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DEVON SEA CLOCK UPDATE NOTES
Introduction
Some time ago I made mention on my blog of some work I had done on a Devon Sea Clock.   The company producing these clocks originated in Devon and was subsequently transferred to Welsh ownership.   The original owners produced various clocks designs as kits and finished assemblies.  My particular Sea Clock is number 98 of an apparent 500 off production run.
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I bought my Sea Clock second hand and it would not run.   It had a strange pallet and spring geometry that purported to be designed around Harrison’s work on H1.  It had a movement based on a Grasshopper escapement, twin dumb bell pendulums and lignum vitae pallets.   The pallet springs as received were somewhat distorted or at least not sharing similar symmetry.   Many hours were spent trying to get it to run before I stepped back and decided on a different approach.
The spring associated with each pallet was intended to give a double pressure action on the pallet and the pallets had geometry to reflect this action.   My interpretation of this was that in effect the springs in despite their complex shape were doing nothing more than the equivalent of two correctly placed compression springs.  This will probably horrify the original designer.
My initial experiments lead to the creation of a 3D printed boss to fit into the central pivot assembly which would have locations for two small compression springs to act on the pallets.   The spring tension would be adjustable with a set screw acting on each.
The 3D printed replacement appeared to work well and I managed to get the clock running reliably but the 3D modelled screw threads became less and less reliable as the screws were adjusted.  (With hindsight it would be practical to stick with the 3D print and just fit metal thread inserts).
Having satisfied my curiosity in getting the clock to run, I admit that the clock then sat running but gathering dust for a number of years.   Throughout this period, I received a number of enquiries in response to my blog notes and I did post off a number of the 3D printed bosses to various people.
Fast forward to present day and a close contact in the clock market raised the subject of the Devon Sea Clock and I resolved to dust off the clock and properly engineer and document the modifications.
Revisit Engineering Notes
There are three components that form my ‘engineered’ solution – the central boss, the pallets and the pallet boss.
Central Boss
The new design of the central boss is almost identical to the original 3D printed design with only a small change to the geometry.   The same part is used for both the left and right hand side of the clock. The design fits in place over the existing structure of the central assembly and is clamped in place with the original brass top cover.   I opted to make the boss in aluminium as I had stock to hand.  I created a CAM output in Fusion 360 to drive my Tormach CNC milling machine.  It would have been more in keeping and tasteful to have made the boss in brass.
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The CNC machining is mainly carried out from one side before the model is inverted to deck off the residual holding stock.   The only problem is work holding the model during the decking process.   The curved surface of the model makes it difficult to hold securely in the machine vice.  I had a disaster on the first run which led to the need to create a 3D printed soft jaw.  This solved the problem with much improved grip of the model.
(The 2D drawings for the new parts are included in the ZIP folder.  Anyone needing Fusion files should contact me direct via the subs999@altrish.co.uk email address).
There is nothing critical in the design of the central boss, it is simply made to fit the space and provide the spring and adjuster mounting holes.
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Pallets
The original pallets are mentioned in the Devon Sea Clocks brochure as being made from Lignum Vitae and were designed in conjunction with the action of the original pallet springs.  The pallets are identical on the left and right hand side of the clock.
My original 3D printed solution of the replacement central boss used the original pallets.  This had the problem that my compression spring did not readily seat on the edge of the pallet shape and tended to ‘escape’.   I resolved to remedy this in the new design with a very much simplified shape for the pallets.   The shape is basic but functional and has seating holes to locate and retain the compression springs.
I did not have any Lignum Vitae.   My research indicated its properties were that it is hard wearing and self-lubricating.   Before deciding how I would solve this I experimented and refined the pallet shape using 3D printed substitute pallets in PLA.  
Once I had a profile that worked, I decided to change the pallet material to UHMWPE which is a hard wearing plastic with a soapy self-lubricating surface.  This seems to be performing well to date but I do not know how well it will wear in the longer term.
[image: ]
During manufacture of the pallets the UHMWPE was fastened to the milling table on a sacrificial block of MDF using the masking tape and SuperGlue technique (https://www.nyccnc.com/super-glue-fixturing/). The 10mm thick stock material was initially machined down to 5mm depth before the pallet profile was cut. The CAD/CAM for the pallet was created with break out tabs to retain the model in place within the stock until machining was completed.  The UHMWPE is very nice to machine and surface finish was good.

