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Overview 
 

In August of 2007 the NAWCC Bulletin published the first article on a complex astronomical skeleton clock 

commissioned by the author and being built by Buchanan of Chelmsford, Australia.
1
 At that time a detailed 

full size wood mockup was completed and that article covered the proposed clockôs mechanical 

specifications and functions as depicted through the mockup. A follow up article was published in April 

2011 marking roughly the halfway point in the construction. At that time the four movement trains with 

much of the óbetween the platesô components were completed. These are the time, celestial, basic quarter and 

hour strike trains. 

  

As of July 2015 we are a decade on since the initial design and mockup and six and one-half years into 

construction. Right after the April 2011 Bulletin article there was a hiatus of two years during which time 

Buchanan had moved his shop to new quarters and taken on an intricate restoration project of another 

complex astronomical clock which was also the subject of a three part series in the Bulletin.
2
 Construction 

recommenced in the middle of 2013. I estimate completion sometime in 2018. In this third segment I will 

cover what has been accomplished since the 2011 Bulletin article. The entire left hand side of the dial 

complication work is complete as well as what is represented by the small dial below the large tellurian ring 

on the right, the strike selector, (Figure 1, prior page). The dial work is comprised of a third-order, reversible 

perpetual calendar. An equation of time and sidereal time functions that are overlaid by the mean solar time 

dial work allowing one to see the difference between all three types of time simultaneously. A small world 

time dial as well as the strike selector representing completion of the quarter repeat on demand in Grande 

Sonnerie as well as silencing.  

 

At this point one might ask, ñWhy is this taking so long?ò I would direct the reader to the earlier two articles 

for a full explanation of the complexities and mechanical innovations of this clock. Very briefly we are 

creating a machine that will have nearly 10,000 parts; including about 400 wheels, four remontoire, dual 

Harrison grasshopper escapements, compound and epicyclical governor fly fans and depending on how one 

counts, about forty complications.
3 
  

  

I knew we could not create the worldôs most complex skeleton clock, either in the number of complications 

or components. That was beyond the scope of this endeavor, although excluding institutional public and 

church clocks, we will probably be within the top twenty or so made that is small enough to fit comfortably 

within a domestic setting. My ambition is to create one of the more visually fascinating clocks. I will create a 

machine that will immediately grab the viewer, hold him and not let go. There have been many clocks made 

with a variety of visually interesting features, especially those employing automata or complex musical 

apparatus. This creation focuses on the visual display of an overwhelmingly interesting geared mechanism ï 

a ñgear headôsò delight. Our approach to every aspect of this machineôs creation was, óHow can we make this 

part or mechanical system both beautiful and fascinating to the viewer?ô This is done through the use of 

multiple, complicated moving components that are actuated in frequent and in one case unpredictable ways. 

The other and no less compelling feature will be the beautiful design and hand crafted innovative 

workmanship created by the Buchanan firm which I think the reader will see, is second to none. We have 

also included a bit of whimsy. There is a forest of wheels within an organic ivy themed upper frame 

structure. And what is a forest without animals? So we have birds to inhabit the trees as well as other parts 

depicting animal analogs within the structure of the machine. And finally the enormity of uniquely designed 

components will draw the viewer in through a journey of its many layers of mechanical discovery. I have 

borrowed liberally from the designs of the past masters of the horological arts, Tompion, Breguet, Janvier, 
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Harrison, Schwilgue, Fasoldt, LeCoultre, and others. I can only hope that if there is a óclock heavenô they are 

looking down at this creation with a smile. Video link: https://www.youtube.com/watch?v=lWd-HSOxCMM  

 

Before I begin to describe what has transpired since the last time the clock was featured in the April 

2011Bulletin, I want to address what often comes to the mind of people who see this machine, especially 

those who work in the field of clock fabrication, maintenance and repair. More to the point, ñHow in the 

world does one maintain let alone fix this thing?ò 

 

 

Maintenance 

 

An important goal we had in this project was to make this machine as trouble free and serviceable as one 

could accomplish given its enormous complexity. Horological history is littered with exceptional clocks that 

became unserviceable years after their creation and ultimately lost. A clock that does not work, unless 

recognized in time as a historically significant artifact, eventually will be regarded with neglect, contempt 

and ultimately destruction. The first area where we address this problem is in the pivots. This complex 

machine of nearly 400 wheels and 900 pivots will run oil free.
4
 Oil is the number one reason why clocks fail. 

Oil eventually breaks down, dries out and is an attractant for contamination that will accelerate pivot wear. 

