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Overview

Born of a happy convergence of artist and artisan, exuberant creativity and exquisite craftsmanship, this
machine is a work of art in which mechanics, visual fantasy and fun converge.

In August of 2007 the NAWC@ulletin *published the first article on@mplex astronomical skeleton clock
commissioned by the author and being built by Buchanan of Chelmgifasttalia? At thattime a detailed

full size wood mockup was completed and that art
specifications anduihctions as depicted through the mockup. A follow up article was published in April

2011 marking roughly what we thought would be the halfway point in the construction, in reality it was only
onethird.? At that time the four movement trains with muchlofa 6 bet ween t he pl ates
completed. These are the basic ticeestial, quarter and hour strike trains, the last two combined into one
module. In a twepartBulletin article published in January through April 2017 | began to cover the
fabrication of the complications &sandesenpariestrikent e d
and repeat, sidereal time, equation of time, atidrd-order perpetual calear.*

In this fourth segment | will continu® cover what has been accomplished since the Bodlétin articles
through early 2019. Thesmcompass: the tellurion, Sundi@n rise and set, orrerfhermometer and
planisphereThese encompass all oktllial work on the clock, with the exception of the world time dial
which also serves as the demonstration function.

The mechanical portion of the clock is complete there are still the remaining tadks final areas of re

fitting, improvements, debugging and a complete polishing which involves taking the entire mechanism apat
down to the last screw for bluing and parts for polishing. As of this writing we decided to encompass one
final and major degn change, a switch from the clock being weight driven to springrdrive

At this point one might ask, AWhy is this taking
articles for a full explanation of the complexities and mechanical innasatibthis clock. Very briefly we

are creating a machine thaill have over 7000 parts; including about 400 wheels, four remontoire, dual
Harrison grasshopper escapements, compound and epicyclical governor fly fans, Janvier style slant wheel
variable diferentials, quarter repeat) Grande and petite sonnerie striking, and dependirgpwanone

counts, about fiftyfour complications: This will be the most complex skeleton clock made for its §z4,0 w

Xx 340h x 22o0d.

The philosophy behind the desigrdats impact on the fabrication as well as future maintenance has been
covered inthe prior articles.To briefly recap: | wanted a mechanism that had complexity, a size that would
comfortably fit within a home andsualmovement. It is this last specifiian that | believe we have
surpassed all others. There is always something moving to amuse the viewer. We have also broken new
engineering grounds by making the machine 99% oil free through the use of ceramic ball bearings and,
where appropriate, dry jewbearings. The machine is also built on a modular design, all of the celestial
complications are removable without the need of tools. The three main trains are also individually
removable.

| have borrowed liberally from the designs of the past masters of the horological arts, Tompion, Breguet,
Janvier, Harrisortiahn,Robin, Schwilgue Wagner Fasoldt, LeCoultre, and others. | can only hope that if
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t here is a 0cl oc kdowreaathissoation with asynileaidee dernomstratingre glock
can be viewed atttps://youtu.be/ojdmaUYZNR8

The Tellurion

Figure 1. Thestarting point for the tellurio

Figure 1shows the stafor the tellurion complication. We begin with a photograph of an exaropke

standalone tellurian by MathauHahn, 1780 in the upper left hand corf¥éFhe upper right corner has a
schematic of that mechanisirhe upper center is a drawing of our vershich has the addition of the

inner planets Mercury and Venas well asthe EatMloon system found in Hahno
oversized paper is a scale drawing, oversized to 1:5. When a formal drawing is needed, Buchanan usually
draws a large scaldze to more clearly see how the various components are arranged.


https://youtu.be/ojdmaUYZNR8

Figure 2. B u ¢ h a to@hrcdust drawing with many of the completed wheels

Figure 2shows the majority of the 39 wheels that will be needed for this complication.



