
    [image: ]

  
    
      
         
         
 
         
            [image: ] 
            

         

      

      
    

  
    
      
         
         
 
         
            [image: ] 
            

         

      

      
    

  
    
      
         
         
 
         
            CONTENTS

         
 
         
            Title Page
            
 
            ACKNOWLEDGEMENTS  
            
 
            PREFACE  
            
 
            1  GETTING STARTED  
            
 
            2  THE CLOCK MOVEMENT  
            
 
            3  CLEANING A SIMPLE CLOCK MOVEMENT  
            
 
            4  THE PENDULUM AND ASSOCIATED ESCAPEMENTS 
            
 
            5  THE WATCHMAKER’S LATHE  
            
 
            6  REPAIRING WORN HOLES AND PIVOTS  
            
 
            7  STRIKING CLOCKS  
            
 
            8  ALTERNATIVE TYPES OF STRIKING CLOCK  
            
 
            9  CHIMING CLOCKS  
            
 
            10 WEIGHTS, SPRINGS, STOP WORK AND THE FUSÉE 
            
 
            11  PIVOTS, JEWELS AND PLATFORM ESCAPEMENTS  
            
 
            12  FURTHER PLATFORM WORK  
            
 
            13  PART JOBS  
            
 
            14  GEAR CUTTING  
            
 
            USEFUL ADDRESSES  
            
 
            Copyright
            

         

      

      
    

  
    
      
         
         
 
         
            ACKNOWLEDGEMENTS

         
 
         I thank Cynthia Boult who was consulted over the cover, colleagues at St Loye’s College Foundation, particularly Peter Mitchell and Mike Western for their advice and support on technical matters, and to the trainees of St Loye’s College through whom I have learned so much.
         

      

      
    

  
    
      
         
         
 
         
            PREFACE

         
 
         This book was written primarily for the horological enthusiast interested in taking that first step into clock repairing and for those under initial training in clock repairing. There is likely to be material which will benefit the professional repairer as well. For example I have never read in any book how to splice a twelve strand long case clock rope. It is included here.
         
 
         Those completely new to clock repairing will be led gently into new skills and knowledge. It is the intention that this book will inform about techniques and give you the confidence to have a go. It is also the intention that those with limited experience will extend their ambitions.
         
 
         You will find here a mix of imperial and metric units reflecting the speed of change within industry generally. For example, steel continues to be supplied in imperial units so don’t be surprised if you are asked to select ⅛inch brass and set up in a Number 32, (3.2mm), collet.
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            GETTING STARTED

         
 
         Two early considerations for those preparing to repair clocks from home, whether as pure enthusiast or professional, are where to work and what tools will be needed to make a modest start.
         
 
         Where to work will include alternatives such as a shed, an outhouse, a loft conversion, a utility room or a garage; otherwise an existing workshop might be converted, or the lounge, dining-room, kitchen or even the bedroom utilized. Perhaps initially working in a bedroom doesn’t seem realistic, but in fact making or converting a double wardrobe into a work station is very sensible. There are significant advantages to working in a bedroom: there is minimal disturbance from other users of the house, and work in progress may be left from one day to another – yet to anyone entering, the work station would appear to be an ordinary double wardrobe.
         
 
         Certainly working inside the house offers the advantage of comparative warmth in the winter months. The disadvantage of working in a lounge, dining-room or kitchen is having to clear things away even as work progresses.
         
 
         Next to be considered are the workbench, storage space, light and a chair to sit on.
         
 
         THE WORKBENCH
 
         Many hours are likely to be spent sitting at the workbench, so it must be the right size and shape for your comfort and health, and strong enough for the work that is to be undertaken. It should enable you to work occasionally with both elbows resting on its surface, and with an upright back.
         
 
         A good height for a clock repairer’s bench is about 92cm (an approximate conversion from the traditional imperial height of 36in). A minimum width should also be about 92cm (36in), though if room permits, a bench 107cm (42in) wide would allow a small vice to be permanently attached to the bench top at one end; it would then be available for immediate use but without getting in the way during other bench work. The depth of the bench should be a minimum of 46cm (18in), but 61cm (24in) if space permits; this will allow for the work in hand and offer room for various tools that will be needed as work progresses.
         
 
         The bench top should be about 2.5cm (1in) thick, or more if possible, to take light hammering and heavy clocks. The surface should be covered with plain brown or light green cork lino or a plain vinyl; it is better to make the surface as plain as possible so that small parts can be seen easily on the surface. The sides and back of the bench should have high edging to contain items on the bench, and the front should have a low edging, for comfort yet also to prevent items from rolling off.
         
 
         Small drawers under the bench will help with storage for tools and materials. The storage should be well off the floor as it is essential to be able to sweep under the bench to find small parts that will inevitably find their way there. Every potential clock repairer should be aware that small clock components can spontaneously grow both wings and legs and will discover the most inaccessible places to hide in.
         
 
         The bench should be well lit, with either a twin balanced fluorescent tube lamp or a tungsten lamp with a 40 watt pearl bulb. A stronger bulb will have the disadvantage of throwing out too much heat. Some repairers advocate working by a natural north light, but this is far from essential. Working with sunlight falling directly on the bench is very uncomfortable, not so much because of the heat but because of the uncomfortable light. A blind should overcome the problem of direct sunlight falling on the bench.
         
