocks, peg the holes while they are wet with the first solution.

Although clocks with die-cast parts will clean all right, sheet steel coated with lead or zinc must be kept out of the solution. It gets covered with a heavy scum or grease and in some way contaminates the solution and the rinse.

This plan works very well and the solutions last a long time. Nickel alarm clock cases can also be cleaned in the solution. After cleaning them, the oxide or tarnish is very much softened. Go over them with a brass brush on the buffing lathe and there will be still further improvement.

It might be that, with the help of a chemist, the solutions and procedure could be varied to advantage, but the method has been used unchanged for years. A washing machine was once built and tried. After considerable trouble and experiment, however, it was discarded as unsatisfactory.

Every precaution should be exercised to avoid risk of fire, never violently agitating the basket in the benzol or naphtha, or scattering the liquid over the floor when shaking off the excess. No smoking must, of course, be observed. The method has been found worth the initial expense.*

Cleaning with benzine is another system, which is sometimes referred to as “wash out.” Either benzine or petrol may be used. The term “wash out” is well chosen and will be used again in other chapters of this book. For instance, after polishing with a polishing medium the movement will be washed out to remove the polishing material. The word “wash” suggests splashing but the benzine or petrol although used liberally, is not wasted since the majority drains back into the pot.

It is neither economical nor necessary to immerse the parts of the movement in the benzine. Use a container of about four inches to 6 inches diameter and 3 inches to 4 inches deep, provided with a well fitting cover to prevent rapid evaporation. A stiff watch brush is useful for applying the benzine; some prefer a medium sized stiff paint brush.

The method of cleaning by washing out is quite simple and is as follows :—

The parts to be cleaned are held over the benzine pot. Dip the end of the brush in the benzine and well brush the part with the wetted end. For instance, to clean a wheel, well brush all the teeth and both sides, then dab the pinion leaves, brush the arbor and the pivots, frequently dipping the brush into the benzine during the cleaning of this one piece, as it is intended to wash it. As has been stated, the superfluous benzine drains back into the pot. As the parts are washed place them on several sheets of folded newspaper placed on the bench; the paper will absorb the benzine.

The plates, cocks, bridges, etc., are treated in a similar manner, the pivot holes and oil sinks being well dabbed with the wet brush.

When all the parts are washed proceed to dry, continuing to clean them at the same time. The plates must be wiped with a clean linen rag. The holes and oil sinks should be cleaned with pegwood and chamois leather strips, as previously explained when describing machine cleaning.

The wheels and other smaller parts are brushed with a clean, dry, fairly stiff brush. Well clean the leaves of the pinions with pegwood, and wipe the arbors and pivots with the rag nipped between the thumb and first finger. A piece of hard pith—a piece too hard for watch work will do—is pressed on to each pivot and then twirled round to ensure that the shoulders of the pivots are clean.

Finally, brush all parts with a clean dry brush.


[image: ]

Fig. 68. Mainspring winder, Swiss pattern.
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Fig. 69. Ejecting mainspring into barrel.



If, for some reason, it was found necessary to remove the mainspring, deal with this and the barrel first. Clean the mainspring by drawing it between the folds of a clean linen rag. The spring should then be wound back into the barrel. The winder (Fig. 68) is a very useful tool for this purpose. The spring is first wound in a container which is smaller than the inside diameter of the barrel the spring is to enter. The barrel is then presented to the wound mainspring and by means of the handle it is screwed or pushed into the barrel (Fig. 69).


[image: ]

Fig. 70. Mainspring winder, English pattern.
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Fig. 71. Winding mainspring preparatory to fitting into barrel. (To make the illustration clearer, the linen rag is not shown).
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Fig. 72. Fitting mainspring into barrel. Grip spring firmly in right hand and place barrel over the spring with left hand and push home gently.
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Fig. 73. Winding, or coiling, mainspring into barrel by hand.
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Fig. 74. Striking barrel smartly on bench to drive spring well home.



Another type of mainspring winder which is more frequently found in the average workshop is the one illustrated in Fig. 70. To use this, hook the centre of the mainspring to the hook of the tool. Hold the mainspring with the left hand, using a small piece of linen rag, as illustrated Fig. 71. Wind up the spring with the right hand, as tightly as possible. Grip the spring firmly with the right hand and hold it thus. With the left hand place the barrel over the end of the wound-up mainspring and gently push in as far as possible, removing the rag at the same time; grip the barrel firmly and as the mainspring hooks on to the barrel hook allow the barrel to revolve slowly (Fig. 72). Unhook carefully from the tool and jump the spring down as explained later. A certain amount of dexterity is required to replace the spring satisfactorily but a little practice will soon make for proficiency. If no spring winder is available, wind the spring in by hand, taking great care not to distort it. First hook the spring on to the barrel hook and then carefully cause the barrel to rotate, manipulating the spring into the barrel all the while (Fig. 73). When the spring is in position, whether by hand or by the winder, strike the barrel smartly on the bench as shown in Fig. 74, to ensure that the spring is fully in position. To attain this end do not be tempted into pushing the spring down with a sharp tool such as a screwdriver, as by so doing a burr may be thrown up which will impair the efficiency of the spring and may even cause it to break.

Next place the barrel arbor in position, making sure that the mainspring hooks on to the barrel arbor hook and, if necessary, bend the spring round closer to the arbor as it is most important that the spring shall not slip when once the movement is assembled.


[image: ]

Fig. 75. Snapping barrel cover into position.



After fitting the mainspring into the barrel, when reassembling a movement, we next apply a fair amount of oil to the top edges of the spring and also a little where the spring touches the arbor. Now snap the cover into position, using the handle end of an emery buff in the manner illustrated in Fig. 75. Having tested and made any adjustments necessary to ensure the correct end-shake of the barrel arbor in the barrel before cleaning the movement, the barrel is now ready for assembly into the movement.


[image: ]

Fig. 76. Method of holding movement during assembly.



Put the back plate on the edge of the upturned cardboard box, drop the centre and intermediate wheels into position, apply a little oil to barrel arbor pivots working in the barrel and then place the barrel into position. Next locate the third wheel and the escape wheel. Guide the front plate so that the centre arbor and the barrel arbor enter their respective holes, the intermediate wheel pivot may enter its hole without assistance; in any case, hold the frame complete, in a linen rag, as illustrated in Fig. 76. Apply a little pressure to the plates and, with the tweezers, guide any pivots not already there into their holes. They will snap into position and the front plate will come down on to the shoulders of the pillars. Screw the nuts on tightly. If the plates are kept in position by pins, then pin up while still holding the plates together.


[image: ]

Fig. 77. Knocking cannon pinion on into position.



Next try the end-shake of all the wheels; the barrel arbor should be just free, perceptible end-shake is not necessary. Apply oil to the barrel arbor pivot, place the ratchet wheel, click, spring and cock into position and wind up the mainspring about three clicks only, when the train should run freely. Apply oil to the centre pivot and place the cannon pinion into position. Drive home tightly by placing the movement on to a block of wood and using either a hollow punch, such as a piece of clock bushon wire, or the brass-lined flat-nosed pliers, tap the cannon home. The illustration (Fig. 77) will explain this. The pliers are shown in use, as the use of the hollow punch is obvious. It is essential to use the block to support the back pivot shoulder, otherwise the end-shake of the centre wheel might be increased. Try the end-shake of the centre wheel and give the mainspring one click wind to make sure all is free.

Make a habit of testing everything you add to the movement during assembly, i.e., the part of the movement affected by the addition. In this manner you are at once able to detect a faulty part and so save a considerable amount of time in the long run. If a part added causes undue binding likely to cause the clock to stop, investigate immediately; you know just where the fault is. This is a very important point in all clockwork, and for that matter all mechanisms. To take an example, the cannon could be driven in so that the centre wheel was devoid of an end-shake. You would carry on with the assembly, oil and case up, and the clock might go for a day or two but, as the power of the mainspring weakened, it would stop.

It is fascinating to watch a good clockmaker assembling a movement; he constantly touches here and there to see all is free as the movement is built up. He is confident of the final result, and how important systematic testing is when the movement is a complicated one. So, try everything and make it a habit.

To return to the movement : apply a little oil to the minute wheel post and place the minute wheel into position; then the hour wheel, but no oil to the hour wheel pipe. As the bearing is very long and the movement slow, oil may be more bother than it is worth here. Secure the minute wheel with its collet and pin. Try the shake of the minute wheel teeth in the cannon pinion and its end-shake. Try the shake of the hour wheel teeth in the minute wheel nut and wind up the mainspring two or three clicks to ensure that all is still free. Next place the pallets in position and then the back-cock. In the movement actually described the back-cock is screwed to the back plate before starting to assemble and the pallets are assembled with the rest of the train, but this arrangement is peculiar to the Garrard movement and as this chapter is intended to embrace the majority of pendulum timepieces we shall assume that the back-cock is screwed into position to secure the pallets.

Try the end-shake of the pallet arbor. We can now fully wind up the mainspring. Apply oil to the pads of each of the pallets, let the pallets trip for about a quarter of a turn of the escape wheel and apply a little more oil. Apply oil to the pivot holes of the front plate and also a little to where the click spring impinges upon the click. Just a little oil to the click screw; a spot placed at the base of the head where it touches the click will find its way to the shouldered screw. Oil the back plate pivots.

How much oil to apply is very difficult to convey by the written word—so much depends upon the clock, size of the oil sink and the size of the pivot. A good rule to use is to apply as much oil as possible with the certainty that it will not run and thus spread. Once oil starts to run it has the tendency to draw all the oil away from the hole. Unlike a watch movement, we want as much oil as possible, because a pendulum clock will run for a considerable time after cleaning and freshly oiling, and the difficulty is that it may run for some time without oil at all and it is then that serious wear takes place. The oil must last, and to last any length of time there must be a fair quantity of it. A small quantity of oil dries up and becomes useless as a lubricant, leaving a heavy gummy substance, which has a retarding effect on the mechanism and subsequently causes it to stop. This, however, is preferable to a very small quantity of oil evaporated with little or no residue, so that the metal surfaces make direct contact and excessive wear results. If you can bear all these things in mind and try to visualise what the position will be in three or four years’ time, then it should help you to oil correctly. The correct amount of oil is most important.

The movement can be fitted up into its case; there are so many systems of “fit ups” that it would be futile to describe them all. However, proceed to clean well the inside of the case; a pair of the old-fashioned domestic bellows is very useful for this purpose. Brush inside as much as possible to disturb the dust, then blow out if possible and finally dust out with a duster. Now polish the outside of the case, clean the glass both inside and outside. The case, glass, dial and hands are the only parts the customer sees, so make a good job of the exterior cleaning.

See that the movement fits firmly into the case—it must not, at all costs, rock. When the movement has been screwed firmly into position, hold the edges of the plate with a linen rag and see if there is any movement.

Rigidity is absolutely vital to all pendulum clocks, and this applies not only to the rigidity of the movement in the case, but of the suspension of the pendulum, which will be dealt with in detail in the chapter on pendulums.

Apply a little oil to the crutch pin, hang the pendulum on the crutch hook and give the pendulum a full swing to set it into beat.


[image: ]

Fig. 78. The Garrard friction crutch.



There are one or two systems of self-setting in beat. The Garrard system is shown in the illustration (Fig. 78). The crutch A is fixed friction-tight to crutch B. An excessive swing of the pendulum will cause the crutch A to move backward and forward on the crutch B in addition to its normal to-and-fro movement. Eventually, when the arc of the pendulum is normal, the crutch A will have found its correct position for the escapement to be in beat.


[image: ]

Fig. 79. Friction crutch.



Another system is where the crutch is held friction-tight on to a collet fixed to the pallet arbor, and at the same time loosely enough to give if the pendulum is given an excessive vibration. When the arc of vibration of the pendulum quietens down to normal, the pendulum will have found its centre and thus be in beat (Fig. 79).

After a movement has been cleaned, whether it is lacquered or polished, it should always be handled either in tissue paper or a clean linen rag. Linen rags are recommended because such material is soft, absorbent and practically without fluff.


[image: ]

Fig. 80. Method of holding a wheel after it has been cleaned.



It is a useful lesson to watch the experienced craftsman assembling and handling the finished movement. He is constantly wiping here and there and rubbing the edges of the plates until not a finger-mark or a smudge is to be seen. That is pride of craftsmanship. Before the movement is fully assembled, wheels should be held by the teeth as illustrated in Fig. 80. Do not touch the steel parts with the fingers. I have seen men hold a wheel, just cleaned, and spin it between the first finger and the thumb, caliper-like, running the forefinger of the other hand along the pinion head to set it spinning—a most objectionable practice, as it provokes rust. The best quality tissue paper is no doubt the best medium to hold parts, but it is costly and clean linen rags answer quite well; they can be washed, and they improve with washing. An oiling chart is shown on page 66.

A lot of time has been given to an apparently simple job, but this is the foundation of the majority of clock repairs. Some clocks are polished, or finished in another way, and their treatment during cleaning may vary; they may be complicated, strike, chime, etc., but their handling, oiling and casre is the same as for the movement which has just been repaired.



*  Naphtha is a general term given to oily bodies produced by the distillation of cannel coal and bituminous shale, containing paraffin in a solution or mixed hydrocarbons. If not procurable, use paraffin.

†  If not procurable use petrol.

*  This information was supplied by Mr. Glen P. Heckert of Massillon, Ohio, U.S.A.


CHAPTER FIVE

GEARING—PART I

THIS AND the next chapter are devoted to the important subject of gearing. It is not intended to delve deeply into the theories of gears—complete volumes have been written on this one subject alone—but rather to give a working knowledge suitable to meet the problems likely to be encountered in the average workshop. It is a dull business just to take clocks to pieces, clean and reassemble them and not to know something of the “whys and wherefores”; further, a little of such knowledge as these chapters offer adds interest to the job; you should be better able to know why a gear is correct or incorrect.

The teeth of wheels and leaves of pinions are merely specially shaped projections to prevent slipping. In clock-work a wheel is generally the driver and the pinion the driven. A wheel is called a wheel when it has 20 or more teeth and a pinion when it has less than 20 teeth or leaves as they are termed. The shape or form of the teeth of the driver differs from those of the driven.


[image: ]

Fig. 81. Two discs with edges in contact are the ideal form of gearing.



If two discs are arranged as in Fig. 81 so that their edges are in close contact, motion given to one will move the other. The movement of the second disc will be constant and smooth and the lead will be uniform. This is the ideal form of gearing, but it is not practicable because of the tendency to slip. To prevent slipping two courses are open : (1) to plant the discs closer together; (2) to provide projections in the form of teeth, to the edges. Obviously the latter procedure is to be preferred since to bind the discs close enough together to prevent slipping introduces excessive friction and subsequent wear of the bearings. So, to compromise, the form of the teeth and leaves are designed to emulate rolling contact as far as it is possible to do so.

Theoretically, conditions as illustrated in fig. 81 are ideal, one surface rolls upon the other. Presently, the practical method will be discussed of obtaining these conditions as near as possible but, before that, angular velocity and gear ratio must be considered.

Both of these are better illustrated with discs than with toothed wheels. If the disc A, fig. 81, is made to revolve in a clockwise direction (following the direction of travel of the hands of a clock), the disc B will revolve anti-clockwise. If the discs revolve without slipping, a point on the circumference of disc A will revolve at the same speed as a point on the circumference of disc B. The linear velocities (speed of an object travelling in a straight line) of the points on the two circumferences of the discs will therefore be the same. If the discs A and B are of the same size B will make one turn for one turn of A. Obviously, if A is made to revolve 20 times B also will revolve 20 times. If, however, B is half the diameter of A, B will revolve twice for one revolution of A, the circumference of A being twice that of B, but the linear velocities of points on the circumference of A and B would remain the same.

Assume A and B are the same size, then each will turn through the same angle as the other for a given movement of one, that is to say their angular velocities will be the same. If, however, B is half the size of A, B will make two turns, i.e., twice through 360 degrees for each single turn of A; therefore in this instance the angular velocity of B is twice that of A, but the linear velocities of points on their circumferences remain the same.

Where two discs A and B are in rolling contact they will have the ratio : angular velocity of B divided by the angular velocity of A will be equal to the diameter of A divided by that diameter of B, that is, their angular velocities are inversely proportional to their diameters; furthermore, the number of turns of B for one turn of A is also equal to the diameter of A divided by the diameter of B.

The number of turns of B for one turn of A is called the ratio of the gear; so for a pair of discs A and B, gear ratio equals diameter of A divided by the diameter of B. As an example the disc A has a diameter of one inch and [image: ] inch. To find the gear ratio : [image: ].

That is, the gear is five to one, indicating that the disc B revolves 5 times to one revolution of A and therefore has an angular velocity 5 times that of A, but their linear velocities remain the same. A further example : The disc A has a diameter of 3 inches, find the diameter of B to give 12 turns for one turn of A. Let x = diameter of B.


[image: ]



So that B is [image: ] inch diameter and A 3 inches; therefore B will revolve 12 times to one of A.

The straight line joining the centres of rotation of any pair of wheels is called the distance of centres, i.e., a line drawn from the centre of one pivot hole to another. If two circles are drawn touching one another, representing wheels, A, B, fig. 81, it will be seen that the line of centres passes through the point of contact of the two circles.

It will be observed that the distance of centres is equal to the sum of their radii.

As an example, the wheel A has a diameter of 4 inches and B 0.5 inch. To find the distance of centres add together the radii of the two wheels, i.e., 2 inches plus [image: ] inch = [image: ] inches.

In another example, the wheel A has a diameter of [image: ] inches and the distance of centres of A and B is 2 inches. To find the diameter of B and the gear ratio :—


[image: ]



[A short way is to double the distance of centres and take away the diameter of A. This gives the diameter of B.]
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The wheel B will revolve 7 times to one of A. In another example : The wheel A has a diameter of 15 cm. and is to drive a wheel B at a gear ratio of 5 to 1; to find the diameter of B and the distance of centres :—


[image: ]



therefore x equals 3 cm.

The diameter of the wheel B is 3 cm. or 30 mm.
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In another example. A pair of wheels A and B have a centre distance of 12 cm. and the diameter of A is 21·2 cm. The problem is to find the size of B and the gear ratio. A diameter of 21·2 cm. is a radius of 10·6 cm.

Radius of B = centre distance – radius of A = 12 – 10·6 = 1·4 cm. therefore diameter of B = 2·8 cm.


[image: ]



What has just been said about angular velocities and gear ratios, etc., may at first sight appear to be simple and almost unnecessary, but it is of fundamental importance for a sound understanding of the principles of gearing. Every pair of correctly formed toothed gears acting together, with their arbors parallel, may be compared to a pair of plain circular discs placed at the same distance of centres as the gears and in rolling contact. If two such discs in motion are considered, it can be seen that the ratio of angular velocities of the two discs is constant. When one wheel (for simplicity’s sake the pinion will be referred to as a wheel) drives another and in such a way that the ratio of the angular velocities of the two remain constant throughout the motion, the condition of uniform lead is said to exist. This condition is the fundamental requirement for correct gearing and it is to achieve this purpose that mathematically correct curves are employed to shape the acting part of the teeth of wheels and the flanks of the leaves of pinions.

Two curves commonly used for gear teeth in horology are the epicycloid and the involute. There are other tooth forms used in engineering but the two just mentioned are those of interest to us and of these the epicycloid is the more important in horology. For a moment revert to the two circles (Fig. 81) when one is made to rotate the other also will rotate. These circles then are the pitch circles; they are, as we shall see, most important; they are not drawn on the actual gears and when examining a pair of gears we must imagine their existence to be able to judge when a gear is correct. Where the two circles touch each other is called the pitch point.


[image: ]

Fig. 82. Tracing a cycloidal curve.



A cycloidal curve is the curve traced out by a point in the circumference of a circle being rolled upon a straight line (Fig. 82).


[image: ]

Fig. 83. Tracing an epicycloidal curve.



An epicycloidal curve is the curve traced out by a point in the circumference of a circle being rolled on the circumference of another fixed circle (Fig. 83).
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Fig. 84. How a hypocycloidal curve is traced.



A hypocycloidal curve is a curve traced out by a point in the circumference of a circle being rolled round the inside of another circle (Fig. 84).
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Fig. 85. Developing an involute curve.



An involute curve is traced by a point in a straight line which rolls without slipping around the circumference of a fixed circle (Fig. 85), e.g., a piece of thread wound evenly around a pencil, the pencil held upright and another pencil attached to the thread, in unwinding the thread from the first pencil a curve will be traced and the curve so traced is the involute.

In each of these cases, the fixed circle around which the other circle is rolled or the straight line, is called the base. The rolling circle in the case of the cycloidal, epicycloidal and hypocycloidal curves is called the generating circle. The straight line—a point which traces out the involute curve is called the generating line.

For a movement to be transmitted from one wheel to another correctly it is essential that the ratio of the angular velocities of the two wheels shall remain constant throughout the movement. As already mentioned, this is the principle of uniform lead. It means that for any angle, big or small, through which the driving wheel turns, the driven must turn through a definite proportionate angle, no more and no less and the proportion between the two angles must be inversely as the diameters (or radii) of the two wheels.


[image: ]

Fig. 86. If the common normal to the curves of the driving and driven teeth at their point of contact passes through the pitch point, the gears will give uniform lead.



It can be shown that any pair of curves fulfilling a certain condition will give uniform lead. The condition to be fulfilled is : The common normal to the two curves—one on the driving tooth and one on the driven tooth—at their point of contact must always pass through the pitch point (Fig. 86). This condition must be true for every position of the curves within their range of contact. The illustration (Fig. 86) shows a single wheel tooth acting on a simple pinion tooth (leaf), and indicates how the condition is fulfilled. In well-designed gearing, the ratios of the angular velocities will remain constant and the transmission of force will be uniform throughout the whole course of the movement. These are ideal conditions, and are never perfectly fulfilled, but they may be approached fairly close in good gearing.

Any pair of correctly-formed gears working together may be compared to a pair of discs of the appropriate sizes placed at the same distance of centres as the toothed gears, and in rolling contact. Thus, although the actual contact between working surfaces of the gear teeth is a sliding contact, the effect in regard to constant angular velocity ratio and uniform transmission of power is the same—or nearly so—as if the two pairs were in true rolling contact.

The pitch of a gear is usually measured on the pitch circle, and it is the distance measuring a space between the teeth and a tooth and may be determined in several ways, e.g., from the point of one tooth to the point of the next tooth, which includes two half-teeth and one whole space; or one whole tooth and one whole space; or from any particular point or place on one tooth to a place on the next tooth, provided the place on the second tooth is in the same relative position. This measurement along the pitch circle is called the circular pitch of the gear. The circular pitch is calculated by multiplying the pitch diameter by π and dividing it by the number of teeth in the gear, e.g. :—


[image: ]



It is not the purpose of this book to delve deeply into the theory of gearing, but rather to treat the subject from a practical angle, but those sufficiently interested may pursue the matter further in specialised textbooks such as Lessons in Horology, by Grossman.

In practice, it will be found that the forms of wheel teeth and pinion leaves only approximate the theoretically formed curves. There are limits to the extent to which the curves can be used. Strength is a deciding factor, and this more particularly applies to the flanks of the leaves of pinions. The ideal horological gearing is epicycloidal, and if the curves of the leaves of pinions are formed when the rolling circle is half that of the pitch circle of the driven gear, the curve is a straight line and radial.
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Fig. 87. A near ideal gear wheel, with a 120 tooth wheel and a 12 tooth pinion.
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Fig. 88. A good gearing, taking into account the limitations of the 6 tooth pinion.



It is said that the near perfect gear cannot be obtained with less than 120 teeth in the wheel and 12 leaves in the pinion; the word “near” is used because the contact is sliding and not rolling. It follows, therefore, that with all gears of less than the numbers of teeth stated, the sliding must be more pronounced. The sliding, under certain conditions, is disengaging; that is, the parts slide one on the other as they part company. This sliding results in disengaging friction. When the numbers of the teeth in gears are low, engaging friction is experienced, the sliding takes place on entering; the surfaces rub together in a forward direction. When speaking of the disengaging sliding they rub in a backward direction. Obviously, the engaging friction is to be avoided as far as possible, because of the excessive wear which ensues. The illustration (Fig. 87) shows a near ideal gearing, wheel 120, pinion 12, the circular pitch of wheel and pinion meet; always try to visualise the circular pitch; in practice it is, of course, an imaginary line. In the illustration (Fig. 87) the tooth A is just about to finish its work and the tooth contacting the pinion leaf on the line of centres takes over. The illustration (Fig. 88) shows a good gearing, that is, a gearing of correct depth and ratio and good inasmuch as a pinion of 6 can afford a good gearing, but not to be compared with the gearing in Fig. 87.
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Fig. 89. A faulty gear. The leaves will “butt” because the gear ratio is not correct.




[image: ]

Fig. 90. The sector, a proportional gauge which is accurate enough for the practical checking of gear ratios. In the case illustrated, the pinion sectors correctly. It has 6 leaves and stops at the 6 mark.



Figure 89 shows a faulty gear—the leaves will “butt.” This is due to the fact that the gear ratio is not correct. The wheel has 60 teeth and the pinion 6 leaves, therefore the pitch diameter of the wheel should be 10 times that of the pitch diameter of the pinion. A convenient method of gauging is the sector (Fig. 90), and the gauging is then referred to as sectoring. The sector is a proportional gauge and within certain limits accurate—for most practical purposes it can be said to be accurate. The procedure is this : Open the limbs so that they close and embrace the wheel at the 60 mark—since the wheel has 60 teeth—then make the limbs secure by the screw provided for that purpose. Now slide the pinion down between the limbs, making sure the widest part of the pinion is in contact. It should stop at the 6 mark—the pinion has 6 leaves. Assuming the diameter of the pinion is too small. The remedy is to change the pinion for a larger one or the wheel for a smaller one, so that it sectors correctly with the pinion.

As a compromise, Grossman says :—

“It is best to make a deep gearing when the pinion is too large. Reciprocally, a gearing in which the pinion is too small should be relatively shallow.”


[image: ]

Fig. 91. The pinion here is too large and meshes too deeply. The correct size for the pitch circle is shown by the arrow.
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Fig. 92. Here the pinion is too small. The correct size of pitch circle is shown by the arrow.



Several drawings of gearing have been given so that the student can become accustomed to recognise a correct gearing. Further, if there is any suspicion that all is not well, he will have some indication of where to look for the cause of the trouble and then apply the remedy. For this reason, two correct gearings, one too deep and one too shallow, one with the pinion too large and one too small, have been illustrated. (Figs. 90 and 92).


[image: ]

Fig. 93. The wheel and pinion are of the correct sizes, but are planted too far apart so that the depth is too shallow.



The illustration (Fig. 93) shows wheel and pinion of correct size, but planted too far apart; the depth is said to be shallow, and the remedy is to replant one or other of the gears. The method of planting is explained on page 133. As a general rule, it may be said that of the two evils, deep or shallow, shallow is the less harmful. Figure 94 illustrates the terms used in connection with wheel teeth.
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Fig. 94. Terms relating to wheel teeth.
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Fig. 95. An example of lantern pinion gearing, used extensively in clocks of the lower grade category, such as alarm clocks.



We must consider lantern pinion gearing (Fig. 95) here, because this form of gearing is used extensively in clocks of the lower grade category, such as alarm clocks, etc. It is also used in some of the older type of turret clocks, cuckoo clocks, etc. The leaves of the pinion are short lengths of round steel wire, called trundles, and secured between a pair of brass collets or shrouds. There are instances where the shrouds are made of wood, and in a modern alarm clock, made in Canada, the trundles are die-cast into a spelter metal boss and the ends of some of the trundles are left open with no shroud. Lantern pinions work well when they are driven, as is usual with pinions, but are unsatisfactory as drivers, as, for instance, the minute wheel pinion which drives the hour wheel, partly due to the fact that when driving the trundles come into action before the line of centres.

In a lantern pinion, the pitch circle passes through the centre of the trundles and all calculations in respect of angular velocity, etc., are made in exactly the same way as for ordinary solid pinions. The teeth form of the wheel to gear with the lantern pinion is the epicycloidal, but the curve to form the teeth is generated by a rolling circle of equal diameter to the pitch circle of the pinion. The ordinary hypocycloidal pinion is generated by a rolling circle of half the diameter. However, the ordinary, conventional epicycloidal teeth will gear with the lantern pinions, but not as perfectly as the correct form. When properly constructed, lantern gearing can be very satisfactory. The remarks made about examining to check correct depth, etc., of epicycloidal gearing apply equally to lantern pinion gearing.

Apart from economic considerations, a decided advantage the lantern pinion has over the solid is that there is more clearance for dust and dirt. Where a piece of dirt would stop a clock fitted with solid pinions, the lantern pinion will receive the obstruction and the teeth of the wheel will first poke it through, so that eventually it will drop out. Generally speaking, because a clock is low in price, and is not valued, little care is taken of it, and it is usually subjected to rough treatment and no consideration is given to protection from dust, etc. From an engineering point of view, this type of clock is often the more clever job, because of its robustness.

It is agreed that engagement of the pinion leaf should not take place before the line of centres; that is, if a wheel is made to turn in a clockwise direction the first contact of a wheel tooth with the flank of the pinion leaf should take place on or to the right of the line drawn through the centres of the gears, and never to the left of that line (Fig. 87). In ordinary clock work, this cannot be realised, because in gearing with a wheel of less than 120 teeth and pinion of less than 12 leaves, contact takes place before the line of centres and engaging friction is experienced. The vast majority of clocks are geared with pinions of 6 to 10 leaves and wheels of 60 to 80 teeth. With these lower numbers, engaging friction must take place. It has been proved that engaging friction is more detrimental than disengaging friction. Since engaging friction cannot be avoided we must do what we can to minimise it, and the remedy is to make the acting surfaces of both wheel teeth and pinion leaves as hard and as smooth as possible, thereby reducing the effects of friction to the lowest possible degree.


CHAPTER SIX

GEARING—PART II: CALCULATIONS

GEAR TRAIN calculations will now be considered. It is important that these are thoroughly understood. For this reason the subject has been explained fully. Train calculations are, if anything, more important in clocks than in watches as the vast majority of watch parts are interchangeable and those of clocks are not. There are still in use numbers of English and French clocks whose makers are “unknown” and even if they are known no spare parts are available because the clocks are hand made or very nearly so.

Gear calculations will be treated as they affect the clock repairer at the bench—from a very practical point of view. The table included in this chapter gives a selection of clock trains, including the length of the pendulums. The method of calculating the length of the pendulum will be discussed in the chapter on the pendulum.

In the last chapter, mention was made of the ratio of the wheel to its pinion—the driver to the driven. As their diameters have a direct bearing on their distance of rotation so have the numbers of their teeth and leaves. For instance, if a wheel is, say, 2 inches in diameter and the pinion it drives is [image: ] inch, then one revolution of the wheel will cause the pinion to rotate 8 times. Their ratio is said to be 8 to 1, which is quite normal in clock work. Therefore the wheel must have 8 times as many teeth as the pinion has leaves if the rules of correct gearing are to be complied with.

It follows therefore that :—

(1) The numbers of teeth in a wheel, and leaves in the pinion it gears with, must be directly proportional to the diameters of their pitch circles.

(2) The number of rotations of the follower (the pinion) is equal to the number of teeth in the driver (the wheel) divided by the number in the follower.

(3) If the pinion has attached to it a wheel, and in turn that wheel gears with another pinion which has a wheel attached to it and so on, then the number of rotations of the last pinion to one rotation of the first wheel will be equal to the product of all the teeth in the wheels divided by the product of all the leaves in the pinions.

As an example :—

A wheel of 80 teeth drives a pinion of 10 leaves; that pinion has attached to it a wheel of 64 driving a pinion of 8 leaves. One complete rotation of the wheel of 80 teeth will cause the last pinion of 8 to rotate :—
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Fig. 96. A simple train.



Care must be taken to include only the wheels and pinions that are actually in action. If the train of a clock is being calculated to find, for instance, the length of the pendulum, we start with the number of teeth in the centre wheel, as it is usual for the centre wheel to make one revolution in one hour. The centre wheel pinion is not taken into account; it gears with the barrel and its purpose, as far as count is concerned, is to determine the number of turns it shall make for one turn of the barrel. It is a good rule to make a rough sketch of the train so that there shall be no confusion (Fig. 96).
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As each tooth of the escape wheel acts twice, once on each pallet, it is multiplied by 2 :—
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As the centre wheel of 84 teeth makes one complete turn in one hour the pendulum will vibrate 6,720 times, that is, 112 times per minute. If a wheel is lost the correct number of teeth can be calculated in the following manner. Say the third wheel is missing, let x equal third wheel, then
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that is, 80 teeth are required in the missing wheel. Now if a wheel and a pinion are missing, the following situation arises; let the wheel be x, the pinion y, then :
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Fig. 97. Here the middle wheel and pinions have to be calculated.



that is, we have a ratio of 10 to 1, the wheel must have 10 times as many teeth as the pinion has leaves. A wheel of 100 teeth and a pinion of 10 leaves could be selected, but having regard to the use of the train, a wheel of 80 and pinion of 8 would be the correct count. The foregoing example referred to the wheel of one wheel and pinion and the pinion of another. Now consider the case where a complete wheel and binion is missing. A rough diagram is made to avoid confusion and the wheel and pinion missing is indicated by dotted lines (Fig. 97).

Proceed in the same manner as before. We should then consider the count of the rest of the train. A pinion of 8 is not strictly the correct ratio for a centre wheel of 84 but a wheel of 80 is correct for the escape pinion of 8, so we should try this count out first, thus :
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This we know to be correct. In practice the exact ratio is not always adhered to.

Another example : the escape wheel and pinion is lost but we have the pendulum. Measure the length of the pendulum from a little above the centre of the bob to about where the suspension bends when the pendulum is swinging to and fro. In the chapter on the pendulum the method of calculation will be explained. The measurement is found to be approximately 11·2 inches which equals 6720 vibrations per hour, then :
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Applying the rule employed in the last example, we could select a pinion of 8 and (as the ratio is 4 to 1 = 8 × 4) 32 teeth in the escape wheel and then try out the full calculation.

Reverting to the centre wheel and pinion, it was said that the centre pinion had nothing to do with the time calculations but with the length of run of the clock. The centre pinion has 8 leaves and the barrel has 80 teeth, then for one revolution of the barrel the centre pinion will rotate 10 times, that is 10 hours, so that if the clock is to go for 8 days the mainspring must make over 19 turns, which is not practicable. An intermediate wheel and pinion is fitted and the count of train is usually like this :—
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The mainspring makes 5 turns, so 42 × 5 = 210, i.e., 210 hours. As 8 days = 192 hours, that arrangement would suit.

To make the same clock go for 30 hours it would not be necessary to fit an intermediate wheel :—


[image: ]



so 5 turns of the spring equals 40 hours.

The same ruling applies to weight-driven and fusee clocks.

The word train is used in horology in two senses :—

(1) To denote a series of wheels and pinions gearing together and forming part of a clock or watch.

(2) To indicate the count of the train, i.e., the number of vibrations of the pendulum or beats of the balance.

It is more common, however, to refer to the count of a clock by referring to the time of the pendulum in seconds or fractions thereof, i.e., seconds pendulum, half seconds, etc. With watches the beats per hour are referred to, i.e., 18,000 or 16,200, etc., 18,000 or 16,200 vibrations of the balance per hour. The table, at the end of this chapter, is a useful guide to find the length of pendulum required.
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Fig. 98. Diagrammatic drawing of motion work showing the ratios of 3 and 4.



The gearing, usually under the dial, which connects the train of the movement to the hands, is referred to as the motion work (Fig. 98). As a rule, the motion work consists of the cannon pinion, minute wheel and nut or minute wheel pinion and the hour wheel. The purpose of the motion work is to reduce the ratio of the gearing so that the hour hand, fixed to the hour wheel, rotates once to 12 rotations of the minute hand, fixed to the cannon pinion. Some motion work is geared so that the hour hand rotates once during 24 rotations of the minute hand, as in a 24-hour dial.

To consider the 12-hour dial first; the reduction ratio of 12 to 1 in the gearing is effected in two stages of 3 and 4 to 1.

For example : cannon pinion 12 leaves, minute wheel 36 teeth equal a reduction of 3 to 1; minute wheel pinion 10 leaves and hour wheel 40 teeth equal reduction of 4 to 1.
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The same rule applies to find the number of teeth in a wheel or leaves in a pinion which is missing, as was explained when calculating the train. Say the cannon pinion is missing :—
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If the minute wheel and its pinion are missing, then :—
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36 for the minute wheel and 10 for the pinion.

It is possible to make the reduction in one stage; for instance, if the hour wheel has 12 times as many teeth as the minute pinion has leaves, i.e. hour wheel 72, minute pinion 6, then the minute wheel must have the same number of teeth as the cannon pinion has leaves, say 30, then :—
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that is a reduction ratio of 12 to 1 in gearing.

The 24-hour dial is calculated as follows. The reduction ratio is 24 to 1 and can be achieved in a combination of reductions as 3 and 8, 4 and 6, as for instance :—
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Obviously the first example would be selected for reasons explained in Chapter Five. The table on the following two pages gives some useful gear information for clock trains and motion work.


CLOCK TRAINS WITH LENGTHS OF PENDULUM
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12-HOUR
DIAL MOTION WORK TRAINS
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CHAPTER SEVEN

STRIKING CLOCKS

THE CLOCKS dealt with in this chapter are of the lacquered type. This class of clock does not require polishing, but degreasing in some form or other. The striking clock movement is shown in Fig. 99.
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Fig. 99. Striking movement.
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Fig. 100. Correct position for rack tail to fall.



In the main, the instructions already given when examining the timepiece movement apply here also. Having removed the movement from its case and taken off the hands and dial, the escapement is examined. Then examine the striking mechanism carefully. Place the minute hand in position, and rotate it until the striking mechanism is released; if the half-hour is struck, continue to move the minute hand until the rack falls, holding the finger on the fly the while. The rack tail will now be resting on the hour snail (as in Fig. 100). Observe the position of the rack tail; it should fall just at the beginning of the step on the snail. If the rack hook is lifted up free of the rack, and the minute hand made to rotate, the rack tail should remain on the same step to within one minute of the next hour. If, for instance, the rack has fallen so that 7 hours will strike, the rack should remain in No. 7 step during practically the whole of the hour. The necessity for this is that some clocks are fitted with a repeat cord. This cord is attached to a lever which flicks up the rack hook and so releases the strike train. Unless the rack remains on the step, the correct number of hours may not be struck during the whole of that hour.
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Fig. 101. Method of testing the correct fall of the rack tail on to the snail.



The illustration (Fig. 101) shows the method of holding the fly and at the same time lifting the rack hook and turning the minute hand. If it is found that the rack tail falls on to the snail, anywhere other than at the beginning of the step, the position of the hour wheel must be adjusted, when assembling the clock after cleaning, so that the correct position is obtained.

With the fly still arrested, release the rack tail from the thumb, which was holding it up, and then release the fly. As the gathering pin comes round to engage and gather up the rack, observe carefully the position of the pin in relation to the rack tooth it is about to engage.
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Fig. 102. Correct position of gathering pallet pin in the rack.




[image: ]

Fig. 103. Faulty engagement of gathering pallet pin.



The pin should engage about half-way between two rack teeth, as in Fig. 102. Watch carefully while all teeth are being gathered up. If the first tooth is correct, the remainder are almost sure to be correct unless the rack teeth themselves have been tampered with. Should it be found that the first gather-up is faulty—the pin just misses the top of the preceding tooth or only just catches the tooth it is to gather up—an adjustment is necessary to correct and make it safe. On no account file the steps of the hour snail. Assume the fault is as illustrated (Fig. 103), that is, the pin only just gathers up the tooth. The rack tail must be bent very slightly forward towards the snail, so that the rack will be slightly in the forward position to receive the gathering pin safely.

When you are satisfied that the striking mechanism is correct, proceed to dismantle. First let down the mainsprings as already explained, then unpin the rack and lift it off. Release the minute wheel and lift the hour wheel and the minute wheel off. Unpin the rack hook and then the lifting pin, removing both these pieces. Remove the hammer and then examine all the strike and going train holes to see whether any of them need rebushing.

Having made a note of the new holes necessary, proceed to take the plates apart.

Remove the back cock and pallets, place the movement on the upturned cardboard box, unscrew the front plate and lift up carefully. It is not possible to remove the plate immediately, because the centre wheel and the gathering pallet wheel will catch on other wheels of the train.

Before removing the barrels, or immediately after they have been removed, scratch a very small S on the strike barrel, to help when assembling. Usually, the strike barrel is larger than the going barrel and also the mainspring is stronger, but marking the barrel does save time. Make it a practice to associate all screws with the parts they belong to and also all springs with the parts they act upon. It may not be so important with the strike movement we are dealing with here, but some movements have screws of varying length and, if they are not replaced in their original holes, trouble may be caused through fouling, etc. It is always a good habit, therefore, to keep screws and springs, etc., associated with their respective parts; it saves time and makes for efficiency—not only that, a screw in the wrong place may even cause damage.

Carefully remove the barrels and all the wheels impeding the removal of the plate. When the front plate can be taken off, remove the cannon pinion as already explained.
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Fig. 104. Removing gathering pallet.



The gathering pallet is removed in a similar manner. Hold the plate in the left hand in the manner illustrated in Fig. 104. The two first fingers and the thumb will tend to draw the wheel from the gathering pallet. Now give the end of the gathering pallet wheel pivot a fairly smart blow with the brass-capped hammer, making sure not to touch the gathering pin. The wheel will now be released and the whole movement should be in pieces on the bench.
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Fig. 105. Warning pin arrested.
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Fig. 106. Hammer pin free of star wheel after warning.



Proceed with the repairs, such as rebushing, etc., then clean as already explained. We are now ready to assemble. Place the back plate on the upturned box and stand all the wheels and pinions in position. Do not forget to oil the barrel arbor pivots in the barrel before placing the barrels in position. Fit on the front plate, guiding pivots into holes where necessary, and secure the plate with two nuts only, diagonally. Place the lifting piece in position. Hold the warning wheel, the one next to the fly, so that the pin on it engages hard on to the face of the lifting piece projecting into the movement (Fig. 105). Make sure the wheel is being pressed forward in its correct direction, that is, with the pin pressing down on to the lifting piece. Hold in this position and at the same time examine the position of the star wheel, in relation to the pin on the hammer lifting lever (Fig. 106).

The hammer lifting pin should be quite free of the star teeth; it should be mid-way between two teeth. The star wheel must not contact the hammer lifting pin—this is most important. If it is found that the pin is touching a tooth of the star wheel, carefully unscrew the plate and move the wheel, to which the star wheel is attached, round a tooth or two, when it has disengaged with the pinion of the gathering pallet. Re-fix the plate and hold the warning wheel pin on to the lifting piece face and examine again to see that the hammer pin is free. With a little practice, this is quite a simple job and you will be able to estimate the amount to move the star wheel. Usually one attempt is all that is necessary. When correct, screw up the plates tightly with all four nuts. Some striking movements are provided with pins to hold the plates together and also with pins projecting from the wheel carrying the star wheel, to lift the hammer in place of the star wheel. To such clocks, the instructions just given to correct the striking equally apply.

