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IJJUJJ' ction - philosophy guiding the design

ale. Larger than a typical skeleton clock.
' ult1p11c1ty of functions and components

esign touches
architectural foundation supports an ivy and forest setting in which are
animals. Above that forest is the firmament as represented by the orrery

2. Minimum number of dials convey data; allowing for maximum view of the movement
3. Modular design to facilitate future servicing
4. The machine will be a dry runner eliminating almost oil, a major source of clock
failures. It was Breguet who was purported to have said: “Give me the perfect oil and I
will give you the perfect watch”. Obviously no oil is the perfect solution.
5. Incredible attention to detail, finish; quality throughout
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Buchanan design drawings, 2006

Here we contemplated what the overall size of what the machine should be. In reality we could never
have chosen a smaller size since many of the ‘behind the dial work” components reached the scale of
pocket watch components - the limits of Buchanan’s tooling. 5




Screen shot from website, construction index

ASTRONOMICAL SKELETON CLOCK PROJECT, INDEX

Date 2003 Date 2012
Pre-construction design work sA1912 i on of the Pouvillon clock
101203 My early concept desi el 1012 Movement inmer steel structure
20042006 hiatu ing facility relocation
5/04-405 My early concept des e2 2013
404, 1/06 Buchanan's early concept designs Fabrication of enamel dial work, compilation Feb. ms - May 2013
2006 Dial work - Feb, 2005 to Jan. 2012, planisphere, main time
Creation of working i i 06713 Dial work - Mar, 2012 - Aug. 2012, tellurian dial
306 in plastic - going baxrel and plani: Dial work - Mar. 2012 - Aug. 2012, orery, redo main time dial
406 in plasti i "Dial work - Dec. 2012 - May 2013, redo orvery, complete remaining dials
506 ? i ings page 1 o3 Fabricate replacement of main frame pillars
506 abricator's desi ings page 2 03713 Fabricate replacement of main frame pillars
010606 Scation of full scale mockuj o013 Celestial bai on drive, the onery dual
706 ull scale mockup page 1 10713 Conts on dri sssion, beg
796 ull page2 113 ial train i d orrery
76 Ontery detail 2713 o work
2007 2014
Fabrication Begins oyie Strike snails and begin strike hamumer linkages
07907 Main wheels, barrels & maintaining power systems o4 Continue strike hamumer Linkages
10-1207 ‘Wagner dual remontoire, wheels, differential drive (this drives the time train) m: fﬂ—‘gﬁw
2008 05714 v
0105 Wagner dual remontoire, output, cage, chaton assemblies 06714
02708 Planisphere design work o714 Strike mm selection levers, misc. parts, complete strike control system
0305 Going train 05714 Nowork
o405 ‘Bevel wheels, fly design, columns, screws o/14 Begin drives to sidereal, equation of time and calendar functions
0508 ‘agner ication - rough out 10714 Finish hsl month's work Begin mockup for the perpetual calendar module
0605 Wagner R icati ish work 114 Sider tion driv cam, equation o time system complele
s Assembly of fly to remontoire and going train 12714 fabrication
0308 Main wheel cli in the mbifriction wheel assembly 2015
/s and finish anfifriction w] bly oy1s 8 ible, third-c alendar calculator ication module
1008 ‘Begin pendulum balance assemblies - arbors 075 < e the calendar calculator module
< T 5 S 0315 Calendar remontoire and demonstration overdrive safety cluich
o ST = o3 < e il
1105 Pendulum balance assemblies - begin balances 05715 C levers and digi
1205 Pendulum balance assemblies - complete balances 065715 i 5, other misc. items
2009 o715 Finish ] calendar, Begin tellurs design & wheel blanks
0109 assemblies 0315 Continue telluri frame blank: wheels
009 Redesign of 1 escapement assembli 0915 Continue tellurion assembly. spoke and plant ywheel
P, ‘Redesign of movement frame 10715 Continue telluri i
iom: ti in clutch 115 Continue telluri begin solar and lunar eclipse
o309 Seconds drive, begin celestial trai 215 No work
0509 begin Robi: e, fly oration 2016
0509 onti {this drives the celestial train } 01716 Continue tellurion assembly, sidereal, synodic month; solar, funar horizons
0709 Conti i 02716 Complete tellurion assembly, and sidereal dial drives
Continue Robi 03716 Pendulum spring regulator assemblies
0309 Finish Robin remontoire, Begin 0416 2 parts for i
Complete lower movement frame; Bell strike hammer ift cams 05716 gin ions for rating the clock, start final finishing of
1109 Bells; work for Horological foumal cover, Jan. 2010 0607716 Continue final finishing of begin balance « springs testing
109 Begin upper movement 06/16. Complete finiching o{ begin springs testing
Project to date video page 0916 Continue balance spr ing, fabricate tellurion Easin glabe
2010 10716 No work, My visit to the mm of Buchanan
oy10 Upperfame, stop work g sialectarind indicalons 116 Sun/Moon rise/ d of first & second-ord functions
02/10 Cable hooks; St in power reserve indicators 716 No work.
0310 Redesigned bamrel ke eative ‘power reserve indicators 2017
oy10 ni ind work upper frames o7 un / Moon risef set, begi Anomaly & ion variable di i
05/10 Contirue prepping upper frames, some finish & trim work o7 un rise/ set, complete variable differentials
06710 Rough upper frames complete, some finish & trim work 0317 abricate the analo;
07710 Time; central frames and pendulum support fabricated 0417 Sun /. rise/ set. begin dial output drive assemblies
0510 Demonstration clutch parts, project to date photos; films 0517 un/ Moon rise/ set, dial output drive assemblies and differential frame
0910 Balance dizgonals: gulsmg weights, strike train rear frame 06717 un / Moon rise/ set, dial ive assemblies, shutter cam rollers, differential setting & dial:
10710 i o7 un / rise set dial output dri bl dri sector dials
11/10 Begin Fasoldt emdnl strike train fly fans 0817 un/Moon rise/ set, sun hand, glass dial work, redo center dial and bezel
1710 b a7 Sun/Moon rise/ set, finish mnhxnﬂ glass dial frame, shnﬁe'z sefting dial
2011 1017 i shutter cams, movable dial plaques
o011 schematics; rack mockups 1717 Finishing work: SuyMoon ms[ Set assembly
02a1 main strike fly fan detents a7 No work.
0311
oyl initiators oy1s i project:
0511 in strike fly detents o/is Begin planisphere module
06/11 let dovn flie 0318 Continue planisphere module
o711 trike and repeat control assemblies, quarter and hour rack:
Project to date photos and video page