Pallet Boss
I decided not to damage the original pallet bosses in the Lignum Vitae by attempting to remove them.  A new design was created and was made in the lathe using 4mm diameter silver steel.   
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One short cut I took was to create the two 1mm end arbors using 1mm Piano Wire rather than try to turn them to size from the solid Silver Steel.   The slight issue with this is having to drill through the remaining length of the boss with a 1mm drill.   Twist drills are always undersize so the hole needs reaming to size after drilling.   To create a reamer I used a spare piece of 1mm Piano Wire with its end ground to a point and with cutting flats as would be found on a pivot drill.   This nicely removed the final few thou to allow the Piano Wire arbor to slide into place.
The Piano Wire arbor can be glued in place into the pallet boss and the completed boss bonded into the pallet with SuperGlue.
The mounting holes in the original brass side plates my need slight enlargement to suit the arbor wire size used. 
Springs
These are originally taken from an old RS Components spring sample box.   I subsequently found a secondary source on EBay.  The springs are 2.5mm outside diameter made from 0.2mm wire and need to be 12mm or so in length.
The compression springs are simply a convenient way to ensure that the pallet position is readily adjustable yet stable for any setting.   I cannot detect any twitch on the pallet when a tooth hits it.   In this respect it looks like the springs could be removed once an operational position is found. This would leave a ‘hard stop’ against the adjuster screw.   Note I have not tried this but intuitively this should be the case.
Spring Adjusters
These are M3 screws of any variety sufficient long to pass into the boss and give enough compression on the springs against the pallets.  I used 12mm and 20mm.   They should have locking nuts in place once final set up is completed. Note that in the pictures these look a bit ugly as I have not cut them down at this stage.   A more attractive solution would be to use sub surface set/grub screws.
Adjustment
Now for the interesting part … and everything interacts.
The depth of the pallets entry into the escape wheel will define the timing of the escape wheel rotation.   More depth will mean a longer recoil and a slowing of the escape wheel.  Excess depth also wastes energy.
Depth into the wheel by the pallet is needed to ensure the opposite pallet has enough ‘push back’ clearance to allow the wheel to rotate.
If the wheel is slowed excessively, the small timing adjuster balls on the rear quadrants will not have enough adjustment range to bring to time.  Note that the balls do not function like a regular pendulum – move the balls down to speed the clock up and move them up to slow it.
If the balls do not have enough adjustment, then the solution is to move the pendulum arms slightly off central symmetry above and below the central boss.  Having the lower ball slight further from the centre will slow the clock to bring the adjuster balls back into range.
The suggested sequence of adjustment is as follows.  Start this process with the clock unwound.
1	Set the rear small adjuster balls to mid-range and check by measurement that they are equally positioned.
2	Set the pendulum balls such as to have the lower section of pendulum arms slightly longer than the upper section - 5mm difference is more than sufficient.  Once again measure this to confirm symmetry between the two pendulums.
3	Temporarily rotate the escape wheel so it has no contact with either pallet and hold it in this position.  While held, ensure that both pendulums hand vertically with perhaps a slight closer gap between the lower balls than the top ones.  Say 5 degrees off vertical maximum.
4	Release the escape wheel but take care it does not free run and damage the pallet edges.   This is why it is probably better not to have wound the clock at this stage.
The left-hand pallet seems to be the less critical of the pair to set.  Adjust the compression spring screws to bring the tip of the pallet to just hold a tip of a tooth.  See image below.
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5	With the wheel held on the left-hand pallet, adjust the right-hand side pallet to be in the gap between two teeth but no deeper than level with the perimeter diameter of the teeth (i.e. not entering into the tooth gap).   The pallet point should sit about 2 to 3 mm above the lower tooth in the gap.  See image below.   
[image: ]
6	Wind the clock and set the pendulums swinging.

7	The action of the left-hand pallet should be seen to enter the tooth gap and have the next tooth land on the pallet face.   The tooth should ‘ride up’ the pallet face and in doing so cause the escape wheel to stop and rotate slightly backwards causing a recoil to be seen on the second hand.  The aim should be for the tooth to ride up no more than half the width of the pallet face.
8	The recoil from the left hand pallet should allow the right-hand pallet to clear the tip of the tooth which it is about to pass.   Adjust the compression springs on the right-hand side pallet to minimise the gap between the tip of the pallet and the tip of the tooth.
9	The right-hand side pallet should now exhibit a recoil action on the second hand as the tip of the tooth ‘rides up’ the pallet face.  Ideally this should also be no more than half width of the pallet face. 
Note that I have not seen the action to be as strong on the left-hand recoil but there is a problem on my clock that the escape wheel is not running true.  This is either asymmetry in the wheel cutting or a poor cut on the pivot central hole.  This means in practice that I have to set the right-hand side clearance between pallet tip and tooth tip for the worst-case narrowest gap and this reduces the depthing that can be achieved.   This does not seem to affect the left-hand pallet so much.  Here is an early image from my Microset Timer recording trace while I was diagnosing what might be happening.  The cyclic trace reflects the escape wheel rotation rate.
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10	Some fine adjustment might be needed but the clock should now run.   If this is a struggle then try increasing the lean of the right-hand pendulum more anti-clockwise, that is move the lower ball further to the right but only move this very slightly.
The beat should now sound balanced between the tick and the tock and you can now begin to set the fine timing using the balls at the rear.   Keep their position equal on each adjuster rod and remember the balls move up to speed up the clock.
Remember also that if you alter the pallet depthing you will alter the speed of the clock.

Conclusion
My Sea Clock has benefited from the changes I have made. It runs very well and exhibits good timekeeping.   It does have a slightly noisy beat note which might not endear it to other members of the household but it certainly draws attention with the mesmeric rocking of the pendulums. 
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