The reason for ensuring that the hammer is not on the lift at the warning—that is when the lifting piece releases the striking train and then arrests it—is that it is necessary for the train to gather a little speed to ensure lifting the hammer the full amount. If after the warning the hammer was lifted, say half-way, there may not be sufficient power to lift it further when the train is released. The train requires impetus to lift the hammer. Clocks can be caused to stop for want of run to enable the hammer to be lifted for the first blow.

If pins are used to hold the plates together, make sure that they are not mauled when removing them. If they are at all damaged, replace with new ones. It is very good practice, costs little in time or money and is a mark of good workmanship to fit new pins, discard old ones and replace them by well-finished steel pins, never brass or other metal.

When dealing with first-class French and English work, new pins are obligatory, but for some of the lower-grade clocks, such as have been dealt with so far, old pins in good condition can be used.
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Fig. 107. Correct Positioning of gathering pallet.



To continue with the assembly. It is better to replace the pallets at this stage, then the ratchets and clicks, etc. Wind the going mainspring up a few clicks of the ratchet wheel. Oil the pivots in the front plate, then replace the cannon pinion. Oil the rack hook post, place the rack hook into position, and pin up. Now hold the warning wheel so that the pin on it is immediately under the fly pinion. Place the gathering pallet on its pivot so that the pin projecting from the rack hook is about to look in the notch cut into the periphery of the gathering pallet (Fig. 107). Press the pallet on to the pivot as tightly as possible with the fingers, finally tapping it on with a hollow punch so that it is quite tight, but not so hard that it is pressed down on to the plate. Oil the minute wheel post and replace the minute wheel and the hour wheel, but do not pin up the minute wheel yet.

Next oil the rack post and replace the rack and pin up. Fit on the minute hand and rotate to release the strike train, note where the rack tail falls on to the snail, and adjust the hour wheel if necessary, so that the tail falls on to the beginning of a step as already explained.
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Fig. 108. Showing oiling points under the dial.
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Fig. 109. Showing oiling points on back plate and the escapement, etc.



When all is in order, pin up the minute wheel. Apply a spot of oil to the points as indicated in the illustration (Fig. 108). Wind up the strike mainspring and test the striking at each hour and halfhour. Oil the pallet pads and the back plate pivot holes. Apply a little oil where the spring operates on the hammer lever and just a little to the crutch pin, and the movement is ready to fit into its case (Fig. 109).

When the dial has been fitted on to the movement or on to the case, fit the minute hand and rotate it slowly until the strike is released. Rotate until an hour is struck, then place the hour hand into position pointing to the hour just struck and the minute hand pointing to 12 o’clock, and make secure. The clock we have been dealing with here has a screw-on collet which is tapped direct on to the centre arbor, but if the system is a collet and pin, make sure the pin is a new one and well finished and, of course, made of steel.

Finally, hang the pendulum in position. The pendulum is dealt with at some length in Chapter Nine.


CHAPTER EIGHT

CHIMING CLOCKS

THE CHIME movement (Figs. 25 and 26) can be considered as the timepiece movement discussed in Chapter Two, plus the strike movement discussed in the previous chapter and with the addition of the actual chime mechanism.

Having removed the movement from the case and with the hands and dial off, first let us examine the chime mechanism and become familiar with its working before taking it apart. This procedure is always advisable with all complicated work.
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Fig. 110. Chime and strike release.



The chime mechanism comes into operation first; the release piece A (Fig. 110) is lifted by a star wheel attached to the cannon pinion. This release piece in turn lifts the chime flirt B, which lifts the strike flirt C. Attached to the arbor carrying the strike flirt are two detents and one of these detents is fixed to the arbor. This detent fixed to the arbor arrests the chime train by catching the pin on the locking wheel, so that when the strike flirt is lifted it releases the chime train at a few minutes to each quarter, known as the warning. The train is arrested by the chime flirt until the exact moment at the quarter, when the release piece drops off the cannon star wheel and allows the time flirt to fall. The chime train is released and the chiming takes place. This partial release of the train, until the exact moment, is the warning. The length of run of the chime train and the subsequent number of blows struck is controlled by the chime locking plate D. When the train is released, the strike flirt is lifted up by the chime locking plate so that the detent fixed to it is free of the pin on the locking wheel. As long as the strike flirt is held up, the chime train will continue to run; but as the locking plate rotates, one of the cut-out segments or notches allows the strike flirt to drop, thus bringing the hook-like detent into the path of the pin on the locking wheel, arresting the train so that the chiming ceases. Chime clocks are designed so that a certain number of blows are struck while the strike flirt is held up. In the instance of the Westminster chime, four blows are struck during the first quarter, and eight during the second quarter or half-hour, and so on.

At the hour, the release piece releases the chime train in the usual manner and the chime locking plate rotates for its longest run, four quarters. A pin is fitted to the chime locking plate almost at the end of the four-quarter section and just before the pin on the strike flirt drops into the notch. This pin lifts the strike flirt so high that it releases the strike rack hook, and so releases the striking train, but only momentarily. The strike flirt arrests the strike train by catching the pin on the strike warning wheel and holds it until the full four quarters have been sounded, then the strike flirt drops into the notch on the chime locking plate and so releases the striking train, which is then free to sound the number of hours to be struck.

There is one more operation to consider before proceeding with the repair and that is the arrangement to keep the chime in sequence, i.e. to maintain the correct chime or tune at the correct quarter.

It will be noted that at each hour the release piece is lifted higher than at each of the preceding quarters, due to the elongated arm of the cannon star wheel. Fixed to the chime locking plate is a snail-shaped piece and on this snail rides a detent connected to the arbor carrying the strike flirt and the fixed detent already referred to. If this detent is held up on the periphery of the snail, the hook-like end is free of the pin on the locking wheel. The step in the snail coincides with the start of the four quarters and, as the lift is high in this position, the detent is lifted up out of the path of the pin in the warning wheel. If, however, the detent is resting in the lowest part of the snail at any other time, i.e. the first, second or third quarter, it will not be lifted free of the train, and so the chiming is held up until the correct sequence arrives—that is, at the hour. If, then, the chime is out of sequence say two quarters, the chime will not operate for the two quarters preceding the hour and it will be seen exactly why this is when the movement is assembled.

Before attempting to take the clock to pieces, study well its action; become thoroughly familiar with each operation. This is most important and time well spent. This procedure will help when assembling the clock after cleaning, etc.; you will be able to build up the clock and at once detect a faulty action.

There are several systems of chime mechanism, but the principle in the main is the same, so once the principle has been mastered the rest will follow.

Having removed the motion work and the rack, etc., of the striking part, start on the chime side. First remove the release piece, then the strike flirt and the chime flirt. Now turn the movement around and work on the back plate. Remove the whole of the chime pin barrel and hammer work. Unscrew the chime ratio wheel and also remove the strike-lifting lever. With the back cock and pallets removed we can proceed with the rest. Place the movement on the upturned box with the front plate uppermost. Unscrew the four nuts and lever up the front plate very carefully. Remember the gathering pallet and the chime locking plate are to be removed after the front plate is removed. It is advisable to mark the fly of the chime train with a small letter C and also the barrel with a small letter C, and the strike barrel with the letter S.

The gathering pallet and the chime locking plate are now removed. Sometimes the locking plate can be removed by holding the wheel to which it is fixed tightly and then carefully reversing the locking plate and drawing away. If this is not effective, try the method used when removing the gathering pallet, mentioned when dealing with the strike movement. With the movement now completely dismantled, make the necessary repairs. After this, clean the movement as already explained, and the parts are then ready to assemble.


[image: ]

Fig. 111. Detent arresting chime train.



Place the front plate on the edges of an upturned cardboard box and stand the wheels of the train, etc., in their respective pivot holes, replace the back plate and screw up the securing nuts tightly, after the strike work has been correctly assembled as explained when speaking of the strike movement. Complete the assembly of the striking work on the front plate. To do this it will have been necessary to fit the chime flirt into position. Do not wind the mainspring yet. Make the chime train rotate so that the locking wheel is arrested by the detent, as illustrated (Fig. 111). Then observe the position of the pin on the warning wheel; it should be at its highest point, near the fly as shown in Fig. 111. If it is not, remove the nut holding the plates together, from the pillar nearest to the chime train, then unscrew the nut near the strike train, about two or three turns to start with. Separate the plates at the chime corner and make the warning wheel disengage from the locking wheel pinion, so that it can be made to rotate free of the locking wheel pinion. The object is to move round the warning wheel so that the pin on it comes as illustrated (Fig. 111). The moving of the warning wheel must be done without altering the position of the locking wheel with relation to the detent; this is important. If the plates cannot be separated enough to free the pivot of the warning wheel, unscrew the strike nut a little more. The object is to free the warning wheel without upsetting the rest of the train, which has been positioned correctly.

If these instructions are followed, the necessary run of the chime train will be obtained to ensure the correct functioning of the chime work.

There are several systems of chime mechanism to be found in the mass-produced type of clock, and the system just explained should provide the information necessary to enable other designs to be understood.


[image: ]

Fig. 112. Correct position in which to place chime locking wheel.



Having got the strike and chime correct so far, the ratchets and clicks may now be assembled and the chime and strike sides wound up a little. Arrange for the chime locking wheel to be arrested by the detent and then place the chime locking plate in position, so that the pin on the strike flirt is in the lowest part of a notch, as illustrated in Fig. 112. Tap the locking plate firmly into position with a hollow punch. The hammer assembly is the next placed into position, but not the ratio wheel yet. Find the first quarter by causing the chime barrel to rotate and observing the hammers. If the chime is a Westminster, the first quarter is indicated by the hammers lifting consecutively. The chime train should then be released until the pin on the strike flirt has dropped and is resting in the notch of the chime locking plate. The grub screw on the ratio wheel is then made secure. This wheel is fixed to the pinion carrying the chime locking plate and the snail-shaped cam is fixed to it.

The rest of the assembly should now be obvious; the main part is completed and the strike and chime work is correct.
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Fig. 113. Oiling chart, under the dial of chime movement.
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Fig. 114. Oiling chart, back plate of chime movement.



Assemble the pallets and pallet cock. Now make an important check; place the minute hand in position and move it round slowly until the warning wheel is released and arrested, then examine the position of the hammers; they must not be on the lift. The same condition must exist when the strike train is released on the warning by the strike flirt. The hammers, usually two or three to strike a chord, must not lift. It only remains to oil (see oiling charts—Figs. 113–114). Fit the movement into its case, hang the pendulum and start to regulate. The assembly of the French and hand-made type of English strike and chime movements is somewhat different from the foregoing. The main reason is that the gathering pallet is fitted on to a square and not a round fitting. These points will be discussed in the chapters dealing with French and English movements.

When testing with the minute hand in position it is important to see that the train is released exactly at the hour in the case of a striking clock. In a chiming clock it should be released just before the hour so that the first stroke of the hour gong denotes the time, not the first stroke of the chime. If the “drop off” is not correct, the minute hand can usually be moved on its collet to the correct position. Fit a square of steel—the tang of a square file answers quite well—into the vice and place the collet of the minute hand over it. Then firmly and slowly move the minute hand where required. It is advisable to rivet the hand after this adjustment.


CHAPTER NINE

THE PENDULUM

THERE ARE many deeply scientific and mathematical factors involved in a full understanding of the theoretical problems of the pendulum. The clock repairer, however, is not concerned with more than the practical application of a few simple rules and calculations. He will be required to correct errors due to temperature and barometrical causes, or he may even find it necessary to replace a lost pendulum. For the latter task, a knowledge of the time of swing or vibration is required, and, given this, the required length is soon found. The length of a pendulum to suit any normal train is given in the table on pages 59–60. A study of the elementary theory of the pendulum involves little trouble. Sufficient knowledge for the purpose of repair should be gained from the following notes.

In the first place, pendulums are divided into two main categories, simple and compound.

The simple pendulum is what might be termed the mathematician’s pendulum; it consists of a weight represented by a point suspended by a weightless flexible thread. No such pendulum is a practical possibility, but, as we shall see, it is not practicable to use any other form of pendulum for calculation purposes. The point from which the pendulum is suspended and about which it swings is called the centre of suspension. The pendulum bob, represented by a point, i.e. it has no dimensions, is the centre of oscillation. It follows, therefore, that if the pendulum has dimensions, the centre of the bob is not necessarily the centre of oscillation.

The compound pendulum is the practical pendulum, and is composed of a suspension spring or some other material form of suspension, a pendulum rod and a bob.

If a compound pendulum is vibrating at the rate of one second for each complete swing, i.e. from one extremity of its swing to the other, or from the centre of its swing to one extremity and then back again to the centre, it will be found that the length of that pendulum is longer than the simple pendulum vibrating at the rate of one second for each complete swing. To check this, take a small lead weight, say, about the size of a green pea, and suspend this by a fine silk thread. The length of the equivalent simple pendulum, as it is called, should be equal to the length of the compound pendulum from the point of suspension to the centre of the bob, i.e. the effective length of the pendulum. Secure the thread as near the centre of suspension of the compound pendulum as possible and start the two vibrating. They will vibrate together, but eventually you will find that the simple pendulum has a longer time of swing.

The reason is this : with a pendulum composed of a rod only, i.e. no bob, the centre of oscillation is positioned two-thirds down the length of the rod, i.e. one-third up from the bottom, the opposite end to the point of suspension. To have a pendulum vibrating seconds and the pendulum to be composed of a rod only, its length would have to be about 52.18 inches. Any mass added to the simple pendulum will quicken its rate of vibration; therefore the compound or practical pendulum must be longer than the simple pendulum of the same vibration time. The centre of oscillation of the simple pendulum is the point representing the bob, but the centre of oscillation of the compound pendulum must be somewhere above the actual centre of the bob because any weight added to the pendulum, i.e. the rod, bob, etc., tends to raise the centre of oscillation to a position two-thirds down from the point of suspension.

If a simple pendulum measured exactly 39·14 inches it would be found to swing at the rate of one second for each swing. It should be noted that the simple pendulum is shorter than the compound pendulum, which also is a seconds pendulum. It is most important to have these matters clearly and well fixed in your mind, because it will help you to understand what follows.


[image: ]

Fig. 115. Astronomical regulators often have a tray above the pendulum bob to carry weights.



If weight is added to the pendulum above the centre of oscillation, it will cause the pendulum to gain. We have virtually shortened the pendulum. Conversely, if weight is added below the centre of oscillation, the pendulum will lose. Advantage is taken of this in two ways to regulate pendulum clocks. Astronomical regulators are often provided with a tray above the pendulum bob to carry weights (Fig. 115). The clock is regulated close to time by adjusting the rating nut, leaving the rate slightly slow. Weights are then placed on the tray as required to bring the rate closer. This serves a dual purpose : (1) a fine adjustment is possible; (2) it is not necessary to stop the pendulum for adjustment, the weights are placed in position while the pendulum is vibrating. To stop the pendulum of a closely rated clock has a detrimental effect on its rate; the pendulum has to settle down again. If, however, it is required to make the clock lose by adding weights, this can be effected by placing the weights below the centre of oscillation. In the instance of the mercurial pendulum type, there is usually room on the lower part of the stirrup to accommodate weights.
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Fig. 116. The centre of oscillation of a pendulum can be lowered by cutting the top off the bob. This slows the clock.



The second method is to alter the shape of the pendulum bob. If, for instance, a clock is gaining so much that it is not possible to lower the bob because the case of the clock will not permit it, the centre of oscillation of the pendulum is lowered by cutting the pendulum bob as illustrated (Fig. 116). As the centre of oscillation is lowered, so the pendulum is lengthened and the clock must lose on its previous rate.

Another means of making a clock lose is to weaken the suspension spring, but this method can, of course, only be applied to pendulums fitted with suspension springs. The suspension helps to quicken the swing of a pendulum; the spring tends to control the pendulum. To cite an exaggerated case : if the suspension were very strong it could overcome the effective length of the pendulum altogether and the spring become the controller. Therefore, before resorting to cutting the pendulum bob, first test the strength of the suspension spring and if you consider it too strong, change it for a thinner and weaker one.

The time of vibration of a pendulum depends upon its length and the arc of vibration. Change in length alters the time as does also a change in the arc of vibration. The arc is the extent of the swing and the error in time due to the change in arc is known as the circular error. It is established that if the arc of vibration of a pendulum is within 2 deg. each side of the centre, i.e. 4 deg. in all, the circular error can only be small because the arc of the pendulum is not likely to vary very much within that limit.

The pendulum of the ordinary domestic clock has a much larger arc than 4 deg.; the larger arc helps to overcome defects in design, manufacture, setting in exact beat and troubles through want of stability of the whole clock, due to vibration and many other causes.

Therefore clocks with any pretension to fine timekeeping are constructed so that the arc of vibration of the pendulum is within the prescribed limits. The circular error is the difference in time of swing resulting from the pendulum following a circular path, which all normal pendulums do, to a pendulum following a cycloidal path, which they should do if the time in all arcs is to be equal. If the arc of vibration of the pendulum is within 2 deg. on each side of the line of centres, the change of arc can only be small, and therefore the circular error is small. The table that follows, taken from Das Pendel, by R. Giebel, shows how much a clock is affected by the circular error.
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It will be seen that the error increases disproportionately to the increase in the arc, which is another very good reason for keeping the arc small.

To find the effect of circular error, subtract the value given for the smaller arc from that given for the greater arc. For example, suppose the arc of a pendulum changes from 2 deg. to [image: ] deg., subtract the value given for 2 deg. = 6·581 from that given for [image: ] deg. = 10·282, which equals 3.70 seconds per day. If the arc changes from 1 deg. to [image: ] deg., still only [image: ] deg. difference, the error is 3·701 – 1·645, equals 2·056 seconds per day and not 3·70.

Barometric error of the pendulum is the variation of rate due to changes in the pressure of the air. Short arcs are faster than long arcs, and a greater barometric pressure will shorten the arc and at the same time retard the movement of the pendulum due to the increased density of the air. If the arc is shortened it will be inclined to gain, but an arc shortened because of increased air density is inclined to lose, so some form of compensation is brought about by the circular error. For all ordinary purposes, the barometric error need not be reckoned with; the error is very small and is partly compensated by the circular error. There are, however, devices made to compensate, and one is in the form of an aneroid with small weight attached, fixed to the lower end of the pendulum. Increased density of the air will tend to slow up the pendulum, but the weight attached to the aneroid will be raised, due to the air pressure on the diaphragm of the aneroid, causing the pendulum to gain and thus effecting compensation.

For all purposes of calculation, we must assume that the pendulum is the simple pendulum. Consider for a moment that the pendulum rod is the radius of a circle. The bob is therefore sweeping an arc on the circumference. Under the force of gravity it will sweep an arc in a certain time. The circumference of a circle equals 3·1416 times its diameter and is designated as π (the Greek letter pi). The acceleration caused by gravity, that is the increase in speed of a falling body, is represented by g and is equal to an acceleration of 32 ft. per second every second, or 32 ft. per sec. per sec., as it is termed. It is usually written 32 ft./sec.2 The length of the pendulum equals l, and T is the time of one swing in seconds. The formula for the time of one single vibration or swing of a simple pendulum is :—
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To use figures in place of signs :
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Here we have taken the length of the pendulum = 39·1393 in. and gravity 32·2 ft./sec.2 (= 386·4 in.), and the answer is 1 second, i.e. the time of vibration of a pendulum 39·1393 in. long = 1 second, which we know to be true.

When the time of vibration is one second, the length is :—
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To calculate the length of any pendulum, we multiply the square of the time required by the length of the seconds pendulum; for example, find the length of a pendulum beating half-seconds. To make our calculation simpler, the seconds pendulum is taken as 39·14 in. Now [image: ], therefore :—
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It is convenient for all practical purposes to calculate with the seconds pendulum as 39·14 in, and not 39·1393.

Another example : Find the length of a pendulum beating two-third seconds :—
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For all practical purposes we need only calculate to an approximate measurement because as we have seen the actual length of the pendulum is altogether different from the theoretical length. In each of the two preceding examples we should start off with a pendulum measuring from the suspension to about the centre of the bob of 10 [image: ] to 11 inches for the half-seconds and 18 to [image: ] inches for the two-thirds seconds. It largely depends upon the type of pendulum bob, where it rests, on the rating nut at the centre, or on the outer edge. The weight of the pendulum rod is also a factor to be considered, so it will be realised that the practical length of a pendulum is something different from the theoretical or calculated length.

To find the length of a pendulum that is lost, we first count up the train to find the number of vibrations required of the pendulum per minute, and it is from this that the necessary length is calculated. We use the following rule : divide the square of the number of beats per minute into the number 140904 and this will give us the theoretical length of the pendulum in inches for the latitude of London. The figure 140904 is a constant and is derived from the length of the seconds pendulum in London, which is 39·14 inches :—
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To prove the correctness of this figure, find the length of a seconds pendulum. The seconds pendulum makes 60 beats per minute :—
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Find the length of the pendulum of a clock with this train :—

Centre wheel 80, third wheel 72, escape wheel 28 (the last is multiplied by two since each tooth acts on each of the two pallets), third and escape wheel pinions each having 8 leaves :—
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Apply the rule :—
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To take another example :—

Centre wheel 72, third wheel 64, escape wheel 30, third and escape pinions 8 each.
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The lengths of the pendulum given, while very close, are approximate and also are of theoretical length, so in practice it will be necessary to start with a pendulum rod at least 1 inch longer. Further, it is not necessary to calculate the length of pendulums to very close measurements because, apart from the weight of the pendulum rod, there is the influence of the escapement on the rating and also the circular error. So calculate approximately; the final length will be determined by the rating of the clock itself.

The table on page 59 gives train calculations with lengths of pendulums, and the table on page 79 gives the length of pendulum required for a particular number of vibrations per minute.


Length of Pendulum required for a Particular Number of Vibrations
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A number is stamped on the back plate of some French pendulum clocks. When it appears, it is usually placed at the bottom of the plate and is distinct from the movement number. Sometimes there is one digit and sometimes there are two, well separated, as, for instance, 5—6, and this indicates that the length of pendulum required for that movement is 5·6 inches (French inches), but since the French inch is near to the English inch [French inch (Pouce) = 1·0657 English inches] it can be taken for our purpose as the same.

The purpose of all compensation pendulums is to keep the centre of oscillation constant during changes in the temperature. There are several methods of achieving this, but only those likely to be met with in the average clock workshop will be mentioned.

The rod of the pendulum may be made of the alloy Invar. The coefficient of expansion of this metal is practically negligible; therefore, with a change in temperature, the pendulum will neither lengthen nor shorten and the rate of the clock will remain constant. The suspension spring, being made of steel, will be subject to variation with changes in the temperature. For instance, with a rise in temperature the spring will expand and get longer, and the clock will lose, but, with such pendulums, the bob is so constructed that it rests on a nut below the centre of the bob, therefore the part of the bob above the nut will expand upwards and thus compensate for the downward expansion of the suspension spring. The centre of oscillation of the pendulum is thus maintained approximately constant.
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Fig. 117. The Elliott pendulum bob.



The Elliott pendulum bob (Fig. 117) is made of iron and the position of the nut must depend upon the metal of which the bob is made. With a brass bob, for instance, the support would have to be higher than that for iron, since the coefficient of brass is greater than that of iron, and if the same position were used for the support there would be a greater expansion upward and the clock would gain in heat.

Invar pendulum rods are an inexpensive form of compensation and are to be commended. When fitting an Invar pendulum rod it must be borne in mind that some specimens of this alloy can show a plus or minus error in heat and it does not always follow that because Invar is used the compensation is perfect; the clock must be observed closely and a note of changes in temperature made with the effect on the rate of the clock.

The mercurial pendulum (invented by Geo. Graham, 1721) is usually associated with the “Regulator” or astronomical clock. It consists of a glass jar, sometimes of metal but more commonly of glass, containing mercury.
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Fig. 118. Graham mercurial pendulum bob.



The principle is that as the pendulum rod, made of steel, and the suspension spring expand downwards in heat, making the clock to lose, the mercury in the jar expands upwards, thus keeping the centre of oscillation constant and the time of vibration of the pendulum is the same in all temperatures (Fig. 118). If, during test, it is found that the clock gains with a rise in temperature then the pendulum is said to be over compensated and the remedy is to remove a little of the mercury. Should the clock lose in heat, then it is under compensated and the remedy is to add a little mercury. In either case the rating nut will need to be adjusted to bring the clock to time in normal temperatures.


[image: ]

Fig. 119. Twin glass jars mercurial pendulum bob.



There are one or two systems of mercurial pendulums, such as the one illustrated on the previous page where the glass jar rests in a stirrup, also where the jar is secured to the end of the pendulum rod and the system where twin jars are used. Mercurial pendulums are also to be met with in some domestic French clocks, where short pendulums are used and usually twin jars employed. With these French clocks the jars are sealed and it is not possible to make any adjustments. They are primarily for “effect” but no doubt they have compensatory effects. (Fig. 119).
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Fig. 120. Harrison “Grid-Iron” pendulum.



The Harrison or grid-iron pendulum was invented by John Harrison, 1726. This pendulum consists of a steel rod as the main pendulum rod and also steel and brass rods which form the compensation (Fig. 120). The principle is that to compensate for the downward expansion of the main steel rod eight other rods are employed, four of steel and four of brass.

Starting from the outer steel rods, in heat they expand downwards and the frame at the bottom carries two brass rods which expand upwards. In turn, these brass rods are fixed to a frame at the top, which has two steel rods fixed to it which expand downwards. These two steel rods are fixed to a frame at the bottom, and it is on this last frame that two brass rods are fixed, and at the top of these brass rods another frame to which is the central pendulum rod carrying the bob. To follow the sequence through from the central pendulum rod: this expands down, then the brass rods expand up and the next pair of steel rods expand down and the brass rods up and finally the outer steel rods down. In this manner the correct proportion of downward and upward expansion is obtained to keep the centre of oscillation of the pendulum constant during changes in temperature.

The grid-iron pendulum is sometimes copied in French clocks, similar to the movements mentioned when discussing the mercurial pendulum, but as a rule the compensation is not effective; the rods are for show only.
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Fig. 121. Ellicott pendulum.



The Ellicott Pendulum was invented by John Ellicott, 1753 (Fig. 121). It is seldom encountered in precision clocks such as regulators, but is sometimes to be found in short pendulum French clocks. Fitted to the steel pendulum rod is a long brass bar, fixed at the upper end, the lower end of which contacts two levers pivoted in the pendulum bob. These levers carry the bob so that with the downward expansion of the brass bar the bob is lifted up, and thus is the centre of oscillation kept constant during changes in temperature.

It is of vital importance that the support of the pendulum should be absolutely rigid and the greater the precision required of the clock the greater is the importance to be paid to this point. In regulators and clocks of high precision it will be found that much thought and care has been given to fixing the pendulum. To cite one or two procedures : sometimes a very substantial plate is fixed to the back of the clock case and to this is fixed the bracket carrying the pendulum; the pendulum does not hang on the movement. In some instances, this plate is plugged through the clock case to the wall.

Other clocks, the Shortt free pendulum for instance, are so set up that the pendulum is carried on a bracket which is secured to a support built up, often on concrete, from below the ground, so important is the necessity for rigidity if accurate timekeeping is to be obtained. The great Breguet realised how vital was the need for a rigid pendulum support and he tackled the problem from an entirely different angle. He said that all material is flexible in some degree, and no matter what the support, the material it was made of would move when the pendulum was set into motion. To counteract this he used two identical pendulums hung on the same support, one of the pendulums receives impulse from the mechanism, and the other pendulum is quite free. The impulsed pendulum is set into motion and due solely to the flexibility of the support the free pendulum is made to vibrate automatically, and it is due to this reciprocal action that firmness is obtained. This is not the only object claimed, but it well illustrates the present points. What we need to emphasis that is all pendulums must be rigidly hung.

In precision clocks the escaping angle is small, thus allowing a small arc of vibration of the pendulum. There is little, if any, supplementary arc, i.e. movement of the pendulum after locking or drop. As we have said, this condition calls for accuracy throughout and is possible in high precision work, but not so desirable in the ordinary domestic clock for the reasons already stated. For this reason, small arc pendulum clocks must be very securely fixed.

If the pendulum hangs on the movement then the movement must be firmly secured in its case. The case must stand firmly. It should not rock; if one foot or support of the case is shorter than another then the vibration of the pendulum will cause the case to rock and, quite apart from bad timekeeping, it can stop the clock. See that the suspension fixture cannot allow the vibrating of the pendulum to move it; try everything connected with the pendulum and see that it is firm.

With long case clocks another set of difficulties has to be considered in connection with the vibrations set up by the swing of the pendulum. If the case is not resting firmly, it is not always possible or practicable to secure it to a wall, and the vibration set up by the pendulum can slightly sway the whole case. This may in turn upset the vibration of the pendulum which can cause the clock to stop due to the fact one vibration of the pendulum may be curtailed, causing the escape wheel to miss giving an impulse, with the result that the pendulum cannot pick up again and ultimately ceases to swing. On the other hand the swaying of the case may cause the weights to start swinging, which, as they are heavy, will cause the case to sway more until the weights either touch the pendulum and stop it or cause escapement failure.
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Fig. 122.
A. How to steady a long case clock against a wall.
B. Fit a block where there is a skirting.
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Fig. 123. Bracket to steady a long case clock in a corner.



Pay particular attention to the set-up of long-cased clocks. If the clock is to stand flat against a wall with no skirting, then just wedge the front slightly to force the top of the case hard against the wall (Fig. 122A). If there is a skirting then screw to the case a strip of wood of equal thickness to the skirting, about a foot from the top of the case, and then wedge back as before (Fig. 122B). If the case is to stand across a corner there is nothing substantial to wedge the clock against, so use a bracket (Fig. 123). Fix it to the back of the case and then wedge the case so that the bracket presses hard into the corner and thus holds the clock firmly. The case must be firm to the touch. If you try to shake it, it should feel as if it had been fixed to the wall. If the arc of vibration of the pendulum is very small (other than in precision clocks), due to faulty train depth, deep escapement, etc., or a weight that is not heavy enough, a very slight, hardly perceptible sway of the case can cause a great deal of trouble.
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Fig. 124. Method of testing for swaying.



In such an instance, fix a thin piece of wood with a piece of silk thread and lead shot attached, to the case; it will wedge under the door of the hood, (Fig. 124) and leave it for say an hour, then examine to see if the lead shot is steady. If the case is swaying ever so slightly it can be observed in the suspended weight.

A free pendulum is the most perfect timekeeper, with the exception of the quartz crystal clock. This has been proved by the record of the Shortt free pendulum clock. Both Mr. Shortt and Mr. Hope-Jones recognised the virtues of a free pendulum and they set to work to evolve a system whereby the pendulum is the timekeeper and other appliances do the work of registering its vibrations.* Clock repairers can do well to emulate this philosophy as far as is possible. In the average clock the pendulum is interfered with by the crutch and this is, of course, unavoidable, but, other than that, every precaution should be taken to see that the pendulum is perfectly free. We shall speak about the bob pendulum of the crown wheel escapement found in antique clocks in a chapter devoted to them.

The pendulum rod should be just free in the crutch; there should be no perceptible space between the rod and the crutch. Each time impulse is imparted to the pendulum it starts in the form of a knock and this knock is accentuated if the space between the crutch is excessive. Some crutches take the form of a pin which operates in a slot in the pendulum rod but the principle is the same. To knock a pendulum disturbs its vibration and consequently its timekeeping properties. We want to encourage the push form of impulse, just a soft gentle push. In clocks fitted with the dead beat escapement and forms of the gravity escapement this is possible to a very great extent, but with the recoil escapement to a much lesser extent. In any case, according to the grade of clock, so it is in the clock repairer’s interest to obtain the best results possible. Always aim at a push form of impulse and reject or minimise the knock.

Another form of interference to the pendulum which can be eliminated is something loose on, or in, some part of the pendulum. Usually if the loose part is reasonably heavy and firmly seated it will not move as the pendulum receives impulse. If, for instance, the glass jars of the French short pendulum clock are not well seated, they may rock with the slightest knock and in such case, timekeeping is hopeless. Anything attached to the pendulum which is light in weight will almost certainly move while the pendulum is vibrating and upset its timekeeping.

A system employed in some pendulums consists of a spring between the pendulum bob and the nut. This can only be used where the nut is in the centre of the pendulum bob. The spring binds the pendulum to the rod and makes for rigidity. Not only that, it is better for transport; the bob is not so likely to become displaced due to the nut moving.

The whole pendulum itself should be free. See that it does not touch the case and that nothing touches the pendulum that should not do so.

With a weight-driven clock, see that the weights are free of the pendulum bob when they are at the same level. Sometimes when the weights are at the same level as the pendulum bob, it may be observed that they begin to vibrate with the pendulum. It is thought that the air disturbance of the pendulum bob sets in motion the weights, but I am rather inclined to think this movement of the weights is due to the vibration set up by the pendulum itself. No doubt, in a fine precision clock such as an astronomical regulator, the air disturbance set up by the swinging weight can affect the timekeeping and it is for this reason that some regulators are constructed with the weight falling in a compartment apart from the compartment occupied by the pendulum. The pendulum should hang freely, and not distort the suspension spring. To make this point quite clear, imagine a pendulum hung by a single wire for the suspension; there would be no distortion at all. The pendulum will swing from side to side without twisting. Add another wire by its side, a [image: ] inch apart, and provided these two wires are exactly the same length, the pendulum will swing without twisting. If one of the wires is a shade longer (or shorter) than the other, the pendulum will immediately start to twist during its swing, and the reason is not hard to find. The long wire will want to swing its full length but the shorter will pull it up with the result that the pendulum is jerked to one side and it is this sideways jerk that causes the twist. We have said that to disturb the pendulum is detrimental to good timekeeping and this twisting is a decided disturbance. What happens with the two wires of different lengths is precisely what happens when the suspension spring is fitted so that the pendulum does not hang comfortably and naturally. If the suspension spring block fits tightly on one side of the slot in the back cock, it will cause a distortion and the pendulum will twist for the reason cited when speaking of the twin wire suspension. The suspension must be perfect; no cracks, fractures, or kinks. Once a spring has been bent, discard it for another, as it will not straighten perfectly.

All the foregoing remarks apply in proportion to the grade of clock under repair. Many errors caused by roughness of finish, lack of constant power causing excessive circular error, temperature error, etc., have to be considered, and it would be futile, for instance, to try to correct an air disturbance error when other and much greater natural errors already exist. The discretion of the clock repairer must be exercised.



*  See Electrical Timekeeping, by F. Hope-Jones (N.A.G. Press Ltd.).


CHAPTER TEN

MAKING A FUSEE TIMEPIECE PENDULUM
MOVEMENT

THE PURPOSE of this chapter is not so much to instruct how to make the movement as to make individual parts required when carrying out repairs. There are many difficulties in the way of making the entire movement; lack of material is one and the need for machinery another. Some of the parts; such as cocks and bridges, the fusee—to mention a few—are cast, and if the reader is able to surmount the difficulties, then the instructions given will enable him to make the complete movement. On the other hand, the repairer seeking information will be able to learn how to make the part required.

The makers of clocks produce their own patterns in wood and have the parts cast by a founder, or buy castings of brass parts and forgings of steel ones; it is these castings and forgings that were meant when lack of material was mentioned. Some of the old makers cut the teeth of their own wheels and also cut the grooves in the fusee. Here, again, it was possible to send these parts to specialists for treatment, but the facilities are not now available to the same extent. It will be assumed that it is possible to take advantage of some sources of supply.

The train of the movement we are to make is as follows :—



	Fusee great wheel

	96




	Central wheel

	84




	Centre wheel pinion

	  8




	Third wheel

	78




	Third wheel pinion

	  7




	Escape wheel

	34




	Escape wheel pinion

	  7




	Cannon pinion

	40




	Hour wheel

	72




	Minute wheel

	40




	Minute wheel pinion

	  6




	Theoretical length of pendulum

	  6·1 in.




	Actual length

	  9·5 in.
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Fig. 125. Testing plates for flatness.



First make the plates. Procure two pieces of brass [image: ] inches by 5 inches and about [image: ] inch thick. Test for flatness by holding a steel straight edge on the plate and observe for “light” shown under the edge (Fig. 125). Try the straight edge in several directions, diagonally, across, etc., and upon both sides of the plate. If, for instance, the plate is slightly bowed, then place the plate on a flat steel stake with the bowed part uppermost and flatten with a steel hammer.


[image: ]

Fig. 126. The scraper.
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Fig. 127. Method of using scraper.




[image: ]

Fig. 128. Board used in vice.



The face of the hammer should be slightly curved and polished; such a hammer is less likely to bruise the brass. This operation is called planishing, and the hammer is a planishing hammer. The art of planishing is a highly skilled trade, but for the small amount we are called up to do we shall be able to make a satisfactory job. Continue in this manner to hammer and then test with the straight edge until all four surfaces are reasonably flat. The plates are surfaced with the scraper as illustrated (Fig. 126). Hold the tool as shown in Fig. 127 and cut or “skim” the surface to remove all bruises and other damage. The plate is laid flat on the bench stop piece so that the edge of it butts against the pins. Another system, useful in place of the stop piece, is a piece of wood about 8 inches square and 1 inch thick. A tongue of wood about 2 inches wide, 2 inches thick, and the width of the board is screwed to the underside. The board is secured in the vice by the tongue and is, in fact, a small, raised bench (Fig. 128). The tool is held in the right hand with the left hand pressing down on to it; pressure is applied in the movement from the left to the right. Scrape first one way, then turn the plate and scrape the other way, continuing until the two surfaces of each plate are fully scraped and have a hard, flat, bright appearance.


[image: ]

Fig. 129. The plates are pinned together.
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Fig. 130. Plates held in wood chops in the vice.
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Fig. 131. Filling edges of plates straight.



Place the two plates together and drill two holes as indicated in Fig. 129. Pin the plates together with brass pins, one pin entering from one side and the other from the other side. Grip the plates in the wood chops held in the vice (Fig. 130) and file one of the long sides flat and true. To do this, a fairly coarse, sharp file—that is, a file that has been kept for filing brass only, not steel. Use firm, forward strokes; it is the forward movement that cuts, the teeth of the file are shaped to cut in the forward direction. First file to get the edges square with the face of the plate. Then hold the file so as to file along the whole length of the edge; in this manner the edges are cut straight (Fig. 131).


[image: ]

Fig. 132. Using a steel square.
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Fig. 133. Reducing the edges of the plates.



Test with the straight edge finally. When finally true, this is the master edge. Now remove the plates from the vice, place a steel square on the master edge and scribe off the top edge as shown. (Fig. 132). File the edge just scribed flat and true and test with the square to see that a right-angle has been formed. From the master edge, measure [image: ] inches and scribe a line down the other long side, file this edge flat and true, test with the square the right-angle last formed. Measure 6 inches on the long edge; scribe a line and file to size as for the other two sides. When filing across the edges to make them square, take cuts once or twice diagonally from corner to corner—that is, place the tip of the file at, say, the left-hand corner, and with one forward stroke finish up with the tang end of the file at the right-hand corner. This helps to keep the edge straight (Fig. 133).


[image: ]

Fig. 134. Positions for the four pillars. Measurements in mm.



Having prepared the plates, next begin to make the four pillars. Do not unpin the two plates yet. Drill four holes, one at each corner for the pillars, in the position shown in Fig. 134. Open them to the diameter of 7 mm.

Before going further, just a word about drilling : if a drilling machine is available, use a 7 mm. twist drill, but if the drilling is to be by hand a different method is adopted. In both cases, first mark the position where the holes are to be drilled and with a pointed punch (a centre punch) make a “pip” mark or small blind hole to give a lead for the drill.


[image: ]

Fig. 135. Method of drilling holes : note ring on drill stock.
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Fig. 136. Breast plate.



To drill by hand, hold the plates in the vice as in Fig. 135. Use a piece of wood at the back so that when the plates are pierced there is something for the drill to press against, otherwise there is the risk of breaking the drill. This does not so much apply when using a large drill—the objection then is that the hole will not be clean through unless there is support—but as a general rule there should always be support for the drill to press against and run into. This rule does not apply to high-speed machine-drilling. Fit the drill into a drill stock as shown and use the bow; on the arbor of the stock place a ring, such as a large washer or collet, which must be quite free. Place the drill into the punch mark and the conical end of the drill stock into a hole of the breast plate (Fig. 136). Keep the drill in such a position that the ring on the drill stock remains in the same place and does not move along the arbor. If this is accomplished, the drilling will be upright in one direction and by eye it is possible to see that the drill is running in at right-angles to the surface of the plates. In this simple manner we can drill the holes reasonably upright.
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Fig. 137. Testing the hole with the broach for uprightness.



If necessary, open the holes with a cutting broach to the 7 mm. To ensure that the holes are kept upright when broaching, hold up the plates to eye-level after one or two cuts, leaving the broach tight in the hole, and observe as in Fig. 137.
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Fig. 138. Pillar, giving dimensions.
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Fig. 139. Correct position of cutter when turning.



If castings for the pillars can be obtained, use them; if not, start with a piece of brass rod a little larger than the greatest diameter, as shown in Fig. 138. It will be seen that the distance between the plates is to be 48 mm.; this and the diameter of the part that fits into the plates are the only important dimensions, provided that the rest of the pillar is well proportioned. The dimensions given will be found to be quite satisfactory. If a lathe is available with a collet or chuck large enough to take the rod, turn a cone pivot on one end and then allow sufficient to project through to make the pillar (about 65 mm.); support the cone pivot in a female runner in the tail stock. To turn the pillar—and these instructions apply to all turning—first use the pointed end of the squarenosed graver (Fig. 20). Adjust the T rest to within about 2 mm. of the work and at a height that the tool cuts just above the line of centres (Fig. 139). In this position the best cut can be made. Hold the tool very firmly down on to the rest; do not let the work push the tool away.

When the whole length has been “caught” true, cut to shape, using the full cutting edge of the tool. The shoulders determining the width apart of the plates should be very slightly undercut to ensure good seating. The end to be riveted in the plate is left about 1 to [image: ] mm. longer than the plate is thick; about 4 to [image: ] mm. will leave sufficient projecting through the plate to rivet. The other end, which is to have a hole drilled through it to pin the plates together, should be about 10 mm. long and should fit comfortably in the plate. The riveted end should be a tight fit—in fact, at this stage, it should not fit at all because before riveting the hole is to be roughened; but more about this later on. When the pillar has been turned to shape and size, the part not fitting into the plate is finished in the following manner.
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Fig. 140. Planishing tool, made from an old file.
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Fig. 141. Sharpening the planishing tool on an oil stone.
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Fig. 142. Sharpening the top edge of the planishing tool.