www.my-time-machines.net/astro_index.htm



Jesirstgenerationwooden mockup - plate and spacer frame, 2006
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The first cut is made June 28, 2007, the last part was completed 15 years later. Next the main barrel
wheels mounted between the plates. Each plate is %2” thick and weighs 50 Ibs.

9



ndividual train modules, t




jvidual train modules, celestial train & escapement
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35 using temporary plastic plates until 2009

e and spacer frame design will not be practical, a new

13




verdrein 2022 compared to revised mockup of 2009

0 come to the fore. Too many dials look cluttered and
of an older analog jet airliner. There are many smaller subsidiary dials within.



st of complications, page 1

s 5 special mechanical systems
hand dial cluster

ndar dial cluster, 8

Equation setting dial, 2

2. Date




ist of complications, page 2
uster, Sun and Moon, rise and set

eads in real time

f the phase of the Moon

Moon

4 hours and 55 _
ours on the east, the horizon marker, gives you hours until moonrise.
[ours since moonrise

8. Hours since moonset

9. Great anomaly setting dial reads in real time

10. Projection anomaly setting dial reads in real time

rise (we have a double hour scale on the rotating glass degree scale,
ompared to a conventional hour dial and the Moon rotates in the dial
tes). Zero hours is at the Moon and the hours count away from it, so



ist of complications, page 3
Tellurian, 15

rotates

rcury and Venus

relation to Earth’s ecliptic

as well as where on Ear
n as well as where on Earth a lun
of Sun rise and set

of Moon rise and set

rough the Zodiac

clipse will occur
ipse will occur

int on the globe

Strike control, 3

tite Sonnerie
rande Sonnerie
3. Quarter repeat on demand in grande sonnerie
4. Strike and silent

ing allowing user to set any point on earth as zero time, reading the

17




ist of complications, page 4

Moon phase
lanet in terms of Earth (m
1 time in years

entricity of Mercury, Mars, Jupiter and Saturn's orbits

ars, Jupiter and Saturn in relation to the Sun’s ecliptic

ission for slow and fast demonstration

Lower center dial pair
national time dial, 1
ine cities worldwide. Also used in astronomical demonstrations