Figure 3. Cut awaydrawingof thecentral drive for th&arthMoon system

Figure 3shows a closer view of the side elevation depictirgit away view ofhe complex set of concentric
drives for the EarttMoon systenra s wel | as tédmade ivig depicling tHes18 #itin the
moomédGbit compar ed 1tQmecarhsee tHe advantagesof hawng thepldrge scale drawing
to more clearly show the many componentsaspared to the actual palh most cases tellunis and
orreriesare mounted horizaally, that is the horizatal display is mounted to the vertical centtale. In our
clock the telluriaris turned ninetydegrees for a vertical displajhe drawingas well as the part is oriented

t he Oowrong6 way ieasiettdundstarfd.i Toaditiorallyatsed of coacknéric tubese used

to drive the planetary displayuch like the cannon pinions used in conventional clockisive the minute

and hour hands. But moaee needetbr this application. Here we have four tubes alondnaitenter arbor.
Notice the set of five ball bearing rings.
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Figure 4. Cut away drawing of the central drive for Sun, Mercury, \/ehus and the rotelfigon frame

Figure 4shows the central dvupon which the entire tellunas mounted and rotates. It contains seven ball
bearings. Two pair of bearingsefor the rotating frame and support for the tellurian on the main stationary
mouning postattached to the clock and three for the drives to the Sun, Mercury, \l¢ang.tdlurions and
orreriessimply employ a Sun that does not rotate, but the Sun does have an approximate rotation of 24.47
days. This is approximate because the sun is a ball of slippery plasma and the poles actually rotate more
slowly at 38 days than the asggear the equatolhe viewof this drawingis in the correct orientation and it
becomes immediately apparent why ball bearingsi@cessary in this application. Construction for such
instruments in horology before ball bearings used concentric brass tesulting in a fair amount of

friction, and this was possible with a typical design whieettibes were vertical, but whehey are

oriented horizontallyt compoundghe friction problem, the reason why in the pfest such complex
astronomicatonstructs were oriented horizontally.



Lower frame Middle frame

Figure 5. Design drawing for lower tellurioframe Figure 6. Design drawing for middle tellurioframe

Upper sub-frames, left and right

Figure 7. Design drawing for two upper telluriosubframes  Figure 8. Initial test plate for fitting of telluria to clock

Figure 9. Design drawing is positioned for transfer to plate Figure 10. The completed full frame and sfitame pairs
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Figures 5 through 1(rior pageshow the design of the tellunidrames and the final product. All of these
are cut out from the solidrass blanke a j ewel er 6 s laboricaig proseagMl of bhg reddatan d |,
in the illustrationgepresent pivot jewels.

Figure 11 Side elevation shows the double frame design

The completd frame is shown in Figures 11 and Ohe can see the double frame construction in the first
photo. A conventional frame hasdwlates; a doublsamehasthree Next the completed assembly ready
for the wheels and other components.

The Sidereal and Synodic Month

To a Distant Star *

It takes the Moon 2.2 days more to
revolve back to the New Moon Phase

To the same Distant Star i\f

Moon has revolved
360 degrees around

Figure 13 Sidereal and synodic months

We now begin the next complication wiittthe tellurion. There aréwo dials that will denote the sidetea

and synodic month&igure 13explains the differences between the tivoe sidereal month closely
resembles sidereal time displayed on the clockos
relation to tle observation of a distant stase€NAWCC Bulletin January/February 2017, pp. 45he
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sidereal month is 27.322 days, while the synodic month is 29.531tHayseriod we are familiar with for
the moons motion.

Figure 15. The completed dials

Figure 16. Diminutive size ofdial and superlative engraving Figure 17. The dials installed below where the Earth resides

Figurel5and16 showthe snall scale at which we are now working. T$iee ofengraving here compares to
that which one finds oa watch dial; ere Buchanaemploys computer aided mwinery. The design in

figure 14is compiled into a CNC mikquipped with a precision cutter to eage the dibon this tiny scale

Both dials are shown mounted within the area that will be below where the Earth globe will be pgsitioned
Figure 17 the circled areashow the tiny pointers that read the information from the didls.two tiny

gearsat the centewill drive the Earth
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Figure 18 A pair of sunrise and set horizon markers

