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ABSTRACT

This study aims to develop a restoration model of an armillary sphere of Tongcheon-ui (Pan-celestial
Armillary Sphere) by referring to the records of Damheonseo (Hong Dae-Yong Anthology) and the artifact
of an armillary sphere in the Korean Christian Museum of Soongsil University. Between 1760 and 1762,
Hong, Dae-Yong (1731-1783) built Tongcheon-ui, with Na, Kyung-Jeok (1690-1762) designing the basic
structure and Ann, Cheo-In (1710-1787) completing the assembly. The model in this study is a spherical
body with a diameter of 510 mm. Tongcheon-ui operates the armillary sphere by transmitting the rotational
power from the lantern clock. The armillary sphere is constructed in the fashion of a two-layer sphere: the
outer one is Yukhab-ui that is fixed; and the inner one, Samsin-ui, is rotated around the polar axis. In the
equatorial ring possessed by Samsin-ui, an ecliptic ring and a lunar-path ring are successively fixed and
are tilted by 23.5° and 28.5° over the equatorial ring, respectively. A solar miniature attached to a
365-toothed inner gear on the ecliptic ring reproduces the annual motion of the Sun. A lunar miniature in-
stalled on a 114-toothed inner gear of the lunar-path ring can also replay the moon's orbital motion and
phase change. By the set of ‘a ratchet gear, a shaft and a spur gear’ installed in the solstice-colure dou-
ble-ring, the inner gears in the ecliptic ring and lunar-path ring can be rotated in the opposite direction to
the rotation of Samsin-ui and then the solar and lunar miniatures can simulate their revolution over the pe-
riod of a year and a month, respectively. In order to indicate the change of the moon phases, 27 pins
were arranged in a uniform circle around the lunar-path ring, and the 29-toothed wheel is fixed under the
solar miniature. At the center of the armillary sphere, an earth plate representing a world map is fixed
horizontally. Tongcheon-ui is the armillary sphere clock developed by Confucian scholars in the late Joseon
Dynasty, and the technical level at which astronomical clocks could be produced at the time is of a high

standard.
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Zt & AS A9ste] Figure 13} o] H93k3Ath
o] Mat:mellA Al e HES G E

ojar, & o]l SA|ojth. thEF 144702 =7h I} A
o] x@E o] gt}

3 R, REL, L, SATTE JUECT R (e T AR, ki
BN (e AVEIGH), LB, EHE, R, E (EE
TlGER), WEE, W, AR, BE (s BER), SR,
MR (S CWSEN), BERREN, BB (R s, WA
JESFIL, PR, SKNREM, A5EIS, RAMNEY, KA, KL, SRS,
FESE, AR, SIS (S DR, EHBE, - HB, d ok
WA, gicieh, WO (ML), RIGEE, KCBIBY, W (s H), 6
i, 28l (S Kl AN, G (R @), Ml (EE
WG, BIEE, S, BB (R AR, ShABY, g,
NEZTIR, SIART EHH FTA (S B HAA), Jilll,
LT, R, (I (R i), REE (S R, B
i, f%‘?‘é‘l MLxl SR, KA, B, RRR, HZZ, TEK (e
Ky, B (e B, Bk, Aok, #il L, sl (B r:im),
L, e (EE ), KA (EE KAL), 86, HARE, L,
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(b)

Figure 1. Restorations of the Cheonha-do (World Map)
from (a) Cheonhaji-do (®) and (b) Ji-do (@).

SER BN (SRS B, VIR, [ (R ), E (1
B, BE (= B, Ml (RS ), L, T P
16 AR (B FUTH B3, Wl Aol L, 7 AR
(= 0B, UG (B ARG, S, R, IR, P
N, BN, CATEL (EE SOk, BB, S,
B (S ), ZRE (R ), SUHE (e fUH), I,
BRERE, PREE, AL (EE ), BB MBI, KA, 7
TR, MO, TG, SR, ERI, AR, WO, FeRE, I
KB, e, Kail (EE Kauy, HE (EE fEE), 5,
R, RSB, I, AER, (Rl (R S, EEa, 8
BB, fil (R AL, WS, U, BUAR (B BUCH),
FORB, DB, (R, Fal, I, BRI, AR, SR, 4 A
(S A 2), s,