Thermometer, 1
1. Reading in Fahrenheit and Celsius

_distance from Sun in AU and Mkm (average for eccentric orbits, see #2)

rrery components in degrees, 0-360° and position in the Zodiac



ist of complications, page 5

Bottom center dials

mes, zodiacal houses, Milky Way overlay
ough the Zodiac with seasonal height

mechanical complications, 7 and o sting features
e gravity remontoire driving the escapements, differential
driving the perpetual calendar module, Jost Burgi
remontoire for the celestial train, Robert Robin, based on Christian Huygen’s design
erive single jump seconds from two second pendulums

wheel differentials within tumbling cages for Moon’s orbital anomalies

re compensation using Elinvar control springs

fly fans designed to maximize visual sensation

Paired, pirouetting style flies for the remontoire, releasing in 15 second intervals

icyclical tourbillon flies based on Charles Fasoldt's design mediating the strike trains

lestial train remontoire fly releases in unequal intervals to keep the viewer guessing

 Sidereal time read off separate retrograde rotating rings for minutes and hours.

* All main trains and dial complications are independently removable.

* The machine is a dry runner ensuring long intervals between servicing.

19




Enamel dial work

Most scratch-built clocks do not use fired-enamel dial work as this is a specialized skill



Enamel dial work
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All dial art work was supplied by Buchanan and copied by the enamellers,. Planisphere was a 14”
Hand-painted original shrunk to 6.5” by the enamellers. Dial bezels are plated in 24 ct. gold 1



f'um,.ol-»ng eft and rlght snde dial sets

W LR
CORS A

Perpetual calendar, mean time, solar time, sidereal time, equation setting, world time
Sun-Moon rise/set, Moon phase/age, tellurian, strike control, thermometer

22



_owermovement frame assembly - detailing

. T

Lower movement frame, (excepting wheels) 126 parts






400 i calendar, third-order, reversible perpetual module

February surprise piece controlled
by the 100 and 400 year cams

February surprise piece controlled
by the month cam

Surprise pieces for month ending

in 30 or 31 days controlled by E ’ Aw

month cam

100 year cam, driven 1/5 A

revolution for each revolution of " ;
the 20 year cam. Eliminates leap

- N
z:::sonce every 100 years for 300 L“ ® l ‘

400 year cam, inserts leap year

once every 400 years. “ “
. il |

Month cam, rotates once per year RITTTTIIL

and controlls the 30 and 31 day ¢

surprise pieces. .h

Feb. not Feb. cam, fixed to the —~ 5 it -

month cam and lowers the Feb. 4 ¥ : 1'.‘ ‘ -

surprise piece annually to allow for - i | | l l I l I l l l |

normal Feb. of 28 days. . ' “ Hiw »
20 year cam. Gives a leap year at 2, ' ‘ . ﬂ“.' i ' .

'
4/8/12 year intervals, but not at r
the 16th year as this is controlled |

]

by the 100 and 400 year cams. I
The third-order perpetual module keeps the Julian calendar perfectly in step with earth’s
seasons for 1200 years. All data is preserved when moving from forward to reverse.

15t order, accounts for quadrennial leap years; days in months. This is perpetual calendar work in clocks
2nd order, 100 year cycle where leap year is skipped

34 order, 400 year cycle where leap year is re-inserted

Daily index wheel

25




Calendar components in place

The calendar year readout is digital and uses a ten-sided component to give a flat readout surface.
26



ﬁmg r calendar, perpetual module

Components of the perpetual module on the scale of pocket watch work; the limit of Buchanan’s tooling



inal polishing and assembly

The calendar cam memory with French silvered setting dials for the 100 and 400 year cam settings
and full module finished and ready for installation.
28




calendar calculator componets

I Hand set | Date detent f
Date trip linkages 3 <:an:| . Day / Date trip mechanism Date detent Month trip linkages
Ng T " module

and date readout wheel Detection link to calendar

calculator module

— v Calendar calculator module
P |
‘i —

Logic cam drive
Hand set lever

-_—

Forward / reverse \
trip

Logic cams

Logic cam drive Logic cams

Day readout wheel

: Logic cams [:> )
E

Month trip mechanism Calendar calculator module Year trip linkages Year trip mechanism