As Breguet is reputed to have said, ñGive me the perfect oil and I will give you the perfect watch.ò We have 

chosen full ball and ball race ceramic bearings wherever ball bearing pivots are called for. Unlike metal 

bearings these require no oil whatsoever and are also immune to corrosion. They are used wherever we have 

heavy loading or there are rotational speeds in excess of once per hour or where the configuration of the 

pivot would make the use of a jewel impractical. The most common areas of the last example would be 

bearings in excess of 5 mm in diameter or where there is the need for nested bearings. Full ceramic bearings 

were fairly rare and expensive when the project was first conceived in 2003, but fortunately have become 

widely available in time to fulfill this important criterion. The remaining 550 pivots that are lightly loaded 

and have rotational speeds of less than once per hour will run in dry jewel bearings. This idea is not so 

radical; Jaeger LeCoultre has used this design in their Atmos clocks for decades. Why not use ceramic 

bearings in all pivots? The reason is that real jewels simply look beautiful. Some of the jewels are large, up 

to 5mm, and the play of light from a jewel bearing is quite eye-catching. All of the ceramic bearings will 

have a simulated jewel end cap held by three screws around the perimeter so as to keep them virtually dust 

proof and give each one the look of a jeweled chaton. Our use of Harrisonôs grasshopper escapement 

obviates the need for oil where it would be required in many other conventional escapements. This design 

has no sliding surfaces. Furthermore, the compound pendulums run at half the rate of Harrisonôs original one 

second beat in other words a two second beat, four second cycle. This results in all of the time train 

components running at half speed, again a nod to the Atmos way of achieving longevity between servicing.  

 

We also avoid corrosion by using stainless steel for all of the wheel arbors and other steel parts which will 

not be later blued. In those arbors that run in jeweled bearings we insert hardened steel pivot points since 

stainless is not a suitable material in this application. 

 

I estimate that the clock should be able to run successfully without the need for service for at least 50 years. 

That is, of course, barring unanticipated problems, and how many of those could there possibly be in a 

machine of this complexity??? But seriously we have tried in every way imaginable to over-engineer for this 

very problem of complexity, the oil-free nature of the clock being an important example. 

 

https://www.youtube.com/watch?v=lWd-HSOxCMM
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Repair 

 

But what happens when the movement has to be disassembled which at some point it must be? If we were to 

use conventional clock design, weôd have one or a few large interconnected plates between which all the 

wheels would be supported. This would make servicing very difficult because of the sheer number of wheels 

and their disparate sizes. Simply aligning all of the arbors to get them to fit into the plate being lowered onto 

them would be very difficult. Anyone who has serviced a three train conventional chiming or musical clock 

knows this. Our solution is to use a base flat bed frame upon which the individual movement trains are 

mounted, not unlike the common hybrid flat bed frame designs made popular in tower clocks at the 

beginning of the twentieth century. Basically the clock consists of four interconnected components. The first 

three are the upper frame components consisting of the time, quarter and hour, and the celestial trains, 

(Figures 2 through 5). They are all mounted on the lower flat bed frame containing the four going barrels and 

associated power duration indicators, (Figure 6). 

 

   
Figure 2. Left hand module, the time train                                Figure 3. Right hand module, the quarter and hour strike trains 

 

The time train has a dual Wagner gravity remontoire driving the pendulums.
5
 However this train does not 

encompass all of the time train functions, (Figure 2). The escapement is located within the center module, the 

celestial train, for visual balance (Figures 4 and 5). Since the time train employs a dual remontoire it requires 

two fly governors. One is mounted directly above the time train which is located on the left sector of the 

clock, (Figure 2) and the other is mounted above the strike train which is located in the right sector, (Figure 

3). Both the quarter and hours trains are contained within the one module. None of strike or repeat control 



5 

 

work is shown here. Those parts as well as the strike fly governors are spread throughout the front of the 

clock. Due to the large number of parts it would have been impractical to keep them all within the confines 

of the strike train module. For esthetic reasons we located these components where they would have the most 

visual impact. All of the control levers, racks and fly governors are located on the outside of the front frames 

making their access as easy as possible without the necessity of removing any of the main train modules. 

 

   
Figures 4 and 5. Center module, the celestial train and escapement with Robin remontoire 

 

The center train drives the celestial functions. It also employs a Robin remontoire which controls the release 

for the timing of all of the celestial complications controlled by this train.
6
 It also has the dual Harrison 

escapements and is the most complex of the three train modules mounted to the base frame, (Figures 4, 5).
7
 

 

   
Figure 6. Base frame with the four trainôs main wheels                 Figure 7. The time train module is mounted to the base frame 
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The next two photos demonstrate the modularity of the clock design. First the base frame containing the 

main drive weight barrels along with the four state-of-wind indicators is shown, (Figure 6). Next the time 

train is mounted to the left side of the base, (Figure 7).  