Use the planishing tool. This tool (Fig. 140) is not unlike a carpenter’s chisel, about 9 or 10 mm. wide and about 2 mm. thick, with the end left square and blunt, not sharpened to an edge. An old pillar file answers well for this purpose. The tool need only be about 2 to 3 inches long. Stone the teeth of the file away (on both sides) on an Indian or carborundum stone; keep the surfaces flat. Finish off on an Arkansas stone (Fig. 141). The top edge is a little more difficult. Hold the tool as illustrated in Fig. 142 and, with the iron polisher charged with oil stone dust and oil, proceed to polish this surface. Give the polisher short, circular movements to keep the surface flat, applying a reasonable amount of pressure. When all three surfaces are ground so that all file teeth marks, etc., are removed, polish all the three surfaces with diamantine. Start with the two wide flats : hold the tool flat on to a zinc block charged with diamantine and apply more pressure on the cutting end of the tool. With short, circular, backward and forward movements, polish the two edge surfaces to a high polish. The end surface is polished with the same iron polisher used with the oil-stone dust, but with the polisher cleaned free of the oil-stone dust and re-filed and charged with diamantine. Use the same movements and continue to polish until a high polish and flat surface is obtained. The object of all this is to ensure that the two cutting edges are sharp and polished.
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Fig. 143. Method of setting up between centres.



To use this tool, damp it in the mouth and make a light cut on the surfaces of the pillar. If care has been taken in preparing the tool, it will be found that a beautiful, highly polished surface can be obtained. The long part of the pillar, the slope and then the short part can all be finished with the same tool. Before proceeding further, if a lathe with a large chuck is not available, cut off a length of rod, say, 75 mm., and file a cone-shaped pivot on each end. Fit a carrier to one end and fit up in a throw as illustrated in Fig. 143, between centres, and turn the cone pivots true. Cut right through until the metal has been severed as near the end as possible. Proceed as already explained, first to “catch” true and then to shape.

Just a word about diamantine and polishers : diamantine is a white powder purchased from the tool and material dealers. Place on a polishing block as much diamantine as will lie on the tip of a finger. Next apply to it one drop of clock oil, mix with a clean, very clean, blade of the bench knife, do not be free with the oil, apply plenty of pressure and turn the powder over and then more pressure. Continue thus until a paste of about the consistency of putty is obtained. It is of the greatest importance, of vital importance, that the diamantine is kept covered when not in use; any dust mixed with the diamantine will result in scratches when attempting to polish instead of the beautiful black polish it is possible to obtain and so simply achieved if care is exercised.

The zinc block is a piece of zinc about 3 inches square and about [image: ] inch thick. The part of the block used for polishing is kept clean by scraping with the bench knife; diamantine is applied with the knuckle of the thumb. Knock it on to the diamantine and then on to the zinc block; sufficient is thus transferred for our purpose. When not in use, the zinc block is kept in a paper sheath to protect it from dust.

To charge a polisher, such as the iron one, just dab it on to the diamantine; it is only necessary for the polisher or block to be damped with the diamantine.

To revert to the pillars again for a moment; the holes for the pins to hold the plates together are not drilled until after the pillars have been riveted to the front plate, to be referred to later.
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Fig. 144. Dimensions of the barrel.
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Fig. 145. Cutting down a step.



Next make the tube part of the barrel; for this, procure a piece of brass tube about 56 mm. in diameter, with the wall or thickness of metal about 2·5 mm. thick and about 45 mm. long (43 finished) (Fig. 144). Fit up this piece of tube in the lathe or in a universal chuck and, with a cutter held in the slide rest, first turn the extreme edge true and then cut down a step of about 3 mm. deep and about half the thickness of the wall (Fig. 145). Remove the work from the lathe. Procure a piece of brass plate about 4 mm. thick and 65 mm. square. Draw a line from each corner and, where they bisect, drill a hole of about 7 mm. diameter, i.e. the hole is in the centre of the piece of brass. Pass the file across the surfaces to remove burrs.
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Fig. 146. A wax chuck.



Now wax this on to a wax chuck. Select a wax chuck about 30 mm. diameter, heat it and smear on the surface a film of shellac (Fig. 146).  Fit up in the lathe and adjust the T rest across the front of the chuck and to within about [image: ] inch of it. Make one piece of brass warm and with a spirit lamp heat the wax chuck again until the shellac is quite soft; it does not require so much heating as it will still be warm. Press the piece of brass on to the chuck as hard as possible, remove the lamp and, with the handle end of a file or some other tool, press as hard as you can with the rounded end of the handle on the hole. Immediately start the chuck rotating fairly quickly and at the same time apply pressure and hold the handle down firmly on the T rest; you will find that in this manner the piece of brass will find its centre on the chuck and the hole will run true. Continue to make the chuck rotate until reasonably cool and the shellac has set.

Remove the T rest, replace it by the slide rest and cut the piece of brass to a circular disc until it fits tightly in the recess cut into the tube; then reduce the thickness of the disc to about 2 mm., leaving a boss in the centre with a wall of about 1 mm. thick. We have now almost completed the bottom of the barrel. Remove the disc from the chuck by allowing the chuck to drop on to the bench from a height of about 9 or 10 inches. With a fairly coarse file, file a bevel by hand on the edge on the reverse side of the boss. Make a point of filing the bevel irregular. The object is to prevent the bottom from revolving when once riveted into position. Fit the disc into its recess, boss side in, and place the barrel on a lead block, bottom uppermost. With the peen of the hammer rivet down the edge on to the bevel of the disc. When the edge is all broken down, continue to hammer with the face of the hammer until it is well fixed in. Place the partly finished barrel in the universal chuck and run the cutter in the slide across the surface to face it and bring the edge up sharp and square. Do not remove more metal than is necessary to make a full cut.

Now fit up in the universal chuck with open end outermost, true the extreme edge and also reduce the height of the barrel if necessary to 43 mm. Cut down a recess to a depth of about 6 mm., leaving a ledge of about 1 mm. for the cover to rest upon; slightly undercut and then cut a bevel. Make a disc for the barrel cover, exactly similar to the bottom disc with a hole of about 9 mm. diameter. Turn the edge so that it is rounded. Cut, with a half-round file, the slot to enable the cover to be removed. Remove the disc from the chuck and try to snap it into the barrel. If this is too hard, as it should be, place it on a turning arbor in the lathe and with a file trim the edge while it is rotating until the cover snaps into the barrel tightly. (See Fig. 75.)
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Fig. 147. Mild steel bar filed to make the barrel hook.



To make the barrel hook, first drill a hole in the barrel of about 5 mm. diameter at a distance equal to half the height of the inside of the barrel occupied by the mainspring. This can be determined by a vernier gauge with an internal measuring device. The hole is filled practically square on the outer surface so that when riveted it will hold firmly in position. File up a piece of mild steel to the shape illustrated in Fig. 147 so that the pivot end fits tightly into the hole from the inside of the barrel. Place the hook into position and mark to indicate the superfluous metal to be cut off. Leave sufficient for a good rivet. When all is ready, place in the barrel. Fit into the vice a round steel stake, or use the beak of an anvil to support the hook on the inside while it is being riveted.

The riveting is important, as is all riveting. Use a round-headed hammer and many light taps rather than one or two heavy blows. We want to cause the metal to spread without fracture. When you think a good rivet has been made, file off the superfluous metal with a fine file flush with the barrel.
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Fig. 148. The position and angle for the hole for the fusee chain. A broach is being used.
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Fig. 149. The correct position for the barrel hook.



Next drill the hole for the fusee chain hook. First drill a small hole and open to the angle shown with a cutting broach (Fig. 148). The position is usually above the mainspring hook and pierces the barrel at about where the cover snaps in. (Fig. 149.)

To finish the barrel it may be necessary to make a rough arbor from mild steel (no need to harden and temper it), and turn it so that it fits through from the barrel cover end. Fit up in the lathe and while rotating fairly quickly emery buff the surface of the barrel with a No. 1 buff and then polish with one or two noughts (0–00) buff.

Do not move the buff, but hold it firmly against the surface; in this manner the corner will be kept sharp and the surface flat. The cover is finished in a similar manner to the bottom, but it is removed from the barrel and fitted up on to an arbor separately.

If the riveting of the bottom of the barrel and the mainspring hook has been done carefully, no “porous” marks will be shown, but a full homogeneous surface will be the result.
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Fig. 150. A gauge for the barrel arbor.



Next make the barrel arbor. It is necessary first to make a gauge from a piece of brass about [image: ] mm. thick to determine the distance apart of the cover and the bottom of the barrel. If the gauge is made narrow enough to pass through the barrel holes it will save a lot of time. The necessary end-shake of the arbor in the barrel should be about [image: ] mm. (Fig. 150).
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Fig. 151. The barrel arbor.



Procure a piece of mild steel about 17 mm. in diameter and about 75 mm. long. If a casting can be obtained so much the better, time will be saved, but we shall assume here that the arbor will be turned from the steel rod; in any case the procedure is the same. Fit the pillars into the plates and the distance apart will give the distance between the shoulders A, (Fig. 151) and the “frame,” as the plates are called, will act as a gauge. It is not necessary for the arbor to have any end-shake at all between the plates. The distances apart of the shoulders A and B have now been obtained. The diameter of the pivots are, C 6 mm. and D 8.5 mm. finished. The arbor holes in the barrel are broached with the round broach to harden them. The holes were drilled with a 7 mm. drill so the pivots F and E (Fig. 151) will be larger in diameter than 7 mm. Turn so that they fit the holes tightly, then grind with oilstone dust until they are free in their respective holes.


CHAPTER ELEVEN

MAKING A FUSEE TIMEPIECE—Continued

IN ORDER to cover the ground of turning, we shall give full instructions here and the information given should cover all turning jobs. There are several methods in use; by hand, using the clockmakers’ throw (Fig. 18), a very useful tool; where the work is run between centres; between centres in the lathe; and gripped in a chuck in the lathe.

The instructions given for turning between centres apply equally to the throw and the lathe. There are also systems of holding the cutting tool by hand and in the slide rest.
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Fig. 152. Filing conical pivots.



To deal with turning between centres and holding the cutting tool by hand. First of all file conical pivots on each end of the rough barrel arbor by hand. File the points as near central as possible. Attach a carrier and fit up so that one pivot rests on the V-shaped runner and the cylindrical parts runs in the V. Hold the work down on to the runner with a fine and fairly worn file. The fit-up is shown in Fig. 152. Cause the work to rotate and at the same time push the file forward, using fair pressure and a straight stroke. Lightly draw the file back and then a heavier forward stroke and continue thus until a reasonably true pivot has been filed.

The work is now ready to be fitted up between centres either in the throw or in the lathe. There should be no end-shake of the arbor between the centres. Apply a spot of oil to each pivot. First turn the whole arbor true, using the pointed corner of the square-nosed tool only.

Hold the tool very firmly down on to the T-rest and touch the arbor along its whole length until a full cut is obtained. You must not allow the work to push the cutter away, but hold it firmly to cut the work into a true cylinder. This is the essence of all turning.

By using the point of the tool only at first it is easier and more certain to make true. When you are satisfied that the work is true, skim the surface with the broad cutting edge of the tool to make it smooth. Now proceed to turn down the two shoulders E and F (Fig. 148) until the pivots thus formed start to fit their respective holes in the barrel and cover. The gauge we made to determine the distance A (Fig. 150) now comes into use. An important feature is to see that the shoulders of the pivots are really square; this is the part of turning requiring the most practice and the aim of good turning is clean square shoulders, with no “pip” in the corner. When turning the face of the shoulder hold the tool so that the edge cutting the face is at right angles. Remember that as is the tool so is the work is an axiom worth remembering and by that it is implied that to obtain a square shoulder the cutting edge must be true and held at right angles to the line of centres; that is, the cutting edge, not necessarily the tool itself.

The axiom does not only hold good for lathe cutting tools but for all tools—screwdrivers, the blades should be in good trim; files, sharp for brass and not so sharp for iron and steel, a file worn out for brass is then suitable for ferrous metals; drills, correct shape and clearance, etc.; and so on with each and every tool. Tools must be in good condition to produce good work.

Having formed the body of the arbor, turn down on each side leaving the raised ring of 7 mm. wide from which the hook will be formed.
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Fig. 153. Checking the pivot shoulder.



Next turn the pivot C, the shoulder to be 10 mm. from the body of the arbor and the diameter 6 mm. The pivot D is about 8·5 mm. diameter and its shoulder is determined by the distance between the plates. For this purpose fit the pillars into position and hold the “frame,” as the plates and pillars combined are called, together and place the partly finished arbor across one edge and mark where the shoulder is to be and proceed to turn down the pivot (Fig. 153). Measure so that there is no end-shake of the arbor between the plates; the arbor must have end-shake in the barrel but not between the plates. Next file the square for the ratchet. The length of the pivot D is determined by the thickness of the plate plus about 0·5 mm. to hold the ratchet free of the plate. This freedom is not vital because once the mainspring has been set up the ratchet wheel is inoperative.
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Fig. 154. A nick as filing guide.
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Fig. 155. Filing the square.



Having decided upon the length of the pivot D, mark and turn a small V groove as illustrated in Fig. 154. Not only does this make a clean finish, but it acts as a guide when filing the square. Now for the square. Hold the part to be squared in the vice and file a flat; carefully reverse in the vice so that the flat just filed is downmost—so that if another flat is filed the two surfaces will be parallel. Fix in the vice by the two flats and file the third flat; reverse and file the fourth. If care has been taken to remove the same amount of metal from each flat the making of a perfect square will be possible. Do not remove much metal at first when filing each flat, so that when all four flats are filed the square will appear as No. 5 (Fig. 155). No. 1 is the cylindrical, No. 2 the first flat, No. 3 the second, No. 4 the third and No. 5 the square with rounded corners. In this manner it is simple to check if the “square” is square; the rounded corners (if any) or edges should all be equal to one another.
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Fig. 156. The correct way to file flats.



Next reduce each flat a little at a time until a sharp edge is reached. The final filing is done by resting a flat on a wood block held in the vice. Using a small smooth file, give the file a circular movement and use considerable pressure to keep the surface dead flat. By using pressure the arbor is kept flat on the block. Do not hold it too firmly with the left hand, let it find its own level; this is the secret of all flat filing by hand (Fig. 156).
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Fig. 157. The shape of the hook.



Next file the hook to shape as shown in Fig. 157.

To finish the arbor, it is not necessary to harden and temper. Finish the body of the arbor with a No. 2 and then a 1/0 emery buff. If the arbor is rotated with the hook coming towards you from the back, the biggest part of the arbor can be cleaned up in this manner. The emery buff will ride up the back of the hook and down again on to the body of the arbor.
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Fig. 158. Edge of the polisher.
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Fig. 159. Producing a clean sharp shoulder.



The pivots are first polished with oil-stone dust and oil on an iron or mild steel polisher. First use the oil-stone dust; this is a fine abrasive powder purchased from the tool shop. Mix a little, as much as will lie on a sixpence, on a block similar to that used for diamantine, as explained (Fig. 94). Use clock oil and mix to the consistency of cream. The polisher is made from a piece of mild steel or iron of about 7 inches long, [image: ] inch wide and [image: ] inch thick. File one side at an angle as shown in Fig. 158. The angled edge is used on the left (for a right-hand worker), and the under side is filed across the surface so as to hold the abrasive. Dab the polisher on to the oil-stone dust and oil and sufficient will be picked up for our purpose. Now proceed to grind all the pivots (C, D, E, F) with this polisher and the oil-stone dust; keep the left-hand edge, the angled edge of the polisher, straight and square and in this manner a square clean sharp shoulder will be obtained. Continue thus until all turning marks are removed (Fig. 159). To obtain the best results, the work is made to rotate at a fair speed and the polisher moved backwards and forwards quickly, to break up the “grain” as much as possible.

When the pivots are satisfactory, clean the polisher of all oil-stone dust and re-file the acting surface and the angled edge across the surface and charge with diamantine. Apply the diamantine with the thumb knuckle, as explained. Thoroughly clean the arbor free of all oil-stone dust, wash well in benzine and brush dry. Proceed then to polish all the pivots with the diamantine-charged polisher. Use similar movements as for grinding, and if possible move the polisher faster still; to obtain a good polish the grain must be broken up well. Continue thus until a good polish is obtained and it will be found that sufficient diamantine finds its way to the left-hand edge to polish the shoulder; make sure to keep the polisher straight. Finally cut the bevels G, G1 and a slight bevel at H.

The purpose of the bevels G, G1 is to reduce the shoulders and so reduce friction. At the same time it gives to the shoulders a very flat and sharp appearance. Lightly pass a flat burnisher over the surface of the pivots to form a hard skin, apply oil to the burnisher and do not apply too much pressure. The metal the arbor is made from is not hard and it may peel. Round off the end of the pivot C to length of about 5 mm. and the end of the square so that the final length of the arbor is about 75 mm. The hole for the pin to hold the ratchet on is not drilled yet.

Before proceeding further, drill the holes for the barrel arbor and the fusee pivots. First pin the two plates together again. Then draw a line down the centre of the plate and drill a hole 41 mm. up from the bottom with a 3 mm. drill. How to open it to suit the fusee pivots will be explained later. Next drill a hole 82 mm. up from the bottom and 10 mm. in from the edge; drill with a 5 mm. drill. Next, chamfer the holes made for the pillars. Cut a chamfer about 0·5 mm. deep and also cut five or six nicks with a small square file. This is to prevent the pillars turning once they have been riveted. The pillars are not riveted into position yet and the object of cutting the chamfers now is to determine which is to be the front and back plates; the chamfered holes determine the back plate. The plates can now be separated and the barrel holes opened so that the pivots fit, if anything, tightly. The barrel arbor does not rotate in the holes in the plates once the mainspring has been set up; the barrel rotates on its arbor during the functioning of the clock movement. The fusee pivot holes, as are all the train holes, are opened with the cutting broach until the pivot almost enters the hole. Then use the round broach and broach from the inner side of the plate. Use the round broach hard, and continue to broach until the pivot fits well. Use oil on the broach otherwise the continual hard broaching may peel the sides of the hole. If the broaching causes the hole to bulge, do not worry; this is as it should be; it is an indication that the metal around the hole is hard. The bulges are eventually filed flat. In some antique clocks, it will be found that the bulges on the front plate have not been filed away. From a technical point of view this is good, as the working surface of the hole is elongated and it will wear without rebushing for a longer period. As appearance has to be considered, the bulges are removed. As the back plates of antique clocks were showpieces they suffered. About the middle of the 18th century finish was of paramount importance, and so bulges were also removed from the front plate.

Now to make the fusee.



[image: ]

Fig. 160. The fusee arbor.



In clock manufacture it is usual for the brass part of the fusee to be a casting. Failing this, there is no alternative but to turn it out of a solid piece of brass. In either case a hole of about 8 mm. diameter is drilled down through the centre. For this purpose, use a twist drill held either in the lathe or a drilling machine. Now procure a piece of carbon steel of about 10 mm. diameter and 85 mm. long. File about four or five flats so that the arbor is reduced to a very slight taper for about three-quarters of its length (Fig. 160). Continue to reduce until the arbor enters the fusee for about half the length of the taper.
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Fig. 161. Hammering the arbor into the fusee.



The arbor is now hardened and tempered. Next drive it into the fusee. Place the fusee on the vice, the vice jaws being open, and drive the arbor down with a heavy hammer. The sharp edges of the arbor should cut into the fusee (Fig. 161). Make sure that sufficient of the arbor projects from both ends to make the square, etc., on one end and the bearing for the great wheel, etc., on the other.

File conical pivots on the arbor, fit up in the lathe or throw, and proceed first to turn the arbor true and then the fusee itself. Much has been written on the correct curve of the fusee and from an academic point of view this is important, but from the practical point of view not so important, especially when the fusee is for a pendulum clock, such as we are making here.
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Fig. 162. The fusee showing the dimensions of the cone and of the arbor.
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Fig. 163. W = Work. F = Fulcrum. P = Power. The length of the lever from W to F varies in the proportion as the power of the mainspring varies.



The curve shown in the illustration (Fig. 162) may be used with safety. In any case, the groove will be cut in a fusee engine and the cam controlling the cutter will determine the final curve. The object of the curve is to equalise the pull of the mainspring. The pull of the mainspring is at its strongest when fully wound and it is then that the spring pulls the fusee at its smallest diameter; as the mainspring runs down and consequently the pull weakens, the pull on the fusee is at the greater diameter. Since it takes a greater force to operate a short lever than a long lever, it will be seen that by employing a fusee a more or less constant force can be maintained at the great wheel, and to achieve this the mainspring is first “set up” so that when the fusee is only slightly wound the force available at the great wheel is the same (or nearly so) as when it is fully wound. The illustration (Fig. 163) shows diagrammatically the equalisation of the force of the mainspring. There is more about setting up the mainspring when assembling the movement described on page 156.


To revert to the turning of the fusee cone. The finish of the cone is not important as the fusee engine cutter will form its own finish. We are primarily concerned with making it run true. The next step is to send the fusee to be cut; there is no alternative, unless you possess a fusee engine.

Details and drawings of a fusee cutting machine which can be made by a clock-maker are given in Appendix II, page 229.
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Fig. 164. Details of the pin in the fusee for the fusee chain hook.



We will assume that the groove has been cut for the fusee chain; if it is decided to use a gut or wire line instead of a chain, a different shaped cutter is used. The bottom of the groove is cut square for a chain and rounded for a line. In the case of a chain groove the fusee cutter will cut a deeper groove where the chain hook is to be fitted. Drill a hole and fit a steel pin as shown in Fig. 164.
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Fig. 165. Details of the fusee stop hook.
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Fig. 166. Dimensions of the recess cut into the fusee for the ratchet.



The stop piece is filed up by hand to the shape shown in Fig. 165. The round part is turned as far as possible, that is for about three-quarters of the diameter. Just make the work rotate backwards and forwards, if the throw is used, or, if in the lathe, rotate the headstock by hand and move the hand tool away while the stop hook passes. Note that the hook is chamfered both from the top and from the underside. Run the cutter in the slide rest along the fusee cone end face at the largest diameter. Next cut a recess 34 mm. diameter and about 2·5 mm. deep (Fig. 166). With the fusee fitted up, make the first cut from the outer edge, i.e., the point furthest from you; cause the work to rotate in a clockwise direction, i.e., away from you, and work the cutter towards the centre as far as possible; make several cuts in this manner. Then withdraw the cutter and work from the centre drawing the cutter towards you, causing the work to rotate in the opposite direction, i.e., towards you. Continue in this manner until the recess is cut as required leaving a boss in the centre as indicated.
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Fig. 167. Showing the correct procedure to cut the recess in the fusee cone.



If the work is firmly held, the cutter in the slide rest firm and held short, a good clean finish can be obtained, but if these points are not observed then chattering may result and a rough jumpy surface made (Fig. 167). The cutter itself is whetted finally on an Arkansas stone, to obtain a fine cut. The faster the work is made to rotate and the slower the cutter is drawn across the surface, the finer the surface will be. Turn the fusee arbor down to about 7 mm. diameter where it emerges from the cone and then to a slight taper.

The arbor is then turned to the dimensions given in Fig. 162 and the square filed as shown. The flats of the square are finished by employing a draw file motion with a medium emery buff. The end of the square is filed slightly round, then emery buffed, finally with a fine buff, and then burnished to a high polish. This work can be done in the lathe or by holding the fusee against the edge of a wood block held in the vice. In the latter case continually rotate the fusee to keep the end true with the arbor and not with the end of the square down on one side.

THE RATCHET

Make a disc about 21 mm. diameter and about 2 mm. thick and cut or have cut 32 ratchet-shaped teeth. Open the hole in the ratchet until it fits tightly on to the arbor. Press home tightly. Drill through the ratchet into the cone two holes to take No. 8 B.A. screws with chamfer heads.

Make a dot on the ratchet and one on the cone opposite to it so that when the ratchet is removed it can be replaced in the same position. Now remove the ratchet, tap the holes in the cone and chamfer the holes in the ratchet to sink the heads of the screws flush.


[image: ]

Fig. 168. Chamfering tools.
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Fig. 169. Position of the fusee ratchet.



After drilling holes slightly chamfer to remove all burrs. Make this a habit because a burr thrown up will prevent a good seating. A chamfering tool can be a larger size flat drill, or the end of an old round file stoned to a pyramid (Fig. 168), or a wheel chamfer (Fig. 17). The finish of the screws, etc., is referred to on page 154. Make sure the ratchet wheel is placed on the right way round (Fig. 169).

The arbor, i.e., the part projecting from the biggest end of the fusee, is now polished. Concentrate more on the part of the arbor nearest to the fusee, the maintaining and great wheels operate upon this portion of the arbor. First polish with oilstone and then with diamantine.

MAINTAINING POWER WHEEL

Procure a piece of brass 2 mm. thick and cut a disc 54 mm. in diameter. Cut 100 ratchet-shaped teeth. Open the hole until the wheel fits on to the arbor tightly. When the arbor is finally polished it will give the freedom necessary. File up a brass click spring to the shape and size shown in Fig. 170 from a piece of brass about 2 mm. thick.
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Fig. 170. Fusee click spring.
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Fig. 171. Hammer hardening the fusee click spring.
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Fig. 172. A drill to chamfer to the same angle as the chamfer headed screw.
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Fig. 173. Draw filing.



The spring part is filed straight first and then bent to shape afterwards. When this has been filed roughly to shape, well hammer the broad side of the spring to harden, taking care not to fracture the metal (Fig. 171). Drill the steady pin hole and also the hole for the screw; use a drill for the latter to fre an 8 B.A. chamfer head screw. The screw head can be sunk with an obtuse headed drill (Fig. 172); the diameter of the head of the screw should be flush with the top of the spring when finished. The sides of the spring are draw filed and this is an important point to note with all springs. The finish of all springs must be in line with the length of the spring; if there is any cross-graining the spring is likely to break (Fig. 173).
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Fig. 174. Dimension of the fusee click.
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Fig. 175. Method of holding the click when filing.
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Fig. 176. Method of holding the click in the hand while filing.



The foot of the spring is filed to a curve to suit the inside of the fusee. The top edge is next filed flat with a smooth file, lengthways and the under edge to a slight taper, so that when the spring is fitted into position the major portion of the spring is free of the maintaining power wheel. Next file up the click from a piece of carbon steel about 2 mm. thick to the shape and dimensions given in Fig. 174. Rough out to shape and finish by draw filing all the curved edges. The three flat edges are filed by holding the click down on to a piece of wood, e.g., the handle end of an emery buff as in Fig. 175. The other two edges the hand (Fig. 176).

The secret of all flat filing is to make the work “find its own level.” When the click rests on the wood, pressure on the file will cause it to sink into the wood a little and it is this slight “give” which enables the surface to be filed flat. When the click is held in the hand it is the “give” of the hand. In both instances, the file must be used with pressure and firmness. It should be possible to “feel” the work being cut, not just the file rubbing backwards and forwards; a slow steady firm stroke ensures flat surfaces and it is the forward movement only that does the work; the backward movement is just a means of positioning the file for the next cutting stroke.

The recess cut was 34 mm. diameter so on the maintaining wheel scribe is a circle 17 mm. radius. It is inside this circle the click spring and click are to be planted. Hold the click spring in position inside the circle and mark with a point the position for the screw hole, drill and tap the hole for a 10 B.A. thread and then screw the spring into position tightly and drill through for the steady pin hole. Remove the spring and fit the steady pin.
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Fig. 177. Pin rounding tool.



The pins are filed up from a piece of brass wire to a long slight taper. Drive in from the top side. Cut off short to the top of the spring and leave the other end about 2 mm. long; round the end off with the rounding-up tool (Fig. 177). This tool is used by twirling it over the ends of the pin and at the same time rocking it from one side to the other. When the end has been made round, apply light pressure and this will more or less polish the end. This tool can be purchased, but if there is any difficulty it is quite a simple matter to make one that will answer quite well. Turn a conical shaped hole in the end of a piece of soft steel rod of about 4 mm. diameter. Then stone the end of a rat-tail file of, say, the same diameter to a pyramid shape as Fig. 168, but with 6 or 8 facets. Hold the rod in the vice upright, place the faceted end in the hole and tap several times with a medium weight hammer. This will make the serrations required to form the cutter. Harden and temper the end of the tool so made. The cut may not be as good as the machine-made tool, but it serves quite well.
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Fig. 178. Maintaining power wheel showing the shape and position of click spring and click.



Press the steady pin in the soft wood handle of an emery buff and finish off the top surface with a fine file, filing down the other end of the steady pin flush with the top of the spring. Finish off with a No. 1 emery buff, still lengthways of the grain. The top edge of the spring part is then burnished with an oval burnisher so that the edge is rounded. Screw the spring into position. Hold the click spring in position as indicated (Fig. 178), just inside the 17 mm. circle scribed on the wheel. Drill a hole to take an 8 B.A. screw and tap and also a hole for the steady pin. The steady pin hole in the wheel may have to be opened a little. Next bend the spring into shape with the fingers. It should be bent to a gentle curve just inside the circle and from about half-way it should come inwards until the end of the spring is about 14 mm. from the circle. At this point drill a hole for an 8 B.A. screw.

Tap the hole and screw a cheese headed screw through from the other side so that the thread projects about 2 mm. It is on to this post, so formed, that the click moves. To be very particular, a screw with a larger thread could be used and the thread projecting turned down to form a smooth surfaced post. From a practical point of view the thread serves a useful purpose, it retains the oil. The illustration (Fig. 178) shows the wheel finished and also the correct side to fit the click. The finish is described on page 151.


CHAPTER TWELVE

MAKING A FUSEE TIMEPIECE—Continued

THE GREAT WHEEL

FOR THE great wheel, select a piece of brass plate about 60 mm. diameter and between 5 mm. and 6 mm. thick. Drill a hole through the centre with a 5 mm. drill. Mount up on a turning arbor and catch the outside true, and then turn to reduce the disc to 59 mm.
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Fig. 179. Dimensions of recess in fusee great wheel.



Fit up in the mandrel and cut a recess of 44 mm. diameter, leaving a boss of 44 mm. in the centre. Recess to a depth of about 3 mm. This recess is to receive the maintaining power spring (Fig. 179). When using the mandrel, there are one or two points to observe to ensure a smooth fine cut and no chattering. The work and the cutter must be fixed absolutely firmly. The cutter should project as little as possible from the slide rest; it is important to have as much support for the cutter as possible, to prevent whip. These points have been mentioned before, and they are worth reiterating.

The turning of the fusee arbor can now be finished. The dimensions are noted in Fig. 162. The diameters of the pivots are given, but the final sizes are left to the student; making a clock by hand is a matter of fitting. The shoulder A is determined in the manner described, when making the barrel arbor. Allow about 0·5 mm. end-shake to the fusee arbor.
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Fig. 180. Blank for making maintaining power spring.
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Fig. 181. Maintaining power spring.
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Fig. 182. Peening the maintaining spring flat.
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Fig. 183. Buffing the edges of the maintaining spring.



MAINTAINING POWER SPRING

The maintaining power spring is made from a disc of carbon steel about 45 mm. diameter, and 2 mm. thick, or a little thicker; The illustrations (Fig. 180 and 181) show the dimensions. Drill two holes as indicated and tap for 8 B.A. screws. Harden and temper to a blue. During hardening, the spring may become distorted. Test it on a flat steel stake or plate. Note the parts out of flat and peen into shape. If the spring curls, (Fig. 182) place it on a steel stake with the curled up part downwards and with the peen of the hammer tap along the surface for about [image: ] of an inch to make the spring curl the other way and eventually to make it flat. Continue in this manner until the spring lies flat, then proceed to finish. The outside and inside edges are finished by using an emery buff lengthways, first a No. 2 until all file marks are removed, and then a No. 1 buff (Fig. 183).
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Fig. 184. Finishing the flat surfaces of the maintaining spring.



The edges are then burnished with an oval burnisher, stroking the spring in the same lengthways direction. The top and under surfaces are finished first with a No. 2 emery buff and then a No. 1 buff. Place the spring on a piece of cork held in the vice and give the buff a long circular motion using some pressure. Continue with the coarse buff until all marks are removed and then finish with the finer buff (Fig. 184). When finished, place in position in the great wheel. Mark the position for the screw hole in the great wheel and make it large enough for the thread of the 8 B.A. screw to pass freely. Countersink the other side to take a chamfer-headed screw.

Into the end of the spring fit an 8 B.A. cheese-headed screw with the head about 3 mm. high. First fit a screw with a longer head than is required and turn up to a cone point. Place the maintaining wheel in position on the fusee arbor, screw the maintaining spring into position and place the great wheel on the fusee arbor also.
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Fig. 185. Marking the position of the spring stud hole in the maintaining power wheel.



Apply a little pressure to the great wheel and turn slightly; this will cause the pointed end of the screw to mark the maintaining wheel and so give the position for the hole to be drilled to receive the cheese head of the proper screw. The head of this screw acts as a stud to transmit the power of the spring, once set up by the maintaining power wheel, to the great wheel (Fig. 185). The great wheel is now ready to be cut with 96 teeth.
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Fig. 186. Fusee key piece.



Place the maintaining power wheel and the great wheel in position on the fusee and hold tightly together. While held in this position, mark with a sharp knife on the fusee arbor as close to the great wheel as possible. Turn a groove a little below this mark and up towards the back plate pivot to a width of about 1·5 mm. and about 0·5 mm. deep. This is for the locking spring. Make the locking spring of hard brass to the dimensions in Fig. 186 and about 1 mm. thick. When the key piece has been cut, drill the hole as indicated, to pass the thread of a 10 B.A. screw. Fit up the fusee and place the key into position as close to the fusee as possible. Mark the position for the screw hole in the great wheel. Drill and tap for a 10 B.A. screw, with a short cheese head.
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Fig. 187. The component parts of the fusee.



The illustration (Fig. 187) shows the fusee completed with its component parts. The fusee key is slightly domed so that a little force is required to fit it into position. This will give to the fusee the required tightness to ensure that the parts are held closely together.
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Fig. 188. Fusee iron block.
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Fig. 189. A file which cuts on one edge only.



FUSEE IRON AND BLOCK

For the fusee iron, file up a piece of brass to the dimensions in Fig. 188. This forms the fusee iron block. The slot for the fusee iron is cut in a milling machine, but failing this make a cut with the hacksaw and then open it with a narrow file. It may be necessary to make a file specially for this purpose. Stone away the teeth on the two flat surfaces of an edge cutting file (Fig. 189). Drill a hole in the fusee iron block and tap for a 3 B.A. screw as indicated. Do not drill the holes for the steady pins yet.
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Fig. 190. The fusee iron.
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Fig. 191. Straight graining the fusee iron.



The fusee iron is made from a piece of mild steel a full 2 mm. thick and filed up as shown in Fig. 190. The illustration should be self-explanatory. File the thickness of the fusee iron until it fits into the slot of the block tightly. Then with a No. 2 emery buff, buff the two flats until all file marks are removed and finished off with a No. 1 buff. The flat surface can be maintained by placing the work on a piece of cork in the vice. Hold the buff as you would a file and use considerable pressure, cutting the metal in the forward movement only (Fig. 191). The fusee iron is not hardened and tempered.
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Fig. 192. Positioning the fusee iron in the block.



Hold the iron in the slot of the block so that the top edge and the back edge are flush with the block (Fig. 192). Make sure it is the right way round, as indicated. Then mark the position for the hole in the fusee iron and drill with a 1 mm. drill. Broach open from the inside until a tapered hole is cut to the taper of the broach. All the edges of the fusee iron are then filed slightly rounded with the exception of the edge on which the fusee stop banks which is left flat.

Draw file the edges to make sure they are of a uniform roundness, finish off with the No. 2 and then No. 1 emery buffs and burnish with an oval burnisher. The one flat edge is finished with the emery buff. The brass block is finished as the rest of the brass work which is referred to on page 138.
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Fig. 193. Stop iron spring.



The fusee iron spring is next filed up from a piece of brass about 0·75 mm. thick to the dimensions shown in Fig. 193. The hole is to free the tap of an 8 B.A. screw. Finish the spring with a lengthways straight grain from a No. 2 and a No. 1 emery buff. The edges are drawn with an emery buff, slightly rounded, and burnished with an oval burnisher. The spring will be positioned on the plate later and bent to shape.

File up a pin from a piece of mild steel wire to a taper similar to that of a broach and fit into the hole in the fusee iron block. The pin is fitted in from the inside, i.e. the foot end. Fit the pin tightly and cut off both ends, leaving about 1 mm. projecting on either side, round off and burnish the ends of the pin. Try the pin in the stop iron before placing in position. The pin should fit freely, so that when the stop iron is pinned up in the block, the iron is free to move up and down; it may be necessary to open the hole in the stop iron slightly. Now place the iron in position and pin up.
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Fig. 194. Positioning the fusee iron block.



Next plant the fusee block in position. Place the fusee so that it stands up in its hole in the front plate. Arrange the fusee iron so that it is at right-angles to the active face of the stop piece on the fusee and at the same time it arrests the fusee when the stop piece is parallel to the edge of the stop iron block. In this manner, the pull on the stop iron is direct from the pin and there is no tendency to strain the stop iron to one side or the other, but a direct pull (Fig. 194). Hold the block firmly in this position and mark through the tapped hole the position on the plate for the screw to hold it in position. Drill the hole in the plate to pass the thread of the 3 B.A. screw.
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Fig. 195. Position of the steady pins in the fusee iron block.



Now screw the block in position using a cheese-headed screw; arrange the block in the same position as before and tighten the screw. While screwed to the plate, drill two steady pin holes to take pins of about 1 mm. diameter or a little larger (Fig. 195).
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Fig. 196. Stop iron spring bent to shape.



Broach the holes open from the block end so that they take the taper of the broach. Chamfer the holes on both sides of the front plate and on the under side of the block only. File up brass pins and force them well into the block from the top side. Cut to length so that the pins project about the thickness of the front plate and round the ends, file flush on the top side. Screw the block into position; the steady pin holes in the front plate may have to be opened a little to allow the pins to fit freely. Screw the stop iron spring in position as indicated (Fig. 196) and bend to the shape as shown. No steady pin is fitted to this spring.

THE TRAIN

Next start work on the centre wheel and pinion; the instructions given apply equally to the third and escape wheels and pinions with the exception that the sizes are different.
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Fig. 197. Crossing out a wheel.



Procure a piece of brass about 1.5 mm. thick (this will do for the other wheels as well) and large enough to cut out a disc of about 52 mm. diameter. Here again it used to be possible to purchase blanks for wheels which only needed to be finished and the teeth cut. The purpose of these chapters on making a fusee is primarily for the repairer, and it will be assumed, therefore, that blanks are not available. Having made the disc with a hole in the centre, proceed to piece out as in Fig. 197.

The crossing out will be made later when the teeth have been cut. The word “crossing” refers to the spokes of the wheel, and as this wheel has four spokes it is referred to as a 4 cross wheel. Higher grade clocks, such as regulators, are fitted with 7 or 8 cross wheels. Before proceeding further with the wheel, we must make the pinion.
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Fig. 198. Removing leaves from pinion wire.



Procure a piece of pinion wire, 8 leaves 6 mm. diameter and about 95 mm. long. The length of the pinion head is to be 14 mm., so file a nick down to the body of the pinion 23 mm. from one end. The block from which the front pivot is to be made is about 9 mm. long, finished, so file another nick about 25 mm. from the last nick. Then file another nick about 10 mm. further along. Lay the pinion flat on a steel stake, held in the vice, and with the peen of a fairly heavy hammer, knock off the leaves between the pinion head and the front pivot to be, and also from the front pivot to the end of the pinion (Fig. 198). Leave the pinion head and the leaves in the centre of the arbor. These centre leaves are now hammered down, a little to each leaf at a time, until the whole is welded into a solid cylindrical block. Care is needed to do this job well and it will take some little time. Now file on each end a conical pivot.

Mount up between centres and turn the arbor true, including the centre block. Remove at this stage the minimum amount of metal.
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Fig. 199. Dimensions of the centre pinion.
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Fig. 200. Back stay to facilitate turning long arbor.



When the arbor is running true, turn to the dimensions shown in Fig. 199. The dimensions shown are the finished measurements after hardening, tempering and polishing, so allow a little for this further treatment. When turning an arbor of this length it is inclined to “give” in the centre, and if you find that it bends so much that it is not possible to cut the metal, fix a back stay as shown in Fig. 200.

While the metal is soft it should be possible to turn, provided the cuts are light and the tool sharp, first using only the point of the square-nosed tool. The back stay is made of mild steel or brass. It will be noted that the dimensions given in Fig. 199 allow 47·5 mm. between the plates. It may be necessary to cut a pivot-shoulder back a little more or less than this to give the correct end-shake. Try the pinion across the frame, as shown in Fig. 153 (the illustration shows the method of determining the end-shake of the barrel arbor, but the principle is the same for a pinion or any other part working between the plates); it is necessary to allow about 0·5 mm. end-shake. As the body or core of pinion will vary, the sizes for the arbor, front plate pivot and its shoulder are given as the average and as an example of a good proportion.
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Fig. 201. Top : rounding up file. Bottom : bottoming file.
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Fig. 202. Left : pinion wire before filing. Right: after filing.
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Fig. 203. Wood block to hold pinion while filing.
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Fig. 204. Method of holding pinion while filing.



The shape of the leaves of the pinion is not, as a rule, exactly as required; they have to be filed. For this purpose, procure a “bottoming” and a “rounding-up” file (Fig. 201). The shape to be filed, as near as possible, is shown in Fig. 202. The figure in dotted lines indicates the shape of the leaves of the drawn pinion wire before filing. For convenience of filing and finishing the pinion, make a wood block as illustrated in Fig. 203. Hold the block in the vice and place the pinion on the block as in Fig. 204. With a bottoming file of the correct width, proceed to file between each leaf.
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Fig. 205. File pinion to this shape. Dotted line indicates shape of pinion wire before filing.



The object is to file so that the flank of each leaf is straight and the bottom square and clean. Theoretically the flanks should be radial, but it is not always possible to put theory into practice. When each leaf has been filed so that all are the same depth, proceed to file up the termination of the leaves to the shape as shown in Fig. 205 and also the illustrations in the chapter on gearing.

When the pinion has been “roughed” out to approximate size, it is hardened and tempered before proceeding further. Hardening a pinion of this length requires care, otherwise it will distort badly. Follow carefully the instructions given.
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Fig. 206. Method of using iron binding wire when hardening and tempering.



Bind the pinion for its full length with iron binding wire : do not spare the wire. When the pinion is well covered and sufficient left for a handle (Fig. 206), rub ordinary household soap up and down it so that the pinion is practically covered with soap. Apply heat to the whole length of the pinion evenly; do not use a blowpipe or lamp : a gas ring or Bunsen burner is best as it gives a greater expanse of heat.

Heat until the whole mass is a deep cherry red and then plunge lengthwise into water to quench. It is important to immerse lengthwise as distortion then is less severe; see that the water is a deep cherry red and then plunge It is important to immerse lengthwise as distortion then is less severe; see that the water is deep enough to take the full length of the pinion. Hold in the water for a moment or two. Remove the binding wire from both ends and test each end for hardness. Just touch the pinion with a file and if hard the file will not cut it at all. If the file does cut, then the process must be repeated.