Figure 19. Tiny custom made screws secure the markers

A -
-----

Figure 20 The node ring with eclipse season windatv$ and 12 6 c | o c k .
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Figure 18 prior pageshows one of a pair of Earth horizon markers. As the earth rotates this one indicates
where otheEar t h t he Sun will rise and set. A second
rise and setFigure 19showsthe extremely small screws used to secure the horizon markers as wellras othe
small sector dials located in this aré@mure 20s h o ws t h e Ma dhis dirg represents the i n g
Moono$§8ti5.t15 n r el at i aTheupperantbwest foagrotf h & sh ee cMoiopntdisc t i
its nodes. The node points are indicated by the triangular indicator on the sector dial mounted to the inside of
the node ringThe ascending node, pgrmost point, is located &t2 o 6 c | oc k a n dde,fowest d e
point, atthe6o 6 c | oc k ThedMgiomibensnodes are in precession ar
18.6 years as does the rilgsmaller sectordiagbs e en ne ar pokite®n dutdide®hé wotlearingk

This isthe eclipseseasorwindow.When a node iwithin the season window and the Moon is directly

between the Earth and Sun an eclipse will occur somewhdte&na r t h 6 sOns cam useatlee @legree

scale on theeasomwindow dial along with a movablé&titude ring around thearth to locate where an

eclipse willbegin  The O6EO6 on tcealipse wiedavghe apprdximatély eiglst hourhwmdow
through which the Moon moves atitht an eclipse will be visible upon the Eastiveringabout onethird of

E a r totatios The same principals apply for anfar eclipsevhen the Earth is between the Moon and the

Sun When the celestial train is in demonstration mode one catheg0 year perpetuehlendar and the

twenty four hour world time dial in conjunction with thesamponents to predict where and when a solar or
lunar eclipse will occuto with an accuracy of a feWwours Since the demonstration also works is reverse

one can see when an eclipse has last occukretibecause the calendar is perpetual for four hungiracs,
theoretically if one wanted to crank the derstyation dial the many thousanofstimes necessary, an eight
hunded year period could be observétiis is the only telluria this author knows of that has these
cambilities.Video demonstration ofdw this works:https://youtu.be/HvTJI3G5gbZ8

Figure 21 Earth globe cut from Mammoth ivory section Figure 22 Globecontinents in reliemodeledon computer

We explored a number of desigios the Earth globe. This and the Sun are the largest splepresented in

anyof the celetial displays, thudt will command special attention. | wanted it to be immediately

recognizable as the Earth so a natural stone analogy would not work. Thevenarercially available

globes made from stone mosaépresenting the land surfadast these needto lmuchbh r ger t han «c
(3 cm) diameter to get the detail necesség.will be using semipreciolstone spherefer the remaining
planetary bodies as well as the Smifboth the tellurio andorrery. The current Suand other planets are still
mockups.
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https://youtu.be/HvTJ3G5qbZ8

| wanted the Earth glob® have a special antique look, dmalve always admired the look of walrus and

ivory scrimshaw artworkScrimshaw allows thartist to create a very compleesign on the bone surface

and when dyed with black ink or tea creates a liehetfect and allows for fine detaiSince ivory

i mportation has been banned in many countries as
an alternate material. Walrus was the first choice, but it was too difficult to find a pe@dros$ tusk large

enough to obtain the piece we needed. One must remember that these are natural materials and most ofter
have cracks and other imperfecsa@round the perimeter radiatimgvard. One needs a large cross section

of material to get a perfearea at the heart of theskto obtain a flawless piece. Any imperfections would

be picked up in the dying process after the scrimdeswbeen completeBligure 21 prior pageshows the
Mammoth ivory piece we used. One can see how large it neededdaybt the perfect rough blank.

Mammoth also has a nice patina, just the look | wanted. There is enough material left for us to use elsewhel
for winding handles. Another feature that Mammoth afforded was the ability to create land features on the
globe.From the beginning we decided against political boundaries. First these are simply too complicated fo
a globe of this size and second these will change throughout the life of the machine. But we could outline th
land masses as well as adding longituade ltitudelines. This material also allows one to carve the piece

relief to illustrate the various continental mountain ranges; another departure from the standard srniooth Ear
globe found on other tellunis, especially at this scalammoth also ylds easily to the cutting tool and is

not brittle, so an accurate model could be produ€egire 22shows the Earth globe modeled on the

computer, a mountain range is clearly visible.