 
         Finally a working surface, often of plain white A4 paper, is secured to the bench in front of the repairer.
         
 
         If the luxury of a purpose-built, dedicated bench is not possible, a table top will do, although raising the working level with blocks or a false top will be more comfortable. The surface of a table top will need protecting to avoid scratches.
         
 
         A further space with a working surface will be necessary for clock cleaning and other dirty or heavy work. Certainly an outhouse or garage is better suited to some work, but is not essential for a modest start.
         
 
         Working heights vary so a chair that can be adjusted between about 46cm and 61cm (18 and 24in) should ensure a comfortable working position. A back to the chair is preferable.
         
 
         TOOLS
 
         For anyone just beginning in clock repairing, the thought of a significant outlay on tools would perhaps be off-putting. In fact much can be achieved with ordinary tools found in the home. Inevitably as knowledge and skills are gained, the desire for specialist tools will increase; but these can be acquired over a long period, perhaps being paid for by repairs carried out.
         
 
         Tools need not be new, of course, and the repairer is encouraged to attend some of the many horological tool auctions held across the country. British Horological Institute branches often hold local auctions which members of the public may attend; BHI branch secretaries will have advance notice of pending auctions, and their addresses may be obtained from the secretary of the BHI.
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               Fig  1  An  ideal  clock  repairer’s  bench. 
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               Fig  2  A  clock  repairer’s bench  laid  out  with  the  tools in  constant  daily  use. 
               

            

         
 
         The absolute minimum needed to get started will be small flat nose pliers, a variety of small screwdrivers, one or two small plastic containers to hold parts, and a pair of tweezers. For those who wish to purchase a more comprehensive range of specialist tools the following are recommended, and should cost no more than the equipment needed for many other activities such as archery, fishing, mountain biking or photography. These may be purchased from tool and material houses or from second-hand sources.
         
 
         Tool List
 
         Tweezers, general purpose
 
         Set of watchmaker’s screwdrivers, 3mm to 1mm
 
         Two oil cups
 
         Essence jar, 60mm (2.5in)
 
         Brush, four-row
 
         Movement blower
 
         Bench knife
 
         Material tray
 
         Clock hammer, 50g
 
         Screwdriver, 180mm × 5mm
 
         Set of four oilers
 
         Eyeglass, single
 
         Eyeglass, double × 10
 
         (spectacle type for those who prefer)
 
         Pliers, flat-nose 115mm
 
         Pliers, round-nose 115mm
 
         Top cutters flush 115mm
 
         File, 150mm (6in) No4 double cut
 
         File handle
 
         
             

         
 
         Other tools for various repairs will be identified as they become necessary.
         
 
         Tool Care
 
         Now a few words about the care of tools. Those not in constant use should be kept close by in drawers, leaving the bench free to carry out the work in hand. Tools that need special care include tweezers, screwdrivers and oilers; these are also the most used and abused.
         
 
         Tweezers are used more than any other tool, and if properly looked after will save you having to spend hours searching for parts which otherwise will fly out of them. Use them for dismantling, assembly and balance spring adjusting. Avoid levering and prising with them, and any activity that might bend them. When the points are squeezed together, they should remain in contact for some distance back from the point; if they are bent out or in, any parts you are attempting to hold will in fact fly out of them. Tweezers are dressed by grinding and filing roughly to shape, then emery cloth is used round the outside faces to give them a pleasing appearance. Avoid touching the inside faces altogether.
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               Fig  3  A  well-proportioned  screwdriver.
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               Fig  4  The  oiler  filed  to  a  gentle  taper  (a)  and  flattened  (b).
               

            

         
 
         The best screwdrivers are hardened and tempered to dark blue. Screws used in horology, even with the same tap size, often have differing width slots so it is necessary to sharpen screwdrivers with this in mind. To sharpen, the screwdriver is placed in the bench vice and filed to the proportions shown in Fig 3. Use a ‘broken in’ 150mm No 4 double cut file for this, or similar. Small screwdrivers may be sharpened on an India stone lubricated with clock oil.
         
 
         MAKING  OILERS
 
         Oilers can be purchased already well shaped and in different sizes, but inevitably they are eventually damaged. The following notes on making an oiler can also be used for repairing a damaged one:
         
 
         
            1. Select a piece of ‘blue steel’ 50mm (2in) long and a diameter to suit the size of oiler being made. Alternatively, select a sewing needle and temper the pointed end to a light blue for one third of its length.
            
 
            2. File the steel to a gentle taper, then rest the filed end on a hardened rounded surface, for example the handle of a pair of top cutters, and flatten the end with a light hammer.
            
 
            3. Stone the two flats so that they are uniform then stone the sides to the required shape. Stoning across the face of the oiler gives greater control over the way the oil leaves the oiler.
            
 
            4. Make a handle from an old plastic knitting needle, using techniques adapted from the section on repivoting. When the blade is inserted, the oiler is ready for use.
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               Fig  5  The  finished  oiler. 
               