To temper : first remove all water and well dry the pinion. Re-bind with the binding wire and immerse the whole in heavy oil. Holding it by the handle as was done during hardening, wave in the flame of the gas ring until a black smoke issues; this is an indication that the pinion is tempered. Plunge in water to cool and to prevent further tempering. Remove the wire and dry, and the pinion is ready for finishing.
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Fig. 207. Peening centre pinion true.



Fit up between centres and make the work rotate slowly. Hold the cutter on the T rest, not to cut but to test for truth. As the work rotates towards you, note the position where the arbor touches the cutter; if the arbor is running true it will touch for a complete revolution—but this is most unlikely. Where the cutter touches is termed the “high spot,” and it is necessary to find this high spot. Note carefully where it is and place the work on the steel stake, high spot uppermost, and tap with the peen of the hammer (Fig. 207). This will cause the pinion to curl up slightly; proceed in this manner until the pinion runs true.

Some clockmakers hold a piece of chalk on the T rest and actually mark the high spot. To make a centre pinion run true after hardening and tempering takes time and some skill, but with practice it can be accomplished.

Having made the pinion run true, or very nearly so, fit up between centres and turn all the cylindrical parts quite true; here the back stay will be found useful because the metal is not so easy to cut. Finish as smoothly as possible with the broad side of the cutter. Next all the turned parts are polished with the iron polisher and oilstone dust. Make the work rotate quickly and at the same time give the polisher short, sharp, backward and forward strokes. When the polisher comes up against a shoulder, observe the instruction given when polishing the pivots of the barrel arbor. Continue thus until all turning marks are removed.

When polishing a long part of the arbor, run the polisher up and down; do not polish in one place, as when polishing a pivot, to avoid rings being formed. When ready, wash the pinion in benzine to remove all oilstone dust, and clean the iron polisher, re-file and charge with diamantine. Polish all parts of the arbor with the exception of the part where the cannon pinion is to fit : this is left grey from the oilstone dust.
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Fig. 208. Method of holding pinion while polishing.



The pinion head is next. The leaves of the pinion are to be polished and to do this proceed in the following manner. Use the wood block and hold the pinion on it as shown in Fig. 208. Cut the handle end on an emery buff to a V shape. Charge with oilstone dust and oil and work up and down each leaf of the pinion, applying some little downward pressure to the buff. After a little while, the end of the buff will take the shape of the leaf. Continue in this manner with all the leaves until the file marks are removed. When each leaf is smooth, clean the pinion head in benzine and brush well to remove all traces of oil-stone dust.


[image: ]

Fig. 209. Shoulder turned on pinion head to receive wheel.



Re-cut the end of the buff and charge with diamantine and proceed to polish the leaves, employing the same movements as when using oilstone dust. Quick, short, sharp strokes are required to produce the desired effect. All this may sound a laborious job, but in fact it is not—it is very speedy. The common practice in a modern factory is to cut the leaves to the correct shape in a pinion-cutting tool and then polish the leaves with a thin wooden wheel in a machine designed specially for the purpose. It is done automatically once the machine is set up. Having polished the leaves, turn the ends of the pinion square and cut the shoulder to receive the wheel as in Fig. 209. The shoulder is about 2 mm. deep; this is to allow for the thickness of the wheel and a little for the rivet.


[image: ]

Fig. 210. Undercutting the pinion head.



The shoulder is cut with rather a steep taper with the diameter at the smaller end about 4·5 mm. so that when the hole in the centre wheel is opened, it will just start to fit on to the shoulder. The object of this is that when the wheel is driven on to the pinion, the leaves will cut into the sides of the hole, thus ensuring a good fit with little chance of the wheel turning round on the pinion. Next undercut both ends as in Fig. 210, making the cut at the rivet end a little wider so as to allow the metal to spread when riveting.


[image: ]

Fig. 211. Wheel on wood block to file flat.



It is now necessary to give some attention to the wheel; it has been crossed out and the hole opened to about 4 mm. diameter. File both surfaces flat and to a thickness of about 1·5 mm. To file flat, knock a short brass pin into a wood block held in the vice. Place the wheel on the block with the pin in the hole of the wheel. Use a long file and, applying some pressure, file straight across the centre of the wheel. It will be found that the wheel revolves, and in this manner it is possible to file the surface flat and at the same time keep the thickness equal (Fig. 211). Treat both surfaces the same, then send the wheel for cutting the 84 teeth. In practice, if you are making the clock, all the wheels will be sent together. Assuming the 84 teeth have been cut, pass a fine file over both surfaces to remove any burrs thrown up by the cutters. (Figs. 210 onwards show the teeth uncut to save unnecessary work by the artist).
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Fig. 212. Brass split stake.
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Fig. 213. Driving wheel on to pinion.
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Fig. 214. Riveting wheel with round-headed punch.



Remove all file marks with a medium emery buff, employing the same method as when filing flat. Open the hole until the wheel just starts to fit on to the pinion. Place the pinion on a brass split stake (Fig. 212) and with a flat hollow punch drive the wheel home on to its shoulder (Fig. 213). Now rivet the pinion, using the round-end hollow punch. Use frequent taps with the hammer and cause the wheel to rotate with the third finger of the left hand while riveting (Fig. 214).


[image: ]

Fig. 215. Facing tool.




[image: ]

Fig. 216. Method of using facing tool.



The pinion is now faced, i.e. the ends of the pinion head are polished. For this purpose make from a piece of mild steel or iron a plate as Fig. 215, about 2 mm. thick or a little less. Fit a ferrule on to the pinion head as Fig. 216 and fit up as illustrated, first filing the surface of the plate flat with a fairly fine file and then charging with oilstone dust and oil at about the spot indicated by the dotted line in Fig. 216. The circle in the centre indicates the arbor. The pivot fits into the hole of the runner in the throw. Hold the facing tool as shown and press against the pinion head with some little force. Cause the pinion to rotate backward and forward with the bow and at the same time make the facing tool rotate about half a turn each way. With a little practice it is possible to “feel” when the tool is making full contact with the pinion head and thus grinding it flat (Fig. 216).

Reverse the wheel and face the riveted end. In doing so, the facing tool will touch the wheel and for the moment this does not matter as the wheel will be dealt with later. When both surfaces are dead flat and all marks removed, clean off well in benzine and brush to remove all traces of oilstone dust. Wipe the facing tool well. File the reverse side to that used for oilstone dust and charge with diamantine. Proceed to polish both faces. Practice alone will tell when the face is “up,” i.e. fully polished, and it takes some little practice to face a pinion well.


[image: ]

Fig. 217. Method of fitting up in the throw, to polish arbor.



Now proceed to grind and polish the arbor of the pinion. Fit up as in Fig. 217. The tapering part next to the pinion face is turned with a graver whetted on an Arkansas stone to make the cutting edge fine. Damp the graver in the mouth and make a light cut with the broad side of the cutter. This will leave a fine cut and no further finish is necessary. Polish the arbor with a polisher from the tapering part to the back of the boss forming the front pivot. The polisher should be made of mild steel, 6 inches long, [image: ] inch wide and about [image: ] inch thick. Shape the left-hand edge as Fig. 158.

First grind with oilstone dust and oil. Make the work rotate at a moderate speed and cause the polisher to move backward and forward at a greater speed. At the same time run the polisher up and down the arbor; do not polish in one place only. In this manner the grain will be broken up and no rings will form. When the polisher contacts the shoulders, keep it as straight as possible to avoid rounding the face of the shoulder. Sufficient polishing material will find its way on to the edges of the polisher to polish the shoulders. Next grind the tapering part of the front pivot and the pivot itself. Take particular care of the shoulder : it is important to keep this flat and clean. Then grind the rest of the arbor on to which the cannon pinion fits. Reverse the work between the centres and fit a carrier to the end of the arbor.


[image: ]

Fig. 218. Runner to expose pivot to facilitate polishing. Arrow indicates the need for a sharp edge to polisher.



Proceed to fine-cut the short tapering part next to the pinion head and polish the pivot with oilstone dust and oil. To expose this pivot to facilitate polishing it may be necessary to use a runner (Fig. 218). When you are satisfied that all traces of turning are removed, well wash the pinion in benzine and give it a good brushing. It is essential that every particle of oilstone dust is removed before proceeding to polish with diamantine.
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Fig. 219. File polisher across its width.
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Fig. 220. Charging the polisher with diamantine.
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Fig. 221. Crossing out files.



Fit up to polish the back pivot first. Clean the polisher on a piece of linen rag, and re-file the acting part of the surface. All polishers are filed across the length of the polisher and not lengthwise. The object of this is to retain the polishing medium (Fig. 219). Use the same polisher as for oilstone dust. Charge with diamantine as shown in Fig. 220, and proceed to polish the pivot until a black polish is obtained and a good, flat, clean, polished shoulder. Reverse the work, the wheel acting as the carrier, and proceed to polish the arbor, the boss of the front pivot and the pivot itself. The part on to which the cannon fits is not polished but left grey from the oilstone dust. The hole in the end of the arbor to hold the hand collet on, is not drilled until after the cannon pinion is fitted. The crossings of the wheel are now cleaned up. For this purpose procure a flat, and a shaped, crossing out file (Fig. 221).
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Fig. 222. Method of holding wheel during crossing out.




[image: ]

Fig. 223. Sharpen edges of flat crossing out file to obtain clean corners.
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Fig. 224. Example of a clean crossing.



Hold the wheel on a piece of cork held in the vice as in Fig. 222 and proceed to file to the line originally made (Fig. 197). The object is to keep the surface flat and at right-angles to the surface of the wheel. When the crossing has been cut to shape, draw-file all the parts forming the crossing. In this manner, a continuous even sweep is obtained with no ridges. A well crossed-out wheel has the corners cut out sharp and clean, and to effect this the edges (A and B, Fig. 223) of the flat crossing out file are stoned so as to make the cutting edge thin. The illustration, Fig. 224, gives some idea of what is required.

When the filing of the crossing is completed, all the surfaces which have been draw-filed are now burnished with a small oval burnisher, and the best type to use is one made from a worn-out shaped crossing out file. Stone all the teeth of the file away and finish on an emery buff—medium—stroking the burnisher lengthwise. The beginner will not have a worn-out file; in that case, make a burnisher from a new one. It is more economical to do this than to make one from a piece of metal. When using the burnisher, hold the wheel on the cork as before, smear oil on to the burnisher, and with some little pressure burnish the crossings flat.

Finally, finish the two flats of the wheel. Fit up with the carrier on the arbor end, cause the work to rotate at a fair speed and hold a medium emery buff against the full surface from as near the pinion head as possible without touching it. The buff is held stationary and this will impart to the surface a circular grain. Reverse the wheel and finish the other side. No further finish is necessary.

The centre wheel and pinion is now completed, other than the hole for the collet pin and the rounding up of the ends of the pivots.
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Fig. 225. Dimensions of the third pinion.
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Fig. 226. Dimensions of third wheel collet.



Make a third wheel pinion exactly as the centre pinion was made, but to the dimensions shown in Fig. 225 and of 7 leaves. The final dimension of the shoulder A is determined by measuring between the plates as in Fig. 153. When the pinion has been hardened and tempered, and before polishing, the collet, (Fig. 226) is soldered in position. Turn the collet on a turning arbor to the dimensions as given. Open the hole so that it fits on to the pinion arbor freely. Clean the arbor where the collet is to be fitted, apply soft solder flux and heat carefully over a spirit lamp; the heat should not be great enough to lower the temper of the arbor. The position of the collet on the arbor is shown in Fig. 229.
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Fig. 227. Method of soldering collet to pinion.
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Fig. 228. Third wheel collet.



When the flux has finished bubbling, place one or two pieces of soft solder on the arbor, and continue to heat until the solder flows. Continue thus until the arbor is well covered with solder. Apply more flux and then press on the collet. Hold the collet with flat-nosed pliers and the pinion in the pin vice (Fig. 227), apply more heat, hold the collet stationary, and turn the pinion round and round and as the solder flows again push it into the collet. Move the pinion up and down inside the collet to make sure the solder has “taken” for its full length. When you are satisfied that the collet is well soldered on, remove it from the flame and allow to cool. Then turn the collet true and to the shape as shown in Fig. 228. The shoulder A is turned so that it projects through the wheel about 0·5 mm. to allow for riveting. The diameter of this shoulder is about 4 mm. Undercut as indicated. Finish the exposed surfaces of the collet with the planishing tool.

Now make the wheel from a disc 47 mm. diameter with the hole in the centre about 3·5 mm., and open out until it fits the shoulder on the collet tightly. Cross out and have 78 teeth cut. Rivet the wheel on to the collet and finish as explained when making the centre wheel and pinion. Other than fitting the collet to which the wheel is fitted, the procedure is precisely the same as that employed when making the centre wheel and pinion.
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Fig. 229. Third wheel and pinion completed.



The object of fitting the collet to the arbor first and then turning true is to ensure that the wheel will seat squarely and will run true. Fig. 229 shows the third wheel and pinion completed.


CHAPTER THIRTEEN

MAKING A FUSEE TIMEPIECE—Continued

THE ESCAPEMENT

FOR THE escape wheel and pinion, the procedure is the same as when making the centre and third wheels and pinions. The dimensions of the pinion are given in Fig. 230 and the escape wheel 42 mm. diameter, (Fig. 231). The pinion has 7 leaves and the wheel 34 teeth. The shoulder (A) of Fig. 230 is determined as mentioned before, allowing 0·5 mm. end-shake. Fig. 232 gives the dimensions and the shape of the collet, and Fig. 233 the escape wheel and pinion—complete. Note the position of the escape wheel collet on the pinion.
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Fig. 230. Dimensions of the escape pinion.
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Fig. 231. Details of the escape wheel.
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Fig. 232. Escape wheel collet.
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Fig. 233. The escape wheel and pinion completed.
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Fig. 234. Dimensions of the back cock.



The pallet cock—or more correctly the back cock—is filed up from a casting, but if it is not possible to obtain a casting it must be cut from a solid block. If a casting is obtainable, as many of the flat surfaces as possible—such as the two feet of the cock and the suspension block—are hammered on a steel stake, held in the vice. Brass castings are inclined to be porous, and hammering makes the metal more homogeneous and hard. Whether the cock is made from a casting or a block, it is filed to the dimensions and shape as shown in Fig. 234.


[image: ]

Fig. 235. Method of holding back cock while filing.



The file up a back cock well is a nice piece of work. All the shoulders are to be kept square and clean, and here the art of making the work “find its own level” during filing is exercised to the full extent. The majority of the filing is done either on the cork, held in the vice or resting against the cork. To cite an example: the shoulder A in Fig. 234 is best filed by holding the cock on the cork as shown in Fig. 235. The “safe” edge of the file is presented to the shoulder and some considerable downward pressure is exerted on the file and at the same time considerable side pressure on the safe edge of the file against the shoulder. The strokes of the file are to bring the file smartly and flat on to the surface to be filed and give firm, steady, forward cutting strokes : let the file smack, as it were, on to the work so that you can hear it.

Experience will teach the best way to hold the work during filing, and it is the all-important correct method of holding which is the secret of good filing. The holes for the screws and the steady pins are not drilled yet.
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Fig. 236. Dimensions of the pallet arbor.
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Fig. 237. Determining the length of the pallet arbor.




[image: ]

Fig. 238. (Top) Dimensions of crutch collet. (Bottom) Dimensions of pallet collet.
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Fig. 239. Dimensions of the crutch.



THE PALLETS

The component parts of the pallets comprise the pallet arbor, or verge; pallets; pallet collet; crutch; crutch collet; and the crutch pin. Starting with the pallet arbor, turn it up from a piece of carbon steel (it is to be hardened and tempered) about 70 mm. long and 3 mm. diameter to the dimensions shown in Fig. 236 The length between the shoulders is determined by fitting up the plates with the pillars and then holding the back cock in position and placing the arbor across the top, allowing 0·5 mm. end-shake, as in Fig. 237. The dimensions given are for the finished arbor, so allow a little for truing after hardening and the final grinding and polishing. Next turn up the pallet and crutch collets to the dimensions in Fig. 238. Do not solder them in position yet, and as the collets are not soldered we cannot polish and finish the arbor until the train and the escapement have been planted, since the position of the pallets is determined by the position of the escape wheel. Now file up the crutch from a piece of brass 2 mm. thick to the shape and dimensions shown in Fig. 239.
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Fig. 240. The crutch pin.



Turn up the crutch pin from a piece of carbon steel 3 mm. diameter to the dimensions in Fig. 240 and tap with a 10 B.A. thread. Harden and temper, grind and polish, and round and polish both ends. Drill a hole in the small end of the crutch and tap for a 10 B.A. screw; the hole in the other end is made large enough to fit the pallet arbor tightly without driving. Drill a hole on each side of the pallet arbor hole to free an 11 B.A. thread and countersink to take chamfer-headed screws. The holes in the pallet collet are not drilled yet.
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Fig. 241. Dimensions of the pallets.



Next file up the pallets from carbon steel 4 mm. thick, finished to the shape and dimensions in Fig. 241. Drill the two holes to free an 11 B.A. thread, and the centre hole so that it fits on to the pallet arbor comfortably.

In normal practice the pallets are made from forgings to avoid heavy filing, otherwise the procedure is the same. When the pallets have been hardened and tempered, they are finished in the following manner : the two flat surfaces are stoned on an emery stone. These stones can be purchased in various sizes from about 6 inches long and 1 inch square to about 6 inches by 4 inches and 1 inch thick. The one 6 inches by 4 inches, and of medium grain should be used.
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Fig. 242. Hardening pallet pads only.



Some clockmakers harden and temper the whole of the pallets while others favour hardening the pallet pads only. To harden the whole pallet, bring to a cherry red and quench in oil. To harden the pads only, arrange for the flame to catch the pads only, as in Fig. 242, and when they are cherry red, quench the whole pallet in oil. The advantage of hardening the pads only is that they can be closed in when adjusting the escapement. This particularly applies when the pads are remade during the repair of the movement. It is therefore advisable to test the belly of the pallet for hardness when replacing the escapement, before closing in.
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Fig. 243. Finishing the pallet surfaces.
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Fig. 244. To re-surface emery stones.



To use the emery stone, lay the pallets flat on to the stone, hold down with the thumb and two fingers firmly, and use backward and forward strokes for the full length of the stone to give the pallets the grain as indicated by the arrows in Fig. 243. No oil is used on these stones; they are used dry. When the surface of the stones wear they can be remade by rubbing two similar stones together, allowing water to drip on to the surfaces (Fig. 244). The edges of the pallets are draw-filed with a medium emery buff, i.e. the emery buff is given the same movements as employed when draw-filing. The acting faces or pads of the pallets are finally polished with diamantine on an iron polisher and then with diamantine on a boxwood strip.
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Fig. 245. Polishing the pallet pads.



To polish with the iron polisher hold the pallets on the handle end of an emery buff held in the vice. The polisher is held as one would hold a pen or pencil. Apply some little pressure and give circular and backward and forward movements to the polisher, so as to keep the surface being polished flat and at the same time break up the grain (Fig. 245). The boxwood strips can be purchased from the tool shop. They are usually 6 or 7 inches long and [image: ] to [image: ] inch square.

The end of the boxwood strip to be used for the pallets is scraped with a knife and the diamantine applied with the thumb knuckle. The wood may be dabbed on to the diamantine direct. The method of use is the same as that employed when using the iron polisher. A surface finished with boxwood is a finer polish than that with the iron polisher. Finally the surfaces are burnished with an oval burnisher; use plenty of oil to ensure that the burnisher does not peel the metal. Some clock-makers finish the pads with a 4/0 emery buff and do not polish. The holes in the pallet collet are not drilled yet. The ends of the pivots are rounded and polished later.

Before planting the train, the plates are pinned together. The pivot holes are drilled through the two plates together, which avoids using an uprighting tool. Make sure the plates are pinned together the correct way round. All the scribing for the planting is done on the outside of the front plate, i.e., the surface immediately under the dial.
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Fig. 246. Fit-up of fusee great wheel and centre pinion in depth tool.



PLANTING THE TRAIN

The train of wheels and the escapement can now be planted, as positioning the wheels in the frame is termed. As the barrel and the fusee are already planted, the centre wheel will next be considered. Fit up the fusee, with the great wheel, in the depth tool so that it meshes with the centre wheel and pinion. The great wheel should engage the top part of the centre pinion, so that the depth of mesh can be better examined (Fig. 246). A perusal of the chapter on gearing will enable you to adjust the depth so that a nearly perfect gearing is obtained.
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Fig. 247. Scribing position of centre wheel hole.



Having adjusted the tool to a good depth, do not touch the adjusting screw. Remove the fusee and centre wheel and fit into one limb of the tool a trumpetended runner, making it secure; into the other end fit a male runner. Hold the tool upright with the trumpet end in the fusee hole; it is important that the tool be upright. Lower the male end until its point just touches the plate, and make this runner secure (Fig. 247). Score a line cutting the centre line. At the intersection of the two lines, the hole will be drilled for the centre wheel pivots. As the back pivot is much smaller than the front one, drill a hole 1 mm. through the two plates, opening the front pivot hole with a cutting broach. More about opening pivot holes is given on the next page.
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Fig. 248. Position of the maintaining power detent.



Drill the holes for the maintaining detent arbor as indicated in Fig. 248 with a 2 mm. drill. Next fit the centre wheel and pinion and the third wheel and pinion in the depth tool. Adjust so that the centre wheel gears correctly with the third wheel pinion. Hold the trumpet end runner in the centre wheel hole and score off an arc to the left. Now mount the third wheel and pinion and the escape wheel and pinion in the depth tool, and adjust so that the third wheel gears correctly into the escape pinion.

Arrange for one centre to rest on the centre line of the plate. Make the point dig in slightly, and with the other centre scribe an arc cutting through the arc made for the third wheel hole. At the intersection of the two arcs a hole 1 mm. is drilled for the third wheel pinion pivots. The point made by the runner on the centre line is the position for the escape pinion holes, also 1 mm. diameter.

The plates can now be unpinned and the pivot holes opened in the following manner. Working always from the inside of the plates, first open the centre wheel holes. Use the cutting broach until the hole is near the size of the pivot but the pivot does not start to enter the hole. Then, with a round broach, open the hole until the pivot fits tightly. Use plenty of oil to prevent the metal peeling inside the hole. Considerable pressure may have to be used but continue with the round broach; do not be tempted to use the cutting broach again.

Make sure the broach is kept upright in the plate. Hold up to sight level occasionally with the broach tightly in position in the hole. Turn the plate round to observe that the broach does not lean to one side. If it does, bring it to the upright position while broaching. Round broaching hardens the brass and is most important. As a result of round broaching, the plate may bulge round the holes on the outside. This does not matter as the bulge will be filed away. Continue to open all the train holes in this manner.
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Fig. 249. Correct planting of the recoil escapement.



Next the pallets are planted. Fit up the escape wheels and the pallets in the depth tool and adjust the limbs apart so that the escapement depth is exactly as shown in the illustration (Fig. 249). The escape wheel teeth should drop on to the pad of the pallet to a depth of about 4° measured from the pallet arbor. Unlike the lever escapement of the watch, there is no hard and fast rule regarding the depth of the escapement; 4° is a good general rule, but a little less is of no particular moment. After the drop of the tooth on to the pad, the pendulum continues to swing in the same direction; this results in the pallet engaging the escape wheel deeper, by about 2°.

This additional movement of the pallet is termed the supplementary arc and is essential for the correct functioning of the escapement. During the supplementary arc, the escape wheel is made to reverse, to recoil, hence the name given to the escapement. The anchor or recoil escapement may be called a rugged escapement as considerable latitude as regards the amount of drop of the escape wheel and the depth of the tooth on to the pad is permissible. This is as well, because clocks fitted with the recoil escapement are not as a rule precision clocks, in the strict sense of the word, and the latitude allows certain irregularity in manufacture, such as the escape wheel slightly out of centre, bruised teeth, want of accurate spacing of the teeth, etc. This is mentioned because it will help you when examining or re-setting a recoil escapement. In most cases, if the depth of the escapement illustrated is followed, the repairer cannot go far wrong.


[image: ]

Fig. 250. Position of screw holes in back cock.
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Fig. 251. Position of pallet pivot in back cock.



Having adjusted the depth tool to conform to the advice given, remove the escape wheel and pallets from the tool. Drill a hole in each foot of the back cock as in Fig. 250, large enough to free the thread of a 3 B.A. tap. Hold the back cock in position. Adjust the position of the cock so that, if one runner is placed in the escape wheel hole, the point of the other runner touches the cock at the point A, Fig. 251. This gives the height of the cock on the back plate only. While held in this position, lightly scratch a line under the cock to mark its position. Place one runner of the depth tool in the escape hole of the front plate and with the other runner score an arc cutting the centre line. This gives the position for the front pallet hole.

Draw a fine line down the centre of the back cock and line this up with the centre line of the front plate pinning the two plates together again for the purpose. This line with the scratch mark made under the cock gives the position for the back cock on the back plate. See that the cock is square with the top edge of the back plate. Mark through the cock foot holes on to the back plate and drill and tap for 3 B.A. screws. Drill a hole at the mark A for the back pallet pivot.

Another method is to drill the pallet hole in the front plate first, as just described, and then upright the back cock into position from that hole, but if an uprighting tool is not available, then the longer method, as described above, must be employed.
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Fig. 252. Position of steady pins in back cock.



Fit up the escapement in the frame and test. If any adjustment is necessary the screw holes in the back cock are drawn with a round file, to make them slightly oval. When you are satisfied that the escapement is correct, screw on the back cock tightly. Remove the backplate and drill through the cock and the plate together for the steady pin holes with a 1·5 mm. drill, in the position in Fig. 252. Remove the cock, well chamfer the steady pin holes in the plate, on both sides, and chamfer the holes in the back cock on the underside only.
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Fig. 253. Driving home steady pin.



Next finish the underside of the feet of the cock, buff lengthwise with a medium emery buff. File up a brass pin to a long, steady taper. Open the steady pin holes in the cock slightly with a cutting broach, to take the taper of the broach, from the outside. Fit the pin in the cock from the outside and ram well home. Cut off within about 4 or 5 mm., place the cock on a stake and tap the pin in hard (Fig. 253). The steady pin must fit very firmly. It will in all probability be necessary to open the holes in the plate so that the pins fit freely but closely. Cut the other end of the pins so that they project about the thickness of the plate and round up the ends. Any of the pin projecting from the other side should be filed flush. Final finishing will be described later.
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Fig. 254. Cutting oil sink.



The train holes can now be chamfered to make the oil sinks. The fusee and barrel holes are only lightly chamfered. The centre, third, escape and pallet holes are chamfered to a depth of about one-third the thickness of the plate, i.e., two-thirds the thickness of the plate forms the length of the hole. To cut the chamfer, use a flat drill (Fig. 254). When the chamfer has been cut almost to the correct depth, ease off the pressure on the drill but continue to cut lightly. In this manner a fine cut will be given to the oil sink.


CHAPTER FOURTEEN

MAKING A FUSEE TIMEPIECE—Continued

MAINTAINING POWER DETENT

NEXT MAKE the maintaining detent and arbor. Fig. 255 gives the dimensions. The end shake of the arbor must be as little as possible, but the detent must be perfectly free. No spring is used to make it contact the maintaining power wheel; only its weight is used. The arbor is made with a slight taper and the detent is driven on to the arbor friction tight. The detent is made from carbon steel 2 mm. thick and is hardened and tempered. Although the measurement of the position of the detent is given, the exact position is determined when in position in the frame; it must be free of the great wheel and at the same time engage the teeth of the maintaining wheel safely. The holes in the frame are opened until the detent is free.
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Fig. 255. Details of maintaining power detent and arbor.




[image: ]

Fig. 256. Method of holding paper block.



FINISHING THE PLATES

Having planted the train, the inside surfaces of the plates can be finished and the pillars riveted into position. First, file flat any protrusions the round broaching may have made. To finish the plates, place each in turn on the wooden table held in the vice. Fit two short brass pins as stops into each end of the table. Wrap a piece of medium emery paper round a block of wood of about 6 inches long and 3 inches square. Hold with both hands, as one would a scrubbing brush, and start to “paper” the plate lengthwise (Fig. 256).

First, move the paper block length-wise and diagonally until a full surface is obtained and scratches, bruises, planishing marks, etc., are removed. Employ firm, heavy strokes to keep the plates flat. When you come to the edges of the flat surface of the plates, do not let the block tip over the edge, but hold it firmly on the plate. It is advisable never to allow the block to overlap the edge of the plate by more than half its width, to avoid rounding the edges.
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Fig. 257. Paper block not moved beyond position shown to avoid rounding edges.
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Fig. 258. Direction of straight grain.



When all marks are removed, give a straight up-and-down movement to the block to produce a straight grain surface. As the block comes to the end of its stroke, i.e., half-way over the edge, lift it smartly away from the plate. Do the same thing when you start at the bottom of the plate; let the block touch the plate smartly, then give it a firm, steady, straight sweep forward to the top of the plate and lift off quickly. The object is to give a long, unbroken, straight grain (Fig. 258). Some clock-makers fit a plate at each end, so to carry the emery block over the edges, but, generally speaking, this is not necessary. The pillars are now riveted into the back plate.

Chamfer the four pillar holes and cut nicks into the chamfer, so that when the pillar is riveted it will spread into the nicks and prevent turning; also place the cutting broach in the hole tightly and rock it from side to side to roughen the inside of the hole. The method is similar to that employed when riveting the barrel hook into position. Cut the ends of the pillar so that about 2 to 3 mm. project through the plate for the rivet.
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Fig. 259. Riveting pillar : note leather wrapped round pillar.



The method of riveting is to hold a pillar in the vice, first wrapping a piece of thick leather round it. For this purpose, procure a piece of shoe leather about 4 inches long and 2 inches wide. Lightly run a knife down the width at about the centre on the unfinished side of the leather, to allow the leather to fold over. Tighten up very firmly in the vice. The pillar must not slip during riveting. Hold the plate in position and start to rivet. Use a round-headed hammer and give blows of medium weight. Many rapid blows are better than a few very heavy ones (Fig. 259). See that the metal spreads evenly and do not continue to rivet in one place only; for instance, start in the centre of the pillar, and as the metal spreads rivet the edges, then back again to the centre. Follow the metal as it spreads; do not just hammer away indiscriminately. Take great care not to hit the plate, or a bruise will thus be formed which will be difficult to remove. If care is exercised the pillar will seat accurately, and at the same time when the outer surface of the plate is finished no porous or pit marks will be visible. Rivet the four pillars in this manner.

Now finish the front plate in the same way as the back plate, chamfer the oil sinks and straight grain both sides. Next drill the holes in the pillars to hold the front plate in position.
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Fig. 260. Direction of hole in pillar for pin.
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Fig. 261. Remove burr of pillar pin hole.



Place the front plate in its correct position and hold the two plates tightly together. While thus held, mark with a knife on the projecting pillars, as near to the plate as possible. Remove the front plate and drill a hole in each pillar with a 1 mm. drill exactly on the line made with the knife. To start the drill, punch a hole with the centring punch. The best position for the holes is indicated in Fig. 260. It will be noted that by drilling the holes in the pillars on the line, half the hole is below the surface of the plate when assembled. This is intentional. The holes are opened with the front plate in position. When a full round hole has been broached, it will be found that the plate also has been cut, and when the plate is pinned up there will be no possibility of its rocking, as the pins will draw the plate to the shoulder of the pillars. Remove the burrs from each side of the pin hole with a round file, as indicated in Fig. 261. The ends of the pillars are then rounded and polished. File off any protrusion left by the riveting of the pillars to the back plate, and finish the surface with a straight grain.

The front surface of the front plate is not finished yet; we still have the motion work to make and plant.
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Fig. 262. Square rift.



BARREL RATCHET AND CLICK

From a piece of brass 4 mm. thick, turn up a disc of about 26 mm. diameter with a hole 5 mm. diameter. Make a square drift from a piece of steel rod about 70 mm. long and 10 mm. diameter. File to a gradual taper from about 4 mm. square to 6 mm. (Fig. 262). Use a fairly coarse file, leaving the file marks across each flat of the square. These will form a cutting surface. Harden and temper the rift.
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Fig. 263. Method of using rift.
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Fig. 264. Details of barrel ratchet.



To use, drive the rift into the hole of the ratchet, first from one side and then the other, and continue thus until a full square hole has been punched into the ratchet (Fig. 263). By this time the ratchet should begin to fit on to the square of the barrel arbor. Fit the ratchet on to a turning arbor and turn the edge true and to size, as in Fig. 264. Have 16 ratchet-shaped teeth cut. The underside is finished flat, and on the top surface an ogee is cut. The square hole is finally opened with a three square file until it fits down on to the shoulder of the barrel arbor square. It is convenient to punch a dot mark on one flat of the square and another facing a side of the square hole on the top side of the ratchet. The square hole is then opened, always trying the ratchet in the same position on the arbor, i.e., so that the dots coincide. With the ratchet in position, mark for the pin on the flat with the dot and drill a hole with a 1 mm. drill. Open the hole from the dot side with a cutting broach to form a taper. We shall now know, when assembling, how to place the ratchet on the square, so that the dots coincide, and the pin is fitted from the side with the dot, which is the larger end of the taper. Drill a hole with a 1 mm. drill through the square and open with a broach from the dot side until the taper of the broach is obtained. The hole is drilled so that when the pin is fitted it binds the ratchet wheel on to its shoulder.
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Fig. 265. Details of barrel ratchet click.
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Fig. 266. Position of the barrel ratchet click screw. The lower hole is the barrel arbor hole.



File up the click from a piece of brass about 5 mm. thick and drill a hole to free a 3 B.A. tap (Fig. 265). The clock is held in position with a 3 B.A. cheese-headed screw. No shoulder is provided on the screw; when it is screwed down tightly it should bind the click firmly to the plate. This click is used only when setting up the mainspring. Next drill and tap a hole for a 3 B.A. screw in the plate, as indicated in Fig. 266.

TENSION SPRING

File up the tension spring from a piece of well-hammered brass of about 1 mm. thick, as illustrated (Fig. 267). Open the hole in the centre until it fits down on to and rests on the first shoulder. The fit should not be tight, but at the same time there should be no side-shake. Finally, file to a thickness of 0·75 mm. and slightly thinner at each end. Bend to the shape in Fig. 267. Note that the ends are filed so that when the spring is in tension the edges of the ends do not cut into the cannon pinion; this is a small but very important point with the ends of all springs that impinge on another surface. It makes for smooth working. The principle is best illustrated in Fig. 268. Finish the flat surfaces of the tension spring with a straight grain, and burnish the edges with an oval burnisher before bending.
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Fig. 267. (Top). Tension spring. (Bottom). Curve of spring. (Inset). Shape of edges.
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Fig. 268. The principle of spring contacting metal.



CANNON PINION

Turn up from a piece of brass full 2 mm. thick and 26 mm. diameter a disc with a hole in the centre, 4·5 mm. diameter. Procure a brass tube, 7 mm. diameter and 23 mm. long, with a hole of 3 mm. If this is not possible, drill up a piece of brass rod. Turn a shoulder so that it fits tightly into the cannon wheel, leaving sufficient for riveting. Chamfer one side of the hole in the wheel and cut three or four nicks into the chamfer with a three-square file, so that when the pipe is riveted it will key into the nicks to hold the pipe firmly to the wheel. Rivet the pipe firmly into position. Now place on a turning arbor and turn to the shape and dimensions in Fig. 269. The diameter of the cannon wheel when finished and with 44 teeth cut is 25 mm. The pipe is finished from the planisher and the wheel with circular grain.
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Fig. 269. Cannon pinion.



HOUR WHEEL BRIDGE

File up the hour wheel bridge to the dimensions as shown in Fig. 270. When a casting is available, the pipe is solid with the bridge. If the bridge is made from a solid piece of brass, the pipe is made separately and riveted. Drill the screw holes but not the steady pin holes. When the bridge is made, plant in the position shown in Fig. 271. Place the cannon pinion in position and arrange the hour wheel bridge so that the cannon pipe is in the exact centre of the hole in the hour wheel bridge pipe. Hold the bridge down firmly and mark the positions for the screws. Drill and tap the plate to take 3 B.A. screws. Screw the bridge in position, and drill and fit a steady pin in each foot of the bridge. Fit the bridge on to a turning arbor and finish the pipe with an emery buff; finally, hold the buff stationary, cause the work to rotate at some little speed, and let the edge of the buff touch the bridge, imparting to the surface a circular grain and at the same time giving a circular grain to the pipe.
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Fig. 270. Hour wheel bridge.
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Fig. 271. Position of hour wheel bridge and minute wheel cock.



THE HOUR WHEEL

The hour wheel is made of three parts : the wheel, hour wheel boss, and the key. The dimensions are given in Fig. 272. The wheel has 72 teeth and its diameter is 43 mm. finished. The wheel is 2 mm, thick and the key 1 mm. thick. The key is very slightly domed, so that when it is fitted into position it acts as a spring and gives the necessary tension to carry the hour hand and at the same time enable the hand to be set in the correct position. The screws for the hour hand and the key are 10 B.A.
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Fig. 272. Hour wheel.



The screw hole in the key is sufficiently large to free the head of the screw so that when the screw is screwed home it seats on to the hour wheel and acts as a locking for the key only. The hole in the hour wheel boss is opened until it fits on to the hour wheel bridge pipe freely with no side-shake.

THE MINUTE WHEEL

The minute wheel is made from brass 2 mm. thick and 25 mm. diameter finished with 44 teeth. The pinion is made from pinion wire of 6 leaves 4·75 mm. diameter. Dimensions are given in Fig. 273.
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Fig. 273. Minute wheel and pinion.



MINUTE WHEEL COCK

File up the minute wheel cock to the dimensions given in Fig. 274. To plant the minute wheel, fit the cannon pinion and the minute wheel up in the depth tool. Adjust the tool so that a good depth is obtained. On a line drawn horizontally through the centre wheel hole, score off from the centre wheel hole. Drill a hole for the lower minute wheel pinion pivot. Place the minute wheel cock in the position as shown in Fig. 271 and upright from the lower hole to the pivot hole in the cock. Hold down the cock firmly and mark the position for the screw hole. Drill and tap the hole in the plate for a 3 B.A. screw.
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Fig. 274. Minute wheel cock.



Assemble the whole of the motion work, cannon pinion, hour wheel bridge and hour wheel, minute wheel and cock. Screw the minute wheel cock down and check up for uprightness. Now check the cannon wheel depth with the minute wheel and the hour wheel with the minute wheel pinion. If all are in order, drill the foot of the minute wheel cock and fit two steady pins. If, however, the hour wheel is, say, deep into the minute wheel pinion, it may be possible to elongate the hole in the minute wheel cock a little and draw it away from the hour wheel without affecting the uprightness seriously, and so correct the depth. Then drill for the steady pins. Should the depth be much out it will be necessary to top the wheel; but if the wheels have been made to the dimensions given, depthing trouble will not arise.

The length of the square on the minute wheel pipe determines the thickness of the minute hand.
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Fig. 275. Hand collet.
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Fig. 276. Drilling centre arbor for hand collet pin.



Make a collet (Fig. 275) so that it fits on to the centre pinion arbor when the cannon pinion is assembled. Press the collet down to bring the tension spring into operation. While held in this position, mark the centre arbor with a knife to give the position for the hole of the hand collet pin. Remove the centre wheel from the frame and just blue the end where marked to soften. Drill a hole with a 0·5 mm. drill. Open with a cutting broach to form a taper. Remove the burr from each side with a round file as we did the pillar pin holes. To drill the hole, hold the arbor against a piece of brass, so that when the hole is pierced and the drill emerges from the hole it will not break; this more particularly applies when a flat drill is used (Fig. 276).

We can now finish the collet. Well polish the rounded face with a fine emery buff and then a felt buff charged with a metal polish. The small flat surface is first filed dead flat with a fine file and then stoned on a fine emery stone, not an emery buff. Finally burnish with a flat burnisher. Place the collet on a piece of cork held in the vice, bring the burnisher smartly down on to the surface and, with some considerable pressure, proceed to burnish. In this manner, a dead flat, highly polished surface can be obtained. A particularly well-finished pin should be made for the hand collet, both ends nicely rounded and burnished. It is these small points which are important and a mark of good workmanship.

The end of the arbor can now be reduced, leaving about 2 mm. beyond the hole for strength. Finish the end by rounding in a lantern runner and well burnish.
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Fig. 277. The motion work complete.



Fig. 277 shows the motion work complete.

THE PENDULUM

The pendulum consists of the rod, the bob and the suspension. First make the rod (Fig. 278). Procure a piece of brass rod, rectangular in section, 11 mm. by 3·5 mm. Cut a slot 14 mm. long and 36 mm. from one end, sufficiently wide enough to take the crutch pin. File the slot so that the two long sides are rounded on the inside. Draw-file the rounded sides and well burnish them with an oval burnisher. Cut a slot about 6 mm. long in the end nearest to the slot for the suspension. Use a fine saw to cut the slot and then place a piece of suspension spring in the slot and well hammer on both sides to close the slot on to the spring. It is of vital importance to make all fittings in connection with the pendulum tight. Then file the end of the rod to the shape shown.
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Fig. 278. Pendulum rod.
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Fig. 279. Suspension spring block.



File the other end of the rod round for a distance of 37 mm. so that it fits into the 6 B.A. tap hole, and then cut a thread with an 8 B.A. die. Cut a piece of suspension spring 13 mm. long and about 5 mm. wide. Make soft at both ends only, being sure not to soften more than 5 mm. from each end. File up the suspension spring block from a piece of brass 3 mm. thick as in Fig. 279. Cut a slot about 5 mm. deep into the block for the spring. Fit the spring into the slot, drill a hole as indicated, and rivet together with a mild steel pin. When the pin has been driven well home, cut flush and file both sides flat, then well hammer to rivet the pin and at the same time to close the slot on to the spring. Drill a hole to take a trunnion pin of 1 mm. diameter. File the block up flat and the sides square. Finish with a fine file, and file the flats until the block fits into the slot of the back cock.

The fit of this block is important; it must not be so tight that the suspension spring will buckle when removing the pendulum from the back cock, and it must not be so loose as to rock. From a piece of mild steel file up a pin to a slow taper. Fit it tightly into the block and cut so that about 3 mm. projects from each side of the block. Round the ends. This is the trunnion pin.

Another and quicker method of making a suspension spring block, used by many clockmakers, is as follows. Procure a piece of brass of about 1 mm. thick, 7 mm. wide and 22 mm. long. This piece of brass is folded in half and a piece of suspension spring placed between the fold and hammered down on to the spring. The block is then filed to shape and drilled as already explained.

Draw-file the whole length of the pendulum rod with a fine file and continue to file until all marks are removed and a good surface obtained. While draw-filing, place the rod on a large piece of cork held in the vice. Treat all four sides of the rod in the same manner. Finish by means of a medium emery buff, using the same strokes as when draw-filing. Place the suspension spring in the pendulum rod, drill through and pin up, leaving about 1 mm. projecting from each side. The pendulum rod is now finished.
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Fig. 280. Rating nut.
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Fig. 281. Knurling tool.
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Fig. 282. Fit-up for a knurling.