Figure 23 Setup with XY scales fr latitude, longitude lines Figure 24. Close up of the latitude, longitude scrimshaves

Figures23 and 24 shows the engravipgpcess for cutting the latitude and longitude lines. Notice the two
scales attached to the tooling used to rotate the globe and move the cutter. This gives an accurate positioni
of both the globe and cutter in theYXaxis for perfectly accurate lineshe scrimshaw work outlining the

land masses was done by hand.
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Figure 25 The completed globe and engraved rings

The completed Earth globEigure 25with all of the scrimshaw work and continental topographat

topography must be greatly exaggeraaethis scale for one to comprehend its locatidie did not inscribe

all of the |l atitude |ines because it would have
Noticetheengraved detail of thiengitude and latitude rings as well as #uklitionalmoveable latitude ring
controlled by the small knurled nut at the togeed to interpolate the position of an eclipse in conjunction

with the eclipse seasatial, lower left. The two curved horizon markers for the sun and moon are seen in the
foreground and the sidereal and synodic month dials bél@me looks very carefully there is a tiny solid

gold point for the location in the continental United States where the clock will call home.

A video demonstratiomf the €llurion as shown in Figes 26 and 27ext page, can be seen here:
https://youtu.be/9BPT1vyB8Mc
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https://youtu.be/9BPT1vyB8Mc

Figure 28. The tellurion mounted within the clock.
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The completed tellurimas shown in Figures 2@rior pageand 29 It is easily removable from the mounting
post as a module. Thimmplication has 395 princluding 30 jeweled pivot&nyone who has seen
tellurions made by the famous makers of RairB@thazarBerthoud or even Janvier will immediately
recognizethe uper i or visual appeal of this desigaof. Thi
what otherwise is a conmgonal design. Thiss not just restricted to making fandgsigns for frames and
parts, it is a unified philosophy thaxtends to the entire engineering designcepiof the machine Wheel
diameters are stretetito fill in spaces or multiple wheeadften of varying diameterare used when visually
appealing Unusual and unigue ways to accomplish an othemmisedanegunctional task are designed and
created. Examples abound throughout the machine from the animal anatotheesterior toothed sector
geas, throughthe panoply of remontoire and their associated complex fly govemereften do this for no
other reason than that we want to create a visual mechanical paradise.
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The SunMoon rise and setcomplication

Representing accurately the motion of the Moon as it appears in the sky in a mechanical fashion upon a dia
is a very difficult effort. The combined gravitational influence of the Sun and Earth cause many
perturbations. Together these are known as anesaald over time makes the accumulated orbital positions

of the Moon look more like a toroid than a circle or ellipSigures 3@hrough33. In practice there arfive

major anomalies associated with the Moon's orbital movernmeatiditionthere aréwo anomalies

associated with the Earth's tilt and orlhit theory there are dozens but the nsEmen will account for 98+%

of these. The five anomalies are arranged in their order of the greatest to least orbital perturbations. The
degree is the change in measurement from an idealized orbit. The first five corrections will give the degree
the moonleads or lags from the mean or average position of the moon in its orbit.

T 1l.GreatAnomaly: This is the effect of theaendMasanods el
+.6.58° equaling 26.322 minutes effect every anomalistic month which is defined as thetime
between the Moon's successive perigees and is approximately 27.55 days.

1 2. Evection: This is the change in the Moon's ecliptic longitude: This is caused by the gravitational
pull of the Sun and Earth which causes the Moon to accelerate as it imeed and decelerate as it
moves away from the Sun. The period is 31.81 days. This is £ 1.274° equaling 5.097 minutes.

1 3. Variation : The combined effect of the Sun and Earth on the Moon's orbit at lunar conjunction
(when the Earth, Moon and Sun, in theder, are in alignmengnd at lunar opposition (when the
Moon, Earth and Sun, in that order, are in alignment). The Variation is +0.658° equaling 2.632
minutes and has a period of half a synodic month or 14.77 days commonly known as a lunar month
whichis 29.531 days.

1 4. Annual Equation : Thisis £0.186° equaling 0.856 minutes and has the period of one
anomalistic year or 365.26 days. It is the combined influence of the Sun and Earth on the
Moon owing to the Earthds elliptical orbit.

T 5. Reduction: This is+0.214° equaling 0.8569 minutes and has a period ehaliehe anomalistic
month or 13.77 days and is due to the tilt of the Moon's orbit of 5.8° to the ecliptic.