Calendar calculator module

and date reaout wheel
First of month
detection pad

First of the month

detection pad [, "4
\ X AND logic gate
<

Detection link to the
calendar calculator module
- to signal monthly advance

lever

December
detection pad

Leap year
readout wheel

Leap year readout

detent—

Logic cam drive

Logic cams

Month readout
wheel
4 Year counter latching
 Transfer lever  roller




Completed calendar module

580 parts , 8 months design and fabrication time




I, third=order, reversible perpetual calendar dial work

31



Sidereal time retrograde dial readouts fabrication

Artistry in metal



Equation of time work

The Equation of Time

——— Earth's elliptic orbit
--—--tilt of Earth’s axis
orbit + tilt

A s S S

Minutes of Time

33




viean solar, solarand sidereal time’s retrograde dial work

LA N e
B\

The main dial allows for direct readings between mean solar, equation and sidereal times 34









~ [ime of Sun and Moon rise/set, 2

effect of the Moon’s elliptical orbit around the Earth and has a +.6.58° equaling 26.322
onth which is defined as the time between the Moon's successive perigees and is

n's ecliptic longitude: This is caused by the gravitational pull of the Sun and
it moves toward and decelerate as it moves away from the Sun.
5.097 minutes.

n the Moon's orbit at lunar conjunction (when the Earth, Moon
osition (when the Moon, Earth and Sun, in that order, are in
nd has a period of half a synodic month or 14.77 days

order, are in alignment) and at lun
ariation is £0.658° equaling 2.632 minu
as a lunar month which is 29.531 days.
: This is £0.186° equaling 0.856 minutes and has the period of one anomalistic year or 365.26 days. It is
e of the Sun and Earth on the Moon owing to the Earth’s elliptical orbit.

is £0.214° equaling 0.8569 minutes and has a period of one-half the anomalistic month or 13.77 days and
e Moon's orbit of 5.8° to the ecliptic.

However to truly show when the Moon will rise and set two additional corrections are needed, these are associated with
e Earth and its orbit, and to a very minor extent the Sun itself.

6. Projection: Two factors are needed to account for the Earth's 23.5° tilt from the ecliptic as well as it's elliptical orbit
around 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.

7. Solar Equation: This encompasses a further two very minor anomalies associated with the Sun

37
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Time of Sun and Moon rise/set, 3

Jonwshurser Jor Mawseohvation

~ £

Hnomale X 6°17° 19" Ferdoden™™\ 274. 734 18m 337128

Eveclion £1°16'26" 31d. 194 29m 175 ————

D © qa ®

Uariation £39°30" 294194 44m 216

Harlly Chvation = 71' 10" F65d. 6 4. 13 m. 5% 16

JHeduktion * 6'36"  [3d 144 3Im 4% s 2

Graphical representation of five moon orbital anomalies, and then made into cam works




Time of Sun and Moon rise/set, 4

2w/ fro

meen Rivt

et ANOmaLY

1 P 5. /04 0% 702
z:::: 255w o e R o op o 6
@ A’ aTvy S R e Phases of the Moon Sunrise/Sunset Cam Drive
N I 1 pany w8 00 000 80 J6ce wh yeets Target  29.5305877days/rev Target  365.242199 days/rev Note the period is double the actual period
) see 8 yos Moon Rotation Input  0.9661368082809 rev/day  Achieved 365.2421989996184 as the slant wheel mechanism

et o e ox 1278 &/ a ® Target 0.9661368081278 rev/day Required Ratio 30.565637751184: 1 Error 0.000 000 000 3816 produces 2 cycles per slant wheel revolution

e oaunesoser “ Achieved 0.9661368082800 rev/day g Achieved 30.56563774689404 1 partin 2620545073