Turn up a rating nut to the dimensions as shown in Fig. 280. Drill and tap the hole with an 8 B.A. tap first, then place on a turning arbor to turn to shape. The serrated edge is made with a knurling tool (Fig. 281). The part to be knurled is turned rounded to suit the curve of the knurling wheel. Fit up in the lathe or throw and hold the tool as indicated in Fig. 282. Apply oil to the active surface of the knurling wheel and also to the bearings of the wheel itself. Hold the tool firmly down on to the T rest and make it contact the work. Cause the work to rotate at a moderate speed and exert some little forward pressure on the tool so that the serrations in the wheel cut into the nut. Once you have started to knurl, do not move the tool away from the work until a good impression has been made. To move the tool and replace indiscriminately will cut up the knurling and leave the surface unsightly. If it is necessary to remove the tool to inspect the work to see if a full knurling has been effected, replace so that it gears up, as it were, and there is no cross-cutting. The flat turned surface is finished with the planisher.

THE PENDULUM BOB

Procure a piece of sheet brass of about 0·5 mm. thick and cut out two discs 80 mm. diameter and anneal it. These discs are domed to a depth of about 11 mm. For this purpose turn out a hollow in a lead block to the dimensions given and the curvature shown. If more convenient, a boxwood block can be used and the hollow turned into that. Use a boxwood mallet with a rounded face. Place the disc over the hollow and hammer from the centre towards the edges until the disc makes close contact with all parts of the hollow.
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Fig. 283. Curve of pendulum bob disc, and fitting the halves together.



Treat both discs in this manner. Drill a hole in the centre of one disc about 9 mm. diameter. File the edges of both discs flat, so that when they are fitted together no light can be seen between them when held up at sight level (Fig. 283). Tin, with soft solder, the flat edge of one disc; apply flux and place the other disc on top and arrange so that the edges do not overlap at one side. Apply heat and solder the two discs together.

Another very good method is to use an active solder paint. This material is obtainable from engineering toolshops and is sold under various trade names. It is in the form of a paste, and flux is embodied in its composition. It is only necessary to spread or paint the mixture on to the flat surface and then place the other half into position, make the edges meet, and then bind together with binding wire. Heat until the solder flows, and there should be a good and true joint.
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Fig. 284. Pendulum rod guide.
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Fig. 285. Pendulum bob showing slot for rating nut.
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Fig. 286. Pendulum bob being filled with lead.
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Fig. 287. Bob filled with lead.



File up a piece of brass or aluminium bar to the exact dimensions of the pendulum rod and about 4 inches long (Fig. 284). Cut a notch on the edge of the pendulum bob the width of the pendulum rod and to such a depth that the slot opened allows the 4-inch rod to enter comfortably. When filing the slot down, remove the burr thrown up on the inside occasionally, otherwise the hole made may be too large. Exactly opposite this slot, file another notch 5·5 mm. wide and to the shape shown in Fig. 285, or filed to fit the cone-shaped part of the rating nut. Place the 4-inch bar into the bob. If a brass bar is used all the surfaces should be covered with graphite; if an aluminium bar is used this precaution need not be taken. A soft lead pencil answers quite well for supplying the graphite. Place the bob on an upturned barrel on the bench with the hole in the centre uppermost. Make a short funnel of stiff brown paper and place it in the hole. Fill the bob with molten lead and continue to pour the lead in after the hole is filled so that a length of the lead protrudes (Fig. 286), and when complete the bob appears as Fig. 287.

Remove the 4-inch rod; it should leave the bob quite freely. Next try the pendulum rod in position; the rod should fit so that the bob cannot rock but at the same time be free enough to allow the bob to fall by virtue of its own weight when lifted up.

The lead protruding is used to hold the bob while finishing the front surface. Fit up in the lathe in a split chuck by the lead piece and paper the face of the bob with emery paper until a fine surface is obtained. Then, if desired, the surface can be polished with a metal polish. Remove from the lathe, cut off the lead protrusion, and file flush with the surface. The back surface is polished by holding the bob in the hand and presenting the surface to a mop charged with a polishing medium.

The pendulum, and in fact the clock movement, is now made. It only remains to make the dial.
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Fig. 288. Position of holes for dial feet in front plate.



Drill four holes of 5 mm. diameter in the front plate in the positions indicated in Fig. 288 for the dial feet or pillars.
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Fig. 289. Dial foot (or pillar).



Turn up four pillars from brass, as in Fig. 289, and finish in a similar manner to the plate pillars. If the dial is to be painted, the plate is usually made of iron and the pillars riveted on to the plate. If the dial is to be of brass, with the figures and minute strokes engraved, the pillars can be either riveted or held in position with screws. Should the latter style be adopted, the shoulder to be fitted into the dial is cut so that the end of the pillar is just below the surface of the dial plate. Drill a hole into the end of each pillar, tap, and fit a screw.

Just a word about tapping blind holes. Drill the hole deeper than the length of the screw to be used. Work the tap slowly and carefully, and withdraw frequently to remove swarf; a broken-in tap is sometimes difficult to remove.

If it is decided to fit an hour zone, then the holes for the dial pillars are placed in such a position that the riveted end comes under the zone.

GENERAL FINISH

This is the scheme of the general finish. The back and front plates are left straight grain. The four edges of the plates are curled in the following manner. Place the plates in position and, with a medium coarse emery buff, trace the small letter “e” with rather a long tail. Tilt the buff so that only the corner contacts the metal (Fig. 290), and make the buff touch both plates at the same time.
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Fig. 290. Curling edges of plate.
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Fig. 291. Arrows indicate direction of finish.



The cocks and bridges are finished with the emery buff, leaving a straight grain in the direction employed when filing. For instance, the back cock is finished as shown in Fig. 291. The edges are left straight grain and not curled.

The wheels, barrel and fusee great wheel should have a circular grain. The pipe of the hour wheel bridge is finished with an emery buff, and the buff is held so that the top surface of the bridge receives a circular grain. The ends of barrel arbor are slightly rounded with a fine file, the arbor being held in the lathe. Buff with a fine emery buff and burnish with a flat burnisher.
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Fig. 292. Lantern runner.



The fusee arbor is treated in a similar manner, and make sure that the end of the square is not too rounded but kept as flat as possible by hand—do not lap. All the ends of the pivots are reduced so that they do not project beyond the thickness of the plate or cock they work in. Round the ends well and burnish. To finish the ends of pivots, use a lantern runner, either in the throw or lathe. Do not let the runner touch the shoulder of the pivot, and apply plenty of oil (Fig. 292).

All springs are straight grained lengthwise.

The ends of all screws are rounded and burnished, and the heads kept as flat as possible by hand.

All pins—such as for plate pillars, dial pillars and hand collets—are made of mild steel. On no account should brass wire be used, and this equally applies to repair work. All too often one comes across clocks, especially French clocks, where brass and even copper pins have been used. They should always be made from mild steel.

To file up a good pin is a perfectly simple matter. Select a piece of wire a little larger in diameter than the biggest end of the pin is to be. If the wire is of reasonable diameter fit into the pin tongs, and if too large fit into the pin vice. Fit up in the bench vice a piece of hard, fine-grain wood to act as a pin block; a convenient size is 3 inches long, 2 inches deep and 1 inch wide. Hold the wire to be filed on the block and knock it with the safe edge of the file. This will make an indentation in the wood which will hold the pin sufficiently firmly to start filing.

Make the work rotate a full rotation and as quickly as possible. At the same time, file with firm steady strokes and file to a slow taper, about the same taper as a cutting or round broach. Small-diameter pins are finished by burnishing with the flat burnisher, and large-diameter pins by stroking up and down the length of the pin with an oval burnisher.
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Fig. 293. Rounding-up end of pin.



When the pin has been made, fit it into position and mark the length with a knife. Cut off with the cutting nippers, round up both ends with a file and then burnish (Fig. 293).
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Fig. 294. Method of nicking pin.



Some of the fine and short pins are more convenient to deal with in the following manner. Having filed up and burnished the pin, fit it into the hole tightly, mark the length it should be on each side with a knife. Withdraw, and lay it on the pin block, make it rotate and, with the edge of the flat burnisher, cut a V-shaped nick to a depth of about half the thickness of the pin. Break off the end not required. Burnish again to remove any burrs that might be thrown up, place the pin in position in the hole, and break off. No further finish is necessary. In this manner risk of losing the pin is eliminated (Fig. 294).

HANDS

The style or shape of the hands depends upon the style of the dial, so we shall be concerned here with the finish rather than the shape. If the hands are for a fine quality clock calling for a high polish, they must be hardened and tempered. For all ordinary purposes, mild steel is used, which cannot be hardened and tempered. In these circumstances, the fronts of the hands are buffed with first a medium and then with a fine emery buff. The final finish is straight grain, and on no account should the hands be touched with the fingers before bluing; they must be perfectly dry, clean and free of all foreign matter and grease.
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Fig. 295. Tray for bluing.



Make a tray from a piece of mild steel sheet as shown in Fig. 295. Cut out the shape with shears and bend up the sides as shown. Half-fill the tray with fine brass filings. Place a piece of sheet iron on the gas ring and on this stand the tray. Bring to a moderate heat. Now level the brass filings and place the hands right side up one at a time on top of the brass filings. Observe closely, and immediately the hand reaches the desired blue, pick it off quickly with a pair of tweezers and proceed with the other hand in a similar manner. Wipe the surface of the hands with an oily rag. The handle of the tray is useful for removal from the plate. Use pliers, as the handle will be hot.

If a high polish is required on high carbon steel, after hardening do not temper. Finish with the emery buffs and then clean well with benzine. Place on a piece of wood held in the vice—the handle end of an emery buff answers well. Prepare diamantine a little more moist than for ordinary steel work. Dab a boxwood slip, about £ inch square, on to the diamantine and polish the hands. Give the polisher circular and up-and-down movements. Continue until a full polish has been obtained. When ready, clean well in benzine, and brush. On no account touch the polished surface with the fingers. Proceed to blue as explained before.

LACQUERING

The plates, bridges and cocks are lacquered. The wheels of the train, the fusee and barrel and the motion work are not lacquered. The liquid most commonly used by clockmakers is shellac lacquer. Dissolve about a tablespoonful of flake shellac in about 4 oz. of methylated spirit. Keep the liquid well stirred and the shellac will readily dissolve. The parts to be lacquered are heated to a temperature that is hot to the touch of the back of the hand. Use a special flat camel-hair lacquering brush about 1 inch wide.

As an example of the method used, the front plate will be considered. Fit a round broach tightly into a pillar hole. This forms a convenient method of holding the plate. Hold the plate over a gas ring until sufficiently hot, and then paint the plate on both sides and the edges the way of the grain, so that a thin, even film of lacquer is applied. Paint the pillars themselves the way of the turning.
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Fig. 296. The plate fixed to dry.



Fix the plate, by the broach, in the vice to dry (Fig. 296). The workshop should be kept free from dust while lacquering, otherwise dust will settle on the lacquer and leave a rough surface. The other parts are held and treated in a similar manner.

The crutch, but not the pin, is lacquered. None of the steel work, in fact, is touched with the lacquer. All the parts lacquered are stroked in the direction of the grain.

The pendulum rod is hung to dry with a piece of wire passed through the crutch pin slot. The pendulum bob is lacquered first on the reverse side, then laid on the vice table in the vice to lacquer the front surface. The bob will rest on the lead centre. After lacquerng the parts, dry fairly quickly; some small pieces can be dried by waving about in the air.

SCREWS

Screws are not usually hardened and tempered. To finish them, hold in a chuck in the lathe. Emery buff the side of the head, and also the top of the screw, which should be finished with a 3/0 buff and burnished with a flat burnisher.

ASSEMBLING

All the parts of the movement are now washed in benzine to clean them. (See Chapter Four.)

First assemble the fusee. Apply an oiler full of oil to the click post and a little oil where the click spring impinges upon the click. An oiler-full should be applied on the ratchet wheel, and some to the face of the fusee which contacts the maintaining wheel. Place the maintaining wheel in position and apply oil to the centre where the wheel contacts the fusee arbor. Fit the maintaining power spring into position and apply oil to the face of the great wheel where it contacts the maintaining wheel. Place the great wheel into position and apply oil to the centre and also a little to the surface which contacts the key-way piece. Fit the key piece into position and screw up. Try the fusee to see that the click work acts safely, also reverse the fusee and make the maintaining spring operate as much as possible.

It is best to send the barrel to the mainspring maker to have the spring fitted. These springs are very strong and require a large mainspring winder to wind the spring in. The thickness of the spring is almost standard, about 0·35 mm. thick. When the spring is fitted, knock down well, as explained in Chapter Four. Oil the top edges of the spring and also the sides, as far as possible. Apply some oil to the bottom of the barrel. Oil the arbor part of the barrel arbor and fit into position. Make sure the spring hooks well on to the arbor. Fit the cover on (see Chapter Four) and oil both the pivots of the arbor working in the barrel. Check the end-shake of the arbor.
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Fig. 297. The fusee end of the chain.
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Fig. 298. The barrel end of the chain.



Assemble the rest of the movement in the normal manner, but do not fit the pallets into position yet. Fit the chain on the fuse (Fig. 297) and the other end on to the barrel (Fig. 298). Wind the chain on to the barrel and leave it tight. Arrange the chain, with a piece of peg-wood, on the barrel so that the coils are equally placed. Ensure that the chain rides on to the fusee safely. When all is ready, wind up the barrel three-quarters of a turn, i.e., 12 teeth of the barrel ratchet, then tighten the ratchet screw. Place a stick of peg-wood in the crossing of the escape wheel to hold it securely. Now wind the fusee carefully; if necessary, guide the chain into the grooves of the fusee. Wind fully and see that the stop work acts correctly.

Remove the peg-wood from the escape wheel and let the train run for a little while, then arrest the train and assemble the pallets in position. The act of winding the mainspring three-quarters of a turn is known as “setting up” the spring and is most important. The object is to ensure that the last turns of the fusee pull with a force equal to that when the spring is fully wound. The object of the fusee has already been explained and this is the practical application of it.
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Fig. 299. An adjusting rod.



It is not usual or necessary to use an adjusting rod for a clock of this description. An adjusting rod (Fig. 299) is an instrument to test the pull of the mainspring. It is simply a square fitted to the fusee square. Attached to the square is a long rod with an adjustable weight. The fusee is wound for one turn and the weight on the rod is positioned that when unwinding, the fusee will just lift the weight up. The fusee is then wound two turns and the pull of the mainspring should then lift the weight in a similar manner to that when wound one turn. The test is continued until the spring is fully wound up and the pull or torque of the spring should be equal.

In a clock fitted with an anchor escapement a slight variation of the motive power does not affect the timekeeping materially. In a clock fitted with a more fully frictional rest escapement, such as the verge, where the power of the spring does, to a marked extent, control the extent of the arc of the pendulum, the timekeeping is affected. This is largely due to the fact that the pendulum bob is light in weight and that the pendulum is never as “free” as is the case with a pendulum fitted to an anchor or dead beat escapement. If, therefore, a clock with a verge escapement loses more or less considerably towards the end of its run, the mainspring should be set up a little more. Such a condition is not likely to arise with the anchor escapement, since, for one reason, the pendulum is much heavier; the recoil or supplementary arc has a retarding effect upon the pendulum and the greater the supplementary arc, due to an increase in the power, the greater this retarding effect, making it partly self-compensating.

It must always be remembered that we are dealing with clocks which are not precision instruments in the true meaning of the word, and the finer points involved when speaking of the isochronism of the pendulum or balance do not arise. For all ordinary domestic clocks, setting up of the mainspring three-quarters of a turn is sufficient. If a clock such as that just described keeps time to within one minute a week, it may be considered to be doing well. But for the precision instrument where temperature, and in the case of a pendulum the barometric error and the circular error, are of some importance, then the curve of the cone of the fusee and the use of the adjusting rod must be considered.


CHAPTER FIFTEEN

FRENCH CLOCKS

A VAST range of clocks is incorporated under the heading of French clocks, and it includes :—

Timepieces, both with pendulum and platform escapements;

Striking clocks, both with pendulum and platform escapements; and

Carriage clocks, which include timepieces, strike, repeating, alarm and Grande Sonnerie, i.e., clocks which strike the quarters and the hours at each quarter of the hour.

Each type will be dealt with in detail.

CLEANING

Before starting to describe the method of repairing the various models, here are some notes about something which is common to all—cleaning. There are two methods of cleaning in common use to-day; one is the grease brush system and the other is using some form of cleaning fluid, sometimes known as “soup”.

Each piece can be cleaned with a fairly stiff brush, the tip of which is dipped in some form of ordinary household brass polishing medium, either a liquid such as Bluebell polish or a paste such as Globe polish. If the liquid is used, sprinkle some into a shallow vessel, such as the upturned lid of a tin. The paste can be used direct from the container in which it is purchased.
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Fig. 300. Method of holding wheel during cleaning.



With the brush charged with polish, well clean all the teeth of the barrel and wheels. Hold the part in a piece of rag as in Fig. 300. Then clean the flats of both sides of the wheels, the drum of the barrel and the flat and also the outside of the cover. Do not just smear the parts, but brush with some vigour until the polish has disappeared. The plates and other flat surfaces, such as bridges and cocks, are first treated with the grease brush (i.e., the brush charged with the polishing medium) and then they are polished with a leather buff charged with a little of the polishing medium. Leather buffs can be purchased at the material dealers and are usually sold as rouge buffs.
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Fig. 301. Pegwood cut to clean oil sinks.
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Fig. 302. Cleaning oil sink.



The plates are polished lengthways—that is, in the direction from the barrel holes to the pallet cock position. Polishing in this manner leaves a very fine, straight grain. Before polishing, all the small bars are removed. The oil sinks are cleaned with a small piece of chamois leather of about [image: ] inch square. Lay the square over the sink and, with a piece of pegwood cut as in Fig. 301, twirl the leather in the sink. Some clock makers fit the piece of pegwood into the shank of a drill stock and cause it to rotate as one would a drill to obtain speed and a high polish. Sufficient polishing medium will be left in the sink to polish after buffing (Fig. 302). Buff the edges of the plates. The pillars are cleaned with the grease brush.

When all the parts have been cleaned in the manner suggested they are washed in benzine or petrol. Procure a vessel of about 5 or 6 inches diameter and about 4 inches deep, and fill to a depth of about 2 inches. Hold the parts in the liquid and well brush with a soft watch-brush. Sometimes a 1 inch varnish brush is more convenient. Brush all the teeth, arbors, and leaves of pinions. Treat the plates, bridges and cocks, and dab over the pivot holes and all screw and other holes, to remove all traces of the polishing medium.
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Fig. 303. Chalk held on bench.



When all parts are washed, dry them with a clean linen rag. Finally, all the parts are polished with a soft clock-brush. Hold the pieces in much the same manner as when using the grease brush, but hold the parts in tissue paper. The polishing brush is occasionally charged with chalk. A piece of chalk fitted on to the bench is convenient (Fig. 303). The brush is just drawn across the top surface and the chalk is not removed from the brush as would be the case when doing watch work. The leaves of the pinions are well brushed and then pegged out with pegwood. The crossings of all the wheels are cleaned with the leather strips (Fig. 67, page 33). All large holes (not tapped for screws) are cleaned in the same manner.

The plates are polished with the brush to a straight grain and the oil-sinks with a clean, dry piece of chamois leather in the manner used when cleaning. The pivot holes are cleaned with pegwood sharpened to a long point, and the peg is inserted from both sides of the plate. The cleanliness of the holes and oil-sinks is most important. Clean the pegwood by scraping the soiled part of the point with the bench knife, and continue to insert and twirl, using some little force, until the peg leaves the hole quite clean. Clean all other holes, including steady-pin holes, to remove the polishing medium. They need not perhaps be cleaned to the same extent as the pivot holes, but they must be cleaned enough to avoid foreign matter being ejected when assembling. The pillars of the front plate are first brushed and then wiped with a clean linen rag. Peg out the pin holes.

As the parts are polished, place them either in a box and close the lid or under a lidless box. Plenty of dust is in the air during polishing a clock movement, and parts must be kept free of dust.

The clock is now ready for assembly and, as each piece is taken from under cover, brush lightly with a clean soft watch-brush.

A good cleaning fluid is made in the following manner. About 2 oz. of soft soap is dissolved by boiling in 3 pints of water. When cold, add about 2 fluid oz. of liquid ammonia (commercial). Keep in a vessel of about 5 to 6 inches diameter and about 4 inches deep provided with a well-fitting lid.

The parts to be cleaned are immersed in the solution for about five minutes and then brushed with a medium stiff brush dipped in the solution and held over the vessel, similar to the method used when washing in benzine. After cleaning, the parts are washed well in clean water and immediately dropped into a box of boxwood dust. See that the parts are covered by the dust. Allow about half an hour to dry off. Remove the parts and knock off the dust back into the box, and then brush well with a clean, dry, fairly stiff brush. Charge the brush with chalk occasionally, as mentioned before. Brushing well not only removes the boxwood dust but imparts a polish.

Cleaning by the fluid method has speed to commend it : the bright finish obtained by this method has not, curiously enough, a lasting effect, and tarnish soon appears. It is a common practice among many clock repairers to-day to clean the back plate with a metal polish in the manner already mentioned.

The methods of cleaning brass only have so far been discussed, and the subject of cleaning a French clock (i.e., the finish of steelwork and standard of craftsmanship generally) will be considered later.

PENDULUM CLOCKS

As the pendulum timepiece is incorporated in the striking clock we propose to start with the repair of a French striking movement, and the one under review is the ordinary type with recoil escapement. The Brocot or pin pallet escapement will be dealt with separately.

Having removed the movement from its case, take off the hands and dial. When removing pins, hold them with the flat-nosed pliers (with the jaws filed smooth) and twist slightly and pull out; do not grip them with the nippers. Where possible use the old pins, provided they are made of steel and not brass or copper. In a great many cases the larger pins can be used again, provided that they are not mauled. If the pins are marked, file up new ones. Generally, small pins cannot be used again, and it is more satisfactory to make new ones.

It is a mark of poor craftsmanship to use mauled pins or pins made of any metal but steel.
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Fig. 304. Flat-nosed pliers to remove pins.



The small pins are best removed in the manner illustrated in Fig. 304, and sometimes large pins which do not project beyond the plate (i.e., pillar pins) are best removed in this way.
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Fig. 305. Slot cut in flat-nosed pliers to facilitate removal of pins.



To facilitate the use of the pliers, cut a slot in one of the jaws to bridge the pin. By cutting the pliers thus, does not debar them from being used for other purposes (Fig. 305).

Make it a rule, when dismantling a movement, to associate the screw (if the part is held by screws) with its part. This is most important, because often screws are of different lengths so as to free other parts of the mechanism, and this more particularly applies to the more complicated types of clocks. However simple the movement, it is always good practice to adopt the system suggested.

First remove the minute wheel cock and then the hour wheel. Next let down the mainspring. Place a clock key on the square and turn in the direction of winding, release the click and hold out away from the ratchet and while so doing allow the key to reverse as far as possible, then free the click so that it contacts the ratchet; re-position the hand grip on the key, and proceed in this manner to let the spring unwind fully. Take great care not to allow the key to slip in the hand during this operation. The ratchets, clicks and spring can now be removed.

It is good practice to scratch on the underside of the ratchet cock, ratchet, click and spring a small “S” for the parts belonging to the striking train. They may already be so marked. If this precaution is taken there will be no doubt when assembling.

Next remove the cannon pinion with the first finger and thumb, levering it up by the tips of the finger and thumb pressing on the plate. Always avoid using tools as far as possible when dismantling; they are apt to maul.
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Fig. 306.
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Fig. 307. FRENCH CLOCK (under dial)



Now try the end-shake of the rack and lifting piece on their posts. If they lack freedom, see to it now. End-shake is given by reducing the thickness of the collet, if there is one, from the underside. If no collet is provided, file the top of the pipe a little, finishing off with a fine emery buff. Some of these parts are provided with a pipe at the bottom. In such instances file from the underside. Having removed the rack, lifting piece and the rack hook, remove the gathering pallet in the following manner. Place the ends of two pairs of pliers under the pallet and gently lever it up and away, as in Fig. 306. (Fig. 307 shows the striking mechanism under the dial, with the names of the parts).
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Fig. 308. French recoil escapement.



The next step is to examine the train: first the escapement. Apply a little pressure to the going train in the going direction. Hold the crutch with the fingers and cause the escapement to operate. Examine closely the depth of the locking; it should be as Fig. 308. If the escapement is too deep or too shallow, the depth can be adjusted by means of the eccentric pallet hole in the front plate. Before making any adjustments, first remove the pallets and examine the pads. If they are worn, polish out the wear in the manner described in Chapter Two. The pallets of French clocks are invariably left dead hard, so that all work must be done with a stone and oilstone dust, etc. A file will not touch the metal.

Next examine the end-shake of all the wheels and arbors between the plates. The amount of end-shake is difficult to convey here, but as a guide it may be stated that it is safe to allow about 0·20 mm.; a little more or very little less is not vital. The barrel arbor between the plates needs no end-shake at all : it should be just free to facilitate easy winding. The vast number of French clock movements are well made. One rarely, if ever, meets a movement where it is necessary to adjust the end-shake. The plates are substantial and made of hard brass, and if any adjustment is necessary it is usually the result of maltreatment at the hands of some repairer.


[image: ]

Fig. 309. Extending a pivot.



If adjustment is necessary, proceed as follows : to increase end-shake, sink the hole with a rose cutter. If the end-shake is in excess, examine the pinion or arbor, as the case may be, and see if the pivot shoulder has been turned back : if it has, a new part of the correct length could be fitted or the pivot cut off, the arbor turned down, an extension fitted and re-pivoted to the correct length (Fig. 309). This is a rather lengthy job, and if the work does not justify the time required, fit an extended bush to reduce the end-shake. The standard of craftsmanship is the deciding factor.

Next examine the side-shake of the pivots in their holes. To advise on this here is even more difficult than when dealing with the end-shake. The pivots should fit well but not tightly, and the holes should be quite round. If there is any indication that the hole is oval then it should be rebushed. Make a note of all holes that need rebushing. Remove the pallet cock—or, more correctly, back cock—and take the pallets out.

Place the movement on the edges of an upturned cardboard box, centre arbor downwards. Remove the hammer and bell standard; draw out the pillar pins and lift up the back plate. Lever it up carefully, first at one pillar and then another, with the thumb on the end of the pillar and the fingers easing the plate up. The pinions of French clocks are usually very hard and the pivots fine, especially at the end of the train, i.e., the fly and escape wheel. Any sideways movement of the back plate might endanger the pivots—they break off very easily. Having removed the back plate, take out the wheels with the tweezers. It is advisable to scratch on the intermediate wheel of the strike train (i.e., the wheel next the barrel) a small letter “S”; often these wheels of both the going and strike trains are the same or similar sizes. Also mark the strike barrel in a similar manner.
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Fig. 310. Box lid to hold parts.



Having removed all the parts from the front plate, turn the plate over and unscrew the two wire springs for the hammer and warning piece. Unscrew the rack and lifting piece posts, and place them in holes made in the lid of a box in the approximate positions they occupy on the plate (Fig. 310). It is a good practice to provide yourself with such a lid and keep it for this purpose when dealing with more complicated clocks. Springs with their screws and pins are removed and can be positioned on the lid to prevent confusion when assembling. Knock out the pin upon which the rack banks. A light tap with the hammer from the outside is generally sufficient. Remove the third wheel bar and also the centre and pin wheel bars from the back plate.

Mark the underside of these bars with an “S” for strike, “T” for third wheel, and “C” for centre wheel. Sometimes they are marked with one, two and three dots to coincide with a similar number of dots on the plate. It may so happen that the bars are interchangeable but the pivot holes will be of different sizes, and to have the bars in their incorrect positions when assembling can be troublesome if not dangerous.

These are all minor points and take less time to do than to write about them here; with a well-trained man they become automatic and in the end save time.

Examine all the pivots for wear and polish those that need it. Here greater care is needed than when polishing the pivots of a mass-produced English clock. The pivots of the English clock are more robust and in a great many instances soft. The French clock pivots are much finer and invariably hard; they break much more easily than the English pivots.
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Fig. 311. When the pivot is high there is a danger of making it tapered.
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Fig. 312. The correct position.



When polishing, it is advisable to use the pivot-polishing apparatus made by the lathe manufacturers. Here are one or two hints. The pivot should just stand proud in the groove of the jacot drum. If the pivot is high there is a danger of making it tapered (Fig. 311). Having selected the correct groove or bed, centre it up with the rod provided for that purpose. Place the pinion in position and bring the drum up until the pivot to be polished rests in the bed and the drum itself is just free of the shoulder (Fig. 312).
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Fig. 313. The set-up for polishing a pivot.



When all is ready, fix the drum. Use a pivot file, with plenty of oil, and proceed to file down the pivot. Although the pivot is hard, it is not dead hard, and the fine pivot file will make an impression. Hold the file down on to the bed and then cause the work to rotate at a fair speed and at the same time cause the file to move backward and forward fairly quickly. Keep an eye on the left-hand edge of the file and keep it as straight as possible; proceed thus until the wear on the pivot has been filed out. Fig. 313 shows the general fit-up while polishing a pivot.

Next burnish the pivot with a pivot burnisher. Clean the pivot bed and also the pivot itself. The burnisher is best sharpened or dressed on a curved surface. Some clockmakers use a block covered with a layer of lead on which carborundum is sprinkled. The coarseness of the carborundum determines the coarseness of the burnisher, and for French clock pivots use Aloxite grain quality E grit 60, made by Carborundum Co., Ltd.
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Fig. 314. Wooden block for burnisher.
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Fig. 315. How to hold the burnisher.



If a lead block is not available, stick a strip of emery paper No. 2 on to a curved piece of wood. The size of the block is approximately 9 or 10 inches long and 4 inches wide, and curved as in Fig. 314. To use the block, hold the burnisher with one hand holding the handle end and the fingers of the other hand holding the end. Use considerable pressure and sweep the burnisher backward and forward with a slow, steady movement. In this manner a flat surface will be obtained (Fig. 315).


[image: ]

Fig. 316. Section of the burnisher.



If you wish to make the burnisher, use an old file of not more than [image: ] inch wide — [image: ] inch is to be preferred — stone the side to an angle as shown and if possible stone the whole length to a slow curve on both edges as shown in Fig. 316. This is the ideal burnisher for pivots. The curved edge helps to keep the shoulder of the pivot square; it allows a certain amount of sideways movement of the burnisher during polishing; to keep a polisher absolutely straight while using a to-and-fro movement is very difficult. Practice will produce remarkable results even with a straight-edged burnisher.
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Fig. 317. Using an emery stone.



It is not advisable to dress a pivot burnisher on an ordinary buff stick; it is not possible to keep the active surface of the burnisher flat. The alternative is to use a flat-surfaced emery stone, in which case hold the burnisher as in Fig. 317. Use the burnisher in exactly the same manner as the file, and with plenty of oil.

After repolishing a pivot, it is advisable to try the part in the frame to see if the hole needs rebushing; after the removal of wear the hole is almost sure to be too large.

Having attended to all the pivots, rebush the holes where necessary. Instruction on this is given in Chapter Three.

Next give attention to the barrels. If the squares are worn, proceed as follows :—
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Fig. 318. Removing burrs from the square.
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Fig. 319. Filing up the square.



Place the flat stake in the vice and hold the arbor so that the square rests on the stake (Fig. 318) and, with a flat-faced hammer, hammer each of the flats of the arbor to remove any burrs. It is most important not to reduce the square unnecessarily. Having tapped the square to shape, file with a fine worn file. Hold the arbor in the left hand and let the square rest flat on a filing block held in the vice; hold the arbor lightly and the file firmly, use fair pressure and give the file a circular motion (Fig. 319); remove as little metal as possible. Finish each flat of the square off with a medium emery buff.
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Fig. 320. Finishing the end of the square.



The end of the square is finished first with an emery buff and then by polishing the end with a flat burnisher in the manner following. It is usual to hold the arbor in the left hand as in Fig. 320. The arbor could be held in a chuck in the lathe, in which case a continuous motion would be given to the end of the square, automatically kept square with the four flats of the square. To finish by hand, cause the arbor to rotate backward and forward half a turn and then change its position and repeat this turning movement.
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Fig. 321. Sharpening a burnisher.



While the arbor is rotating first buff the end of the square, giving the buff a slight twist as is indicated in the illustration. When the surface is clean and free from bruises, repeat the procedure with a flat burnisher. Sharpen the burnisher on a fairly coarse emery buff and smear a little oil on the surface before using. The burnisher is sharpened or made crossways, as in Fig. 321.

After the arbors have been finished, try the key on the square. It should fit comfortably. A key too large will wear the square, as it causes the sides to turn over and become rounded. This in turn necessitates redressing when the clock is repaired. One wants the squares as large as possible, consistent with good proportions. A key too small is dangerous, too. If it slips during winding, it could cause the clickwork to fail, when the mainspring would unwind with a bang and almost break the fingers of the person winding the clock. The key should fit fully the whole length of the square, with no free movement, but should be easy to fit on and to withdraw.

The end of the centre arbor is finished in a similar manner. It is assumed here that the standard of craftsmanship in the repair of the clock is of the highest. The ends of the squares and the centre arbor take no active part in the functioning of the clock. The clock would go just as well if these parts were left rough, but these are the parts the customer sees and by which among good craftsmen, one man recognises and appreciates the good work of another. Reputations are made and marred by what the other man says of your work.

Next we come to the finish of the screws. Usually in French clocks they are blue. If any of the screws are marked they should be cleaned up and re-blued. To do this is quite simple. Fit up the screw in the screw-head tool or in a chuck in the lathe and remove deep marks with a fine file or, if not very deep, with an Arkansas stone.
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Fig. 322. Bluing screws.



Finish the head of the screw with an emery buff, first with a medium coarse one, say No. 1, and then with a fine one, No. oo. Remove the screw from the tool, dip it into benzine and well brush until dry. Clean the slot with a piece of pegwood cut chisel shape. On no account touch the head of the screw with the fingers. It must be perfectly clean and free from grease. To blue, take a piece of brass plate about 3 inches by 2 inches and about [image: ] inch thick. Drill a series of holes through the plate, large enough to free the thread of the screws to be blued. Place the screws in the holes, heads uppermost. Hold the plate with a pair of flat-nosed pliers at one of the corners. Hold the plate over the flame of a spirit lamp or bunsen burner, moving it about in a circular motion, so as to distribute the heat evenly (Fig. 322). When the screws are coloured to a royal blue, remove from the flame immediately and turn the plate upside down to allow the screws to drop into a vessel containing oil. Remove the screws from the oil and clean in benzine.

Straightforward repair of the clock has been dealt with. Some further repairs likely to occur in a movement of this description will now be considered.

The instructions given here apply equally to the fitting of a new spring. If the spring is broken at the centre it is advisable to discard it and fit a new one. To rehook the outer end, first let the temper of the spring down for about [image: ] inches from the end. Drill a hole a half to three-quarters of an inch from the end. The end piece of spring acts as a brace and helps to equalise the uncoiling and consequently the force of the spring.
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Fig 323. The hole in the spring.
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Fig. 324. Correct spring hooking.



Open the hole out to the shape shown in Fig. 323. Open the hole as far as possible with a cutting broach and then file as shown with a three-square file. Round off the outer end of the spring and clean both sides which have been discoloured with a No. o emery buff, leaving the grain lengthways. With the round-nose pliers, bend the end of the spring to the same curvature of the barrel (Fig. 324). This ensures the spring hooking correctly on to the hook. Nothing is more provoking than to find that the mainspring hooking slips after the movement has been assembled.

When selecting a new spring, there are one or two points to consider. The maximum number of turns are obtained if the diameter of the barrel arbor is one-third of that of the interior of the barrel and the mainspring occupies one-third with one-third space. If this condition is observed the outer coil of the spring when fully wound will occupy the position of the inner coil when the spring is run down. The number of turns the barrel will make equals the difference between the number of coils when fully wound up and run down. For instance, if there are 15 coils when run down and 25 when fully wound up round the arbor, the barrel will make 10 turns : 25 – 15 = 10.

For the mainspring to unwind evenly, without jerks, it should be highly polished and free from thick grease. When repairing a clock, always remove the mainspring and clean it well with a linen rag dipped in benzine.

Draw the spring through the rag until quite clean and then dry well with another rag. If the spring is set, do not hesitate to exchange for a new spring. The correct functioning, i.e., even transmission of power, without jerks, is most important to French clocks, especially those fitted with a light pendulum; this equally applies to clocks fitted with a cylinder escapement; the mainspring very much controls the pendulum and the balance of the cylinder escapement, and therefore the timekeeping of such clocks. Correct oil and oiling is also an important factor.

The removal and winding in of the mainspring is important; great care must be taken not to distort the spring in any way. These comparatively light springs should always be wound in with a mainspring winder. When removing the spring hold with brass-lined pliers as far away from the centre as possible; the centre coil is sure to be soft. When the spring is in position, do not mark the edges of the spring with a screwdriver or other tool when removing the cover; the spring is likely to break if so treated.

Sometimes the small pin holes of post pins and the hand collet hole burst, due to excess of force when replacing the pin. The method of repair is to drill a new hole just below the old one, file the old hole away and round up the end and finish. The endshake of the part working on the post must be adjusted. This is achieved by reducing the pipe of the part and by reducing the thickness of the hand collet in the case of the centre arbor hole.
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Fig. 325. The drill.
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Fig. 326. Fit-up for drilling.



It is not considered good craftsmanship to fit a new pivot. If the old one is badly worn, turn up a new pinion or arbor. If, however, a pivot is to be fitted, for economy, proceed as follows : first stone away the old pivot and leave the end of the arbor flat. Let the temper of the arbor down to a light blue. Select a drill as Fig. 325, a little larger in diameter than the diameter of the new pivot. Fit up the drilling attachment in the lathe as Fig. 326. Select a hole in the drilling plate into which the drill will just fit. Centre up with the pump centre. Fit up the pinion, or arbor, as Fig. 326. Apply plenty of oil to the cone end of the drilling plate and drill a hole to a depth of at least equal to the length of the new pivot. Make the work rotate at a moderate speed and apply fair pressure to the drill and at the same time cause the drill stock to rotate backward and forward about half a turn. Withdraw the drill occasionally and re-insert. This action carries oil to the active part of the drill and at the same time removes swarf. When the hole is drilled to the correct depth, remove from the lathe.
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Fig. 327. Tapping home the new pivot.
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Fig. 328. Burnishing.



Next file up a piece of blue steel, the diameter of which is a little larger than the diameter of the new pivot. File to a slight taper until the wire enters the hole for about one-third the depth of the hole. File the end of the wire flat. Cut off about [image: ] inch of the filed end. Dip into dry oilstone dust. When the pivot is driven into the arbor, the oilstone dust will key into the sides of the hole and the new pivot will be held firmly. Fit arbor upright, either on a steel stake, or held between copper jaws in the vice. Place the new pivot in position and, with a light hammer, tap it home (Fig. 327). Nip the pivot off to its approximate length with the cutting pliers and then file and polish the pivot on the jacot drum. As already explained, the end of the pivot is rounded up and burnished in a lantern runner (Fig. 328). Remove the blue from the arbor with a No. 000 emery buff and burnish.

If any of the arbors are rusty or in other ways disfigured proceed as follows : First scrape the rust away with a scraper (Fig. 126 page 88).

Fit up the lathe and polish the arbor with emery buffs, finish with a No. 000 buff. Polish the arbor with a boxwood slip charged with diamantine. Flat steel parts are re-finished on a fine emery stone, not an emery buff.
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Fig. 329. Wheel and pinion marked.



ASSEMBLING

After repairing and cleaning, the movement can be assembled. First screw into position all the small bars and knock into their places the rack and hammer banking pins. Next assemble the barrels (see Chapter Four). Place the front plate on the edges of an upturned cardboard box. First place the centre wheel in position, then the two barrels and the rest of the trains, not forgetting the lifting and hammer arbors. Usually the pin wheel and stop wheel pinion are marked—a dot on the pin wheel and one of the leaves of the stop wheel pinion with its corner stoned away. This cut leaf is made to intersect the two teeth (Fig. 329).

This ensures that when the strike train is arrested the hammer pin is in such a position that the train has the longest run possible before a pin on the pin wheel lifts the hammer.

With all the train, etc., in position, guide the back plate into position. Take great care to manœuvre the pivots into their holes; remember they are hard and break easily. When all the train, etc., is in position, fit two pillar pins into position lightly. It may be necessary to remove them to adjust the train to make the striking correct. Apply a little oil to the barrel arbor holes (square end) and fit the ratchets, clicks and springs. Wind the mainsprings up one turn to make sure that they hook correctly. Now fit the two long hammer and detent springs into position. Move the stop wheel round until its pin banks on to the detent. Held in this position, the pin on the warning wheel should be under the fly pinion, or very near to it. This is to ensure that when the lifting piece releases the striking train, the warning wheel will run for half a turn before it is arrested by the warning piece. If the warning pin is not in the desired position, the back plate must be unpinned and the part nearest the fly lifted sufficiently to disengage the warning wheel pinion from the stop wheel and the warning wheel moved round until its pin is opposite the fly pinion.

Pin up the plates and try the striking again. Continue until the desired result has been obtained. When all is in order pin up the plates fully and tap the pins home with a light hammer. Try the end-shake of all the train wheels, etc.; it is rather late in the day to make any adjustments now, as they should have been done before the movement was dismantled, but it is a good habit to check them.

Next fit the lifting piece on to its post. Apply a little oil to the post first, then the cannon pinion, first oiling the centre pivot and also giving a little oil to the centre arbor. Now place the minute and hour wheels in position and arrange that the dots marked upon them coincide (Fig. 307, page 161). Screw the minute wheel cock into position. If these three wheels are not marked, it may be necessary to adjust the insertion of the wheels so that the correct number of hours are struck. For instance, at 12 o’clock the rack will drop so that twelve blows are struck and that at 1 o’clock the snail is in such a position that the rack will drop only sufficiently to allow one blow to be struck. A correctly marked clock saves a lot of time.

Now fit on the rack and the rack hook. Lift the rack up so that the rack hook holds it up to its full extent. Wind the strike train up a little; the detent will arrest the stop wheel and, while in this position, fit the gathering pallet on to its pivot so that the active part of the pallet is at right-angles to the teeth of the rack, i.e., the pallet must rotate half a turn before it contacts the rack. (See Fig. 307, page 161.)

The movement can now be fully assembled and oiled. When all is ready for fitting into its case, see that all finger marks are removed from the movement.

Just a word about the hammer; it is important that the tone of the bell or gong should be good. A pin is fitted into the plate for the boss of the hammer stem to bank upon; see that this pin does contact the stop on the boss; it helps to make the tone sweeter. The hammer head should not touch the bell or gong when at rest; it is the springiness of the hammer stem which, by reason of the stop, causes the hammer to strike and then immediately to leave the bell or gong and allow the resonance or vibration its full effect. Breguet, the celebrated watch and clock maker paid great importance to this free vibration. A softer and more melodious tone can be obtained by drilling up the hammer head and fitting a piece of pegwood to strike the bell or gong, or for a more muffled tone, fit a piece of leather. Make sure the bell or gong is fitted very firmly and that the hammer head and stem are firm, to avoid a metallic tone.