            

         

      

      
    

  
    
      
         
         
 
         
            2
 
            THE CLOCK MOVEMENT

         
 
         Before stripping your first clock you should know the preferred name of some of the components common to most mechanical clocks, and some of the definitions, so that the instructions given are better understood. Every activity has its own ‘language’, and communication is easier if that language is understood (or at least enough to get by and build on).
         
 
         Even the word ‘clock’ has different meanings for different people. For some it is the case, dial, hands and all the things that can be seen from the outside; to others it is what can’t be seen, that is, the ‘workings’. In horology, once the ‘workings’ have been separated from the case, dial and hands it is known as ‘the movement’.
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               Fig  6  A  striking  clock  movement.
               

            

         
 
         The movement comprises a number of components, each of which will come under a certain heading. For example, every movement will have some sort of framework to hold everything together. There will be a driving force to keep the clock going, usually a weight or spring, and a series of wheels of the right ratio to make the hands go around at the right rate and for the right duration. There will be some means for winding a spring or weight without having to turn all the wheels backwards, some means of adjusting the hands independently and, very importantly, some means of releasing the power from the mainspring or weight under control. These mechanisms will now be looked at more closely.
         
 
         CLOCK TRAINS
 
         To start with then, our movement has two plates: a bottom plate sometimes called a pillar plate or a dial plate, and a top plate sometimes called the back plate. Between the plates there is a series of wheels called a train which usually, though not always, gives a step up in gear ratio from where the drive originates. In an alarm clock there will be two trains, a time train and an alarm train. In a striking clock there will also be two trains, a time train and a striking train. Similarly a chiming clock will have three trains, a time, strike and chime train.  
         
 
         The time train in a simple thirty-hour clock (the name given to a clock that is wound daily) usually consists of a great wheel, which is the first wheel in the clock; a centre wheel, which is the second wheel in the clock; a third wheel and a fourth wheel. The latter may have a long pivot to carry a seconds hand.
         
 
         The Escapement
 
         Next is the escapement, which allows the power from the mainspring or weight to escape slowly under control. In a pendulum clock there are two main parts to the escapement, an escape wheel and a pallet. In a clock with a balance there are three main parts, an escape wheel, a pallet and a balance.
         
 
         Sometimes there is another wheel between the great wheel and the centre wheel called the intermediate wheel; this converts the clock to an eight-day clock. When an intermediate wheel is used, the wheel driven by the centre wheel is still often called the third wheel, even though it is actually the fourth wheel in the train. The only time that this may be a problem is when ordering such a new wheel from a material house. Describing its position in the train should overcome any ambiguity.
         
 
         The great wheel always has some arrangement to hold the mainspring in a wound state; usually this incorporates a ratchet wheel, click and click spring. The centre wheel will have a simple clutch arrangement of some kind to allow the hands to be turned independently of the rest of the train.
         
 
         The prime function of the escape wheel is to give impulse to a pendulum or balance to keep it swinging. How escapements work will be looked at later.
         
 
         A balance will vibrate according to the natural laws of springs, and a pendulum will vibrate according to the law of gravity. It should be appreciated that all time-measuring devices involve an ‘event’ which is repeated in the same space of time over and over again and is counted up. This applies to the earth as a clock, a water clock, a sundial, a pendulum clock, a clock working with a balance or even a quartz clock.
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               Fig  7  The  clutch  arrangement  on  a  centre  wheel  to  allow handsetting. 
               

            

         
 
         Motion Work
 
         On the outside of the front plate will be found another series of wheels, this time called ‘motion work’. Motion work makes use of a cannon pinion, a minute wheel and pinion, and an hour wheel. The motion work gives the 12:1 reduction to drive the hour wheel. A 24-hour dial will have a 24:1 reduction.
         
 
         Earlier, when talking about the time train, reference was made to a wheel. The word ‘wheel’ is often used to mean the whole wheel which is usually made of two separate parts fastened together, one part a wheel, the other a pinion.
         
 
         In horology a wheel is a driver: it is made of brass and has teeth. A pinion is driven, and is made of steel and has leaves. The teeth of the wheel drive the leaves of the pinion. There are exceptions to this, for example the cannon pinion in the motion work; however, it is true to say that generally, pinions make bad drivers.
         
 
         Endshake and Sideshake
 
         A wheel must have up and down movement between the plates, and this movement is called endshake. There must also be clearance between the sides of the pivots and the plates, and the movement of the pivot due to this clearance is called sideshake. Endshake must always be a minimum of   3/100mm in any wheel or staff; in a long-case clock, it may be ½mm or more, though it need not be as much as this. 
         
 
         Safe sideshake is indicated by a 10° lean in all directions when a wheel is placed in a plate and allowed to lean naturally.
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               Fig  8  A  typical  wheel and  pinion  in  a  plate. 
               

            

         
 
         SIMPLE TRAIN CALCULATIONS
 
         For most repair work, the only calculations that need to be carried out are those for sorting out invoices, mark-ups and profit margins. However, occasionally you may need to calculate the number of vibrations per hour or per minute or even per second that a clock has to make in order to keep perfect time, or you might have to calculate the correct ratio of teeth to leaves of a missing wheel in a clock so that you can arrive at the most likely combination for a new wheel and pinion to be cut.
         
