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(D)W5, 1, is an emulation of Philip Woodward’s well-known W5.Philip has described W5 in his book My Own Right Time (MORT),and in a series of articles ‘W5 for Emulation’ beginning with theFebruary 2004 issue of the HJ. The articles inspired (D)W5 andultimately provided the name. A Brief Description of W5W5 was a new concept in precision horology and may be the firstadvancement in mechanical horology in the last 100 years. It is anall-mechanical free pendulum clock working on the sameprinciples as the Shortt clock, in which a free pendulum isimpulsed by a dropped weight timed by a slave pendulum, and therate of the slave pendulum is regulated by the rate of the freependulum through a feedback mechanism. Unlike the Shortt, thetwo pendulums in W5 are dissimilar, with the slave a half-secondspendulum and the periods of the free and slave pendulums in theratio 30:21. This was done to avoid the tendency of nearby same-period pendulums swinging in the same plane to lock intosynchronism, but it puts the two pendulums at the appropriatephases of their swings every 30 seconds for the impulsemechanism to work properly. W5 has an escapement designed by Philip Woodward thatprovides impulses to both the free and slave pendulums, thus hechose to name it a ‘double gravity escapement’. This escapementis not to be confused with that of Lord Grimthorpe also known bythis name. A detailed description of the operation of the W5escapement is given later.(D)W5 Design I was commissioned to create a version of W5 using my owndesign ideas while retaining the scientific concepts of the original.This proved much more difficult than it would appear. Aftercarefully studying the HJ articles and MORT, then learning a newmechanical concept, especially the idea of the ‘hit and miss’synchronizer for the two pendulums, (D)W5 gradually came tolife on the drawing board.Philip’s original W5 has a single main plate with most of thetrain behind this plate while the remontoire and the gravityescapement are in the front. (D)W5 is mounted on a heavy, solidmounting plate attached to the case back. The two feet forsupporting the movement and the suspension brackets forsupporting the gimbaled knife-edges are also fitted to thismounting plate.Both pendulums are mounted on inverted tungsten carbideknife-edges, the ‘V’ portions of the knife-edge suspension fittedinto INVAR blocks which themselves are attached to the top offused silica pendulum rods. The bobs are a tungsten alloy.The free pendulum bob is supported at its centre by a fusedsilica sleeve and a brass sleeve sized to provide temperaturecompensation. Barometric compensation is provided by ananeroid with compensating disc fitted under the pendulum bob.The furniture below the bob is supported on a short length ofthreaded INVAR. The upper part of the INVAR extension wasturned to just fit inside the hollow pendulum rod and is cementedin place. The main movement plate is solid, while the front plate isskeletonised as much as possible. The front plate is attached byfour pillars to the main plate and held with the large speciallymade blued steel screws that have become a feature of mydesigns.
The remontoire, count wheel, escapement, and levers are allfitted under bridges, some of which are on the main plate withothers fitted to the front plate. All bridges are pinned andnumbered over a corresponding number on the plate. 

(D)W5, a Free Pendulum Clock
David Walter describes his deluxe version of Philip Woodward’s remarkable regulator
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Because of the demands of this clock,friction must be kept to a minimum. Allthe train and escapement pivots arejewelled and have jewelled end stoneswhere possible. There are 64 jewelsincluding the barrel and front centerwheel pivots. To further reduce thefrictional load the size of the pivots hasbeen kept small. The train pivots are0.82 mm while the escapement pivots are0.63 mm. The barrel pivots are 6.35 mmand have matching jewels 2.60 mm thick.Clear jewels and clear cap jewels havebeen used for the train while red jewelshave been used throughout theescapement. This is to highlight theunique features of (D)W5.It was decided in the beginning to takeadvantage of modern materials nowavailable for the pendulums, fused silica isused for the pendulum rods, the knifeedges have been cut by EDM fromtungsten carbide while the bobs are a 3:1tunsten:copper alloy. Tungsten was chosenas it is twice as heavy as brass providingthe pendulum with more inertia.A final touch has been to matte goldfinish the three main plates, supportingfeet and the suspension brackets, andbright gold finish all the wheels, escape-ment parts and the bridges. There was astage in making this clock, when the brassplates were polished, that the reflectionswere so confusing it was almost impossibleto see the escapement in action.The seconds and main dials are of glassonto which the characters have beensandblasted from the rear then filled. TheArabic numerals were copied from thedial of a quarter repeating Breguet pocketwatch. The hands are of my own uniquedesign. I have coined the name ‘David’shands’ to describe them, and all threehands are balanced, polished and blued.Making (D)W5 The main and front plates are of 1/8" brass,the bridges have been cut and machinedfrom rectangular bar stock. The wheelshave been cut from 3mm, 1.6 mm or0.80 mm hard brass; the pinions have beencut from oil hardening silver steel (drillrod). The train for (D)W5 has one morewheel than is usual after the centre wheel,to achieve the correct rotation of theremontoire permitting it to gather andlock the gravity lever after impulsing thefree pendulum. This requires smalldiameter and tooth count wheels withunusually large counts for the pinions.The train is: centre 80, third 72 (pinion20), fourth 40 (pinion 24), remontoirepinion 28 and remontoire wheel 7 pins.The locations of the count wheel, 1, in 2(which carries the seconds hand) and theremontoire wheel in relation to the centrewheel are crucial to the proper function-