Figure 2.  Armillary sphere artifact displayed by Korean
Christian Museum at Soongsil University (KCMSU)
(courtesy by Korean Christian Museum at Soongsil
University). Explain the number in the picture:

1. Fixed outer terrestrial-horizon ring (<33 7f),
2. Meridian double ring (R+2%F),

. Fixed equator ring (% %=77),

. Solstitial-colure double ring (3341781),

. Revolving equator ring (4 %=7F),

. Inner ecliptic ring with 360-tooth (ZX=u]7f) and Outer

ecliptic ring with 365-tooth (F%=2]7F),

7. Sun-mode (Ef%E.3),

8. Stright-iron gear for the ecliptic ring (B %] 7]},
9. Moon-path ring (¥]%=7F),

10. Moon carriage (&-2347=]),

11. Moon transport ring (&),

12. Polar axis pipe (5 5%),

13. doughnut-shaped cylinder (%),

14. 57-toothed wheel for a solar time (57-%‘/] H]——;ﬂ) and

59-toothed wheel for a lunar motion (59-F U ®}]).

N L AW

(refer to Figure 2). ©

= [e)
o] BF {FAHSIA I,

W), 7153, HTe F2 A BYS 59
b8l TH2020.11.12.).
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g o] fd3tth(Nam et al, 1995).
7V 2 S AT )R
2]7do] 350 mm, Zo°| 11.8 mm, F47} 4.8 mmo|iL, 7}
% AETUTEBZ 2174 0] 270 mm, Z0]
. mmO|tH(Nam et al., 1995). o] HE
st Fold %& 174]4 T AHBFE, 974
413 mm)BE T} =& Z—.hﬂr(Needham et al., 1986).

A £ TS FAGe Hfate A
HEd o= Ur°7<1 gt AW 2419 fE
S Fold} olwiHe] ZXHAA EH] 9T Fx9l
AF1t, AT, (3 dEde FERE WET(refer to
Figure 2).

T SAY e e B X UF
= TAEsE A= LJr 2 i, Folde] XA
=HgE maa vk FHe X9t g, A
e Exoe T ¢ °ﬂ AP go] MHAE =4&
A oA
232 =Y
T3 ool A 3 EXoE Frdqtrt 144 (A1 2]y
Qrell Avkal &gl Ay WEd FES ook v
2 725 ANtk sdd x99 F=qf(¢ 310 mm)

T A= el AA ¥ AEI(0 300 mm)et A
2o AR Ho AalgEa Agste da T 7bzt
82 mm, 9.0 mm=E A 2o Aol AXFTHNam et
al., 1995).

Feqte 272 FAEY itk "o uEAE
dojHor A2 ks Fwdigteta sha, o d
S Froqgta A e SEE)ol 24
717 BEAECY g3, & npg o= 360719 FuU7t
T4 =0 Slrh 594%” 3 AdFoR 365709 U
7 whEolA odow g npgo R egrEe] FAtwof
UTHNam et al., 1995). 7|4 FHT FE Lo
7t 365-w 4] Wela(NHim)S 7H A9l 5
Aol Ao FxA tr) 365-FUE 7 A
EEa=4

o

A EHel= Folde] HMITBEAES 7oFA
2 7|48 thKim, 2007; Lee & Kim, 2007). A&
o]FHE & It MHAH HIRFS HS
o] 83l HZo A AMZo g &Hol= HAlo] st
o 2y gAY ded oA AR ne W
2 g ale] EUntAE ALEE B RYPS ol FI R

Megsk A

Figure 3. Sun-moving mechanism of armillary sphere artifact
provided by KCMSU (courtesy by KCMSU). Explain the
number in the picture:

1. Shaft (23),

2. 6-toothed rachet gear (Z7]),
3. 6-toothed spur gear (vo}),
4. Sun model (EfY=3

2127804 AW ol ‘A7]-A--frobe AEZE
Frolate] okmel Ad= ]
Figure 3% AU £3d29 ¥
= UEd et @370l &
of fixgH. APme FE
?’“Eltﬂ -Er 671 <] 5147} AT A7) = A
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233 HIZgref 287%
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t}. o] ﬂl(fﬁﬁﬁ')t HArqt Hel 1370, A, A, 7
A, B, 2 A A A T 4L A, L*tﬂoﬂ IS, 2,
A, w7, —'v:‘, %, o, &, H, A, T, Ah A, ohE Wl
218 tt. Fold EHAANA = 285 FAE A A
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1470A, %, A, ¥, 71, 7 9 04, 8, 91, 4k %