 
         Calculating Vibrations
 
         When calculating the number of vibrations a pendulum or a balance needs to make per hour, per minute or per second for the clock to keep perfect time, first we need to know the number of teeth used in an hour on one of the time-train wheels. The calculation then becomes the product of the drivers multiplied by two, divided by the product of the driven to give the number of vibrations per hour. If the number of vibrations per minute or second is required, we simply divide by sixty once or twice, to get minutes or seconds.
         
 
         As most clocks – though not all – have a centre wheel, we take that as a starting point because we know that every tooth will be used once in an hour. (The centre wheel rotates once in an hour, therefore every tooth will be used just once.) Our formula for calculating the number of vibrations per hour looks like this:
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         The times two in the top line is because the escape wheel advances half a tooth at a time, and the centre wheel pinion doesn’t enter the calculation because it comes before the centre wheel, as does the great wheel.
         
 
         As a practical example, a train count reveals the following numbers: 
         
 
         
            
                    
                           
                                  
                        	c/w             
                        	54 teeth             
                        	           
                     
         
                                  
                        	3rd wheel             
                        	40 teeth              
                        	3rd pinion             
                        	6 leaves         
                     
         
                                  
                        	4th wheel             
                        	40 teeth             
                        	4th pinion             
                        	6 leaves         
                     
         
                                  
                        	scape             
                        	              
                        	scape             
                        	          
                     
         
                                  
                        	  wheel             
                        	15 teeth             
                        	  pinion             
                        	6 leaves         
                     
     
                   
               

            

         
 
         I recommend that the formula you are going to use is always written down first.
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         If vibration per minute is wanted, just put ‘× 60’ in the bottom line, or divide the answer by 60. For vibration per second, just put ‘× 60 × 60’ in the bottom line or divide your vib/hour calculation by 3,600 (60 × 60). Should you need the time of one vibration, simply divide your vibrations per second into the number ‘one’. In other words, the time of vibration is the reciprocal of the number of vibrations per second.
         
 
         Very occasionally a clock comes in for repair with a missing wheel, and a calculation has to be made to determine the likely number of teeth in the missing wheel and the likely number of leaves in the pinion. Provided you know the number of vibrations per second, minute or hour that the pendulum or balance makes for the clock to keep time, then it is relatively straightforward. For example, if the missing wheel and pinion was from a long-case clock with a second pendulum, you would know that the pendulum vibrates sixty times a minute. If you were unsure, you could even count the number of vibrations in a minute with a stopwatch. It would bring you so close to a convenient ratio that the correct number of teeth and leaves would be determined.
         
 
         The following is the train count of a long-case clock with a missing third wheel. Calculate the likely number of teeth in the wheel and leaves in the pinion.
         
 
          
         
            
                    
                           
                                  
                        	t c/w 64             
                        	          
                     
         
                                  
                        	t 3rd (unknown)             
                        	1 3rd (unknown)         
                     
         
                                  
                        	t scape 30             
                        	1 scape 8         
                     
         
                                  
                        	Number of vibrations per minute = 60         
                     
     
                   
               

            

         
 
         Note that there is no fourth wheel. In fact it doesn’t matter, just leave it out of the calculation; it still works out right.
         
 
         When doing a train count, use two pairs of tweezers: hold the wheel on a tooth with one pair of tweezers while you touch each tooth in turn with the other pair as you count. It is a good idea to count twice to make sure that the first count was the correct number. 
         
 
         The formula this time is:
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         Notice the 60 in the bottom line: that is because we are using the formula for calculating the number of vibrations per minute. Now, substituting numbers for our formula and calling the unknown teeth in the wheel ‘A’ and the leaves ‘B’, we have:
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         Bring the unknown to one side of the formula, and the known to the other side, and we end up with:
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         This means that the ratio of wheel to pinion is 15:2.
         
 
         Now certainly the wheel would not have had 15 teeth and I don’t recall ever seeing a pinion in horology of under 6 leaves, so that rules out the possibility of a 30-tooth wheel and a 4-leaf pinion. Try multiplying 15 and 2 by 3. That brings us to the possibility of a 45-tooth wheel and a 6-leaf pinion. It would probably work, although experience tells me that a higher number of teeth would have been used in this type of clock. So next I’m looking at a 60-tooth wheel and an 8-leaf pinion, and this sounds very likely, in fact more likely than 75 teeth for the wheel and 10 leaves in the pinion.
         
 
         Probably all I need to do now is supply my gear cutter with the distance between centres of the centre and third wheel, and the distance between centres of the third wheel and scape wheel together with the number of teeth and leaves and the outside diameter of both centre wheel and scape pinion, and a new wheel could be cut. The distance between the plates would also be required.
         
 
         CALCULATION FOR MOTION WORK
 
         The ratio between a cannon pinion and an hour wheel is 12:1; the formula for calculating motion work of a twelve-hour dial is therefore as this:
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         Supposing the hour wheel is missing and the number of teeth is to be determined. The solution is:
         
 
         
            
                    
                           
                                  
                        	teeth minute
                  wheel 36
                                     
                        	leaves cannon 
                 pinion 36
                                 
                     
         
                                  
                        	teeth hour  
                  wheel unknown
                                     
                        	leaves minute
                 pinion 36
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         By calculation, the teeth in the hour wheel (A) are 72.
         