b ooy o Error 0.0000000001531 rev/day Error  0.000 000 00429 1secin 83 years

1 part in 6531678641 2 pert 23100233 Projection Period -23 di tilt Great Anomaly Period
T2 yoes i . Projection Period -23 degree tilt Great Anomaly Period
/ ool SO et 1 second in 206 vears <] 4 second in 226 years 1“;“‘;‘:“7‘ Target 27321582 days/rev Target 55.109098702 days/rev
03 o — asaras Achieved 27.321581998 days/rev Achieved 55.10909870129 days/rev
e Usiieptic 8 Error 0.000000 002 day/rev Error 0.00000000071 days/rev
3l w32 1T 7/ 65 1317 &7 1part in 50 0000 000 1 part in 1,40,845,704
)3y €7 53 23y 6% $¢ $% 238 N . < _—4) Sunrise cam 1 sec 15.8 years 1 second in 44.6 years.
2l Input rotates 1.0027379099264 rev day. Input rotates 1.020883733381749 rev/day
2 Y ) b slant wheel to input ratio 0.0366011016455 :1 o Slant wheel to input ratio 0.0181458238915: 1 or
p i 2739638602928 :1 56.259982449517 :1
18049 w03z €7 -
__—{" 7% 72 73 N a @ ‘ a 139x87x53x229 69X66X56%225 Moon Input
S

1.020883733381799 rev/day
Error 0. 2834
1part in 3,528,581,510

2 ' 131x71:32x18 71x65x13x17 Target 1.0208837336652
b Sunset " d:
'e‘a isatcam s Setting arbor ¥ Setting aibor :;ﬂe::d

mown oL . /000
vecornes ’ B Bme e 1057
3 : X73x
AuToYe = ivmmmesirIst freaminc monm) Aviper 1/7;92 rex gzl

= 0,004 /458238977 Re/D4y " .
. Lo 2. Es24erawsnol-/
Ly

BuToZv = ITmaioret Red gears do not rotate
> gmédonor 49T

Y@ Ko rhe = 0G5 F2FI Rew /ity v Ry e OROECRIg
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1 rev/per day tellurian gear

Zo< yor8 = [-oT0SI I 754 &0
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Buchanan’s design for four anomalies, two months design time
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Position
Infeed

Great anomaly

Projection

Sun rise/set cam drive

sun rise/set quadrents

Sun drive wheel

Primery input idler.

1

1

Moon arm drive whesls 1

@ moe W

Time of Sun and Moon rise/set, 5

Number of teeth  Sizecutter Slank diameter Pitch circle diameter Depthing

103 035
78 035
67 035
7 025
59 035
n 035

25 03
17 02
n 025
& 025
65 025
=3 025
13 025
56 025

29 03
18 03

17016
28266
20416
26516
21616
26516
68328
5928
1844
1794
1694
17.19
394

3605
273
2345
25.55
2065
25.55
675
51
17.75
1725
1625
165

18.025
1265
11725
12775
10325
12775
2275
255
8875
8625
8125
825
1625
7
3435
27
16375
17375

frosECTION

The gear table encompasses over 50 wheels for this module. The Projection variable differential,




[ime of Sun and Moon rise/set, 6

Pair of Janvier’s design of slant-wheel variable differentials that correct for the Moon’s orbital anomatlies.



Iime of Sun and Moon rise/set, 7

42
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Time of Sun and Moon rise/set, 9

550 parts , 12 months design and fabrication time

44



ng and assembly, Sun/Moon-rise/set




Time of Sun and Moon rise/set dial work

MOONR ISp S

This one dial reads 17 complications, (see slide #9) and is an example of using the minimum
46

number of dials to present the maximum number of complications.



Tellurian
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Upper sub-frame, left

Upper sub-frame, right

Upper sub-frames, left and right




Tellurian

Tellurian double frame assembly



Tellurian

Tellurian Earth globe made from Mammoth ivory 50



Tellurian

The Sidereal and Synodic Month

|

It takes the Moon 2.2 days more to
\revo\ve back to the New Moon Phase

Moon has revolved
1 360 degrees around
the Earth
(Orte Sidereal Month, 27.3 days)

AN

(1 month Iéfny)

“"‘ \ New Moon To a Distant Star

To the same Distant Star _»

51
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395 parts, 30 jewels, 6 months design and fabrication time



Tellurian dial

53



SEMI-precious stones used in the orrery and tellurion

Orrery Tellurian
Sun - Sun
_— .
Rutilated Quartz = = Rutilated Quartz
Mercury ’ Mercury
Red Jasper

Red Jasper

Venus : Venus Y
Serpentine @ Serpentine 2

Earth i < Earth
Turquoise Mammoth ivory
Moons Moon
a Py
Pearls Moonstone

Mars

Carnelian

Jupiter

Lace Agate

Saturn

Opal



The orrery

=

The Earth is made from turquoise with continents formed in gold leaf, auxiliy dials are French silvered.