ing of the finished clock. The count wheelmust be poised and as light as possible.The secret of W5 running successfully liesin the count wheel being very free andlight. Philip commented: ‘the count wheelmust be able to spin freely when blown onwith a light breath’. The count wheel has a0.018" sapphire rod pressed into a nib nearthe rim to trip the gravity lever drop. Thepivots are not oiled.Once the train was finished it could beplanted, the jewels pressed into the plates,and the jewelled endplates fitted. All theendplates are numbered to their location.The remontoire bridge had to be madetall and long, tall because the remontoirewheel with its five pins must be in align-ment with the ear of the gravity lever andthe locking detent, long because there is afly, 1a in 2, perhaps better named an‘inertial damper’, fitted to the upper endof the shaft. This damper is necessary todisperse the residual energy when thetrain is locked after lifting the gravitylever. The two grey metal counterweightsseen at the ends of the damper are madeof pure tungsten, used for its density,almost twice that of lead.The gravity lever and locking detentlocations are also critical. PhilipWoodward specified the correct positionto 0.001". It may seem strange for a clockto require the precision of a watch, but W5is no ordinary clock. Philip designed W5 around sound andvery precise scientific principles with theaim of creating a very accurate, all-mechanical timekeeper. To further this,the positions of the pendulums, bothhorizontally and vertically, are crucial toproper functioning, as is the correct

placement of the remontoire wheel.The exact locations of the suspensionpoints of the pendulums caused me somedifficulty. Philip used suspension springson his W5; I chose to use knife-edges toavoid the associated problems found withspring suspensions. To work in the mannerI wanted, the INVAR blocks for thependulums needed to be held in gimbals,but there was too little space available forthe usual large gimbals as made byBerthoud. As I was using fused silica forthe pendulum rods, I could not fit theknife-edges into the rods as has been doneby many Viennese makers. I was able tocreate for each pendulum a pair of ‘L’shaped brackets supporting gimballedknife-edge frames large enough to allowthe pendulum rod with its INVAR blockand fitted tungsten carbide ‘V’s to passthrough.The free pendulum has a threaded shaftwith a brass disc above the INVAR supportfor micro regulation. One turn of the discequals about 1/10 of a second per day,replacing the usual weight tray on the freependulum rod.Near the top of the free pendulum is aShortt type safety lever. This is pivoted onhardened steel conical screws sitting on ahardened steel table attached to the fusedsilica rod. The safety lever is counter-balanced at the top to hold the impulseroller bracket at the bottom of the shortINVAR rod against the pendulum rod.How it WorksVery few people seem to understand theoperation of (D)W5, though Philip hasdescribed it several times in the past.Many who have read the description still
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have not grasped it all, so I shall attemptto explain in my own words.It all begins with the slave pendulum,which indexes the count wheel to whichthe seconds hand is attached. This actionis performed by the centre wire of thethree pivotted on the wires block mountedon the slave pendulum. This is a halfseconds pendulum, but as it indexes thecount wheel only on its swing to the left, itdelivers true seconds.The count wheel (1, in 2) is turned untilthe sapphire pin (2, in 2) comes intocontact with the tip of the ‘S’ shapedupper wire (3, in 2). When this ‘S’ wire ispressed down by the count wheel, anotherwire fitted into the same pivoted basecomes into contact with the base of the‘hook’ (4, in 2), the lowest of the threewires. By benefit of a multiplying effect,the hook is lifted to engage the nose of thegravity lever when the slave pendulum isswinging to the right. The hook draws thegravity lever to the right and unlocks theear (5, in 2) of the gravity lever which fallsto rest on its banking. The ear is pivoted atthe top left of the gravity lever opposite tothe nose.The slave now begins its journey to theleft and will gently lower the hardened tipof the gravity lever (6, in 3) onto theimpulse roller (7, in 3) of the free pendul-um, thus receiving its impulse. As soon asthe tip of the gravity lever touches theimpulse roller, the hook on the slavependulum is released and the slavependulum has no knowledge of furtherevents and swings to the right with enoughadded energy to maintain its motion. The impulse roller on the freependulum is now in exactly in the rightposition by the magic of science to accept