 
         A calculation for the hour wheel or cannon pinion will always result in the actual number of teeth or leaves being discovered. Calculations for missing minute wheels will normally end with a ratio. The long-case clock is an exception because usually the ratio between cannon pinion and minute wheel is 1:1; that is, there are normally the same number of teeth in the minute wheel as there are teeth in the cannon pinion. (The cannon pinion in a long-case clock is an exception to the rule of pinions having leaves and wheels having teeth.)
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            CLEANING A SIMPLE CLOCK MOVEMENT
            

         
 
         A ‘timepiece’ is the usual name given to a clock without strike or chime or alarm. A timepiece is likely to have two plates, one train (a time train), an escapement and motion work. There will be a ratchet arrangement to hold a mainspring or weight in a wound state, and a clutch arrangement to turn the hands independently. A pendulum or balance may be used to control the speed of the running down of the train.
         
 
         There is a wide choice of clock for our first practice, but a Smiths eight-day timepiece has been chosen for three reasons: such clocks are still around in reasonably large numbers and might be acquired through car boot sales quite cheaply; they are representative of many other clocks, and so principles can be grasped and transferred; and finally, they are simple.
         
 
         The first thing to do when tackling a repair is to establish why a clock has stopped. Often the reason is simply that the old oil has dried and congealed, causing a drag on the train and escapement. This condition is easily recognized by looking at the countersinks around the pivot holes and observing the old, dried, congealed oil. The condition is often accompanied by a more generally dirty-looking movement, particularly around the pinion leaves and the other working surfaces.
         
 
         Pivot holes may be worn, causing inefficient transmission of power. Gripping the great wheel between index finger and thumb and reversing the normal direction of drive of the train usually shows this up by causing pivots to jump across worn holes. Worn holes often appear with what looks like black, congealed oil.
         
 
         Steel pivots may be cut because foreign bodies are embedded in the pores of brass pivot holes; this condition is often associated with red dust around the pivot and hole. It can be dealt with in a number of ways (these will be looked at later).
         
 
         Attempting to wind the clock will show up a broken mainspring. If no power can be felt at all during windings probably the mainspring is broken at, or near its inner end. When some power can be felt during winding but the mainspring can be wound indefinitely, probably the spring is broken at, or near its outer end.
         
 
         Repairs will be covered in subsequent chapters; for the moment we shall concentrate on dismantling, cleaning, reassembling and oiling our simple eight-day timepiece, and the principles explained here are likely to hold true for any mechanical spring-driven clock. The detail will need to be modified if a different clock is being tackled.
         
 
         DISMANTLING
 
         
            1.  First, remove the pendulum, which simply lifts off.
            
 
            2.  Remove the clock hands. There are two common ways of securing clock hands, and these are shown in Figs 9 (a) and (b). In the first, the tapered securing pin is removed using flat-nose pliers: rest one side of the pliers against the thinner end of the pin, and the other side against the centre wheel arbor; then squeeze. Assuming the pin loosens, change the grip to the thicker end of the taper pin, and pull it out. There should be a washer which will lift off, then the minute hand should be eased off. The hour hand can now be removed by holding the boss in the centre between thumb and index finger, twisting slightly and pulling.
            

         
   
         
            [image: ] 
               Fig  9  Two  common  ways  of  securing  clock  hands:  (a)  is pinned;  (b)  is  screwed.
               

            

         
 
         In the second way, as illustrated in Fig 9b, unscrew the finger nut with thumb and index finger, and lift the hands off.
         
 
         
            3.  Remove the movement from the case. This is usually a simple task involving unscrewing six or eight wood screws which are accessible through the case back. Lift out the movement.
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               Fig  10  The  suspension  spring  of  a  typical  mass-produced clock.
               

            

         
 
         The pendulum and the pendulum rod are suspended by the suspension spring; in this type of clock the latter is usually a flexible piece of spring with brass cheeks top and bottom. 
         
 
         
            4.  Remove the suspension spring and suspension rod; these are removed first because the suspension spring is vulnerable. Draw out the securing pin from the pallet cock and pull the suspension spring downwards slightly to clear the cock. Turn the suspension rod through 90° and lift it off the crutch.
            
 
             
            5. Next the power must be removed from the mainspring: it is essential to do this before stripping any clock. The operation has to be carried out with great care to avoid damaging the ratchet wheel teeth and to avoid getting a nasty clout from the winding key. In the absence of a letting-down key, use the clock winding key to let the mainspring down.
            

         
 
         Letting the Mainspring Down
 
         (a)  Hold the clock on your lap, and fit the winding key on the winding square.
 (b)  Wind the ratchet wheel by half a tooth, then with a piece of pegwood, disengage the click by pressing on its tail. The click needs to clear the ratchet wheel, but by very  little  if damage to the click spring is to be avoided. Holding the click in this position, let the mainspring down by half a turn, then release the click and wind by one tooth. Check that the click is fully engaged.
 (c) Without releasing your grip on the key, lift it off the winding square; then with a twist of the wrist, reposition it on the winding square again and repeat the operation.
         