However, to accuratelghow when the Moon will rise and set two addiibcorrecions are needed, the first
is associated with the Earth and its orbit, #mel secondo a very minor extent the Sun itself.

1 6. Projection : Two factors are needed to account for the Earth's’ 2it. rom the ecliptic as well
as its elliptical orbit aroun d the Sun. These factors are the same as those needed to compute
the equation of time. The projection is +2.464° which translates into about+9.857 minutes in
time. It has a period of one-half the tropical month or 13.661 days.

1 7. Solar Equation: This encanpasses &urther two very minor anomalies associated with the
Sun
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Figure 30. Moon's accrued orbital anomalypne year Figure 31 Moon's accrued orbital anomaljive years

Figure 32. Moon's accrued orbital anomalyenyears Figure 33 Moon's accrued orbital anomalgixty years

These four illustrations depict the Moon's orbit around the Earth for one, five, ten and sixty years
respectively. The last illustration shows a rather thick torus, around the Earth.rOeadidy see why it is

so difficult to accuately describe the Moon's orbit and therefore the rise and set times of the moon en a two
dimensional dial.

We will correct only for the thregreatest anomalies. These are the Great Anomaly at +.6.58° equaling
26.322 minutes and the Projection (which contains two corrections) at +2.464° which translates into about
+9.857 minutes in time. So the total maximum error involved is 36.179 minutex.tAé remaining

anomalies amount to a combined 9.442 minutes. It is no accident that the dials on the Schwilgué and Festo
clocksare large to take advantage of this informatsee belowThe combined total of all anomalies comes

to +45.621 minutes fim a simple rolling moon dial.

What has been discussed so far, however concerns the movement of the moon only, an astronomical
discussion. We still need an additional correction which is far greater in magnitude that those astronomical
anomalies to getspectable representation of the moon's movement on a dial. These are terrestrial
corrections that account for the Earth's tilt to the ecliptic as well as its elliptical orbit around the sun. The
cam work needed is latitudkependent; unlike thequation of time camwhich is not. Both draw upon the

same characteristics of the earth's tilt and orbit, but the equation mechanism relates to the position of the su
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when at its zeith as it relates to an observer on the earth compared to the local time at noon on a clock; the
horizon cams relate to when the sun, or in this case the moon appears above or disappears below the eartt
horizon in concert to the seasonal variations, Beéhe need to calibrate the cams for latitude. The total
difference in time is 6 hours 12 minutes from the shortest to the longest day. Using the prior two moon
anomalies as well as the horizon cam work we have a total of four corrections which wilicallowe to see

on the dial the position of the moon or sun correspond to what one sees in the sky at the latitude of Chicagc
lllinois at 41.88 degrees N.

Our Moon rise and set dial is fairly small as§ over 3.50r 10cm in diameter so any further cections

would be barely noticeable at this scale. Even thirty six minutes for the two moon anomalies will be hard to
discern. This is really more of an exercise to incorporate a classic complication rather than important
additionalinformationalaccuracyn the dial.

Very few mechanical clocks have incorporated all nine corrections for these anomalies to allow for an
accurate representation of the movement of the Moon. A few examples afgajgste Schwilgué in his
famous astronomical cathedral claokStrasbourg, Franceuilt betweerl83818435; Jens Olsen,
Copenhagen, Denmark 1948557; Rasmus Sgrnes, Moss, Norway, 19868, Hans Lang, Essen,
Germany, 1982986°% the multinationalFesto Corporation, Esslingenge@nany, 1998001 (thissmpbys
ten corections)!. There are surelgthers | have overlooked, but one interesting item that pops out is the
fact that other than Schwigué's all are of recent desidriabrication; all less than 6®ars old. This is
probably due to the complexity calculations and fabrication needed to make these corrections.

We looked to the few clocks which have these features for guidance. Ogthesand Langclocks were
produced by a single mak@he Lang clock was not a skeleton style) and these tevalso the only clock

that aresmall enough to fit into a domdéssetting. The others welarge, institutionallysized clocks and

were the collaboration of many people and the Fénstgroduct of a multihational corporation. These three
were the ones for which there was some documentation of their design and construction. The Schwilgué
offered the most information and that was found in both the book written on the clock by Atigeded the
son of Schwilgué's collaborator on the clock and whose company was the successSchwvtlggiéfirm in

his book written in 1922,'Horloge Astromigue de Strassbouft@s well as the abstract from that book as
represented ifome outstandinGlocks Over Seven hundred Years Alan Lloyd. Other

usefulinformation was also containedJens Olsen Clock Otto Mortensen.