the tip of the offered gravitylever. The gravity lever must beplaced on the ‘dead roll’portion of the impulse rollerand not at, say, the 2 o’clockpoint. The impulse rollercompletes its ‘dead roll’ withthe gravity lever resting on top.As the free pendulum swingsto the left the gravity lever rollsdown the impulse roller,providing an impulse through atangential force of 2.69 grams.The free pendulum is onceagain fully detached from themovement.After the impulse has beengiven to the roller, the gravitylever is free to fall a littlefarther to its banking. As itdoes this, the notch (8, in 3) inthe ear of the gravity levertouches a pin (9, in 4) on theremontoire. This is a mostunusual action, and W5 ispossibly the only escapementthat is unlocked by a percussiveaction.This slight pressure on theremontoire pin releases thelocking detent (10, in 3), whichpermits the remontoire pin incontact with the notch in theear to lift the gravity lever. Asthe gravity lever is lifted, a pin on thelower portion of the ear comes intocontact with, and lifts, the locking detent,which intersects with another pin on theremontoire wheel and locks theescapement.Once the escapement is locked by thelocking detent the gravity lever is free of
the train and is merely resting against theremontoire pin which lifted it into place.The action of the synchronizer springcomes into play when the gravity leverfalls after impulse and unlocks the detent.The lower tail of the locking detenttouches the left tail (11, in 3) of the syn-chronizer spring, causing the right side ofthe synchronizer spring to flick up. Thesynchronizer spring is pivoted between thegravity lever and the center wheel, theright hand portion of which (12, in 3 and4) ends in an upstanding tail that is closeto a down-pointing tab on the wires’ blockof the slave pendulum.If the action is a ‘miss’ the synchronizerspring will flick up and drop back to itsbanking. When it is a ‘hit’ the upstandingtail will intersect with the down-pointingtab (13, in 4) on the wires block. It will bea ‘hit’ only if the slightly slow rate of theslave pendulum has allowed it to fallbehind sufficiently for the tab to catch thesynchronizer spring before the springdrops.As the slave pendulum is swinging to theright the synchronizer spring will expand,stop and pull the slave pendulum, slightly0 � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � 	 � � � � � � �
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accelerating its rate and bringing it back intosynchronization with the free pendulum. The slavependulum must have a losing rate because themechanism can correct its rate in only one direction.Were the slave to be accurately regulated or fast, the‘hit and miss’ system could not work, causing the W5system to fail. My slave pendulum has a losing rate of some 30seconds per day. As it is corrected at every secondimpulse, i.e. once per minute, it shows accurateseconds. The ideal setting is one hit, one miss,although several misses can occur without failure ofthe system. A screen grab from the MICROSET timingsystem, 6, clearly shows the hits and misses of the slavependulum. The hits are the tall spikes and indicate againing rate.In conclusion I will say (D)W5 is very robust. I havemoved and transported it twice in the last week for anexhibition. Each time it was set up there was noproblem with getting it running. As a visitor said to me:‘it really wants to run’.
AcknowledgementDuring the creation of this clock Philip Woodward hasbeen a great supporter and a veritable fountain of assistance,digging into his notebooks when I had questions, makingsuggestions and even mulling over my own ideas. I could nothave hoped for more cooperation and would like to expressmy deep gratitude to him.
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MOST READERS will be aware of the‘Pulsynetic’ clock systems made byGENTS of Leicester. Colin Reynoldsspent his working life with the companyand has produced this unusual andfascinating work. While it will not tell youhow to service or repair a ‘Pulsynetic’clock, but it does give a detailed historyof the company and its developmentfrom the early production of electric bellsand indicator panels, via telephones, toelectric clocks and fire detectionequipment, as well as the vicissitudes offrequent changes of ownership duringits later years.Colin has had the advantage ofaccess to company records, and thememories of retired workers, as well hashis own lifetime working there. This is asocial as well as a company history, anyreader who has worked inmanufacturing will appreciate the storyof how a company changes over theyears as markets and manufacturingtechniques develop.GENTS were not without their share ofdisasters. Starting in typical Victorianpremises with small separate shops, at

the end of the 19th century the companybuilt a new factory on the Americansystem (i.e. a ‘Big Shed’) only to have ittotally destroyed by fire a few yearslater. I certainly had never realised that,at one period, GENTS actually made veryup-market radiograms as well as beinga large producer of electric cable.Just prior to and during the secondWorld War GENTS produced the bulk ofthe Air Raid sirens for the governmentas well as being involved in themanufacture of ‘ASDIC’ submarinedetection apparatus and otherelectronic equipment for military use.Many contemporary photographsillustrate the text, these show thebuildings, the people who workedthere and the shop conditions underwhich they laboured. Even as late as1936, the machine shop was a forestof belts driven from overhead lineshafts. J K Nicholson

A B B C D E F G E HThe Gent who really started something
Colin F Reynolds A4, 142 pages, published by the author*, £7.50 plus £2.20 postage inthe UK or £4 to Europe.
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