 
         Keep this up until all the power is removed from the mainspring; and when you feel you have reached this point, check by feeling that the great wheel is free. It must be sufficiently free of power to be rocked easily in a clockwise and anti-clockwise direction within the limits allowed by a tooth in between two leaves of the intermediate wheel pinion.
         
 
          
 
         Every clock repairer has experienced a knock from an uncontrolled key but strict adherence to the above will minimize the risk. A letting-down key has no wings and is smooth so it can be allowed to turn under control in the palm of the hand while the click is held clear of the ratchet wheel (Fig 11).
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               Fig  11  Letting  the  power  off.
               

            

         
 
         
         
 
         
            6.  Remove the two screws holding the pallet cock, the pallet cock itself and then the pallets. There may be washers under the pallet-cock screws.
            
 
            7.  Remove  the   minute-wheel  retaining  clip (often a straight taper pin or a wrap-around pin), the washer, the hour wheel and the minute wheel.
            
 
            8.  Unscrew  the  bridge  holding  the  ratchet wheel and remove the ratchet wheel. The click and click spring may be riveted to the plate (as they are here), or they may be screwed. Remove the screws as well.
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               Fig  12  Removing  the  cannon  pinion.
               

            

         
 
         There are three common methods of holding the plates of clocks together, and in each instance the pillars, usually four, may be riveted into the other plate. Both top and bottom plates may be fastened in the same manner.
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               Fig 13  Three  ways  of  securing  clock  plates.
               

            

         
 
         
            9.  Remove the more convenient plate by first unscrewing the four pillar nuts. If the front plate has brackets to secure the movement to the case, try not to move these; instead remove the back plate, carefully avoiding bending any pivots. To help achieve this, lift the plate vertically, keeping the plates parallel.
            
 
            10.  Remove the intermediate wheel, the fourth wheel in the train and the escape wheel by lifting them vertically from the plate to avoid bending a pivot. Often the barrel housing the mainspring can also be removed at this stage, but the centre wheel cannot be removed without first removing the cannon pinion. (It may be that the barrel cannot be removed until the centre wheel has been driven out.)
            
 
            11. Remove the cannon pinion. Support the plate with a stout watch-brush handle (otherwise an old file covered with paper to protect the plate will suffice), and drive the centre wheel out with a mallet, holding the clock over the bench. An old clock hand placed on the square of the centre wheel will prevent the centre arbor splitting the mallet or getting embedded into the mallet. Make sure the driving blow is straight to avoid bending the arbor, although a slight bend can be straightened later. The barrel will fall out during this operation unless previously removed.
            
 
            12.  The barrel usually has a cut-out in the cover intended to assist cover removal. Mark the wall of the barrel to identify the relationship between the cover and the wall; in quality clocks this is often done by a light countersink in the wall beside the cut-out.
            
 
            13.  Remove the barrel cover by holding the wall of the barrel under the teeth in one hand and striking the end of the barrel arbor with a mallet. Usually this doesn’t dish the cover, but if it does, the dish is easily taken out. Removing the cover by making use of the cut-out provided often damages it, and the method explained is the better way.
            

         
 
         Taking Out a Dish in a Barrel Cover
 
         Support the outside edge of the cover on an old barrel, and either press on the centre with a press tool, or use a punch on the centre of the cover; flatten by striking the punch with a mallet or hammer.
         
 
         
            14.  Remove the barrel arbor by gripping the square with pliers, and turning the arbor in the opposite direction to winding and drawing out slightly. If necessary, lift the inner coil of the mainspring away from the arbor with a thin screwdriver.  Hold the barrel in the opposite hand for this.
            
 
            15.  Next, the mainspring should be removed from the barrel, in particular to inspect the outer end to ensure that it isn’t torn. To remove the mainspring, in the absence of a mainspring winder, hold the barrel in a gloved hand and grip the mainspring with long-nose pliers by an inner coil, then carefully lift out just one or two coils to begin with. Gradually ease out the remaining coils under control. This is not an easy task, and you should take care to point the barrel away from your face in case the mainspring comes out suddenly. Often the last coil has to be unhooked from the wall of the barrel. Once the mainspring is out of the barrel, check the end. Look for tears in the steel between the hole (eye) and the mainspring end.
            

         
 
         The dismantled clock is now ready for cleaning.
 
         CLOCK CLEANING
 
         Although clock cleaning can be mechanized, cleaning by hand is still widely practised. The process usually involves a cleaning solution, a compatible rinsing solution and some form of drying. The cleaning solution should loosen congealed oil, assisted by a scrubbing action with a stiff bristle brush, while the rinsing solution must dry without leaving deposits on the clock.
         
 
         Proprietary clock-cleaning and rinsing fluids are available through material houses. Some are toxic, others are non-toxic. There are waterless fluids and concentrates to be diluted with water, there are ammoniated and non-ammoniated cleaning fluids, fluids that will brighten dull brass and fluids for use in an ultrasonic cleaning machine. Which sort is used on clocks will depend on the method of cleaning – whether by hand, by ordinary machine or ultrasonic cleaning machine – and also on which cleaning fluid your supplier stocks, and your willingness to compromise on appearance for the sake of conservation.
         