 

   
Figure 8. The strike train module is mounted to the base frame     Figure 9. The celestial train is mounted to the base frame  

 

Next the strike train module is mounted to the right side of the base. Notice how the upper frame pillar rises 

smoothly from the existing pillar attached to the base frame. We use a locking-cam feature contained within 

the frame structure to conceal the way these frames are secured to each other. The effect is a seamless look 

with no visible fastening points, (Figure 8). And then the center celestial train is added, (Figure 9). Most of 

the dial work has been removed for clarity. What is seen here is only half the number of final components. 

These are the óbetween-the-platesô components, the drive trains. A similar number is needed to complete the 

strike and repeat work and the entire óbehind-the dial-workô, components as represented by the clockôs 

complications. In this article we will examine the control assemblies for strike and repeat work, the sidereal 

and equation of time functions, and perpetual calendar. At this point Buchanan had commented, ñWe have 

created the Christmas tree, now we must hang the ornaments.ò Bring on the ornaments! 

 

 

Strike and repeat work 
 

The first components after completion of the basic strike drive trains, to be designed were the fly control 

governors. The various fly governors are a major visual component in this project. They are the parts that 

have the greatest visual attraction when activated and if designed properly also at rest. This special attention 

was demonstrated in the time train remontoire governors. Those ultimately utilized a double fly assembly for 

each of the two governors of our own design. For the strike governors I borrowed a design I had seen 

employed in a tower clock remontoire made by Charles Fasoldt, 1874.
8
 Fasoldt employed epicyclical gearing 

and rotating whip which was used to engage a detent at the end of the remontoire recoil cycle. Clearly he did 

this for visual appeal and to demonstrate mechanical artistry; there were so many easier and straightforward 

ways to accomplish this job. I could see that Mr. Fasoldt was a man after my own heart. 

 

We will use a pair of these and like the governors used for the time train remontoire they will be handed, in 

that one will spin clockwise and the other anticlockwise.  
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    Figure 10. Diagram of Fasoldtôs fly governor design                         Figure 11. Epicycloid trace of whip tip 

 

The first diagram closely represents Fasoldtôs design, (Figure 10). A four-blade fly, A, meshes with a wheel 

that has a long train stop piece, what we call óthe whipô and is attached to a wheel, B, meshing on the outside 

of a toothed, center wheel, C, fixed to the frame pillar, D. The whip and fly wheels are contained within a 

rotating cage (not shown) centered on the axis of the fixed wheel, E. This design only allows for a small 

length for the whip since it must be able to clear the winding squares on either side. The tip of the whip 

traces an epicycloids petal pattern around the perimeter of the fixed wheel as illustrated in Figure 11.  

 

   
Figure 12. Revised design using internally toothed wheel                  Figure 13. Hypocycloid trace of whip tip 

 

Our revised design substitutes an internally toothed wheel for the conventional wheel fixed to the frame 

pillar. The wheel with the whip meshes with the internal teeth and drives the fly. The cage still rotates on an 

axis centered on the fixed wheelôs axis, now shown, (Figure 12). This change results in two advantages over 

Fasoldtôs original design. The first is that the tip of the whip traces a hypocycloid pattern, (Figure 13). 

Compared to the epicycloids diagram the length of the whip is greatly increased and visually this is 

desirable. The second is that employing the internal wheel teeth results in the whip traveling in the opposite 
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rotational direction as the cage. This reduces the locking forces that come to bear when the longer whip stops 

the fly governor assembly as opposed to the cage, whip and fly fan assembly all rotating in the same 

direction. As an illustration, Buchanan drew the whip to actual length, but positioned it at the ówrong sideô of 

the fixed internal toothed wheel to show how much more whip tip is allowed past the winding square vs. the 

Fasoldtôs original design. In practice this conflict could never occur since the hub holding the whip would be 

located 180
0
 opposite of its current position. 

 

   
Figure 14. The two left and right hand strike train governors         Figure 15. Side view showing variety of wheel styles 

 

The completed pair of strike governors is just a bit more complex than a conventional fly design! (Figure 

14). Notice the variety of gear cutting techniques employed. There are bevel, internal, conventional external, 

pinion and ratchet wheel teeth all displayed in just this one component, (Figure 15). 

 

 
Figure 16. Quarter and hour fly governors with pair of bird analogue detent stops 

 