BROCOT ESCAPEMENT

Some French clocks are fitted with a Brocot or pin pallet escapement. For it to be correct, it should appear as in Fig. 330.
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Fig. 330. The Brocot or pin pallet escapement.



It will be noted that the flat parts of the pallets are radial from the centre of the escape wheel; or, in other words, the escape wheel teeth drop on to the centre of the semi-circle of the pallets. The pallets should be at right-angles to the pallet arms into which they are fitted. Pin pallets are made of either garnet or steel and are usually held in position with shellac, so that if the escapement does not conform to the conditions mentioned, it can be made to do so by applying a little heat and moving the pallets as required.
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Fig. 331. Adjustment faults. Below B and above A is a safe depth.



This escapement, if correctly set, is a dead beat escapement, i.e., when a tooth has dropped on to a pallet the escape wheel remains stationary and should not recoil. If it is not correct—the pin pallets not upright from the pallet arms—the escape wheel will recoil slightly. If the teeth drop on to the pallets below the centre line of the pallets, then the wheel will recoil. As the pendulum continues to vibrate it will cause the pallets to push the escape wheel backwards, thus causing loss of impulse. If the escape wheel teeth drop on to the pallets too deeply, i.e., beyond the centre of the pallets, then the arc of vibration of the pendulum will be too great and the power of the mainspring, will not be able to keep it up. If the flat part of the pallets is not set radial to the centre of the escape wheel, then the pendulum will not receive the full impulse, and the escape wheel teeth will drop off the pallets before the full impulse has been imparted. If, on the other hand, the pallets are twisted round, apparently to allow more impulse, then the escape wheel will not escape. The illustrations (Fig. 331) show the various faults this escapement is heir to.

LOCKING PLATE STRIKE

The locking plate striking mechanism (Fig. 332) has long since been obsolete, but as there are many thousands still passing through workshops for repair, and likely to be for many years to come, it will be dealt with here.
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Fig. 332. The locking plate striking mechanism.



The striking train is similar to the rack clock, with the difference that the number of blows to be struck is controlled by a locking plate. When assembling after repair, the points to be observed are as follows. The wheels between the plates are assembled as marked, as already explained when discussing the rack system. Sometimes the square on to which the locking plate fits is marked so that it can be fitted in its correct position. If it is not, try the striking out and see that as the knife-edged locking lever drops into a notch the train is arrested almost immediately. The necessity for this is that the notches are wide and allow for the striking train to be released and stopped after one blow has been struck for the half-hour. If, for instance, the locking plate travelled far after the hours had been struck, so that the knife-edge piece was, say, halfway along the notch, then when the hours are to be struck the locking plate could lift the locking lever; this may allow the hammer to lift or at least to lift on the warning. For the hammer to lift on the warning is objectionable for the reasons mentioned in another chapter. Should the striking not be satisfactory, try the locking plate on another square, and continue thus until the locking lever drops into the slot and the striking hour is arrested almost immediately. It is advisable to try out all the trains and half-hours before finally fitting on the dial.

It is important that the clock should start to strike both the hour and the half-hours at the exact minute, i.e., on the minute, not half a minute fast or slow. If the error is small it can usually be corrected by turning the collet in the minute hand slightly—that is, assuming the same error exists at the hour and the half-hour. Should the drop-off be correct at the hours and say half a minute fast at the half-hours, then the pin on the cannon pinion (the half-hour pin—the one nearest the centre) must be bent backward. Make sure not to bend the pin too near or too far away from the centre, or this will affect the extent of the lift of the lifting piece.

TING-TANG

Ting-tang clocks strike two notes, one low and one high, to denote the quarters, and the hour is struck on one note without the quarters. One ting-tang at the first quarter; two at the half-hour; three at quarter to the hour. More often than not these clocks are of German manufacture, and closely resemble the French clocks of which they are a copy. The assembly of the train between the plates is precisely similar to that of the French strike which has been described—that is, the points in connection with the intersection of certain teeth with pinion leaves to get the striking right apply to them.

A difference is that there are two hammer arbors which are operated upon the same pin wheel. The snail is the same as on the French strike, except that the highest point (one blow) is notched to allow the rack tail to drop to allow one, two and three ting-tangs to be struck. The cannon pinion has four pins set at different distances from the centre so that for the first quarter one tooth of the rack is allowed to pass the rack hook and therefore one ting-tang struck; at the half-hour two teeth pass the rack hook and two ting-tangs struck; and at the quarter to, three teeth pass. At the hour the lifting piece lifts the rack hook higher and clear of the three quarter teeth on the rack, and the rack drops until it is arrested by the rack tail contacting the snail and the hours are struck. At the hour a pin in the minute wheel contacts a lever which lifts the high note hammer clear of the pin wheel so that the hours are struck with a single hammer.

The motion work is marked in a similar manner to that of the French strike and, if assembled correctly, the correct number of blows will be struck and the one hammer lifted out of the way at the correct time. If the motion work is not marked, then it is quite a simple matter to test for each quarter and the hour and adjust as required. The points to be watched are that the correct number of blows are struck at each quarter and the correct number of hours at each hour. As the train is released for the warning at the hour, the minute wheel should begin to lift the lever to disengage one hammer and by the time the cannon pinion rotates to release the train for the warning of the first quarter, the lever will have returned to its normal position and the two hammers will operate again at the quarters.
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Fig. 333. A typical ting-tang quarter movement.



The illustration, Fig. 333, shows a typical ting-tang quarter movement.

CARRIAGE CLOCKS

The majority of carriage clocks are of French manufacture, and the types of movement under the heading include timepiece, alarm, striking, repeating, and grand sonnerie. The grand sonnerie or full strike is where the clock strikes the quarters at each quarter and the hours, and repeats at will the last quarter and then the hour. There are clocks with a combination of functions such as striking and alarm, repeating and alarm, and grand sonnerie and alarm. No provision is made in repeating clocks for setting the hands backwards.

As the timepiece is common to all these movements, it will not be specially dealt with. The points mentioned when cleaning the French strike movement, and the instructions given later when dealing with the platform escapement apply also to the carriage timepiece.
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Fig. 334. Non-repeating striking clock fitted with a platform escapement.



The non-repeating striking clock is almost exactly similar to the French striking clock already discussed; the difference is its shape and the fact that it is fitted with a top platform escapement. (Fig. 334.) A point does, however, arise in connection with the assembly. With the French strike, half a turn run of the warning wheel is advised; but with the carriage strike a quarter of a turn run is better. The mechanism of these clocks is finer and if half a turn run is allowed it may cause the hammer to lift, which must be avoided at all cost.

REPEATING CLOCKS

The repeating type of mechanism differs from the non-repeating strike inasmuch as there is no warning. The reason for this is that the warning occupies up to five minutes before the hours. If the repeat is operated while the warning is in operation no hours at all can be struck, as the train is arrested by the warning piece and will not be released until the lifting piece drops off the pin on the cannon pinion. Another difference is that the snail is attached to a twelve-toothed star wheel.
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Fig. 335. The layout of the average repeating clock.



Fig. 335 shows the layout of the average repeating clock. As the cannon rotates, a pin contacts the lever A and as this is drawn back it drops down the step cut into its end. When the lever is released, the step contacts the pin B on the rack hook C, knocks the rack hook out of position, and releases the rack and the striking train simultaneously. The half-hours are struck by a pin on the cannon pinion releasing the rack hook, and therefore the train, but the rack is held by the lever D and one blow only is struck. The lever D is lifted out of the way by a pin on the wheel E so that the rack is free to fall at the hours and when the clock is made to repeat by depressing the lever F. The repeating lever releases the rack hook, the striking train and the half-hour lever.

A long pin attached to the repeating lever arrests the fly should the repeating lever be held down for a longer period than is necessary to release the rack. If it were not for this pin the train could be released and the clock would start to strike before the rack hook was in position to hold the rack as it is gathered up by the gathering pallet; in these circumstances an incorrect number of blows could be struck. The assembly of the train is similar to that of the strike movement, except there is no pin on the warning wheel to consider.

The star wheel jumps exactly at the hour, i.e., it begins to move at some minutes before the hour, and there is no movement after the hour. The wheel E is assembled in such a position that the half-hour lever is free of the rack at the hour.
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Fig. 336. The hoop wheel.



Some repeating clocks are fitted with a hoop wheel with a segment cut out, so that at the hour the star wheel is free to rotate. The cut-away portion allows the teeth to pass. At other times the teeth will contact the rim and the wheel will be kept in its correct position. The object of this hoop wheel (Fig. 336) is to prevent the star wheel being jumped backward or forward should the clock receive a shock. It is important when assembling to see that the hoop wheel is so geared that at the hour the cut-away portion of the rim gives the star wheel freedom.

ALARM

The alarm mechanism of the carriage clock is very simple. (Fig. 337). There is nothing to go wrong in the assembly of the train; the only thing is the correct positioning of the hands. To set the alarm work right, wind up the alarm mainspring. Set the hands of the clock to 12 o’clock, and at this point set the alarm train free, then place the alarm hand in position pointing to 12 o’clock. Try the accuracy of the alarm. Set the alarm to go off at 1 o’clock, wind the alarm mainspring and turn the hands of the clock to 1 o’clock, when the alarm should be released. If the alarm goes off either before or after the hour it is better to ease up the minute hand and move it to the hour and then make it secure. Usually the small amount it is necessary to move the minute hand does not affect the position of the hour hand. If, however, the hour hand does not synchronise with the minute hand after moving it, then the hour hand must be moved to its correct position.
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Fig. 337. Alarm mechanism of the carriage.



GRANDE SONNERIE

The grande sonnerie is a full strike, or “grand strike.” It strikes the hours and the quarters at each quarter; the quarters are sounded on two gongs, one high and one low tone, similar to the ting-tong previously described.
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Fig. 338. The grande sonnerie, a full strike.



The movement is similar to the repeating clock, with the addition of a quarter rack; a quarter snail fitting with a surprise-piece, as is fitted to most repeating watches; two hook-shaped pieces, one fitted to each of the two hammer arbors; a lever to control the position of the two hooks; and a lever to determine whether the strike shall be silent, to strike the hours and the quarters, or to strike the quarters only. At the hours the action is similar to an ordinary repeater; the lever A (Fig. 338) is moved to one side by a pin on the minute wheel and this allows the hour rack to fall until its tail contacts the hour snail. At the quarter, and for the two succeeding quarters, this lever comes into operation and the hour rack cannot operate; the quarter rack falls on to its snail, the train is released and the gathering pallet—which is a double one : one pallet for the hour rack and one for the quarter rack—gathers up the quarter rack and while so doing the pin on the hour rack lifts up the lever B so that the hooks C attached to the hammer arbors are free to fall and so the hammers strike the gongs.
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Fig. 339. A. Position after striking the hours. B. Position after striking the quarters.



If the full strike is in operation, a lever contacts the pin in the lever A and holds it away so that the hour rack is free to fall, and then at the quarters both the hour and quarter racks fall on to their respective snails. The train is released and as the pin attached to the hour rack is free of the lever B, this lever drops and obstructs the lower hammer, leaving the upper hammer only free to strike. It is this hammer which strikes the hours on the lower-toned gong. (Fig. 339.)

When the hour rack has been gathered up and the hours struck, the lever B is then lifted by the hour rack. This rack is lifted at each revolution of the gathering pallet while the quarters are being struck. The extra lift which raises the lever B gives both hammers freedom to strike the ting-tangs. It will be noted that while the hours are being struck, the high-tone hammer is lifted but its head is not allowed to contact the gong—it strikes a “dummy blow”.

The quarter snail surprise-piece comes into action at the hour. Usually there are two pins fitted to the surprise-piece; one contacts the hour star wheel, and as it moves the wheel forward the jumper eventually takes control and jumps it forward and in so doing the back of the second pin on the surprise-piece receives a blow from the oncoming star wheel tooth and this jerks the surprise-piece forward. The purpose of this piece is to ensure that exactly at the hour the quarter rack cannot drop, and hours only are struck. It is important that, as with the repeating watch, no oil should be applied to the surprise-piece; the contacting surfaces are large and any oil between them would cause the light surprise to drag and the flirting effect on the star wheel would not operate. The assembly generally is similar to the repeating movement; there are several more pieces, and their operation should be obvious.

One or two points are, however, to be noted. The gathering pallet should be so placed that it has a quarter of a turn run before it starts to gather up the rack. The minute hand should be exactly at 12 o’clock when the lever drops off to release the train and the star wheel should jump forward at the same moment.

Great care is necessary during cleaning to ensure that none of the parts are bent; other than this, if the same care is exercised as when dealing with the repeating clock, little difficulty will be encountered. A point to remember is that, as with the repeating clock, no provision is made to enable the hands to be turned backwards.

Many carriage clocks are fitted with stop work to the going barrel; usually to allow for five turns of running. To replace correctly, screw the star wheel in position, then wind up the mainspring fully and count the number of turns. If there are eight turns, wind the spring up one and a half turns and place the finger piece in position so that it butts on the star wheel block and holds the spring wound up. Then we have the five centre turns for use and one and a half turns left when the clock has run down.


CHAPTER SIXTEEN

CARRIAGE CLOCK ESCAPEMENTS

THE ESCAPEMENTS of carriage clocks are generally either lever or cylinder. A few are fitted with the chronometer escapement and some with the Ganier escapement, but these two are so rare that they need not be considered here. The lever escapement is too big a subject to go into deeply here, but it has been dealt with fully in Practical Watch Repairing. The cylinder, or horizontal, escapement is treated more fully.

The correct method of fitting a platform escapement is to fit the platform into position with the escape wheel only assembled; the lever, in the case of the lever escapement, and the balance, in the case of the horizontal escapement, is assembled after the platform has been planted and fixed securely.
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Fig. 340. Contrate wheel teeth in section. The top ones have been thinned.



The contrate wheel form of gearing is, at its best, unsatisfactory. Let us examine it for a moment; assume a contrate wheel of 80 and an escape wheel pinion of 8, ratio of 10 to 1. The diameter of the active part of the wheel should be ten times larger than the diameter of the escape pinion. The teeth are formed at right-angles to the wheel, therefore the lower part of the teeth engage deeper with the escape pinion leaves than the upper part, or outer edge, of the wheel. The reason is that the teeth are not formed to conform with the curve of the wheel. This incongruity can be minimised if the teeth are formed so that the active part of the teeth (i.e., the epicycloidal curve) is made as thin as is consistent with strength. Fig. 340 illustrates this point. The top illustration shows the teeth made thin and the lower one teeth of the normal thickness. When assembling the platform, first see that the contrate wheel has the minimum end-shake, then place the platform in position and screw down lightly. Observe the depth of the contrate wheel and pinion and see that the depth is good.
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Fig. 341. Holding the escape wheel pivot with pegwood.
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Fig. 342. Adjusting the contrate depth.



Hold a blunted pegwood on the pivot of the escape wheel to steady it (Fig. 341), and with a finger move the contrate wheel steadily, observing the cycle of contact with the pinion. When you are satisfied that the depth is as perfect as possible screw the platform down tightly, then wind the mainspring up one click; the train should run freely and with little noise—deeply engaged contrate wheels are noisy. If the train is not perfectly free tap the platform with the side of a clock brush to make the depth slightly more shallow, without loosening the platform screws (Fig. 342). When all is in order, complete the assembly of the escapement.

[When the movement is in its case, test the striking and observe that the tones of the gongs are true, with no metallic ring. If there is a metallic note, it is usually due to a loose glass. While the clock is striking, hold each glass in turn; when the metallic noise stops, make that glass tight by packing with cork. Cut thin strips and tuck them between the glass and the frame with the blade of a knife.]

The balance and its spring have been dealt with at some length in Practical Watch Repairing. There are, however, problems which confront the repairer of clocks which have escapements fitted with balances. The greatest is, probably, to make the clock keep steady time during each of the seven days of its run. The question of poise of the balance does not arise if the clock is provided with a top escapement and it is kept perfectly horizontal. But if the clock is used as a portable timepiece and is likely to be tilted to one side, then the poise of the balance is vital.

In the case of clocks fitted with hanging escapements, the poise of the balance is then of some importance. The majority of carriage clocks are not now used as travelling clocks, but even so it is advisable, as a general practice, to see that the balance is in poise. Usually eight-day clocks are inclined to lose towards the end of the week; the first three or four days may be steady, but the last three or four days bring a losing rate. This is due to the action of the balance falling off with the diminution of power of the mainspring.

It is good practice when assembling the escapement to leave the index pins close, with no perceptible movement of the balance spring between the pins. The spring must, however, be free, otherwise the pins will buckle it when the index is moved. If it is then found that the rate of time-keeping does vary excessively after, say, four days, then an adjustment to the index pins can be made to correct this. The principle of this adjustment is as follows. Say the pins are opened so that the balance spring bears against one pin; when the arc of vibration of the balance is large the spring will leave that pin and the whole length of the spring will be effective. (A losing rate.) As the arc of vibration of the balance diminishes the spring will not leave the pin so readily and a period will be reached when the spring will not leave the pin at all (a gaining rate), and the effective length of the spring will then be from the pin only. It will be seen from the foregoing that a ready form of isochronous adjustment is possible. This form of adjustment is fully explained in Practical Watch Repairing under “Positional Adjustments”.

The extent to which the spring is made to bear against the pin controls the extent of the adjustment. It is possible to make the spring adjust itself for a variation of up to about five minutes from the fully wound to the almost run-down condition of the mainspring.

While the poise of the balance is not very important in the top escapement, the necessity for its being in beat is desirable.

CYLINDER ESCAPEMENT

The cylinder escapement, also known as the horizontal escapement, is frictional rest, in that the balance is at no time free of the influence of the escape wheel; the teeth of the wheel are constantly in contact with the cylinder. It is for this reason that the even transmission of power by the mainspring is important; the mainspring controls the balance to a much greater extent than in the case of the lever escapement. This has been discussed with the mainspring in the section dealing with the French striking clock.
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Fig. 343. Cylinder escapement.



In the instance of the carriage clock, the escapement is best examined while in position on the movement. Hold the contrate wheel with the first finger of the left hand and gently impel it forward. While doing so, move the balance with a pair of tweezers held in the right hand. Hold the balance steadily and move it slowly until a tooth drops off one of the lips. We shall assume the tooth has dropped off the entry lip on to the inside of the cylinder shell, as in Fig. 343. Now reverse the direction of the balance and note particularly the amount the balance is moved before the escape wheel begins to move again. The extent of movement of the balance between the moment the In the instance of the carriage clock, the escapement is best examined while in position on the movement. Hold the contrate wheel with the first finger of the left hand and gently impel it forward. While doing so, move the balance with a pair of tweezers held in the right hand. Hold the balance steadily and move it tooth dropped to the time the wheel starts to move indicates the depth of the cylinder into the escape wheel. The balance should move through an arc of 5° before the tooth unlocks and starts to give impulse.
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Fig. 344. Scratch mark for adjustment.



Sometimes it will be observed that three dots are marked on the balance, the centre dot and one on each side of it each 5° from the centre. If a fixed point is noted on the plate immediately below the centre dot, a more or less accurate 5° locking can be determined. Try all the teeth, both on the entry and exit lips, to ensure that the locking is correct. If the locking is too shallow or too deep, the chariot carrying the balance can be moved. Before making any adjustment, make a short scratch mark from the chariot on to the plate (Fig. 344) so that the amount by which the chariot has been moved can be seen. Assume the escapement is too deep, the locking is in excess of 5°. Loosen the chariot screw and move the chariot slightly away from the escape wheel, tighten the screw, and test. It is not necessary to remove the balance cock from the platform but it is, of course, necessary to remove the platform from the movement.
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Fig. 345. Cylinder too low.



While testing the locking, observe that the escape wheel does not move, except when giving impulse. If the cylinder is too low, the edge (Fig. 345) of the cut-away can foul the body of the escape wheel and cause the escape wheel to reverse slightly. To correct this, the cylinder must be raised or the escape wheel lowered. Usually it is more simple to raise the cylinder. This can be done by knocking the lower cylinder plug out a little and knocking the upper plug in by the same amount, to correct the end-shake.
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Fig. 346. 1. Drop on to inside of shell; 2. Balance continues in same direction; 3. About to leave exit lip; 4. Impulse to balance by exit lip; 5. Drop on to outside of shell; 6. Balance continues in same direction; 7. About to leave by exit lip; 8 Impulse to balance on entry lip; 9. Tooth about to drop on to exit lip and so complete cycle.



Next test the inside and outside shake of the escape teeth to ensure that the wheel is of the correct size. When a tooth has dropped on to the entry lip, reverse the balance slightly, not sufficient for it to unlock; hold the balance in this position, and with a pair of tweezers try the shape of the escape wheel so that the point of the entry tooth banks against the entry lip and the heel of the exit tooth banks against the outside of the exit lip (Fig. 346 (5)). Then arrange so that an escape wheel tooth drops on to the exit lip. Reverse the balance as before, and try the shake (Fig. 346). The amount of movement of the tooth outside and inside the shell of the cylinder should be equal; this also indicates that the drops are equal. If the outside shake is in excess of the inside shake, it indicates that the escape wheel is too large; and if the inside shake is larger, that it is too small. Provided that the difference is not great, it is not necessary, as a rule, to make any alteration. But if the inside shake is tight and the outside shake excessive, it is essential to change the cylinder for one larger in diameter. (Fig. 346 shows the action of the cylinder escapement.)
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Fig. 347. Correct (top) and incorrect banking.



The banking of the cylinder is most important. See that the pin on the balance contacts the pin in the balance cock squarely, as in Fig. 347. There should be no doubt about this; if the pin on the balance is a little too short it could become wedged and so bind the balance, as in the lower sketch. To correct, fit a new pin to the balance. To bend the pin in the balance cock towards the balance may endanger its freedom.

TO CLEAN THE ESCAPEMENT

The cylinder platform escapement is usually of gilt or polished brass. If it is gilt,-clean it in benzine by hand; do not use the cleaning machine, as this method causes the gilt to turn brown after a short while. For instructions on cleaning, see Practical Watch Repairing. The shell of the cylinder is cleaned by drawing a piece of pegwood, sharpened to a long thin chisel shape, up and down inside, and along the edges. All traces of thickened oil must be removed (Fig. 348). The escape wheel teeth are cleaned by rubbing them with a piece of pith. Hold the wheel between finger and thumb as described in the section on burnishing, and use the end of the pith as you would a brush. If the platform is made of polished brass, then clean with a felt buff charged with a brass polish. Wash well in benzine, and brush with a soft brush to lustre the polish.
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Fig. 348. Cleaning the cylinder escapement.



To oil the cylinder escapement, apply a little to the top of every other tooth, as the escape wheel is rotating. The correct amount of oil will find its way to the edges of the teeth and to the lips of the cylinder; the pivots are oiled in the usual manner.
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Fig. 349. Burnishing the lips of the cylinder.
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Fig. 350. Burnishing active edges of escape teeth.



If the lips of the cylinder are worn it is usually better to change it for a new one. The action of the cylinder escapement can be improved by burnishing the lips of the cylinder as indicated in Fig. 349, and burnishing the active edges of the escape wheel teeth as in Fig. 350
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Fig. 351. Ready-made cylinder.
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Fig. 352. Height gauge.



Cylinders are purchased ready-made at the tool-shop. They are supplied with the plugs fitted (Fig. 351), and it is necessary to turn the pivots only. The height gauge (Fig. 352) is useful for determining the distance the lower edge of the shell should be from the end of the lower pivot.


CHAPTER SEVENTEEN

ENGLISH FUSEE BRACKET CLOCKS

UNDER THE heading “English Clocks” are included the fusee movement, in the case of bracket and similar clocks, and weight-driven long-case and other such clocks. This section concerns the repair of timepiece, strike and chiming bracket clocks.

Instructions have been given in Chapters Ten to Fourteen on how to make a fusee timepiece movement, and in order to expand the subject details will be given here of the repair of a fusee timepiece movement, fitted with a line; the type of clock usually termed an English dial.

Having removed the movement from its case proceed first to remove the motion work and then to examine the escapement. If the mainspring has run down, do not wind it up but apply a little force to the third wheel, while checking the depth of the pallets into the escape wheel. The penetration should be 4° on each pallet (see Fig. 249, page 135). Try all the teeth on each pallet. If the depth is shallow, as it is likely to be, because of wear, test the side shake of the escape wheel pivots and the pallet arbor and if they are wide do not attempt any escapement repair until the worn holes have been rebushed. See Chapter Three for instruction on rebushing holes.

Assuming the holes are not wide and the escapement is in need of correction, place a piece of pegwood in the crossing of the escape wheel and work the pallets backward and forward until the escape wheel is bound by the pegwood, then remove the back cock and the pallets. Examine the pads of the pallets to see if they are worn. (It is important and advisable always to form the habit of associating the screws with the particular parts they belong to as the movement is taken to pieces. This habit can save a lot of time eventually). If they are worn, proceed to remove the wear and adjust as described in Chapter Two.

Having corrected the escapement, let the mainspring down. The only way to do this is to let the train run, that is assuming the mainspring is wound up. It is not possible to let the mainspring down as was done with the going barrel mainspring. The mainsprings of fusee clocks are very strong and it would be highly dangerous to attempt to release the barrel click.

If the spring is wound to such an extent that it is necessary to let the train run for some time, it is advisable to apply oil to all the train holes first. As the movement is in need of repair the oil is almost sure to be dried up and to let the train run at some speed, and for a long time, in such a condition can cause damage to the pivot, especially the fast-running ones.


[image: ]

Fig. 353. The mainspring is “set up” and has to be released.



When the train has fully run down, i.e., the chain or line is wound on to the barrel, there is still some power left in the barrel as the mainspring is or should have been, “set up”. Unscrew the barrel click screw a little and attach the hand-vice to the square of the barrel. Wind the mainspring up a trifle, so as to release the click and move it away from the ratchet (Fig. 353). Hold the hand-vice firmly and allow the barrel arbor to reverse slowly. It should rotate about three-quarters of a turn. If the movement is fitted with a chain it can be unhooked from the barrel; if it is fitted with a line, the fusee and barrel are eventually taken from the frame with the line attached.

With all the power off, the movement can now be examined further. First test all the pivot holes for wear. Make a note of those needing to be rebushed. Then place the movement, front plate uppermost, on the edges of an upturned box. Unpin the front plate and ease the plate up from the pillars, a little at each pillar at a time. When the plate is free, lift up and away from the frame. Remove the wheels one at a time and examine the pivots. If they are worn, repolish as explained on page 24. Examine the pinion leaves for wear and if the escape pinion particularly is worn do not hesitate to correct it. There are two methods of correction, one, and possibly the most correct method, is to fit a new pinion, and the other, which is quite legitimate, is to shift the action of the next wheel on the pinion.

As already explained on page 128, the collet to which the wheel is riveted is soft soldered to the pinion arbor and it is only necessary to fit a new collet in the correct position to allow the wheel to engage in an unworn part of the escape wheel pinion. Some clockmakers are tempted just to shift the collet with the wheel attached to its new position and not to fit a new collet. This procedure may be successful but the collet was left a loose fit originally to allow for the solder, and it may well be that a wheel so moved will not run true, causing unequal depthing.

Having polished all worn train pivots and rebushed the holes, corrected the escapement and completed what repairs are necessary, the movement can now be cleaned. For this purpose the fusee is taken to pieces; the barrel cover is prised up with a screwdriver and the barrel arbor removed. Generally it is not advisable to remove the mainspring. These springs are very strong and it requires a large mainspring winder to wind them into the barrel. It is not always necessary to remove the line; if the movement is fitted with a chain it is removed as already mentioned. Should the line show signs of wear, i.e., be slightly frayed, cut the old line away and fit a new one. The fitting will be described when assembling the movement.

There are four methods of cleaning :—

1. To wash out with benzine or petrol only.

2. To clean with a metal polish such as Globe polish.

3. To clean with rotten-stone and oil.

4. To clean as No. 3 and paper the back plate.

Method 1 is a “cheap” job; it is as efficient as the other methods, but not considered good craftsmanship. Method 2 is perhaps the most popular to-day and the procedure is as described when cleaning the French movement (Chapter Fifteen). Some clockmakers clean the train of French clocks in a cleaning solution—“soup”—but for English clocks, which are coarser, the train should be scrubbed with the grease brush, i.e., with metal polish or rotten-stone and oil.

Method 3 is the same as 2, but rotten-stone, a natural mineral found in Derbyshire, is used. Rotten-stone is sold by material dealers in blocks and it can be used by dipping the cleaning or grease brush first in oil and then wiping upon the rotten-stone block. The better method is to grind some of the rotten-stone into a paste with oil and use it in much the same manner as when using Globe polish. To obtain a higher polish rouge can also be added.

With both the abrasive methods of cleaning, the teeth are well scrubbed and also the flats of the wheels, the pinion arbors, the fusee and barrel, taking care not to touch the line. The plates are cleaned by straight-graining.

Whatever system of cleaning is employed, the parts are finally washed in benzine or petrol, dried and brushed well with a polishing brush charged with chalk.

The old style of clock cleaning was to employ the method 3 and then place all the parts as cleaned into a box of powdered whitening, leave for about half an hour and then brush the whitening off and polish. This method is dusty and washing with benzine or petrol is better. Do up the sides of the fusee square (see page 166). The instructions refer to a barrel arbor, but the procedure is the same for a fusee square. Polish the end of the centre arbor.

Having cleaned the movement, polished the oil sinks (Fig. 302, page 158), and well cleaned the holes and the leaves of the pinions with pegwood, the parts are now ready to be assembled.

Assemble the fusee, apply oil to the click and to the bearing of the great wheel on the fusee arbor. Apply oil to the mainspring and the sides of the barrel arbor and place in position. (Snap the cover on as in Fig. 75 page 40). Apply oil to both barrel arbor pivots working in the barrel. When the fusee and barrel are ready it is convenient to hang them over the bench vice until wanted.
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Fig. 354. Twisting the line to prevent fraying.



Place the back plate on the edges of an upturned box; fit the train into position; when placing the barrel and fusee give the fusee three or four turns in the direction of the twist of the line before standing up the fusee with the pivot in its hole. This ensures that the line is as closely bound or twisted as possible and helps to prevent fraying (Fig. 354).

Make sure the line is free so that when it is wound on to the barrel it does not get caught on one of the pillars or the fusee arbor itself.

If the movement is fitted with a chain, the chain is hooked on to the barrel and the fusee after the movement has been assembled; the method of arranging the chain on the barrel and setting up the mainspring is the same as described when dealing with the line.


[image: ]

Fig. 355. Winding the line on to the barrel.



See the stop iron is screwed on to the front plate and then place front plate in position. Manipulate pivots into their respective holes and pin up the plate. Make new steel pins if the old ones are at all marked. Brass or other metal pins should not be used in any part of the clock (see page 152). Place the barrel ratchet wheel into position. It is not necessary to apply oil to the barrel arbor pivots working in the plates; once the mainspring has been set up these pivots do not rotate, the barrel arbor remains stationary. Then screw the barrel ratchet click into position, but do not tighten the screw yet. Stand the frame on its edge as in Fig. 355 and wind the line on to the barrel until it is just taut. The line may pull the fusee round a little. (It is necessary to be sure that the mainspring is not yet “set up”). Then turn the barrel arbor about three-quarters of a turn (the mainspring is then “set up”), and screw up the barrel ratchet click tightly. Arrange the line on the barrel so that it forms an even spiral; use a piece of pegwood to do this.

Try the end-shake of all the train. Place a piece of pegwood in the crossing of the escape wheel to arrest it, and, with a key, wind the fusee until the line has been transferred to the fusee. Make sure that the stop iron functions correctly and that the line lifts the iron and contacts the stop hook on the fusee. Now remove the pegwood from the escape wheel and let the train run for a few moments to check that all is free. Arrest the escape wheel with a finger, place the pallets into position, screw on the back cock and test the end-shake.

If the movement is now stood on the bench, pallets at the top, the pallets should start to operate and wag backwards and forwards. Oil the pivot holes on the front plate. Assemble the motion work. Oil the pivot holes of the minute wheel; no oil should be applied to the cannon pinion or the hour wheel. Apply oil to both the pads of the pallets and let the escape wheel run and then apply a little more oil to ensure that all the teeth of the escape wheel are oiled. The back plate and pallet pivots are now oiled and the movement is completed.

Fit the dial on and then the hands. See that the hand collet is highly polished and fit a new burnished steel pin to the hand collet. Take great care with this last operation; the front of the clock is the only part the owner can see. File up a long gently tapered pin and burnish, press the hand collet down and fit the pin into position, mark with a knife an equal amount on each side of the centre arbor. Withdraw the pin and cut with nippers at the first mark and round off the end with a file and burnish. Then with the burnisher nick at the other mark, replace in position firmly and break off (see page 153). These may be only minor points but they are important; they are the marks of good craftsmanship.

When the movement has been fully assembled and ready to fit into its case, oil the back plate. When applying oil to the pivot holes do not be tempted to over-oil : pivot holes should be fully oiled as clocks of this description are expected to run for several years without attention, and a good supply of oil is necessary. To over-oil, however, is dangerous because when the oil starts to run away from the oil sink the flow draws the oil away from the pivot itself.

Apply a little oil to the crutch pin; when the pendulum is hung in position the oil will be conveyed to the slot in the pendulum rod. Lubrication is necessary at this point because the pivot point of the pendulum may not be identical with that of the pallets and a slight up and down movement exists.
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Fig. 356. Stroke fusee chain with an emery buff.
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Fig. 357. ‘Saw’ the fusee chain through an emery buff.



If the chain shows signs of rust, place it flat on a piece of cork held in the vice and stroke it up and down with a medium emery buff (Fig. 356) both sides. Then soak in paraffin oil for an hour or two. Remove from the oil and dry with a linen rag. Fix a medium emery buff in the vice, bend the chain round this, and draw the chain backward and forward (Fig. 357). Sufficient emery from the paper on the buff will find its way and embed itself into the wood and so remove rust from the edges of the chain. Continue until the buff has been cut through. Move the chain along as each section is cleaned. Then turn the chain and clean the other edge. The chain is too long to do in one stretch. When all rust has been removed, soak again in paraffin oil. Remove and clean off in benzine or petrol, wipe dry with a clean linen rag.

To clean a fusee chain proceed as follows. Sometimes fusee chains become stiff and to make them supple is simple. Fix a piece of wood in the bench vice; the handle end of an old emery buff answers quite well. Soak the chain in paraffin oil for a few minutes and then bend round the wood and work backward and forward as indicated in Fig. 357 (not using the emery paper part of the buff). Wash off as explained when removing rust.
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Fig. 358. Threading on fusee line.



If the old line is available use it to measure off the length of new line required. If the old line is not available or incorrect in length, wind the line in the grooves of the fusee to the full extent. Allow sufficient for the knot and also for the distance from the fusee to the barrel and halfway round the barrel itself. Fit the line into the fusee and tie a knot, cut the line near the knot and just singe the extreme end with a match to make it spread and so prevent the knot pulling out. The barrel end is threaded as in Fig. 358 and the extreme end singed.

When the clock is assembled and before winding up the mainspring :—

1. Test the endshake of all the train wheels.

2. Test the depth of the escapement.

3. Make sure that all the parts that should be oiled are oiled.

4. See that the pendulum suspension is absolutely rigid.

5. See that the shake of the crutch pin in the crutch is the minimum.

6. Try the up and down shake of the hour wheel by holding the hour hand.

7. Test the side shake of the hour wheel in the minute wheel pinion.

8. Try the hands round see that the hour hand is free of the dial and the minute hand is free of the hour hand.

9. Make sure the inside of the case is free from dust and that the case is well polished. Clean the inside of the glass as well as the outside.

10. Observe that the clock is in beat. To do this conveniently, hold a stick, e.g. a watch brush or a ruler answer quite well, hard against the case and press the other end to the ear; the beat of the clock can then be heard quite distinctly.

11. Make sure the movement is upright in its case; this particularly applies to clock movements held by straps. If the clock hangs on the wall make sure that the figures 12 and 6 are in alignment. To ensure this, test with a plumb line. A tool such as a pair of nippers, suspended by a cotton, answers quite well. Hold the line so that the top part cuts through the 5 minute stroke of the figure 12 and if the clock is hanging upright the line will cut through the 5 minute stroke of the figure 6.

12. If the clock is of the bracket type and stands on a table, etc., make sure that it is not possible for the case to rock. The slightest tendency of the case to rock can result in bad timekeeping and even the stopping of the clock.

13. Make sure the table or other piece of furniture upon which the clock stands is firm; any movement here can give cause for trouble.

FUSEE STRIKING MOVEMENT


[image: ]

Fig. 359. Typical fusee striking movement.



The timekeeping part of the fusee striking movement is exactly similar to the timepiece movement just described. The striking part of the movement only will be considered. Fig. 359 is that of a typical striking movement, and its functioning is as follows :—

The pin on the minute wheel A lifts the lifting piece B, which contacts the rack hook D, which in turn releases the rack I. The gathering pallet is not free to rotate, but the stop piece on the lifting piece at F arrests the train by the pin on the warning wheel G, and it is not until the lifting piece drops off the pin on the minute wheel that the train is free to rotate. When the striking train is first released, the rack tail H attached to the rack I falls on to the snail J fitted to the star wheel K, and the number of teeth on the rack which are allowed to pass the path of the gathering pallet determines the number of blows to be struck. There are twelve steps on the snail and, if the rack tail drops on to the lowest one, twelve teeth of the rack will pass the gathering pallet and twelve blows will be struck; if it falls on the highest one, one tooth will pass and one blow will be struck. This preparation for the striking is termed the “warning” and usually takes place at from five to three minutes to the hour.

The minute wheel continues to rotate and, at the precise moment when the minute hand is at the hour, the striking train is released and the predetermined number of blows are struck. After the gathering pallet has gathered up a tooth on the rack a blow is struck, and, when all the teeth are gathered up, the tail of the gathering pallet is arrested by a pin on the rack at L and the striking train is thus brought to a standstill until it again is released at the next hour.
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Fig. 360. Star wheel and snail.



The star wheel is moved forward by a pin on the cannon pinion M (Fig. 360) at about ten minutes before the hour, and the jumper N (Fig. 359) flirst the wheel forward so that the snail is in its correct position.
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Fig. 361. Strike silent in operation.



The strike silent piece O operates in the following manner. The lifting piece A (Fig. 361) is pinned to an arbor which is pivoted between the plates; the spring B presses upon the end of the pivot in the back plate and so holds the lifting piece free of the pin in the minute wheel. In this position the striking will be inoperative. The feather-edged block on the strike silent piece will press the lifting piece forward to the front plate so that the lifting piece will then contact the pin in the minute wheel and the striking mechanism will operate, as in Fig. 362.
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Fig. 362. Striking mechanism in operation.



Many English striking clocks strike the hours only, but where the half hours are struck the mechanism is operated by a pin on the minute wheel, fitted a little nearer to the centre, so that when it contacts the lifting piece it will lift the rack hook high enough to free the first tooth of the rack, which is a little shorter than the others, so that one blow is struck.

The method of repairing and cleaning is precisely as explained when dealing with the timepiece movement.

When taking the movement to pieces it is advisable to mark the striking fusee and barrel with a small “S They are often of the same size, but difficulty may arise if they are changed over. The points to observe, when assembling the striking clock, to “get the striking right” are as follows :—

Assemble both the striking and going trains but do not fit the chain. Rewind the line on to the barrel. Pin the plates up with one pin near the fly and one at the opposite bottom corner, finger tight. Place the rack and rack hook in position temporarily. Cause the striking train to rotate and directly the hammer tail drops off a pin on the pin wheel fit the gathering pallet on to a square so that its tail is about to contact the pin in the rack. For this part of the striking to be correct, the rack tail should travel a short distance before it is arrested. If this condition does not exist, unpin the plates and ease up the front plate until the pivot of the pinion next the pinwheel is free and can be turned to engage another part of the wheel. Pin up the plates and test. Continue this until the desired result is obtained. That part correct, cause the rack tail to lock on the pin in the rack and observe the position of the pin in the warning wheel with relation to the block on the lifting piece. To be correct, the warning pin should have from [image: ] to [image: ] block on the lifting piece. If not correct, unpin the plate near the fly only and ease up in order to free the pinion of the warning wheel from the wheel it engages with and move it one or two leaves as the case may be. Pin up and test. When correct, remove the rack, rack hook and gathering pallets and pin up the plate with its full complement of pins.

It is important that the striking should be correct, otherwise the hammer may lift on the warning with the attendant difficulties as mentioned in a previous chapter when dealing with assembling of going barrel striking clocks. When the striking has been adjusted correctly, fit the line or chain and set up the mainspring as explained in the last chapter.

Oil the pivots on the front plate. Fit the motion work into position with the star wheel, oil the posts on to which the rack, rack hook, etc., are fitted. Fit the rack into position and wind the strike train fusee up a little. Hold the fly with a finger and allow it to rotate half a turn at a time until the hammer has dropped, and then fit the gathering pallet on to its square in such a position that the active part of the pallet points along the tops of the rack teeth, away from the pin on the rack. If this is observed, the gathering pallet will run for about one-eighth of a turn before its tail is arrested by the pin on the rack. Now place the rack hook and the lifting piece in position, and test the striking for each hour.

When the rack tail has fallen on to the snail, observe that the gathering pallet correctly engages the first tooth it is about to gather up, i.e., that the blade of the pallet enters the rack and contacts the tooth in a positive manner with no inclination to butt or catch on to the succeeding tooth. If there is any doubt here, and the error is the same with all the teeth, then the rack tail must be bent slightly so as to bring the rack into the correct position to receive the gathering pallet.

It would be futile to try to describe all the defects clocks are heir to, and the remedies. Study the working of the mechanism carefully, and with the experience you must by now have behind you the efficient repair of a striking clock, such as the one discussed, should come well within your abilities.

During repair it may be necessary to fit new parts; more often than not, the old part is available and can be used as a guide, and once the fundamentals of the mechanism have been mastered actual fashioning will not be difficult.

Other than making new parts as outlined in the chapter on making a movement, the piece that seems to suffer most at the hands of the clock repairer is the rack tail. It is difficult to understand why this should be; it cannot wear, but making the adjustment so that the gathering pallet engages incorrectly may be the cause, or forcing the hands backwards when no provision is made for the tail to spring and slide over the snail.
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Fig. 363. Making a new rack tail.



If it is necessary to make a new rack tail, proceed as follows :—

Mark on a piece of paper a point A to represent the centre of motion of the rack. Draw the line AB. Measure with the dividers the distance from the point A to the tips of the rack teeth and draw, with the compasses, the arc BC. Along the arc BC measure off with dividers the distance from the point of the first tooth to the point of the twelfth tooth on the rack. Mark the point C and draw a line CA. This represents the dimensions of the rack. Set the dividers to the distance between the first and twelfth step on the snail as ab. The position ab on the rack is determined by sliding the dividers along the lines AC and AB until the points span the two lines. Make sure the distance Aa is equal to Ab (Fig. 363).
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Fig. 364. Rack tail and snail.