 
         Traditionally clocks were cleaned in a mixture of ammonia and soft soap, perhaps with other additives, then rinsed and dried. Great emphasis was placed (or misplaced) on creating a polished finish, so the clock was returned to the customer fully restored but perhaps with some unwitting damage to the original maker’s finish. For a long time this was of no concern to the practical man, but it is now an issue. Some repairers still use a buffing machine to polish plates and wheels, but not only does this tend to destroy the original finish on brasswork, it may also tear holes.
         
 
         Contemporary horologists are beginning to differentiate between repair, restoration and conservation, so more care is being taken to retain as much of the original clock as is reasonably possible, including original surface finishes. Proprietary cleaning fluids with a high concentration of ammonia are not recommended for clock cleaning as the ammonia can cause damage to brass plates, wheels and other brass parts. What is recommended as a compromise is brushing in a cleaning fluid with a low concentration of ammonia, then further brushing with a compatible rinsing fluid, followed by rapid drying.
         
 
         Drying cleaned parts is usually effected by one of the following methods:
         
 
         
            (a)  immersion in boxwood dust (from the material house);
            
 
            (b)  wiping with a cotton cloth;
 
            (c)  blown warm air (perhaps with a hair dryer).

         
 
         Whether you are enthusiast or professional, cleaning a clock in paraffin is worthy of consideration. Its advantages include low cost, ease of purchase, relatively high flash-point and low toxicity. The clock is simply scrubbed with a stiff bristle brush and dried thoroughly with a non-fluffy cloth. Paraffin will not brighten the brasswork as proprietary cleaners may do, but neither does it dull bright brass nor does it cause lacquer to lift. In addition to this I know of no damage caused to brass by paraffin.
         
 
         Safety Recommendations
 
         Making up your own cleaning fluid is not recommended as you might end up with an unstable fluid which could be a health risk to yourself and bad for the clock. If a toxic proprietary brand of fluid is used, take notice of any safety recommendations by the maker, but in addition, take any extra precautions which seem reasonable. For example:
         
 
              
            	Avoid using in a confined space.
     
            	Have adequate ventilation.
     
            	Use an extractor fan if available.
     
            	Never smoke whilst using cleaning fluids.
     
            	Avoid naked flames.
     
            	Know what to do in case of accident.
     
            	Label storage cans.
     
            	Avoid skin contact if you have a skin complaint; use gloves if necessary.
            
     
            	Never tip toxic fluids down the sink or drain: it is illegal and dangerous. Instead, arrange disposal through your local authority
            
     
            	Don’t store large quantities of toxic or flammable fluids in the immediate working area.
            
 
         
 
         If making use of proprietary cleaners, cover the parts being cleaned to ensure that a ‘tide mark’ is not left on brasswork between what was in, and what was out of the fluid. Prolonged soaking in some cleaning fluids will brighten dull brass, but beware of soaking for too long for fear of etching it. Avoid soaking the clock in fresh cleaning fluid for more than half an hour.
         
 
         Once the clock has been cleaned and thoroughly dried, by whatever means, the pivot holes are pegged clean with pegwood. Peg both plates from both sides to remove any congealed oil still remaining after the cleaning process. Also, inspect the pinion leaves to ensure that no dirt remains between them, that they have not been cut because of the action of the wheel and pinion, and that there is no rust. Examine the pivots to ensure that they are straight and polished, with a square shoulder. Finally, check that there are no bent teeth in the barrel or train wheels.
         
 
         REASSEMBLY
 
         As assembly work progresses, it will be necessary to lubricate the clock with special horological lubricant; these are readily available from material houses. Three grades will be required: heavy, for lubricating clock mainsprings and other relatively high pressure points; medium, for lighter-loaded train-wheel pivots; and light, for platform escapements.
         
 
         
            1. Start by replacing the mainspring. Grip the bottom of the barrel in the left hand, for a right-handed person, with the open end facing  up. Now hold the mainspring in the right hand, such that it can be fed over the hook in the barrel. Feed more of it into the barrel, making sure that the second coil passes the barrel hook. As you feed in the rest of it be sure to keep distortion to a minimum. Gloves will help to protect your hands and will prevent sweat being transferred to the spring which could be a cause of breakage.
            
 
            2.  Replace the barrel arbor, making sure that the mainspring is properly hooked.
            
 
            3.  Lubricate the mainspring with a heavy grade of clock oil. The oil should be sufficient to give the whole spring a thin film, but not so much that it runs out of the barrel.
            
 
            4.  Replace the barrel cover, having lined up the previously positioned marks, by clamping in a soft jaw vice. Use paper to protect the barrel and cover from marking. Make sure the barrel cover is replaced the correct way up.
            
 
            5.  Check the endshake of the barrel arbor which should be in the order of about 10/100 to 20/100 mm of a millimetre, though it is often unnecessarily more.
            
 
            6.  Lubricate the barrel arbor pivoting points which engage with the barrel with heavy clock oil. Put the barrel to one side until required.
            