The orrery




The orrery

The orrery is the most complex module at 111 wheels and 739 parts




The orrery

e

W

ﬂ%ﬁl s e

4l
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l ey

This is an example of “Buchananization”, where wheels of differing diameters are stretched to fill the space
available, instead of using arms with multiple idler wheels to deliver power from the center to the p?gnets.
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V4

Buchanan said “If a spaghetti factory made wheels, it would look like this.



Strike train control

Design from concept schematic to parts design.

61






STKEYepeat components, levers, detents, racks, pawls demonstration

v 2 5 Y
P\ R ‘._.‘:..-

,,,,,,,

The strike train will operate as a normal quarter striking clock in both petite and Grande sonnerie
in addition to having an on demand quarter pull, repeat function in Grande sonnerie. &8



60.9525

Thermometer

64



Thermometer

The bi-metallic strip is secured with multiple screws rather than being a fused strip




66
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1d demonstration dial




of time work
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strilke train control dial
3 ] -

7 =1




Planisphere




Planisphere dial

The Latin inscription around the lower perimeter of the planisphere mask is from the Roman poet
Ovidius Publius from his work, Metemorphosis, in 8 AD:
Os homini sublime dedit caelumque videre iussit et erectos ad sidera tollere vultus.
To man God gave an upwards posture, bidding him to behold the sky, and gaze upon the stars

71



indesign rrgm waL ‘t to sprlng drive, October, 2019

In 2003 - we were unaware of motor sprmgs, otherw1se we may have orlgmally gone with that de31gh This
change eliminated the weight set and structural steel stand; lessening total mass from 620 to 300 Ibs, 52%.



design from weight to spring drive

The first photo shows all the springs in the unwound position. The far left wheel set shows the front
empty take up spool fixed to the arbor, with the supply spring spool to the right allowed to turn freely.
Behind is the supply spool for the take up spool fixed on the arbor to the right. This spool pairing is
repeated for the two strike trains to the right. Next the paired blued ratchets and decorative hub rosettes.
Even tough this change was made 13 years after these were made, the spring retrofit fit perfectly. 73



2stial train - the pulleys and chain, 285 part:

1 of the frames requires an unusual wheel pullée¥t rim.



polishing and assembly, celestial train




“inal polishing
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“rame design




Final ollshmg and assembly

R A

g,m

Another example of “If a spaghetti factory made wheels, it would look like this” 79



Antifriction wheel pivot design
for the pendulum balances

Black circle is the pivot at rest,
two blue circles are the pivot
rolling to its left and righward
positions within the inner
surface of the jewel, red.

Pendulum pair, 348 parts, 12 anti-friction wheels. Diagram shows how we obtain frictionless and thus

oil free reciprocal motion

80



suchanan’s main tool for all flat stock

The escapement pallets illustrate the bird allegory used throughout the movement.
Next the fine polish as well as the blue, silver and red accents that will be seen throughout.
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i complex; delicate machine shipped and delivered?

v z / V) - 7 ki)

‘ tifth photo, was the tight 90 degree turn needed to negotiate up
staircase. This was the most nerve racking part of the delivery.
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acialized crates for the sub-assemblies
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50 how do | put this thing together?

....
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Very, very carefully.
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e of days I was so nervous that I had difficulty keeping my
our or so. Eventually I gained confidence and it took just
bendulums, the Sun/Moon module and the orrery
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nd to follow this project on a monthly basis:
-time-machines.net

construction index:
s.net/astro_index.htm

ouTube channel fo
www.youtube.com/user/fgtyc

RL’s for written papers on this project:

.1my-time-machines.net/papers_and_presentations.htm

END
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