With the compasses draw the arc abD, and any point on this arc gives the position for the rack pin. The angle at which the rack tail is riveted to the rack is determined by allowing one tooth of the rack to pass the gathering pallet and then placing the rack tail pin on the highest step of the snail. Before finally riveting hard, try all the hours. The rack tail should be made of hardened brass, about 0·25 mm. thick, so that it will spring and ride upon the snail if the hands are turned backwards. When making the pin, shape it as in Fig. 364 and file a slope on the snail as in Fig. 364. Then, if damage to the tail has been caused by setting the hands backward, it will not recur.

The gearing in a rack striking train is so calculated that the gathering pallet makes one complete turn for each blow struck. Therefore, the number of pins in the pin wheel is the same as the ratio of the pin wheel to the gathering pallet pinion. Usually there are eight pins in the pin wheel to lift the hammer; therefore the pin wheel will have eight times as many teeth as the gathering pallet pinion has leaves, so that the gathering pallet will make eight turns to one of the pin wheel. From the view of “correct striking” it is immaterial how many turns the warning wheel makes to one of the gathering pallet wheel, but it must make an even number of turns—that is, the gathering pallet wheel must have exactly seven, eight, nine or ten times as many teeth as the warning wheel pinion has leaves, and not a fraction, e.g. [image: ]. This ensures that the warning wheel pin will always be in the same position when the train is stopped by the gathering pallet contacting the pin on the rack.

One consideration only governs the number of teeth in the gathering pallet and warning wheels, and the number of leaves in the warning and fly pinions, and that is the speed at which the clock is required to strike.

For a clock fitted with a bell, a fairly quick striking is suitable; while for a gong or tube, slow striking is more suitable. For instance, a warning wheel of 63 and gathering pallet wheel of 56 teeth with gathering pallet pinion of 7 and the fly of 7 leaves will give 72 revolutions of the fly for each blow struck, which is slow; while 56 and 42 teeth and pinions of 7 for the warning wheel and the fly will rotate 48 turns for each blow, which is fairly fast.

There are many designs of striking mechanisms, but the principle is the same.
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Fig. 365. A system of striking the half-hours.



Another system of striking the half hours and a strike silent mechanism sometimes met with are shown in Fig. 365, and the functioning is as follows :—

The minute wheel has fitted to it a cam A which lifts the detent B clear of the pin C when the hours are to be struck. When the half hours are to be struck this detent is lowered so that the hook catches the pin in the rack and allows it to fall so that one tooth only is released and one blow struck. The strike silent lever D is made to contact the pin C in the rack, and binds it so that when the rack hook E is lifted the rack is held secure and no blows are struck.
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Fig. 366. Rise and fall mechanism.



This movement is fitted with a rise and fall (Fig. 366); the pendulum is suspended from the rise and fall lever A and the suspension spring slides between the chops fitted to the back cock B. The pin on the lever C rests on the snail D which is fitted to the dial. The rise and fall hand is fitted to the arbor attached to the snail, and as the hand is turned the snail will cause the pendulum to rise or fall and so alter the effective length of the pendulum for regulation purposes.

The weight of the pendulum bob will cause the pin C to contact the snail; in other words, the pin C carries the weight of the pendulum. For the rise and fall to be fully effective the chops should be close and touch the suspension spring on both sides; they should not grip the spring, otherwise the spring may buckle when the hand is moved to “slow”.

It will be noted that in this movement the snail is fitted to the hour wheel; the rack tail is made from fairly thin metal and the pin is so shaped that if the hands are turned backward the tail will be depressed or sprung on to the underside of the snail and no damage to the tail will result.

In addition to oiling the going train, as already mentioned, oil all the pivot holes and apply oil to the gathering pallet where it contacts the rack teeth. Oil the pins on the pin wheel and also the block on the lifting piece where the warning wheel pin contacts it. Oil the pin or pins on the minute wheel, and in the case of the movement (Fig. 366) apply a little oil to the cam on the minute wheel. Apply a little oil to the rack spring where it contacts the rack. It is not necessary to oil the striking snail or any part of the rise and fall platform or its snail.

When the repairs are completed, the movement is fitted into its case. As mentioned before, make absolutely sure the movement is held securely in position—there must be no semblance of movement. Usually, English movements rest on a bracket or seat-board in the case, and brass brackets screwed to the movement are screwed to the inside of the case. Make sure these brackets are screwed tightly. Hold the case firmly and then hold the movement and try to rock it—it must be firm.

CHIMING CLOCKS

As with striking clocks, there are several designs or systems of chiming mechanisms and the one we have selected incorporates an eight-bell chime and on four gongs. The strike is the same in principle as the movements illustrated in Figs. 359 to 365. The chime part of the mechanism operates first releasing the striking mechanism when its work is completed. The chime operates as follows (Fig. 367). Attached to the minute wheel A are four pins and at each quarter, including the hour, a pin contacts and lifts the lifting lever B. The pin C on the lever B lifts the rack hook D and the rack tail E attached to the rack F drops on to the four-step snail G. This action releases the train, but the block H on the lifting lever arrests the train by the pin on the warning wheel I. When the lifting lever drops off the pin on the minute wheel the chime train is released.
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Fig. 367. An eight bell chiming mechanism.



At the first quarter the rack tail drops on the highest step of the snail, one tooth of the rack passes the gathering pallet J and the chime train is allowed to run until it is arrested by the gathering pallet tail contacting the pin K situated on the underside of the rack. This cycle operates at each of the true quarters, i.e. at the half-hour two teeth pass the gathering pallet and at the quarter to the hour three teeth. At the hour four teeth pass the gathering pallet and the pin K, an extension of the pin which arrests the train, knocks the lever L, which is fixed to the rack hook of the striking train M and so released the rack N and the rack tail O drops on to the snail P and so the number of hours to be struck are determined. The strike train is not free to rotate because the block U on the lever R arrests the strike train by the warning pin S; the lever R is helped up in position by its spring T.

When the four quarters of the chime are completed the chime-gathering pallet gathers up the rack, and the pin K contacts the lever Q and, moving it to one side, lowers the other end to, which the block X is fitted and so releases the strike train and the striking of the hours proceeds. The lever V is the strike silent piece. If the top end is moved to the left the lower limb will contact the pin K and prevent the chime rack being released and so no quarters or hours are struck. The lever U is the repeat lever. A cord is usually attached to the lever at X and if it is pulled, the lever W will knock both the chime and the strike rack hooks out of position, and the clock will chime the last quarter and the hour as shown by the hands.
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Fig. 368. Pin barrels which operate the chimes.
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Fig. 369. Barrels moved over so that right-hand one is in operation.



The chimes are sounded on the eight bells by means of the pins on the barrel (Fig. 368), and the chime in this movement is the Whittington chime. If it is desired to bring the gongs into operation to chime the Westminster chimes, the top of the lever Y is moved to the left and the end of the lower limb, which is wedge-shaped, contacts the end of the arbor of the pin barrels and moves both barrels over so that the pins on the barrel on the right contact the tails of the four hammers which strike the gongs, while the pins on the barrel on the left are free of the eight tails of the hammers which strike the bells. The spring Z operates on the other end of the pin barrel arbor so that the barrels spring backward and forward as moved. Fig. 369 shows the barrels moved over so that the barrel on the right is in operation.

First assemble the trains between the plates, as described in the case of the strike train. The gathering pallet and the rack of the chime mechanism are placed in position. Move the warning wheel with a finger and arrange that the gathering pallet is arrested by the pin on the rack and while in this position the warning pin should be about one-third of a turn run to the warning block. If this condition does not exist upon first assembly, the front plate must be lifted so that the pinion of the warning wheel is free of the gathering wheel pinion. The warning wheel is then moved in the correct direction. Replace the plate, pin up and try again. When this part of the train is correctly assembled place the pin barrels in position, and the fly.

The correct position of the barrels can usually be determined by the position of the pins on the barrel. The run down the scale of the Whittington chime denotes the end of the chime at the hour. The run down the scale on the Westminster chime, i.e. the four hammers striking the gongs, denotes the beginning of the first quarter. The cock carrying the back pivot of the pin barrel can easily be removed and the gearing of the barrels re-positioned until the correct sequence of the chimes is obtained. The chains, or lines, can now be fitted and the mainsprings set up. Re-assemble the rest of the chime and strike mechanism, as shown in Fig. 367. Test the chime for each quarter and all the hours before fitting on the dial. The remarks regarding the correct functioning of the gathering pallet with the rack of the strike are equally applicable to the chime side.

Oiling is similar to the strike side. A little oil is applied to each of the hammers where it is fitted into the block and also to the part contacting on the spring; it is not necessary to oil the pins on the barrels.


CHAPTER EIGHTEEN

WEIGHT-DRIVEN CLOCKS AND ANTIQUE CLOCKS

THE GRANDFATHER CLOCK

THERE IS nothing difficult about a weight-driven clock when compared with a fusee movement. The differences as far as we are concerned are, that it is driven by weights, the method of cleaning and the way in which it is fitted up.

First the method of cleaning will be described. Usually clocks of this description are in a very dirty and often rusted and corroded condition. If the steel work is rusty remove the rust with a fairly coarse emery buff, finish off with a medium emery buff. The arbors of the wheels, etc., are finally burnished with an oval burnisher, not with the intention of imparting a high polish, but rather to impart a finer finish. Burnish the surfaces lightly and apply oil to the burnisher. Flat surfaces, such as the rack, rack hook, etc., are first cleaned with the coarse emery buff and then with a medium buff, and straight-grained lengthways, that is, the part is stroked in the way it was when originally made.

If the steel work is not rusty it can best be cleaned with the medium with which the movement is being cleaned. There are one or two methods of cleaning : one is with fine emery powder and paraffin oil, mixed into a paste, if the movement is in a very bad condition; rotten stone and oil if the movement is in not too bad a condition. Another method is to use a metal polish such as “Globe” or “Blue Bell”. There are many other cleaners : solutions made of chemicals, such as [image: ] oz. nitric acid, 1 dr. saltpetre, 2 oz. of rain water. The mixture is allowed to stand for several hours before use. The article is dipped in the mixture for a few seconds. Finally rinse in boiling water and dry in sawdust. No other cleaning is necessary. The parts so treated will be bright and clean but they will not remain bright. In a month or two the brass will turn a shade of brown, which is the case with all such solutions. To obtain a surface that will last bright for a reasonably long time an abrasive of some description must be used, and the three just mentioned will give good results.

To use emery powder and oil, mix them in the lid of a tin to the consistency of a fairly stiff paste. Use a good stiff bristle brush and dab the brush on to the paste. Hold the part to be cleaned in a rag and brush well. Parts such as the plates, bridges and cocks should be brushed to impart a straight grain. The direction of the grain is indicated in Chapter Five. The steel parts are also brushed, including the arbors of wheels, etc., but do not brush the pivots. When all the parts have been brushed they are washed either in paraffin or petrol—petrol for preference. The parts are next dried with a linen rag and brushed with a polishing brush charged with chalk.

Clockmakers years ago used to dry the parts after cleaning by placing them in powdered whitening and the polishing with a polishing brush, which is one method. Another is to use rotten-stone and oil. The rotten-stone is ground down and mixed into a paste with a medium-heavy lubricating oil. The parts are cleaned in the manner just described and then washed in petrol. Use of the polishing paste “Globe” or the liquid “Blue Bell” was mentioned when cleaning French clocks.

Whatever method is employed it is of vital importance that the oil sinks be cleaned; in fact, it is as equally important as the pivot holes. The rest of the cleaning and polishing is a sign of good craftsmanship. The clock will “go” as well if the plates, bridges, cocks, wheels, etc., are not polished at all, but the same cannot be said if the pivot holes and oil sinks are left dirty. If the pivot holes have been rebushed the inside of the holes will have been burnished with a round broach; it is equally desirable to round broach all pivot holes whether they have been rebushed or not. It burnishes them and removes any roughness there may be. The winding squares should be cleaned with a medium emery buff and the ends of the squares burnished with a flat burnisher. The end of the centre arbor also should be burnished.

Clean the pendulum rod and particularly that part which engages in the crutch. Well burnish the inside edges of the crutch. Use an oval burnisher and burnish the edges rounded; it is a good practice to make a habit always to burnish the inside of the crutch. Also clean the pulleys. Well polish the hand collet; place it on an arbor and fit up in the throw or lathe, cause to rotate and hold a leather buff, charged with a metal polish, against it to impart a high polish.

When the movement has been cleaned and oiled do not finger-mark it—always hold the movement by a pillar with a clean rag. Fingermarks turn brown. Do not fit the dial yet, but fix the movement on to its seat board and stand on a horse as in Fig. 2. Hang the weights in position and then the pendulum. In addition to oiling as mentioned when repairing the fusee strike, the bearings of the pulleys also should be oiled. Level the seat board with a spirit level. Wind the weights up a little. First test for beat. Starting with the pendulum central, move it to one side until a tooth of the escape wheel drops off on to the pallet; note mentally the amount of movement from the central position. Then lead the pendulum back and note the distance it is necessary to move the pendulum the other way to make the escape wheel drop off the other pallet. The distance should be equal on each side of the line of centres. If, for instance, it is necessary to move the pendulum more to the right than to the left, then to put the clock in beat the crutch is bent to the left as you look at the movement from the front plate, or to the right if you look at the movement from the back plate.


[image: ]

Fig. 370. Bending the crutch.



It is possible and desirable to be able to bend the crutch from the front of the clock, that is the front plate side, without removing the pendulum. Place one hand on each side of the crutch; to bend the crutch to the left, hold the first finger of the left hand on the crutch stem about two-thirds the way up and with the first finger of the right hand on the crutch stem, near the crutch fork, press the right hand towards the left hand, holding the left hand as steady as possible (Fig. 370). The crutch stem will bend and the suspension spring of the pendulum will give, without injury. Adjust in easy stages and try the beat as before. Practise this while the clock is on the horse; it is very useful when the clock is fitted up in its case. It is well to put the clock to beat only after the seat board has been set horizontal with a spirit level. Invariably the case of such a clock is not removed when the movement is brought into the workshop for repair and it may be necessary to adjust for beat when in position since it it not always possible to wedge the case to put the clock into beat.

Having put the clock in beat, test the striking at each hour. When all is in order, fit the dial and hands on while the movement is still on the horse. When the clock has been regulated and is ready to be fitted into its case, first let all the line of both barrels run off the barrel drums. Hold the clicks to one side and lift the weights by the line and let down gently. Remove the weights and the pendulum, lift the movement from the horse and wind both lines together round the movement, i.e. round the pillar sides. This makes the movement easy for transport and the line will not become tangled or wedged in the movement.

When fitting the movement into its case, first make absolutely sure the case is firm (see page 83). Next place the seat board on the cheeks of the case, i.e. that part of the case upon which the seat board rests. Fit the hood into position and arrange the seat board so that the dial fits up flush to the inside of the dial frame of the hood. This is important; one often sees the dial of grandfather clocks with a gap all round the dial. This should not be—the dial should fit up closely. It may be necessary to pack the seat board with a strip of wood on the cheeks. The dial should be flush and at the same time it should be possible to remove the hood without upsetting the position of the dial. When this condition has been accomplished, hang the weights, remove the hood, wind up fully and observe that the line rides in the grooves of the barrel drum correctly.

The escapement should now start to trip; it is a sign that all is free and in order. If it does not, examine and see what is holding it up. We can now hang the pendulum, guide the suspension through the crutch fork and hook it on to the back cock. Push the pendulum bob back on to the back of the case and when released the bob should come forward; this proves that the pendulum is free in the crutch and that there is freedom at the back of the pendulum bob. Finally test for beat; the crutch may need adjustment. Do not put into beat by wedging the seat board up on one side as this will spoil the dial adjustment, and it is not, as a rule, advisable to tilt the case as this will upset its firmness. It is better to bend the crutch. When the clock is in beat, move the pendulum to one side until a tooth has dropped off and then release the pendulum. It should swing over to the other side to release another tooth. Watch the arc of vibration of the pendulum carefully. It should slowly increase to its maximum. This increase is the supplementary arc mentioned in Chapter Five. Observe the pendulum bob to see if it twists as it swings. To be correct it should be steady. If the bob does twist or turn, remove the pendulum and examine the suspension spring; it is probably fractured and a new spring must be fitted, or the slot in the suspension bridge on the back cock may be too wide. The spring should fit in the slot tightly.


[image: ]

Fig. 371. Regulator movement; A, seconds hand pipe; B, minute hand pipe; C, hour hand pipe; D, maintaining power detent; and E, maintaining power wheel



THE REGULATOR

The remarks referring to the grandfather clock apply, in large measure, to all weight-driven clocks, whether timepiece, strike or chime, but they do not wholly apply to the regulator clock, that is, the astronomical regulator. A typical example is illustrated in Fig. 371.

The majority of English regulators are fitted with the dead beat escapement. Continental regulators are usually fitted with the pin wheel escapement, but few of these are likely to pass through the average workshop and will not be considered here. The pendulum of a regulator is hung from a bracket fixed to the back of the case. The movement can, therefore, be removed leaving the pendulum hanging in the case. First the weight is removed, then the screws holding the movement to the bracket. The movement can now be drawn forward and away from the case. If the case is to be moved to the workshop the pendulum must be removed for transport, but should it not be necessary to remove the case it is usual to leave the pendulum hanging in the case and to clean it on the spot, when the movement is brought back.

There are, however, one or two conditions; it may be necessary to clean the mercury in the case of a mercurial pendulum, or to remove rust, etc., or to fit a new suspension spring. If the pendulum is of the Harrison grid-iron type, lift it carefully from its bracket and lay it flat on the floor. Do not stand it up—such pendulums are heavy, weighing 20 to 28 lb., and the weight will cause the end, usually a fine point, to embed itself in the floor and there is a risk of bending it. This point usually acts as a guide and traverses a scale fitted to the case.

In the case of a mercurial pendulum, examine it before removal and see if it is possible to remove the jar containing the mercury. Usually a cap, covering the jar, is held in position by two screws fitted into the side supports of the stirrup. There are several systems employed. Do not act hastily; it is desirable, if possible, to remove the jar first. The mercury is then poured into a stone bottle—an old stone ink bottle answers well. A mercurial pendulum should not be transported complete (There are rare exceptions.) Where the jars, generally twin, are sealed the transport of these jars is very dangerous because the weight of the mercury can, if the jar receives a jolt, knock out the end of the jar or burst it.

When the container of the mercury has been removed from the pendulum while it is still hanging in its case, lift the pendulum down and lay it flat on the floor. Sometimes a delicate guide is screwed to the stirrup and this should be removed. Having removed the pendulum, tie a piece of wood to the pendulum rod near the suspension spring so that the wood protects the spring. All pendulums should be treated with respect, but in the case of the regulator, with very particular respect. The pendulum is the time measurer and the movement is the means of keeping the pendulum vibrating and counting its vibrations, so the pendulum is very important and needs the greatest care taken of it, especially when it is the pendulum of a precision instrument.

The regulator movement is in itself a very simple and beautiful piece of work made to the precision of a marine chronometer and finished very similarly to it. Therefore the limits of tolerance are much finer than those tolerated in the clocks we have hitherto touched upon. With this in mind, proceed to examine the movement.

First examine the end-shakes of all the wheels, etc.; they should be close. Then the side shake of each pivot hole; again, they should be close. Many regulators are fitted with jewel holes and the wear in such is, as a rule, very slight, if any at all. Even if all the holes are of brass the wear is generally slight and the reason is not far to seek. The gearing is of the highest order and the driving power necessary is a weight of from 2 to 4 lb. on a double line. Therefore the actual force at the barrel drum is from 1 to 2 lb., and this keeps in motion a pendulum weighing 25 to 30 lb. Some regulators are fitted with end stones on steel end pieces to all pivot holes where possible. This serves a double purpose. One is, the oil is protected. The other, and more important, is that the ends of the pivots bear against the end pieces so that the shoulders of the pivots do not touch the plates. Friction is thus minimised.
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Fig. 372. Dead beat escapement.



Next examine the escapement : the locking is [image: ] deg. or a little more (Fig. 372). Wind the barrel arbor square backward so as to bring into action the maintaining power spring. With an eye-glass observe the locking of each of the 30 teeth on both pallets. Move the crutch backward and forward gently but firmly. Remove the pallets and examine the active surfaces. If they are jewelled no wear is likely to have occurred but sometimes slight wear is observable and it takes the form of a slight track or shallow groove, the width of the escape wheel teeth. This wear can be removed by polishing with rotten-stone and water (not oil) on a boxwood lap. Agate, the stone generally used to jewel the pallets, is comparatively soft, and responds quickly to rotten-stone.

Fit up the lap in the lathe, hold the pallets in the hand and present the worn surface to the lap. Employ a little pressure to keep the surface flat, and at the same time give the pallets a wiping semi-circular movement to conform to the curve of the locking face of the pallet. To polish the impulse face, fit the saw table in the T-rest, and hold the pallets down firmly on the table and bring the surface to be polished up to the lap. It is essential that the face of the lap be flat and square and, if there is any doubt about this, pass the cutter in the slide rest across the surface. The amount it is permissible to polish the locking and impulse faces is slight, because to reduce the impulse faces much will affect the drop and the locking faces.

The tolerances of a good regulator are fine, almost as fine as the lever escapement, and if the faces are reduced much it is not possible to adjust the escapement satisfactorily. With the anchor escapement a good deal of latitude is allowed (as we have seen). If the pallets are so badly worn that polishing would seriously affect the efficiency of the escapement, fit new agates.
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Fig. 373. How a new pallet end is fitted.



Some pallets are not jewelled and the active surfaces are of hardened and tempered steel. Such pallets are most susceptible to wear and sometimes the wear is so deep that it would be most impracticable to polish the wear out. In these circumstances three courses are open to us. One is to soften the ends of the pallets, slot them and fit agates. Another is to make entirely new pallets. The other, and probably the best, is to make and fit new ends as shown in Fig. 373. The procedure is quite simple. Let the temper of the arms of the pallets down so that they can be filed, drilled and tapped. File up the new pads, steady pin and screw as indicated, then, while in this position, scribe. File almost up to the lines scribed. Remove the pads and harden, and then temper down to a straw colour.

Finish on an iron lap charged with oilstone dust and oil, in the lathe. Adopt the same method of presenting the surfaces to the lap as described when polishing the agate jewelled pallets. When the locking and impulse faces have been ground correctly, polish on a zinc lap charged with diamantine, in the lathe. If the steel pallets are slightly worn they can be ground and polished in the manner just described. It must be borne in mind that the pallets of the dead beat escapement cannot be closed in or opened out, as is possible with the anchor escapement; the arc of the locking faces would not be dead.

Before taking the movement to pieces, try the maintaining power spring. Place the movement on the horse, hang the weight on the pulley, and let all the line run off the barrel. Wind the weight up half a turn of the barrel drum and as the pressure on the winder is released observe that the weight winds up the maintaining power spring. Then lift the weight up by the double line and observe that the power of the spring is sufficient to drive the train. If the weight is not heavy enough to bring the maintaining power spring into operation the spring should be weakened; do not increase the weight. See that the maintaining power detent engages in the ratchet teeth of the maintaining wheel correctly and that the detent itself is quite free.

Usually the plates and cocks of clocks of this description are well lacquered and it should not be necessary to do more than wash out in benzine. The wheels of the train, and other parts not lacquered, are cleaned in the manner described when cleaning French clocks (see Chapter Fifteen). Particular care must be taken that the parts are scrupulously clean. After assembly see that all the moving parts are free, and oil with the best quality oil. The remarks made in other chapters about the necessity of perfect rigidity of a pendulum clock in its case and of rigidity of the case are paramount in the instance of a regulator—rigidity is the very essence of such a clock.

ANTIQUE CLOCKS

The repair of antique clocks can be the subject of a book itself. During the 19th century in particular many 17th century clocks were modernised; the verge escapement was removed and in its place the anchor escapement was fitted. Primarily the object was to improve the timekeeping properties. In those days these clocks were not valued in the manner they are to-day. To convert a verge escapement to any other form of escapement would now be considered sacrilege, and it is the work of the repairer of antique clocks to reconvert clocks which have been so maltreated back to the original form of escapement. To carry out work of this description needs almost a life study in itself because when the alterations were made other component parts were invariably made in the then modern style.

The forms of the various parts are characteristic of the individual maker. One maker would shape certain cocks, bridges, etc., one way, and another maker another way, and it is these characteristics which are so important in restoration work. Those responsible for “improving” the clocks discarded certain cocks, etc., and replaced them with parts of more modern design.

To restore an antique clock in a first-class manner, all parts not original should be replaced with pieces of the correct design. To do this it is necessary to make patterns of all parts likely to be replaced; these patterns are made from “untouched” specimens which pass through the hands of the repairer. Include in your collection rubbings or sketches of the hands. The hands of an antique clock are very important and the design varies from maker to maker and some of the old masters vary their designs from one period to another. An early example of a pair of hands will be more simple than a later period pair, so not only record the maker but also the date. It will be appreciated, therefore, that for a repairer to start at the beginning it may take some years before he is in a position to make an efficient restoration.

Those interested in this absorbing branch of the industry should start by collecting patterns and naming them. The worth-while clocks to study are those made by Tompion, East, Knibb (Joseph and John), Delander, Quare, Fromanteel, Jones and Windmills, to mention the more important. Now to give a few hints upon the repair of an untouched specimen, that is, a clock in “mint condition”.
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Fig. 374. Action of the verge escapement.



First examine the escapement. The verge, or crown wheel escapement, as it is also termed, is often much worn and often satisfactory repairs can be effected. The teeth of the escape wheel can be filed up by hand; the flags of the verge can be ground to remove wear and then polished. After such a repair the verge is lowered on to the escape wheel. The V-shaped piece on to which the knife edge rests can be lowered and the back cock holed, drawn and rebushed, and lowered. The correct depth of the escapement is shown in Fig. 374. It will be seen that the angle between the pallets is about 90°.

Dr. A. L. Rawlings, the American horologist, however, calculates that the angle should be 8° and to accommodate this the pallets need to be much higher from the escape wheel teeth and considerably longer. To make this possible he advises lowering the escape wheel on its pinion. For an escape wheel of [image: ] inch diameter of 27 teeth the length of the pallets is 0·431 inch and the height of the pallet centre, 0·427 inch. The interception of the pallets into the wheel is only four-thousandths of an inch. With these conditions the escape wheel drops off with the pendulum 4° on each side of the line of centres, while its normal swing is 7° on each side, a total arc of 14°.
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Fig. 375. Unconventional arrangement suggested by Dr. A. L. Rawlings.



Dr. Rawlings says, and quite rightly, that the recoil is nearly equal to the impulse, with plenty of spare power and little friction since the action is across the line of centres. The illustration (Fig. 375) should make this clear (vide HOROLOGICAL JOURNAL, March, 1950). This suggestion is not conventional, but is mentioned because of its interest.

Reverting now to Fig. 374, the tooth A is about to complete giving impulse to the pallet B and the tooth C will drop on to the pallet D, and it will be realised that the pendulum’s swing to complete its vibration will cause the escape wheel to recoil, causing a deal of engaging friction. If the angle of the pallet is so wide as to cause excessive friction, they can be adjusted by heating the verge (the pallet arbor) at the centre and twisting, while hot, to the correct position. One of the virtues of the verge escapement is that it will go even if the clock is not placed exactly level—that is, much out of beat, a position at which the dead beat would certainly stop and the anchor escapement probably stop; further, the verge is robust as a portable clock; the teeth of the escape wheel are not liable to get damaged, as would be the case with the anchor or dead beat escapement, if moved with the pendulum in position.

There are two distinct schools of thought about the method of cleaning antique clocks. One is to restore the clock as new; polish screws; do up steelwork and re-blue, if it was blued originally; paper and lacquer the plates; restore the dials, mercurial gild the plate and spandrels, and silver the zones; restore and repolish the cases. If the work is carried out by a master hand—a man who knows what he is doing and uses the same quality material and the same high standard of craftsmanship—little harm can come. In other words, and this is the most important point with antique clocks, the value will not be impaired. This has been proved in the instance of the famous Wetherfield collection. Mr. Wetherfield told the writer, many years ago, that it gave him great pleasure to have the clocks in his possession restored to their original condition—and by original he meant as the makers themselves would have left them.

This sets a very high standard indeed, and one that is extremely difficult to attain; and it prompts us, as a general instruction, to advise the adoption of the other method of restoration and that is to wash in benzine the plates and other parts which have been lacquered. Clean the train and parts which have not been lacquered, in the manner mentioned when dealing with the fusee bracket type of clock or the French clock. The steelwork generally is best just washed in benzine and wiped over with a clean linen rag.

To sum up—if an antique clock has been restored as new in the manner described, even if the escapement has been reconverted—provided it has been done well—the value of the clock has not, in my opinion, been reduced. But, if an attempt is made by an incompetent person to restore as new, then the result is over-restored and the value drops.


CHAPTER NINETEEN

ALARM CLOCKS

ALTHOUGH THE lower-priced alarm clocks may be below the standard of craftsmanship of many clock repairers, they have established for themselves a place in the ranks of clocks and as such they must be accepted; reputations can be sustained or marred by the manner in which they are repaired.

The question of charges for the repair of alarm clocks is always a controversial one, and it would appear that if the charge for repair does not exceed 50 per cent of the current selling price it is reasonable, provided the repair is a good one and the life of the clock can be lengthened by a period equal to that expected of a new clock before repair.

To quote an example, say a clock sells for 25s. and it has run for five years; then to charge 12s. 6d. for its repair, with an expectancy of another five years’ working, is a reasonable and just charge. No one would guarantee that the clock would run for five years without attention, but if the repairs are well done there is every reason to expect a good run and it is the object of this chapter to guide the reader in effecting a satisfactory repair. Many alarm clocks sell for more than 25s. and it does not follow that the repair of all such clocks should cost 50 per cent of their purchase price. The figure is quoted to justify a sound repair at perhaps a minimum charge.

Another aspect of alarm clock repairs is that they form a good practising ground for the apprentice.

There are two methods of cleaning and repair; one is to remove the escapement and let the clock run down in petrol—the pre-1939 method when such clocks sold for a few shillings—and the other method, where the clock is taken to pieces, cleaned and repaired properly.
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Fig. 376. Escapement of the Smiths New Dawn alarm.



The second method will be considered first, the fundamental principle and design of all alarm clocks are the same. There are different models, styles or sizes, where the method of accomplishing the same function or action may differ from others. If one particular model is considered here, it will serve as a guide to all the other designs. For this purpose the alarm clock made by Smiths, known as the “New Dawn” was selected. Smiths kindly supplied drawings of the component parts of the escapement from which a complete drawing of the escapement has been made (Fig. 376).
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Fig. 377. The arbor is held with a screwdriver while the winder is unscrewed.



There are different methods of fitting the movement into its case, so it is advisable to examine the case carefully before attempting to open it. Invariably the time and alarm winding keys unscrew in the reverse way to winding. With the Smiths clock the ends of the arbors are slotted, so that should the click or click spring be broken the winder can be removed by placing a screwdriver in the slot and holding it firmly while the winder is unscrewed in the usual manner (Fig. 377). Having removed the winders, unscrew the alarm setting piece by reversing the direction employed when setting the alarm hand (usually marked by an arrow).
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Fig. 378. Removing a tight hand-set piece.



The hand-set piece is removed by pulling it outwards. Hold it between the thumb and second joint of the first finger, and by pressing the thumb and finger together and at the same time levering on the back of the case, the hand-set piece will come away. If the piece is very tightly fixed, say through rust, then wrap two or three thicknesses of a duster over the hand-set piece and with the large clock nippers lever and pull the piece away (Fig. 378).

Now remove the back. Do not use force with a sharp instrument, such as a screwdriver, as it will mark the case. Although the clock may be inexpensive, the owner will not appreciate the case being mauled. If the back cannot be removed with fingers use a piece of wood, sharpened to a blunt chisel shape, to lever the back up and away; the handle-end of an emery buff answers quite well. Nuts should be unscrewed where fitted. First loosen with the flat-nosed pliers, then unscrew with the fingers, so that the back will not be marked.

With many alarm clocks the two feet and the bell or ring are unscrewed and the movement drawn out from the back.
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Fig. 379. Removing the bezel.
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Fig. 380. Removing a tight bezel with a piece of wood such as the handle end of an emery stick.



With the Smiths clock, a slot in the base of the drum will be observed. Insert a wide-blade screwdriver in this slot and lever up the bezel by twisting the screwdriver. (Fig. 379.) The bezel is then pulled off. Do not use a sharp instrument or you are sure to mark the enamelled side of the case. If the bezel cannot be removed with the fingers, use wood in the manner shown in Fig. 380.

A new method of retaining the movement in the case is adopted on the Bow-Bell alarm, made by John D. Francis, Ltd. The back edge of the case is turned over to a rim and three double-pronged springs (something like hairpins) are fitted to the bottom plate of the movement. The effect is that the ends of the prongs fit behind the rim of the case and hold the movement. To dismantle, the keys and four nuts are first removed, as described above, which releases the back. The prongs can then be found and carefully levered free of the rim, permitting the movement to be withdrawn. The case back also serves as the bell. The stop-alarm button is held in position with a small spring clip and comes away with the back.
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Fig. 381. Hand removing tool.
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Fig. 382. ‘Bernard’ type pliers adapted to remove hands.
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Fig. 383. Removing the hour hand.



First remove the hands, and for this purpose use one of the tools here illustrated, as recommended by Smiths. The tool (Fig. 381) can be made quite simply in the workshop from a piece of steel tube. The tool in Fig. 382 is adapted from a pair of “Bernard” type pliers. These tools will remove the minute and alarm hands only; the hour hand is best removed later. Remove the dial by slightly bending back one of the tongues holding it and then lever the dial up with the blade of a knife. The hour wheel and hand will come away with the dial. It is not always necessary to remove the hour hand but if it is desired to remove it, proceed as follows. Hold the dial in the left hand with the thumb and finger gripping the hour wheel pipe. With a round-ended wooden punch made from a stump of clock pegwood, get someone to give the punch a blow with a hammer. (Fig. 383). Put the dial away immediately in a safe place—do not leave it on the bench, as tools may fall upon it and mark it : the surfaces of dials are delicate and very easily marked. Next remove the pin of the alarm wheel and then the minute wheel.
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Fig. 384. Restraining the balance wheel.
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Fig. 385. Tool for bending the lever.




[image: ]

Fig. 386. How to use the tool to bend the lever.
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Fig. 387. Where the shake occurs.



Examine the escapement before taking the movement to pieces. Wind up the mainspring fully and hold the movement in the left hand with the first finger touching the balance, as shown in Fig. 384. Move the balance staff. Release the balance and let it swing round until the impulse pin is on the other side of the staff. Arrest and hold the balance, and try the lever shake again; to be correct the shake should be the same on each side of the staff.* If it is found that the shakes are not equal, the lever should be bent until they are equal. The lever is thin and reasonably soft; it bends easily. The lever can be bent while it is in the movement. Make the simple tool as shown in Fig. 385, and use as shown in Fig. 386. The illustration, Fig. 387, indicates the shake sought. The end-shake of the balance will be referred to when assembling.
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Fig. 388. The pin should enter the notch freely.



See that the lever is in line, i.e. that the lever fork operates upon the centre of the length of the impulse pin. If it is not, bend the lever with a stout pair of tweezers. Now move the balance round until the impulse pin is free of the lever horn, then press the tail of the lever so that the horn of the lever presses hard against the balance staff and while in this position move the balance slowly round until the impulse pin is about to enter the notch of the lever. The pin should enter the notch freely without touching the top of the horn (Fig. 388).
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Fig. 389. How to hold the movement when examining the action of the lever and impulse pin.
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Fig. 390. Where to file the lever to give the impulse pin freedom.



Fig. 389 illustrates the method of holding the movement while carrying out this test. If the impulse pin is not quite free of the side of the notch it can be corrected by filing the rounded entry part of the notch a little as in Fig. 390. If the pin does touch the surface of the horn slightly, it is not material provided the impulse pin does not butt on the top of the notch. Should the impulse pin butt on the top of the notch it is better to fit a new lever; an adjustment can be made by stretching the whole of the notch and refiling to obtain the desired effect, but the time and the doubtful results do not justify the effort.


[image: ]

Fig. 391. Pallet pin engagement.
Left—correct depth.
Right—too shallow.



Next examine the pallet pins. First see that they are tight and then lead the balance round until a tooth of the escape wheel drops on to the pallet pin and observe the depth of the pin into the wheel. The tooth should drop on to the pin at about the centre of its circumference, or if anything above the line of centres, but never below. If the tooth contacts the pin below the line of centres the tooth will have the tendency to push the lever away from the escape wheel and not to draw the lever into the escape wheel, as would be the case if the tooth contacted the pin above the line of centres. Fig. 391 should make this clear.

A deal of latitude is tolerated, but if the locking is very shallow it may affect the functioning of the escapement and cause a poor action of the balance. To correct, the pallet holes are drawn closer to the escape wheel and the holes rebushed. Some alarm clocks are so designed that the plates are cut out, leaving the pallet holes on the end of an arm or tongue. In these circumstances the arms can be bent towards the escape wheel. Fortunately, in modern alarm clocks, the adjustment just mentioned is not often necessary.

Having examined and corrected the escapement, examine the rest of the movement. First remove the balance. Grip the balance spring pin with the flat-nose pliers and lever it up and free of its stud. Move the balance round so that the balance spring can be guided free of the stud and the index pins. Take care not to bend the spring, but persuade it free with the tweezers. Unscrew the balance pivot screw opposite the index until the balance is free and can be lifted out of the movement. Examine the end- and side-shake of the pivots of the train, including the pallets. If the holes are wide, particularly the pallets and escape wheel, they can be bushed. Normally this procedure is not economical, but it makes good practice for the beginner.


[image: ]

Fig. 392. A hole closing punch.



Another method is to close the holes. Other than for a clock of this description, this is not permissible. For this purpose make a punch as in Fig. 392. Take a piece of carbon steel rod about 4 mm. diameter and 50 mm. long, turn one end to a gentle taper of about 3 mm. Drill a hole 1 mm. in diameter to a depth of about 7 mm. Turn a cone-shaped sink in the end as illustrated.


[image: ]

Fig. 393. Method of using the hole closing punch.



The outer edge of the sink is to be sharp so that it will cut into the brass. Harden the end and temper down to a straw colour. Now turn up a brass pilot pin with a conical point. The length of the pin is 5 mm. and it should fit the hole in the punch freely. The procedure for use is as follows : place the pilot pin in the punch, point out; hold the punch over the hole to be closed so that the pin drops into the pivot hole, from the oil sink side. The pilot pin will position the punch approximately central with the pivot hole. Place the plate with the punch on a flat steel stake held in the vice and strike the punch a fairly heavy blow with a hammer. This will cause the metal around the hole to close in as shown in Fig. 393.

The punch is similar to a bell punch with spring-loaded centring pin, with the difference that the pin of this punch is not spring-loaded. The appearance of a hole closed in this manner is quite good, and is to be preferred to the objectionable practice of punching a series of pinpoint holes round the pivot hole on the inside of the plate. Open the pivot hole with a round broach from inside the plate until the pivot fits correctly.
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Fig. 394. Mainspring clip.



Pivot holes can, of course, only be attended to when the movement is completely dismantled, so to continue with this, remove the alarm bell fitting and wind up both mainsprings fully and place clamps on them. (Fig. 394.) Place a piece of pegwood or wire in the crossing of the escape wheel and work the pallets backwards and forwards until the escape wheel is arrested by the pegwood. Unscrew the nut nearest the pallets three or four turns and the nut opposite at the top. Ease up the plate just sufficient to release the pallets, and remove them from the movement. Screw up the nuts again. Remove the obstruction from the escape wheel and let the train run until the clamps arrest further movement of both the going and alarm trains. Unscrew the four nuts, remove the plate, lift out the wheels. The centre wheel will be held by the cannon pinion; to remove this, use the tool already described and give the end of the centre wheel a blow with a brass hammer.

If this tool is not available, hold the plate as described and give the end of the centre arbor a smart blow with a brass hammer. The movement has now been dismantled, and further examination and repairs can be proceeded with.
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Fig. 395. Removing the balance spring.
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Fig. 396. Tool to remove balance spring.



Examine the pivots of the balance : they invariably need to be reground. For this purpose it is necessary to remove the balance spring. To do this, hold the balance as in Fig. 395 use the tool in Fig. 396 and insert the blade in the slot of the balance spring collet. Turn the balance very slightly in one direction and at the same time turn the tool in the reverse direction and pull the collet off the balance staff. Before removing the spring, scratch the balance slightly to indicate the position of the end of the spring; this will facilitate assembly.


[image: ]

Fig. 397. Polishing balance wheel pivots.



Fit up the balance in the lathe in a split chuck. Hold an Arkansas slip to the pivot at the exact angle of the cone. Cause the headstock to rotate at a fair speed and at the same time work the slip backwards and forwards on the pivot. (Fig. 397.) Finally burnish the pivot. Sharpen the burnisher on a fairly coarse emery buff. Smear oil on the burnisher. Grind and polish both pivots in this manner. The ends of the pivots should not be left sharp. Smiths recommend a spherical radius at the end of the balance staff of about 0·60 mm. by burnishing the end of the pivot. Now examine the impulse pin and see that it is tight.
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Fig. 398. Fitting a new pallet pin to the pallets, from the back.



Next examine the pallets, having already checked the tightness of the pallet pins. See if the pins are worn. If the pins are much worn, fit new ones. A sewing needle makes satisfactory pins. Knock the old pins out on a steel stake with holes. Select a needle a shade larger in diameter than the old pins. Break off a piece of the needle the length of the old pallet pin. Place the pallets on the steel stake, hold the new pin in the narrow flat-nose pliers, and knock the pin into position with a hammer (Fig. 398) from the back of the pallets.

Examine all the pivots for wear. If they show signs of roughness, file and burnish as explained on page 222. After polishing a pivot, check it in the frame to see if the hole needs to be rebushed.

An excellent method of fitting a new click spring has been given by Mr. W. E. Dowding in Horological Journal. It is as follows :—
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Fig. 399. An alarm click spring devised by Mr. W. E. Dowding.



Material needed is : two [image: ] inch aluminium rivets; [image: ] inch twist drill; a piece of spring steel or hard brass wire. Drill two [image: ] inch holes in adjacent arms of the main wheel. (Fig. 399.) If the click has no groove in the back, file one with a three-square file. Bend a loop in the end of the spring wire to fit round one of the rivets, and curve the wire to fit inside the second rivet hole and on to the click.

The end contacting the clickshould be bent up, as illustrated. Fit one rivet through the loop in the wire and the hole in the arm of the wheel, and rivet lightly. Adjust the spring on to the inside of the second hole; fit the rivet, and rivet with one side of the head just holding the spring.