 
            7.  The centre wheel has a clutch arrangement that allows hand adjustment. Hold the brass wheel while turning the  steel  arbor,  and observe  the  points  where  friction  occur. Lubricate those points with heavy oil – they are likely to be between the arbor and pinion and between the tension spring and the pin holding the spring in place. Check that there is sufficient friction between the arbor and the wheel so that the hands will carry: this is a  particularly  important  check.  Adjust  if insufficient.
            
 
            8.  Replace the barrel, intermediate wheel, centre wheel, fourth wheel and escape wheel into the bottom plate.
            
 
            9.  Position the top plate over the pillars and transfer your grip on the movement so that the thumb on your left hand is under the bottom plate and your fingers are holding the top plate down but under light pressure only. Now, with your tweezers, manipulate each pivot into its hole, starting with the barrel and finishing with the escape wheel.
            
 
            10.  Replace the four nuts which hold the plate on, tightening them securely.
            
 
            11.  Test the freedom of the train by holding the movement horizontally,  then lifting each wheel in turn, ensuring that they drop under their own weight. Turn the movement over and repeat the operation: if a wheel doesn’t lift or drop under its own weight, investigate and correct. Look in particular for a bent pivot or distorted plate: each would need correcting.
            

         
 
         OILING
 
         Avoid over-oiling. Correct oiling will be indicated by a small fillet of oil between the shoulder of a pivot and the plate when the wheel is lifted so that the shoulder contacts the plate.
         
 
         
            1.  Lubricate the barrel, the intermediate wheel and the centre wheel top and bottom pivots with heavy clock oil.
            
 
            2.  Lubricate the fourth and escape wheel top and bottom pivots with a medium grade of clock oil.
            
 
            3.  Replace the cannon pinion as follows: support from beneath the centre wheel back pivot with a flat hollow punch; this supports the brass plate around the pivot, and does not bear on the pivot itself. Now, with another flat hollow punch, drive the cannon pinion to a position where it is just tight on the arbor and no more. Never drive the cannon pinion down to touch the plate: it will probably cut all power from the train.
            

         
 
         Temporarily replace the hour wheel, and check that the shoulder on the centre wheel which supports the minute hand just shows through the hour pipe. This will ensure that when the minute hand is fitted there will be endshake on the hour wheel.
         
 
         
         
 
         
            4.  Oil the underneath side of the ratchet wheel with heavy oil, and replace over the square on the barrel arbor.
            
 
            5.  Replace the ratchet wheel bridge after oiling the top face of the ratchet wheel, and secure with its screw. Make sure the correct screw is used: bad marking is often seen on the barrel, and this is caused by too long a screw being used.
            
 
            6.  Oil the minute wheel post with medium oil, and replace the minute wheel.
            
 
            7.  Replace the hour wheel.
            
 
            8.  Replace the minute-wheel washer and clip, checking endshake of the minute wheel after securing.
            
 
            9.  Replace the pallets, pallet cock and pallet cock screws, also the washers if present, and depth the pallets, by moving the pallet cock up  or down,  to give  a  safe  drop, nominally 1 degree. It will be necessary to put a little power on the mainspring for this (see the next chapter for setting up the escapement).
            
 
            10.  Replace the suspension spring and suspension rod thus: feed the rod over the crutch, pass  the   suspension  spring  between  the cheeks of the block on the pallet cock, and pin. After pinning, the suspension spring must be free but with no play. Tightness here is a cause of stoppage.
            

         
 
         
            [image: ] 
               Fig  14  Manipulating  pivots  into  their  holes. 
               

            

         
 
         If there is too much play, close the cheeks of the suspension block slightly; if too tight, either open the cheeks slightly or dress off a little of the brass sides of the suspension spring. Ideally the cheeks of the block should be parallel.
         
 
         
            11. Oil with light oil the escape wheel pivots, the pallet faces and escape wheel teeth, and put a little on the crutch where it engages with the suspension rod. This last lubrication point is necessary because there is friction between the crutch and suspension rod due to the pallet and suspension moving about different centres. There must always be a small amount of play between the crutch and suspension rod: if there is not, and if there is a lack of lubrication at this point, it can cause the clock to stop.
            

         
 
         ADJUSTING THE MOVEMENT
 
         Having given the whole movement a final check, replace it into the previously cleaned case, then secure it with six or eight screws; replace the hands. Ensure that there is endshake in the hour wheel after securing the minute hand.
         
 
         Finally, check the clock for timekeeping. An inexpensive mass-produced clock of this type might be expected to keep time to within a couple of minutes a week. When regulating an eight-day clock, adjust the rate daily when the errors are large, but once timekeeping is within about half a minute a day, leave the clock to run for a full seven days so that it can be regulated according to the average daily change.
         
 
         Lowering the bob will cause a comparative loss, raising it will cause a comparative gain (the amount of correction necessary for a given gain or loss can easily be calculated using the formula provided earlier). As an approximation, one turn of the rating nut on a mass produced eight-day clock similar to the one described here will give a difference of about two-and-a-half minutes a day, depending on the pitch of the thread in the rating nut. One turn of the rating nut on a long-case clock with a seconds pendulum will give approximately one-and-a-half minutes a day change.
         

      

      
    

  


End of sample
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