There are two main ways to mechanically represent these anomalies, cams, differentials or a combination o
both. We use ®ery special type ofariabledifferential invented byAntide Janvier in 1791 for his Chef 6

Oeuvre (Masterpiece) clock made between 1789 and th8@present the equation of tiriis in my

opinion one of the most beautiful, yet at the same time, 4mamdling mechanical contrivances seen in

horology.

Lang andSgrnesuseda cam stek in conjunction wittconventional differentialso translate the many

difficult calculations involved with the moon's complex motion into a mechanical representatioattloh

be displayed on a clock didlhe Schwilguéclock was designed to show the rise and set of the moon as it
would appear to a person located in Strasbourg. The Festo clock also accomplishes this along with a few
additional vey fine adjustments thatrebeyond the scope of this projethe Schwilguéand Festo clocks

used the Janvier variable differenteh d al ong wi t h Janvi éredesamptes shave r p i
seen using these differentials in a clock
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Figure 34 Thefive mainanomaliesepresented as sine wavesFigure 35. Initial design of Janvier slant whedifferentials

Figure 34depictsin graphical form the five anomalies of the moon's orbit as outlined above. These can be
directly translated, when curved into actd, creating the topological surface of each cylindrical cam needed
to depict these mechanically. When one tries to research the characteristics of these anomalies on the inter
or ather modern sources, there is litidormation as to how these orlifaictuations are translated into a
mechanical form; only the technical characteristic as explained in astronomical terms. We have chosen the
two largest termsThe Great Anomaly and Projectiand when ompared with the remaining foare by far

the gregest anomalies. The other factor to consider is that the dial diam&ehwilgué'sclock is over six
feet. So all of these factors are far more consequential tlaur giial which is only about.3", or 10 cm.
We use goair ofslantwheelJanviervarigble differentials, Figure 35

Phases of the Moon
Target  29.5305877days/rev
Moon Rotation Input  0.9661368082809 rev/day
Target 0.9661368081278 rev/day
Achieved 0.9661368082809 rev/day
Error 0.0000000001531 rev/day
1 part in 6531678641
1 second in 206 years

Required Ratio 30.565637751184 : 1
Achieved 30.56563774689404
Error 0.000 000 00429

1 part in233100233

1 second in 226 years

71x59x23x16
109x107x101x40

4!

el
1 rev/day N
Sun hand
Sunrise Sunset
shutter shutter

1 rev/per day tellurian gear 0

Sunrise/Sunset Cam Drive
Target 365.242199 days/rev
Achieved 365.2421989996184
Error  0.000 000 000 3816

1 part in 2620545073

1 secin 83 years

Projection Period -23 degree tilt
Target 27.321582 days/rev

Achieved 27.321581998 days/rev

Error 0.000 000 002 day/rev

1part in 50 0000 000

Sunrise cam 1 sec 15.8 years

Input rotates 1.0027379099264 rev day.

slant wheel to input ratio 0.0366011016455 :1 or
27.39638602928 :1

161x155x121x71
83x26x17x16

139x87x53x229
131x71x32x18

Sunset cam R
Setting arbor

664 A é\ §
Gl

Note the period is double the actual period
as the slant wheel mechanism
produces 2 cycles per slant wheel revolution

Great Anomaly Period
Target 55.109098702 days/rev
Achieved 55.10909870129 days/rev
Error 0.00000000071 days/rev

1 part in 1,40,845,704

1 second in 44.6 years.