If the main wheel is held in position by a solid plate, drill holes through this plate, say [image: ] inch, to enable riveting to be carried out.

When all the repairs have been effected, proceed to clean. There are two or more methods of cleaning; one is to wash in petrol or benzine, and another is to use one of the cleaning fluids. Petrol is as effective as any.

A good and economical system is to keep a large bottle for the express purpose of depositing dirty benzine from the watch repairer’s benzine pot. If this benzine is allowed to stand for a day or two the sediment will settle. Pour off carefully, and quite a good cleaning medium is left. In any case pour the liquid into a shallow vessel, say 2 inches deep and about 5 or 6 inches in diameter, to a depth of about an inch. Hold the part to be cleaned in the vessel and wash with a fairly stiff watch-brush. A useful brush for this purpose is an inch varnish brush. When cleaning the plates, dab with the brush so that the fluid enters the holes. Well brush the wheel teeth, particularly the escape wheel teeth, the pinion leaves, the pallet pins and fork, and the impulse pin.

As the parts are cleaned, place them on one side, and when all is ready proceed to dry the parts. The plates are dried with a clean linen rag; the pinion arbors are also dried in this manner. Where possible, all parts are dried with the rag and then brushed with a clean, dry brush. Clean the holes with pegwood and peg out the pinions. Clean the pallet pins and the impulse pin with a piece of pegwood sharpened to a thin chisel shape; rub the peg up and clean the pins until they are quite bright. Clean the notch in the pallet lever with pegwood. Well clean the balance screw conical holes with a sharp blunt peg, and make sure the sinks are perfectly clean and bright.

The balance spring is cleaned by placing it in petrol or benzine and drying between two pieces of tissue paper. It is best to wave the spring about in the fluid to wash it, and then transfer immediately between the tissue paper while wet. With the spring between the paper, dab on the top of the paper with a fairly soft watch-brush. As the paper becomes saturated with the liquid, move the spring to a dry part and continue thus until dry.

Assemble all the parts on to the back plate in the position they were originally, excluding the pallets and the balance. Oil the ratchet wheels, clicks and click springs of both the going and alarm main wheels; also apply oil to the bearings of the main wheels where they work on their arbors, before assembling these parts on the plate. Fit the front plate on and manipulate the pivots into their respective holes. For this purpose it is more convenient to hold the movement in the left hand in a clean linen rag, rather than to stand it on the upturned edges of a box. When all the pivots are in position, replace the pillar nuts and screw up. Try the end-shakes of all the mobile parts between the plates. Wind both mainsprings up a little to ensure that both trains run freely. Now replace the pallets, which is done in a similar manner to that employed when dismantling.
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Fig. 400. Tapping home the balance spring collet.



Wind up the going mainspring fully, remove the clamp, and work the pallets backwards and forwards a few times to ensure all is in order. Next fit the balance spring on the balance staff. Make sure the collet is the right way round. Place the collet on to the staff and press on a little; hold the balance up on a brass stake with holes, so that the lower pivot rests in one of the holes; the diameter of the hole should be about half that of the balance staff. While in this position (Fig. 400), knock the spring on to its correct position, which is determined by holding the balance between the plates; the collet should be in line with the spring stud. The collet is driven on to the staff with a hollow punch : a length of brass buchon wire is ideal for the job. The hole in the wire should be larger than the diameter of the staff. This method is better than pressing on, as one would the balance spring collet of a watch; there is more control and it is perfectly safe. Twist the collet round with the tool (Fig. 395) until the end of the spring coincides with the scratch mark made on the balance.

Now place the balance in the frame between the cone screws. Screw up the screw opposite the index until the cone chamfer contacts the balance pivot. Leave the balance with a little end-shake. The shake or freedom of the balance pivots in their holes must not be confused with the actual end-shake. Hold the balance firmly with tweezers and observe carefully the end-to-end play of the balance; it should not be excessive, otherwise the impulse pin will rub the horns of the lever notch excessively. A useful guide is that the end-play should equal the thickness of the balance spring.
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Fig. 401. Pressing home the retaining pin.



Lead the balance round until the impulse pin enters the lever notch and at the same time manipulate the balance spring through the index pins and into the hole in the stud. The bend or kink in the spring will indicate the original position of the spring in the stud; place the pin in position so that the spring is secured tightly. Press the pin home tightly with the flat-nosed pliers as in Fig. 401. The balance should now start to oscillate. Observe the action of the balance spring; it should open and close evenly, and the action between the index pins should be even.

Try for beat; stop the balance with the finger and then lead it round until a tooth of the escape wheel drops off the pallet pin, then arrest the balance on the other side and lead round until a tooth drops off; the amount of movement of the balance on each side should be equal for the escapement to be in beat.

Another method of testing for beat is to hold the fourth wheel to take the power of the mainspring off, and observe the position of the impulse pin with relation to the lever fork. If the escapement is in beat the impulse pin should come to rest holding the lever exactly in the central position.

Oil all the pivot holes and also apply oil to the cone sinks of the balance pivots. Oil the pallet pins and allow several teeth to escape and then apply a little more oil. The balance should now be vibrating well. Fit the cannon pinion on and drive home with a brass hollow punch and hammer—a piece of brass buchon wire answers quite well. Hold the movement on a steel stake with the hand-set arbor resting on it while driving the cannon pinion home.
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Fig. 402. Pressing on the hour hand with the help of a pair of nippers.



Next pin the alarm wheel into position; apply a little oil to the rim on the wheel upon which the pin operates. Fit the minute and hour wheels, and place the dial in position. Wind up the alarm spring and remove the clamp. Fit the alarm set piece on and turn slowly until the alarm is released. Fit the alarm hand pointing to 3 o’clock and knock on securely with a smooth-faced hammer, supporting the other end of the arbor on a steel stake. One smart blow is sufficient; the hand centre will not be mauled. Then fit the hour hand on, also pointing to 3 o’clock, and press it home with a pair of nippers. (Fig. 402.) Finally fit the minute hand pointing to about 3 minutes to the hour, press on with the back of a brush, but not tightly yet. Set the alarm hand to 4 o’clock, wind the alarm spring, and then set the minute hand round slowly by the hand-set piece. If the alarm is correct it should go off at 3 minutes to the hour. Alarm clocks are invariably set to go off at 3 to 5 minutes before the hour—it is conventional, do not ask why.

If the clock needs adjustment, the minute hand can be moved to the correct position with the fingers. When it is certain that the alarm is correct, knock the minute hand on securely in the manner similar to that employed when fixing the alarm hand. Apply oil to the wound-up edges of both mainsprings and also oil to the alarm escape wheel teeth.

The clock is now finished, and it can be fitted back into its case. Before doing this, make sure the inside of the case is clean, especially the inside of the glass. A finger-marked glass is objectionable.

The other method of cleaning mentioned at the outset is partial cleaning. Having removed the movement from its case, hands and dial off, the balance and pallets are removed. Wind up both mainsprings fully, and allow the trains to run down while the whole movement is completely submerged in petrol.

The alarm train will automatically be released and will run down.

Remove the movement from the bath and shake off as much of the petrol as possible. Wind the trains up again, hold over the bath, and while the trains are running wash both the back and front plates with a stiff watch-brush dipped in the petrol. When this is finished, shake well and hang up to dry. When dry, wipe the fronts of both plates with a linen rag, wind up, and allow to run down once or twice. Well peg out the balance holes. The pallets and balance are cleaned as described before. Sharpen up the balance pivots; even with this “cheap” kind of repair, make it a habit.

The escapement is assembled and the movement oiled and checked as was done when repairing in the fuller manner.



*  The necessity to bend the lever does not, or should not, arise of course, with any clock direct from the factory.


CHAPTER TWENTY

400-DAY GERMAN CLOCKS

FOUR-HUNDRED-DAY CLOCKS are, in England at least, rather despised by enthusiastic clock craftsmen and the reason is not far to seek.

As a rule, 400-day clocks are light in weight with the result they can easily be moved during dusting operations. During the disturbance one or two things can happen which can impair correct functioning. If the clock receives a twist which happens to be in the opposite direction to the rotation of the pendulum bob, it may lose an impulse. There is no means for the pendulum to regain the lost impulse, with the result that the bob will eventually come to a standstill and the owner will not be aware of the cause. Also, a more or less violent movement could cause the suspension spring to kink, but this is less likely than the former trouble.

Four-hundred-day clocks should be placed in a firm position, not subjected to vibration, as would be the case if standing on a rickety table, and they should not be moved.

TO CLEAN, REPAIR AND ADJUST

Four-hundred-day clocks are simple in construction and, provided that certain adjustments are observed, they give little trouble. Owing to the low original cost, it is not economical to spend a lot of time upon their repair. As such clocks are well lacquered originally, it is not necessary to polish the plates, etc., as one would with a French clock for example. Up to the escapement, the procedure to clean is the same as for a timepiece as described in Chapter Four.

EXAMINING

First remove the pendulum bob and then its suspension or torsion spring and lay them on one side, taking care not to kink the spring. (See Fig. 403.)
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Fig. 403. Escapement, long suspension ribbon, and torsion pendulum.



It is most important for all the available power of the mainspring to be used and, with this in mind, examine the train and take note of the holes which need bushing. Having examined the pallet pivot holes, let the mainspring down and remove the pallets only. One is then better able to test the freedom of the train. Although the clock may require cleaning and fresh oil, the train should be free and one or two teeth of the mainspring click winding should start the train running. Should there be any signs of binding or locking, examine closely to find where the fault is. Endshakes, wheel and pinion depths, etc. should be checked as instructed on pages 13 on.

As conservation of power is so essential, it is necessary to remove the mainspring, and should it be set—cramped—do not hesitate to fit a new spring.

When fitting a new spring or replacing the old one, be sure to use a mainspring winding tool to ensure the coils are not distorted, causing friction by rubbing on the bottom and the cover of the barrel.

New springs are usually supplied coiled up and held with wire. The diameter of the coiled spring is smaller than the inside diameter of the barrel. The spring can be dropped into the barrel and the wire eased up while the spring is in position and eventually removed, which will release the spring. Press the spring down on to the barrel by placing the barrel spring downwards and press the barrel with palm of the hand until the barrel is flush with the bench. Finally reverse the barrel and bring it down smartly on to the bench, square and flat. The spring will then be jolted home into position. Fit the barrel arbor and cover (see page 40) and wind until the spring is safely hooked.

THE ESCAPEMENT

Examine the teeth of the escape wheel very carefully. If a tooth is slightly bent, it could upset the correct action of the escapement. Bent teeth can be made straight using flat-nosed pliers with smooth jaws. Lightly grip the bent tooth and at first apply a little pressure and draw the pliers outwards, increasing the pressure until the tooth is straight. It is advisable to work slowly to avoid fracturing the tooth.

The action of 400-day clocks is slow. The pendulum of the standard-size clocks rotates 8 turns per minute = 75 seconds in each direction of rotation. Some are designed to rotate 6 and others 10 turns per minute. There should be little wear, provided that dust has been excluded as much as possible. However, examine the faces of the pallets.

The escapements are dead beat (see page 209) so there are locking and impulse faces. Should there be sufficient wear to cause serious interference to the action of the escapement, it is advisable to fit new pallets. To remove wear and repolish can be a lengthy job as the detachable pallets are dead hard. It is a good plan to burnish the pin which engages in the fork of the suspension spring. A few strokes with an oval burnisher is all that are needed.

There are upwards of 12 manufacturers of 400-day clocks in Germany. While basically the principle of the construction is similar, there are certain variations so that spare parts are not always interchangeable.

A good book or catalogue which illustrates parts with key to identify the manufacturer of 400-day clocks is The Horolovar 400 Day Clock Repair Guide, by Charles Terwilliger, published in U.S.A. Many back plates are illustrated with trade marks, etc. and the names of makers are given. With this guide before you it should be possible to procure new detachable pallets or any other parts which are needed.

ASSEMBLING

Having effected the necessary repairs, wash the movement (see page 36) and assemble (see page 40). Wind up the mainspring a few click teeth and examine the escapement carefully. The action of the escapement can be viewed through a peep-hole made especially for the purpose.


[image: ]

Fig. 404 Dead beat escapement of 400-day clock.



The illustration Fig. 404 shows the amount of drop of a tooth on to the pallet-locking face and the locking should be 2%. As the locking faces are an arc of a circle drawn from the centre of the pallet arbor, there will be no recoil movement of the escape wheel even if the pallet is made to move deeper into the escape wheel. When the pendulum is rotating in position, the pallet will move a little deeper, over a distance known as the supplementary arc.

While testing, hold the pallet firmly and steadily with a finger. Move the pallet very slowly until a tooth drops off the exit pallet—escapes—and is arrested by the entry pallet. Observe the depth of the locking. It should be 2% as illustrated. Then slowly move the pallets until the tooth drops off the entry pallet and the wheel is arrested by a tooth dropping on to the exit pallet. The depth of the locking of both pallets should be the same.

Also the amount of the drop—the distance the escape wheel travels before it is arrested by a pallet—should be the same on to both pallets. Another test to ascertain the drop—excessive drop means a loss of power—is to hold the pallets when a tooth has dropped on to the entry pallet and move the pallets until the depth of locking is, say, 1 °. Then try the amount of freedom of the escape wheel, i.e. the tooth which has dropped off the exit pallet and the tooth arrested by the entry pallet. This freedom is known as the “outside shake.” Then move the pallets until a tooth is arrested by the exit pallet. Move the pallets back a shade and try the freedom of the escape wheel, “inside shake”. Both the inside and outside shakes should be the same.

If the freedom is greater on one side than the other, it can be corrected by turning (with a screw-driver) the boss into which the back pallet hole is drilled. After any adjustment necessitating an alteration to the position of the pallet hole, it will be necessary to test the depth of locking because change of position of the pallet arbor can make the depth deep or shallow depending in which direction the boss was turned.

TO CORRECT THE ESCAPEMENT

To correct a faulty pallet depth whether due to the adjustment just mentioned or not, the procedure is as follows.

Say, for instance, the entry pad is too deep. It can be pushed in by releasing the plate holding it in position. It must be borne in mind that to alter one pad will affect the other in a similar manner. Having adjusted the entry pad as required, examine the depth of the exit pad and if that depth is too shallow then draw that out slightly. In this manner the correct depth of both pallet pads can be obtained.

Next move the pallets as far as they will go into the escape wheel, the pallet pads should not dig into the back of the outgoing tooth. Test both sides. If the drops are equal, the pallet pads will be perfectly free of the backs of the succeeding teeth.

Wash the suspension spring and fork—crutch—in benzine and dry. Burnish the inner sides of the crutch lightly with an oval burnisher. The pendulum can now be hung in position with the pallet pin in the crutch. Hang the bob on the suspension spring. From the quiescent point, turn the pendulum bob until a tooth of the escape wheel escapes, and note the amount of movement necessary. Then return the bob to the quiescent state and rotate the pendulum bob in the opposite direction until a tooth has escaped. The amount of rotation in either direction should be equal for the clock to be in beat.
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Fig. 405. Saddle, holding the suspension attachment, that is used for beat adjustment.



It is essential for the clock to be in perfect beat, otherwise there is a loss of power. Should the clock be out of beat, turn the unit to which the suspension attachment is fitted. It may have a set screw to allow this to be done (Fig. 405), or may be friction tight and have to be turned with pliers. This will cause the suspension spring to turn and with it the crutch, which will bring the escapement into beat.

Examine the freedom of the pallet pin in the crutch. The pin must be free, but there should be no perceptible movement. If the crutch is lifted up slightly, it should return to its normal position immediately. If the pin binds in the crutch, it will cause the clock to stop. Should there be excessive freedom, there is a loss of power and eventually this will cause stoppage.

The clock is now oiled in the normal manner (see page 41). Apply a small drop of oil on to the locking face of the entry pallet, work the pallets backwards and forwards to allow about 6 teeth to escape, then apply another drop of oil. Sufficient oil will be transferred to the exit pallet. Just a smear of oil is needed on the crutch.

Wind up the mainspring fully, rotate the pendulum bob about a full turn, release it and leave for a little while for it to settle down. Eventually the pendulum bob should rotate about three-quarters of a turn—270°, or may be a little more, but not less. Should the rotation be less than three-quarters of a turn, it indicates a loss of power.

Regulation can be effected by three methods. One is by altering the suspension spring, either by shortening to make the clock gain or lengthen to make it lose. The other is to change the spring for a weaker one to make the clock lose or conversely a stronger one to make it gain. Altering the suspension spring should only be done after careful consideration.

The length of the spring is restricted by the base of the clock case and the cup which is placed there to restrict the sideways movement of the pendulum bob for the protection of the suspension spring and the glass dome.

The most satisfactory method of regulation is by the disposition of the weights on the pendulum bob. If the weights, whether with a ball or disc-type bob, are drawn towards the outer diameter the clock will lose, and if drawn to the centre the clock will gain.

Some 400-day clocks are fitted with pin-pallet escapements (see page 215). Although the action of the 400-day clock escapement is different from the alarm clock the action of the pallets is similar and the instructions given equally apply to the 400-day clock.



APPENDIX I

DEPTHING TOOL

[image: ]

The body of the depthing tool is made of brass; the screws and runners of carbon steel, hardened and tempered.




APPENDIX II

TURNING AND SPIRAL-CUTTING A CLOCK FUSEE

A COPYING method of turning and spiral-cutting a fusee was used in making an English bracket chiming clock by Mr. F. B. Hardinge, of Kenton Mandeville, Somerset, who has offered the following notes on turning fusees. These may be of interest to all lathe users as an instance of the copying method, which in this instance is applied to a Drummond 4 in. round bed lathe and is generously attributed by Mr. Hardinge to the idea of Mr. J. A. Pickles, of Barnoldswick, Yorks, who built the turret striking clock now in St. Joseph’s Church in his home town.

Before carrying on with Mr. Hardinge’s notes, here is a general description of the attachment, shown in Fig. I attached to a section of a round lathe bed, and drawn one-quarter scale. The parts marked 1 are a pair of hardwood brackets, bolted firmly to the bed, one on each side of the carriage. The brackets are set horizontally level, and are connected by a “former” carrier-bar, 2. This bar has a number of holes in it, along its centre, some of which (the end ones) are plain holes, and the others tapped [image: ] in. Whitworth. By one end hole, and one of any of the others, the bar is wood-screwed to the brackets, and set horizontally and vertically parallel with the lathe axis. It carries an outline-former, which is screwed to it by two or more [image: ] in. screws in such of the tapped holes which are located conveniently.
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Fig. I.



The view shown is a plan view of the cross-slide table of the lathe, having the position of the turned work, i.e. the fusee indicated above it (but shown dotted). To avoid confusion, the tool-clamp and tool are not shown. They would be tool-posted to the outside cross-slot of the table, not otherwise used. The saddle-table below, having two slots along it (which are then across the lathe-bed), carries a strong cranked bracket, 3, bolted across its front end by two double-ended and nutted bolts, lying in the slots. These bolts are shown, partially dotted, and are numbered 4. The outer end of the cranked bracket has a pivot-pin near its extremity, upon which pivots a feed traversing lever, which is connected to the top slide by a short link, 5, also given as the number of the lever.

The top slide-saddle is rendered floating by removing its screw and corresponding thrust-plate, and, in the place of the latter, and by the same screws, mounting a plate, 7. This plate carries a lug, upon which is another pivot-pin to take the thrust of the lever through its link. The operation of the lever, therefore, advances and withdraws the top slide, moving the turning-tool into or out of the work.

A “rubber-bar”, 6, is bolted firmly to the side of the top-slide saddle. The bar is made with a suitable point to travel along, and be guided by the edge of the former, so causing the tool to be fed into the work only as far as the former allows. If it is necessary to adjust the rubber to allow feeding the tool-point further, it must be withdrawn. To effect this, its outer end is turned down and screwed to take a wing-nut, which is operated against a thrust-plate, 8, secured to the cross-carriage by one of the main thrust-plate screws.

The bolts used in all cases are double-ended screwed (similar to long studs), each fitted with a pair of nuts and washers. The two bolts securing the rubber-bar are [image: ] in., and they pass through slots in the rubber-bar to allow for its end traverse. To make these bolts doubly secure against end movement of the rubber, each passes through a pair of brass steady-blocks; one placed at each end of the table-slot in which a bolt is lying. These blocks are of square brass section and are driven tightly into the table-slot. To take the bolt, each block is drilled [image: ] in. along the centre, fitting the bolt nicely, so that it is steadied during the operation of adjusting the rubber. This explains the general lay-out; and now for Mr. Hardinge’s own notes,* to the drawings for which have been added dimensions.

DETAILS OF THE ADDITIONAL GEAR

The following drawings show the details of gear with which I successfully managed the turning and cutting of chain ways on three fusees for a chiming clock I am making. The essence of the arrangement is the substitution of lever for screw feed to the slide rest.

Referring to the drawings, part 1 is one of two oak brackets bolted to the lathe bed, one on each side of the saddle. These brackets, which are [image: ] in. thick, are connected together by part 2, which is a strip of [image: ] in. by 1 in. iron screwed to the brackets with wood-screws.

[Mr. Hardinge’s dimensions have been left in inches, but in the drawings dimensions are converted for convenience into mm. and threads to B.A. and B.S.F. instead of Whitworth.]

The holes shown in the strip are tapped [image: ] in. Whit., two of them being used for attaching the former from which the contour of the fusee is copied. This former, not shown, is merely a piece of [image: ] in. sheet brass, the edge facing the lathe bed being shaped to the contour required.

Part 3 is a piece of [image: ] in. by [image: ] in. iron cranked as shown, which carries the [image: ] in. fulcrum pin on which the lever works. I happened to find this piece of iron ready cranked and provided with two holes which, amazing to relate, came in the right places. Probably a straight piece of iron would serve, although the crank brings the pin into a convenient position. No. 3 is bolted to the saddle by two M.S. [image: ] in. rods (part 4) lying in the slots of the saddle.

The lever, part 5, is shown in the diagram with the link which connects it to the slide-rest. To effect this, the slide-rest screw was removed together with the thrust plate attached to the end of slide-rest by two round-headed screws. A new plate (part 7) was made of [image: ] in. by 1 in. iron, to which was riveted the tongue carrying the [image: ] in. pin over which the link fits.

Part 6 represents the “rubber”, made from [image: ] in. by [image: ] in. M.S. This is attached to the right-hand edge of the slide-rest by two [image: ] in. bolts lying in the slots of the top-slide. As these bolts must be quite firm, each one is passed through two small squares of brass rod driven into the slots of slide-rest, one at each edge. The back-end of the rubber was cut away for [image: ] in. at each edge, leaving [image: ] in. square in the centre which was turned circular and screwed [image: ] in. Whit. This screwed portion passes through a small brass plate (part 8), [image: ] in. thick, which is secured to the end of the slide-rest by one of the round-headed screws holding the plate, part 7. A small brass wing-nut on the screwed end of No. 6 enables the rubber to be drawn back when the two nuts holding it are slacked, thus allowing feed to be given to the tool.

GENERAL PROCEDURE

The fusee castings were first chucked and drilled through centrally [image: ] in. and then bored to just under [image: ] in. The arbors were turned from [image: ] in. cast steel to be a drive fit in the holes, a short portion being left oversize and filed roughly octagonal. The casting was then driven on, the octagon ensuring that there will be no subsequent movement. The arbors, which had to be a good deal longer than the finished length to leave room for the brackets and slide-rest, were held in chuck at the head-stock end and supported by a hollow centre in the tail-stock.

The plain turning of the fusees was very easy; with the self-act in, only the slightest pressure was required on the lever to keep the tool cutting evenly. Screw-cutting the chain-way was not, however, quite so simple. The nearest pitch I could cut to give 16 turns in the length of the fusee body was 11·655 t.p.i. given by 26 by 66 drivers and 40 by 50 driven. I set up this train and fixed a handle to the lathe mandrel which I turned with my left hand, the belt being taken off. Owing to the steep slope at the large end of the fusee, there was a tendency for the rubber to try to run down the slope, as much more pressure had to be used to keep the tool cutting. The result was that the tool sometimes tried to take off more than it could manage, but no damage resulted from this coarse feeding, as the tool could instantly be taken out of cut with the lever. With careful manipulation and a very sharp tool, the three grooves were cut in very much quicker time than I expected.

The chain is 0·046 in. thick, and I allowed 0·007 in. for freedom, making the tool 0·053 in. wide.

The casings were turned with the large end nearest the tail-stock so that the tool could be kept up to the work by pressure inwards. Owing to the steepness of the slope the former will not push the rubber back, and there would be a tendency to jam if the casting were put the other way round.


SUPPLEMENTARY NOTES

[image: ]

Bracket (part I).
(dimensions in mm.)



Brackets : If possible, the brackets (part 1) can be cut, in the first place, to the dimensioned outline in one piece, the two being cut together to match. The 3 in. opening is then marked off, pad-sawn out, and bored to size in one, and copied template fashion in the other. After this, the bolts are fitted, and finally, the underside cap is sawn away, the sawcut thickness providing the clearance to give the job grip when applied to the lathe bed, but the bore, in both cases, must exactly match the bed, or come out slightly on the clear side.

Similar brackets can be made to fit to a flat bed. The simplest method here would be to cut the bracket to sit on the flat bed, and have a good fitting tongue to go between the shears. Then a long [image: ] in. coach bolt could be centrally fitted downwards to take a pull by nut and washer on a bed clamp made of the oak.

If a long enough bolt is not available, double-ended screw rod could be used, with nut and washer at each end.


[image: ]



Former bar (part 2) : In cases where a bracket screw has to be used through a tapped hole of the former bar, (Fig. 1), use a round-headed wood-screw of the largest size to clear the threads of the tapped hole.


[image: ]

Cranked bracket (part 3).



Cranked bracket (part 3) : This is not easy to make, and will need the help of a smith to get the crank, or, at any rate, a forge, anvil and hammer. As seen in the plan, Fig. 1, it is held against the projecting square boss of the top-slide socket hole, and even then, cranked as it is, it stands none too far out. It would do as well, however, as a straight-piece curved outwards at the overhanging end so that the pivot could be placed in the same relative position.


[image: ]

Bolt (part 4).



The link on the lever may at first appear to be in the wrong position, not pushing the slide dead end on. This error, however, appears to balance out in the following manner : the top-slide saddle is considerably longer than its actual slide. The turning effect of the saddle on the much smaller slide is also fairly considerable. This turning effect is brought into play by the glance-off effect of the rubber on the top of the curve of the former, and in a counter-clockwise direction. Against this, a turning effect in a clockwise direction is given by the lever link, which is so set, and the one effect cancels the other. This is one explanation of, or apology for, a seeming error in design.

The pivot pin can be made in the form of a stud. That is, a [image: ] in. pin fitted with a washer and split-pin at its end, and having a fixed collar at its base, beneath which is a fine threaded nose, (say [image: ] in. by 26) screwed tightly into a tapped hole in the bracket edge.


[image: ]

Lever (part 5).



Lever (part 5) : The pivot pin in the lever may be put in as described for the bracket but, in this case, the screw nose should pass through the lever and be slightly riveted over. One must not forget, in either case, the fixed collar on the pin, which forms a flanged base to prevent the pin being bent over. A washer and split-pin is necessary on the lever pin also.


[image: ]

Rubber bar (part 6).



Rubber-bar (part 6) : The rubbing end is not made half rounded, but made to work on its right-hand corner, as in Fig. 1. The end is made carefully square across the flat of the bar, but otherwise sloped across its thickness at about 20 deg. to 30 deg. up to the rubbing corner. The corner is not left sharp, but rounded off very slightly to avoid scraping or cutting the template edge.


[image: ]

Thrust plate (part 7).



Thrust plate (part 7) : The position of the holes in this, though somewhere near 3 in., must be copied, for accuracy, from the permanent plate of the lathe. The lug, which carries a pin similarly mounted to one on the lever, can be firmly riveted to the plate flush, and might, with advantage, be also sweated to prevent it turning on the rivet.


[image: ]

Brass rubber thrust block (part 8).



Brass rubber thrust block (part 8) : The dimensions and angle of position are only approximate in this. Cut it first of all from a piece of [image: ] in. by [image: ] in. brass bar, about [image: ] in. long, and with square ends. Put a screw-clearing hole through it, [image: ] in. full from one end, and in centre of width, of a size to match screws on top saddle thrust block. Then screw it into position, so that its longitudinal centre crosses the middle of the rubber when in position, and mark off and drill it [image: ] in. clear to take the tenon screw end of the rubber. Its ends may then be finished half-round or to shape shown, as desired.



*  Published by permission of Percival Marshall & Co., Ltd.
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A

Adjusting rod 156

Alarm clocks 214

 ”   ”  cleaning 35, 214, 223, 227

Alarm mechanism of carriage clocks 177

Anchor escapement, action of 15

 ”     ”  correct depth of 14

Antique clocks, cleaning 213

 ”    ”  repairing 211

Arc of pendulum 75

Assembly of chiming movement 69

 ”   ”  French clocks 171

 ”   ”  movement 40

 ”   ”  striking movement 64

B

Back cock, fitting the 136

 ”   ”  making a 130

Balance spring, alarm 222

Banking of cylinder escapement 184

Barometric error 76

Barrel, making a 95

 ”  arbor, making a 98

 ”  cover, removing a 23

 ”  cover, replacing a 40

 ”  end-shake, adjusting 23

 ”  hook, making a 97

 ”  ratchet and click, making a 141

Beat, setting in 43

 ”  setting a grandfather in 205

 ”  testing alarms for 224, 225

 ”  of pendulums of different lengths, table of 79

Bench, workshop 2

Benzine for cleaning 36

Bernard type pliers adapted for hands 217

Bluing 153

 ”  screws 167

 ”  tray for 153

Bottoming file 119

Boxwood strip for polishing pallets 133

Brass, finishing 138, 151

Brass split stake 123

Breast plate 92

Broach 6

 ”  cleaning a 27

Broaching 26, 103, 135

Brocot escapement 172

Buff, using an emery 97

Burnisher 7, 28

 ”   dressing on stone 165

 ”   making and preparing a 165

 ”   preparing 25

 ”   sharpening a 167

 ”   using 25

 ”   for wheel crossings 127

Burnishing chamfers 6

  ”   cylinder escapement 185

  ”   hand collet 146

  ”   pivots 164

  ”   pivot holes 205

Bush wire 26

Bushing, cleaning before 36

Bushing tool, friction 29

Bushing worn holes 26

Bushon 31

C

Cannon pinion, making a 143

 ”    ”  removing a 23

 ”    ”  replacing a 41

 ”    ”  stake for removing a 23

Carriage clock 175, 177

 ”    ”  escapements 180

 ”    ”  stop work 179

Case, fitting movement into 41

 ”  removing movement from 12

Centre of oscillation 74

Centre pinion, making a 118

 ”   ”  testing for truth 120

Centres, turning between 94, 99

Centring on wax chuck 96

Chalk for polishing 158

Chamfer 6

Chamfering holes for bushing 26

  ”   tool 28, 107

Chamois strip for cleaning 33

Chaton 29

Checking after assembly 192

Circular error 76

Circular pitch 50

Cleaners, chemical 204

Cleaning, alarms 223

  ”  alarms, partial 272

  ”  American method 34

  ”  cylinder escapement 184

  ”  fluid for brass, making a 159

  ”  French clocks 157

  ”  fusee clock, four methods of 188

  ”  with petrol or benzine 36

  ”  rusty steel work 204

  ”  solutions 32, 34

Cleaning machine 32

Click, making a 108

Click spring, fitting a new alarm 223

Chime correcting mechanism 68

 ”  locking wheel, correct position for 70

 ”  mechanism action 67

 ”  movement 9, 67

 ”  names of parts 10

 ”  release of train of 72

Chiming, eight bell 200

Compensation, pendulum 79

Contrate wheel 180

 ”   ”  adjusting engagement 181

Crossing out a wheel 117

Crossing out file 126

Crutch, bending to adjust 205

 ”   burnishing the 205

 ”   correct clearance for 84

 ”   making a 131

 ”   collet, making a 131

 ”   pin, making a 131

Curling edges of brass 151

Cylinder escapement 182

  ”    ”   action 184

Cycloidal gearing 48

D

Dead beat escapement 209

Depth of recoil escapement 135

 ”  of wheels, checking 19

 ”  tool, dimensions of 228

 ”  using a 20, 134

Dial, removing 13

 ”  feet, making 150

Diamantine 94

  ”   charging polisher with 126

Dismantling movements 22

  ”   chiming movement 69

  ”   French clocks 160

  ”   striking movement 63

Distance of centres 46

Draw filing 108

Drilling by hand 91

 ”   for hand collet pin 146

Drop, correct amount of 16

Dust, keeping off clocks 2

E

Ellicott pendulum 82

Elliott pendulum bob 80

End-shake, adjusting barrel for 23

  ”   between plates 162

  ”   of contrate wheel 180

  ”   estimating 14

  ”   of pallet arbor 131

  ”   of rack and lifting piece 161

English fusee bracket clocks 186

Emery paper, using 138

 ”  stone, resurfacing 132

Epicycloidal gearing 48

Escape pinion, making an 129

 ”   ”  wear 187

 ”  wheel collet, making an 129

Escapement, alarm 218

  ”    cylinder 182

  ”   dead beat 209

  ”   examining 14

  ”   oiling 41

  ”   pin pallet 215

Escapement, platform 180

  ”   recoil 15, 135

  ”   strip 15

  ”   verge 212

Eyeglass 5

F

Facing tool 123

File, bottoming 119

 ”  for edge cutting 114

 ”  handles 7

 ”  rounding up 119

Filing out crossings 126

 ”  block for pinions 119

 ”  edges 89

 ”  flat 101, 108, 122

 ”  pinions 119

 ”  to a shoulder 130

 ”  a square 100

 ”  wheels 122

Fine cuts on lathe or turns, making 124

Finishing clock plates 151

  ”   cocks and bridges 151

  ”   screws 154

  ”   springs 152

Flatness, testing for 87

Four-hundred day clocks 228

French clock 157

 ”   ”  assembly 171

 ”   ”  buchons 31

 ”   ”  cleaning 36

 ”   ”  pendulum markings 79

 ”   ”  striking mechanism 161

Friction bushing 29

 ”  ”  crutch 42

Fusee timepiece, making a 87

 ”  action 104

 ”  arbor, making 103

 ”  chain, fitting 155

 ”  chain, removing rust from 191

 ”  click spring, making a 107

 ”  great wheel, making a 111

 ”  grooves, chain and line 105

 ”  iron and block, making a 114

 ”  key piece, making a 114

 ”  line, how to knot a 192

 ”  line, preventing fraying of 189

 ”  line, winding on to barrel 190

 ”  maintaining power detent, making a 138

 ”  maintaining power spring, making a 111

 ”  stop iron spring, making a 116

 ”  stop piece 105

 ”  striking movement 193

 ”  turning a 227

G

Garrard adjustable escapement 16

  ”  friction crutch 42

Gathering pallet, correct position for 65

  ”    ”  removing a 63, 161

  ”    ”  pin, correct position for 62

Gauge for barrel arbor 98

Gearing calculations 54

  ”  theoretical 45

Gear ratio 46

Gears, good and bad 51

Generating circle 49

Graham mercurial pendulum 80

Graining with emery paper 138

Grande sonnerie 178

Grandfather clock, assembly of 205

  ”    ”  cleaning a 204

  ”    ”  fixing a 83

Glass loose 181

Gravers 7

Grid-iron pendulum 81

H

Hammers 5

Hammer of French clocks 171

  ”  hardening brass 107

  ”  lifting pin, correct position for 64

Handling, correct methods of 43

Hand, making a 153

Hand collet, making a 146

Hand removing tool 217

Hardening pallet pads 132

  ”   pinions 119

Harrison pendulum 81

Height gauge 185

Hole closing punch 220

Holes, cleaning by chamois strip 33

Hooking of mainspring 168

Hoop wheel 177

Horse for French clocks 3

Hour wheel bridge, making an 143

Hour wheel, making an 144

Hypocycloidal gearing 48

I

Index pins of lever escapement, adjusting 181

Invar 79

Involute gearing 49

Iron polisher 93, 95, 125

 ”   ”  making 101

 ”   ”  using 101

J

Jacot drum 163

K

Knurling in the lathe 148

L

Lacquered plate movements 9

Lacquering 154

Lantern pinion 52

Lathe back stay for long work 118

 ”  cutting a recess with 106

 ”  fit-up for drilling pivot 169

 ”  lantern runner 152

 ”  making fine cuts with 124

 ”  runner for pivot polishing 125

 ”  set up for pivot polishing 164

 ”  turning between centres 94, 99

 ”  using the cutter 99

 ”  wax chuck for 96

Lead, filling pendulum bob with 150

Lever escapements 181

Light in workshop 3

Locking plate striking mechanism 173

Longcase clock, see Grandfather clock

M

Marking out plates 89

Mainspring clip 220

  ”   fitting a new 168

  ”   letting down 13

  ”   letting down fusee 186

  ”   removing 23

  ”   selecting a new 168

  ”   thickness of fusee 155

  ”   winder 38

  ”   winding by hand 39

Maintaining power spring, testing the 210

Mercurial pendulum 80, 207

Minute wheel, making a 145

Minute wheel cock, making a 145

Motion work trains, table of 60

Movement, names of parts 10

N

Nippers 5

O

Oil, amount to apply 41

Oil sink, cleaning an 158

 ”  ”  cutting 137

Oiling charts for chiming clocks 70

 ”   ”  for striking clocks 66

Oiling during assembly 41

 ”  English fusee movement 199

 ”  a fusee clock 190

Oilstones 8

Oval burnisher, making an 127

P

Pallets, adjustment of 16

Pallet arbor, making a 131

 ”  arbor hole, wear of 13

 ”  collet, making a 131

 ”  making 131

 ”  pads, hardening 132

 ”  pin, fitting an alarm 223

 ”  polishing 132

 ”  renewing a regulator 210

 ”  stoning 17

 ”  stoning to flatten 132

Paper block, using a 138

Peening centre pinion to straighten 120

  ”  a spring flat 111

Pegwood or oil sinks 33, 158

Pendulum arcs, table of changes of rate with different 76

  ”   bob, making a 149

  ”   calculations 77

  ”   compensation 79

  ”   French, marking on clock 79

  ”   lengths with beats, table of 79

  ”   lengths, with clock trains, table of 59

  ”   loose bob 85

  ”   mercurial 207

  ”   protecting suspension spring 208

  ”   regulation by weights 74

  ”   rise and fall mechanism 199

  ”   rod, making a 147

  ”   theory of 73

  ”   twisting of 207

Petrol for cleaning 36

Pillar, making 92

 ”  riveting 140

Pinion, hardening and tempering 119

 ”  leaves, polishing 121

 ”  making a 117

 ”  polishing 121

 ”  wear, escape 187

 ”  wire 117

Pin barrels for chimes 201

Pin hole in pillar 141

Pin, how to remove 160

 ”  making 109, 152

 ”  rounding tool 109

 ”  use of correct 65

 ”  pallet escapement 215

Pitch of gear teeth 49

 ”  point 49

Pivot burnishing 164

 ”  cleaning 37

 ”  estimating wear of 24

 ”  extending a 162

 ”  fitting a new 169

 ”  holes, closing alarm 220

Pivot, polishing 25, 101, 125

 ”  polishing alarm balance 222

 ”  polishing, French clocks 163

 ”  wear, checking 13

Planishing 88

Planishing tool, making 93

  ”   ”  using 94

Planting recoil escapement 135

  ”  train wheels 134

Plates, finishing 138

 ”  making 87

Platform escapement, checking and adjusting 180

Pliers 5

Polisher, making a 101

  ”  using a 102, 125

Polishing agate pallets 209

  ”   alarm balance wheel pivots 222

  ”   arbor, throw fit-up or 124

  ”   block 94

  ”   carbon steel 153

  ”   pallets 132

  ”   pinions 121

  ”   pivots 25, 101, 125, 163

  ”   with chalk 158

Positional adjustment 181

Punch for hole closing 220

R

Rack tail, correct position for 61

 ”  ”  making a 196

Ratchet, making a 106

Rate changes with different pendulum arcs, table of 76

Rating nut, making a 148

Rebushing 26

Recoil escapement 15, 135

 ”    ”   French 162

Regulation by altering pendulum bob 75

  ”   ”   ”  suspension spring 75

  ”   ”  weights on pendulum 74

  ”   of lever escapements 181

Regulator 207

  ”   weights of 209

Repeating clocks 176

Rift, making and using 141

Rise and fall mechanism 199

Riveting 97

 ”   pillars 140

 ”   wheel on to pinion 123

Rocking of clock cases 83

Rounding tool 109

Rounding up file 119

Rose cutters 28

S

Scraper, using a 88

Screws, finishing 155

 ”   for French clocks, bluing 167

Screwdrivers 5

Sector gauge for gears 51

Set up of fusee, releasing 187

Setting up fusee mainspring 156

 ”   ” with verge escapement 156

Shortt free pendulum 82

Side-shake, estimating 14

  ”   of pivots 162

Slate pencil as a tool 28

Soldering edges 149

  ”   a wheel collet 128

‘Soup’, cleaning 157

Split stake 123

Spring, finishing 152

 ”   flattening after heat treatment 111

 ”   making a brass tension 142

Square, filing a 100

 ”   reshaping winding 166

Square hole, making with a rift 141

Stand for clocks 2

Steady pins, fitting 116, 137

Stop work on carriage clocks 179

Straight graining 115

Straightening centre pinion 120

Striking movement (See also Chiming) 61

 ”   affected by loose glass 181

 ”   carriage clock 175

 ”   English fusee 193

 ”   mechanism of French clock 161

 ”   Grande sonnerie 178

 ”   half hours 198

 ”   mechanism, locking plate 173

 ”   repeating clock 176

 ”   strike silent lever 194

 ”   ting-tang 174

Strip escapement, action of 15

 ”  pallets, adjusting 18

Supplementary arc of escapement 135

Suspension, making a pendulum 147, 148

  ”   spring, protecting 208

  ”    ”  and rate of pendulum 75

  ”    ”  twisted 85

Steadying a long case clock 83

T

Tempering pinions 120

Tension spring, making a brass 142

Testing after assembly 192

 ”   centre pinion for truth 120

 ”   during assembly 41

Throw, clockmakers’ (See also Lathe) 6

 ”   fit-up for wheel 124

Ting-tang clocks 174

Train calculations, gear 54

Trains with lengths of pendulum, table of 59

Trunnion pin, making a 148

Turning arbor 6

Turning a clock fusee 229

 ”   a pillar 93

Tweezers 5

U

Undercutting pinion head 122

Uniform lead 49

Uprighting a wheel 31

V

Verge escapement 212

 ”    ”   setting up with 156

Vice 5

W

Wax chuck 95

Wear, checking 13

Weights, swaying 85

Wheel, checking depths 19

 ”   collet, soldering a 128

 ”   making a 117

 ”   replanting 21

Winding squares, reshaping 165

Workshop equipment 1

  ”   layout 4

X

Zinc block 94, 95
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