), 7k ASA Hrh(Lee, 1986). <4aL “(%%ﬂ%
s (1744'3), I o) 2 3178 &3 (e 5 5 1iAEAR) 1 (1844),
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Table 2. Position of circled 28 Lunar Mansions’ signboards

Cheonsang
Yeolcha
Bunya Jido
(1395)

North South
O
O

Yixiang
Kaocheng
(1744)

Armillary
Sphere
Extant
(KCMSU)

North South
O

Signboard of
28 Lunar

Mansions

North South
O

(of Equator)
Gak (f4, Jiao)
Hang (JL, Kang)
Jeo (K, Di)

O

O

Bang ()7, Fang)

Sim (.0, Xin)
Mi (J2, Wei)
Ki (3%, Ji)

Du (=}, Dou)
Uh (“F, Niu)
Yeo (%, Nu)
Heo (&, Xu)
Wi (i, Wei)
Sil (%, Shi)
Byeok (HE, Bi)
Gyu (%, Kui)
Ru (¥, Lou)
Wih (H, Wei)
Myo (51, Mao)
Pil (i, Bi)

Ja (#, Zi)
Sam (%, Can)

O|0]O|0|O0|O0|O0|O0|0]|0
O|O0]O|0|O0|O0|O0|O0|0]|0
O|0]O|O0|O0|O|0|0O|0O

<

<

O|0|O0|O0]O0|O0|0]|0
O|0|O0|O0]O0|O0|0]|0O

O|O0|0|0|0O

O

Jeong (JF, Jing)
Gwi (&, Gui)
Ryu (¥, Liu)
Seong (£, Xing)
Jang (5%, Zhang)
Ik (34, Yi)
Jin (%, Zhen)
Total

O

Ol0|0]|0
O|0|0|0

O|0|0]|0

14 14 11 13 15
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Figure 4. Moon-moving mechanism of armillary sphere ar-
tifact provided by KCMSU (courtesy by KCMSU). Explain
the number in the picture:

1. Moon model( 2.3), la. dark part on the moon sphere

(29 &4, 1b. bright part on the moon sphere('2<]

XUc?—r‘v‘)

2. 29-toothed wheel(29-35 Y 1}]),

3. 6-toothed wheel(6-5 U H}),

4, Moon carriage(23 =),

5. supporting pins for Moon transport ring(‘2--3F 117 3),
6. 27 pins for Moon-pass ring(¥=¥+2] 27-3).

SAY EXY A FAE Folg A &
AF8FtH(Kim, 2007; Lee & Kim, 2007). Figure 45 2%
g g FAE veEd Zelth GG X @)=
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staring point of Samsin-ui

staring point of Samsin-ui

Lunar Ring’
114%tooth
when it revolved

Solar Ring’
miniatureat  {=ttooth

when it revolved

a l-turn al-tum

114®tooth of 118%™ tooth of
359t tooth of 15-teeth gear [ /] 360™ tooth of 15-teeth gear [/hig] LunarRing'inner 1 14-teeth gear Lunar Ring'inner 114-teeth gear

Figure 5. Solar miniature(AP5E%)'s diurnal motion on the  Figure 6. Monthly Lunar miniature(AF&E%2)’s revolution on

Solar Ring (H #1). the Lunar Ring (7 #1).
Fwol gt g EfgFol 136 FF Ae o] dFELFAA shel(= ATy7F WY 1/359[°
ok 1% o AUrtER 14 365.25 EH%“’E‘Ol AvA A 5 o gt wepd FGRdqtelA RIS
TE 36625 Ao HAr 365.25 ElFUESF 360°/365.25U(= 0.98563[/ L)
F-AdsfoF ghrh. g At yobES oF 1de] H
36525 (E1YY/19d) = 366.25 (FAL/1d) g u#3te] 365-FUR AZEA
365.253] x z[BY] = 366.253] x y[EU] 1 360 _ ko
359 7 365.25 365
4714 1dEd HEEE daYd)e 13AAE k= 1.00210
z, HT 374

Fujskale] B 5
=

7= EUne o o714 ki 1.002102.% 1.002795.TF 0.00069°] 2}o]
o

y _ 36525 4] 365]