Input rotates 1.020883733381749 rev/day
Slant wheel to input ratio 0.0181458238915: 1 or

56.259982449517 :1

69x66x56x225
71x65x13x17

Setting arbor

Red gears do not rotate 9
33

Moon Input

Target 1.0208837336652
rev/day

Achieved
1.020883733381799 rev/day]|
Error 0.0000000002834
1part in 3,528,581,510

103x67x59
76x73x73

Figure 36 Schematic othe Sun/Moon risset complication.
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Figure 37. Dial layout

The complexity of this module becomes clear in Figurep@6r pagenote the accuracy achievdeligure 37
illustrates the layout for the Sun/Moon Fset dial. This is a good illustration of one of the design principals
behind this project. We are trying to pack as much information, and by analogy, complications, into the
fewest number of dials; thus allovgrithe viewer to see the beauty of the mechanics that create the
information. It would be easy as many past clockmakers have done, to create a dial for each complication ir
an effort to "show off" the many dials that repressath complicationThe resultjn my opinion, is a

cluttered look resemblinthe cockpit of gjet liner; distracting from my main objective which is the machine.
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The following information and thus complications can be read fronotieslial and thus add 15
complicaions to the astramical clock,we also have the date/monttithe year on thorizoncam pack

setting dial the same as the equation of @me planisphersettingdial.

1 1.time of sunset

1 2.time of sunrise

T 3. visual position of the sun in the sky

1 4. visual indicatiorof the phase of the moon

1 5. age of the moon.

1 6. angle hour of the moon¢€lght in the sky) in degrees

1 7.degrees to moon set.

1 8. hours until moorise (we have a double hour scale on the rotating degree scale but, stretched
slightly compared to a real hodial), the moon rotates in the dial in 24 hours and 55 minues)
hours is at the moon and the hours count away from the moon, so, the hour on east the horizon
marker gives you: hours until moon rise

1 9. hours since moarse

1 10. hours until mooget

1 11 hours since mo@et

1 12 length of day

1 13. length of night

T 14. visual position of the moon in the sky

1 15. Meansolar time

Now that the concepts behindts mo dul e hav e nbwedelve into xhe doastruetidn, |l et 6s

highlights.
Figure 38 left shows one set
of Janvier slant wheel
differentials behind the dial
work of the Strasbourg
Cathedral’. Given this is a
huge cathedradized clock, it
is not surprising that these
wheels are quite largat
about 1206, (30cm
diameter. The dial ugn
which the moonods
is about 7 feet, (2.13m). In
general the larger the wheel,
cam and dial work, the more
accurate a reading one will
getJanvierds inve
method is seen in FiguB9 12
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Figure 38.0ne of a pair of Janvier diffenéials within the Strasbourg Cathedral clock
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Figure39.A pair of Ja nv i er 6s di Fidue dCeThe Festo] Iaoks imare lilkd machimaatmltthan apcioak ¢ e

Figures380s how t he only th

frosecTion
Movement of wheel

Figure 41. Scale drawing for the Projection differential

ree examples this author

Figure 42.Initial frame design for Projection assembly

The first componestto be made arthe slant wheel differentialfor the moon anomaly correctioRig. 41is
a drawing of he pojection differential It takes a while to undeend just how this works given there is a
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wheel that looks for all intents and purposes to be lertalfunction. But after some study one comes to the

ifaha! 0 Thewheehidinclined23°t he same as t he FBEptametlankier t i |t t
described hisdevice@sEqu at i on du Te mp srodp asre nlteds, aEuqsudest i gouni 0
causes that produce it). What better way to desc

The mechanism faithfully reproduces, as in nature, the discrepancy between solar time and mean solar time
resulting from the inclination of ehEarth to the ecliptic and turning in mean time, transmits its movement to

a wheel inclined at in the s amh&heiffeem angutasspeecioé Ear
these wheelsccur as the wheel moves along the curve of the stirrupesodts in their coincidence 180
aparttwice annually Between these extremes the angular speed of the second wheel$ol#ptiime)

variesether ahead or behind the driving wh@eput-mean solar time)ust as in nature actual solar time is

ahead obehind mean solar timtroughout the yeaiThe links provided later connect to videos that will
demonstrate this mechanism and help the reader to see how the differentiaFguies42 prior page,

illustrates the beginning of frame design drawingsiiedifferential

Figure 43 Fifty-four wheelblanks, pinions plumisc. parts Figure 44. Setting jewel pivots with magnification equipment

ailFs

Figure45.The Pr ojection di f f er e Riguiedd. Thdsipro kti meg roautghpd ocess on t
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