=4
r  366.25[54Y] " 36654

i T2 Rudel BN 2

A el sk nEE BE] WRES o aasl qand 1 Agde oF 295690l
ses-glE WEEE GHDE SIS EYEE goge o 1noon mRA getnm Best ge A
QAYL olu Bl BRE FUE A S g aaan

N
)
A

(i) 0.2 366- 14 W oHY oy FHe &4

ole] AAlel= HY AdFE V|Fo 2 THH]7] HHT"Z‘OH, 295 EHookﬁjﬂ_(/lé}uo}%) — 285 E]X‘](/lﬁ,'“ J)
Bgol slstd, Aoz A7 366-mUHE A
il ‘Q—E}'_ 29.53] x z[wY] = 28.58] x y[FY]
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21 20Xz 114-5Y ol ol W&t yolF9
=Y g9 a3t a8d gE A= 490 79t
FEHAA 4547 dstnz, A3 B34S 118%F

£ A= a¥rt ddl(refer to Figure 6), ©l+ 2

)9 y<F XA Hoh

53] Wizt obael FaE B4 wd oF
1220 §-Aske AT ofe}, &ol AL o] Fate
A et A slAG Hexlde] FHS F4 Fe
S Wb sty T e qb g oS wkt goR
Zbea vk MRt 9t W@Ed 27709 A& A
AekaL vk B5xde] MEdq & rE wek 1 ™
o, S EE HATIE AL Sobd, YRk E 3
gk G A s ) olu) (9]5f) ¥ Fob (Hl
4 710y BY 9 vl gl we, B3] s
1314 & Sk 222 3He AEE AFY F
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Table 3. Specification of the Tongcheon-ui’s armillary
sphere.

Outer Inner | Thick | Num

Category | Parts | Sub-parts | diam. [ diam. | (total) | of

[mm] [mm] | [mm] | Tooh

Yukhab | horizontal ring 510 25 | 460 | 6
-ul meridian double-ring | 490 | 15 | 460 |4(22)

fixed
frame east-and-west ring | 490 | 15 | 460 | 4

Samsin- solstltlaljcolure 428 | 14 | 400 |422)
ui double-ring

moving |equatorial ring 428 | 14 | 400
frame | equinoctialcolure ring | 428 | 14 | 400

Solar |outer ring | 399 | 24.5| 350
Ecliptic Ring |inner gear | 389 [1325|362.5| 3 |365

parts  |ratchet gear [WF%]| 16 7 6
[F0GH] | spur gear [H74] 8 35 6
Sum miniature 24.8 23 60

Lunar |outer ring | 349 |43.5| 262
Ring |inner gear | 330 [2063 |28875| 3 | 118

Lunar-P | ratchet gear 16 7 6
ath spur gear 20 8.75 6
parts Moon miniature
[FDE] | miniatre | 2+oothed wh | 24.8 212 29
[KE2 | 6-tooth gear | 6.4 2.8
JEEY|
6spoke helm | 20 8.75 6
world map 180
Center —
sundial ring 200 | 10 | 180
Driving | polar ring 361 | 10 |3565| 3 |[359
parts 15-toothed wheel 17 12.5 15

g=F 500 mm(S3e]e] AF3 A F 510 mm)S] A7 =
AAER S8 E AE 460 ~ 510 mme] A S
A2 g A Agste] AT g Al
T= A2 400 ~ 428 mmE 7FXITH

FrAdE AE 350 ~ 399 mmeEl, U7 7t
ar, 365719 wU7F e dels(HE 362 ~ 389
mm)°] &7 FHHNA wmHAAA 3| Het vzt
A2 WMEYyE AE 262 ~ 349 mmo &7F U,
. FHd 114549 Jolkgoe] w1mexw 3]s
39 FAloE AE 180 mme AEEE7F QA A
Z¥glo] 10 mm YH 2 73l 9l th(refer to Figure 7).

39 AFq7Y dl W& 539 HdA N 47 7
Aatal o5& AR W aAskTh £
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Figure 7.
sphere.

Bird-eye view of the Tongcheon-ui’s armillary
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Inner gear

\ (365-toothed)

spur gear
[ ]
Shaft [E&

ratchet gear
[

Figure 8. Structure of the Solar Ring.

ratchet gear
[ ]

Figure 9. Apparatus moving the Sun/Moon miniature coun-
ter-clockwise.
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