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ABSTRACT

Chang’e-3 consisting of a lunar lander and exploration rover was launched on
December 1, 2013 aboard a Long March 3B rocket flying from Xichang space launch
center. Chang’e-3 was inserted into the lunar orbit after about a 5-day transit to the
Moon and landed on the targeted landing site after orbiting around the Moon for 8 days.
The successful landing of the Chang’e-3 gives a lot of help to analyze the future needs of
the subsystem technologies and to figure out the trajectory from launch to lunar landing
as well as operation sequences in the development of Korean lunar exploration is
scheduled. Therefore, the configuration and analysis of overall mission of Chang'e-3 is
performed based on the public information from the press and website. As a result,
overall mission trajectory is reconstructed by solving boundary condition and then
estimating control variable. Visibility status and eclipse status also analyzes so
communication and power charge condition is as good as to operate lunar lander. Mass
budget of the lander is derived using AV according to specific impulse.
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Table 1. Plan of China’s Lunar Exploration[1]

v &3S o] &%= Newton-Raphson o] 7
S<I5ick dyA F4e W @, A% Ao TgyTye i
WA, A% WAR el B4@ 2%, AAZ —
_ _ ot 3RkR AT ApA
& ¥ Mfﬂ Aol s Bt} WAt 2ol 15 |+ o ael Sk oy
ol 1—‘?“1 g x9 FAHF7HAe AHS J_E—E?]-Oi (200744 ot mE = &5
. 248 A4 olgat AxHe Wi AF 108 42) | - He3 $E 53
ELES ﬁ*&% AR A, B 35E Fad 1642 dAS = T Bd 9T
A= 2AE FAshs AFAAM A=) B < H=d g = e R
Huel wale]l 7bsda, A7 Aol 17}01111 B0l 25 | - 2lopd A As ZE
£ o] A gol AYS R FAY & 2010 | L G T e B
Qe AR BAFAL. oHF B4 Do O e e s
a1 1T S oS oo
G gigvlEo A AdE ZFEde AHEA2H
NeqE B2 9 A2y TG B2 2§ R
= = = e ‘;l: D%
g 5 e Aol s | e metel Al 2 i A
L:
RS A% U ABY QACIEE JIES | ooy | on pay | ¢ T 28 U A
2 o] 359 AWA P % ANLE 2ME | asd S Budl TIe PeL 2
_ RlT-2h 27 g oi7
A, dFAEA 5 ol&ste HAAZ o] 3u7t
HPPY JrAHe FH% zg_ﬂr% 7]%6}931:]-, ol 43 | - Eof 352| Wl(Back up)
o] /g, 2248+ #of i«l 773 o~/] 31 3ctA | Fof 5%
Aol #Ho] 35 A% Atz e g_g %og 3 HE (20174 c EHE AF R ve AT
- ShA o A
3240l Fol 35 A FgAn 9wy, [FEL] Y




986 Ayl -oled - MFE - 7F5F - FEY - AL A2 T B R

EFRY & s
Ape| M o= 5 o5iEH nIX
deuny |5 B8 BSS ERIES
SAte[M = .
« X7 Z2k=0td &
7ol 2t T Esk
A2 M « 37§ mf-2iot 72t
7tol 2} < 171 == 7t

Table 3. Navigation Sensors of Chang’e-3[5]
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Chang’e-3 taken from the Moonl[3],[4]

W) g go Fol 330 AR gujsk o » 9 AFAA AR E9F oF 3,800kg, A= AH(dry
240 ZAo] o WA Tad 7|& ga=  mass) °F 1200kgel™, Al HEEAE, S
AZ=s= A8 do]\;} o B} 3uAE ol 55 A HEL AEE Tl 22 gAAS A
2 FAE 9on A8 o]F o ;wel 4 ol UTh Table 2= o] 35 FAEFHAY &
ZS AH et AT -7—1:@}0}5 rz saygag.  AASY 7S Qe & AFAA I
o] 33= 23 o e A3 = WA A B 1“‘ O]”O]‘ﬂ 215 o] 140kgo] %“\} =1
AR O B Roln, 27 FgRRCNsA  H AFAeEVE weEch ol 359 B A
China National Space Administration)ol|A] 7H3F 2 ]j}O ol Ael Ha AT g}»‘;— TER
S8ET Qi Fol 33 v AHMY v} =e AAHC, A= wF @AM B dARS A

AR(ER, Yu)Z 7AH glom, Foje F= ML AF oldd HE dAAE 3% .

Agle] S B oale] o]Boln gEE g M AF Fols Bl HE AAR
&ol T3 dol Ak E7elth ol 3%= OBl

2013 129 14% 214] 1189 v vt} Ao A ZAEA A AAZE AAFFHAA, #olA
Heg FFsA Hol wel, T3S 742d, = AYSAH AA, vtelagn A S A4, FAE
olo] 3AZ ol 2535 I7E H AT & gy, #Aekd azAE s Utk
Fol 359 #8H<l %‘—“r ER2E 2@ ®W Table 391 #o] 339 AXM9 75l i W&
o Y ¢ AA AL & HHY 4 EF & 2989 A5 AdRFFS 93 A
FAZEAE, B A - %91 7 B 2AL 3" 2 HFAXAY AR AXE o] &3] ity
I g FA0 HE BSAE YE Aot 2] W 2o ZA F7)7} 289 ololA <o HE
o] 35 7 A5 9 Z2He g 14Y Y FE S
o] &

2.2 =
Hujof stng o] 7Ztel= x4y HAE

221 &0l 32 354 o] Past Ad W gL AAsT)
2]

Bol 339 AEN Awe WAAZEE vy FA Axdozt Ule WA Fesls 28]



43 4 11 %Y, 2015. 11.

3o} 33 A9 9 9RAH F92% 24 987

A .
’ “é. “; hhm,\.,-,;,“.\ _ -

)

Fig. 2. Main Thrusters(Up) and Attitude Thrusters
(Down) of Chang’e-3[5]
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Fig. 4. Mission Trajectory of Chang’e-3[6]
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Fig. 5. Landing Process of Chang’'e-3[6]
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Table 5. Mission Scenario and Operation Status of Chang’e-3
EHA| = at AlZHUTC) o
e 2013-12-01 17:30 c AE LAY, E 3BEZ O AP hAL
2013-12-02 07:50 X M HE EYY|S ™
HEE 2013-12-05 - M HAH HE EYIIS FA B
ol 2013-12-06 09:50 * 100km & 2 #Hzo ze
2013-12-10 13:20 * 100km X 15 km Bt 2 #H ol =
12:30 cEZEES 9T AMEH. BT X T HI|
13:00 * 15km fIx[olAM J7HH FHI|E ALET 5
13:05 *1E 2k 100molAM &= Om/s Al IS &X
*4dm &3 AT HX]
13:11 « Zoi33 F2HFXAI7HEH EHEXA =HF
=& 2013-12-14 20:35 c &, &0 350 22
o of 2013-12-15 * BHAF 2 DpShl 8 AlE}
e 2013-12-26 - -co| ut pzloz Fopc A
2 olgdth B HiMe Fof 339 WA ©Al,  7/89] variable step= ©]83F%Th Multi-body
g Az IY A agx FHEAAE TR Problemel| #3+ T8I T 7|EHoz 2
AS T35k, AR Aed &S vie (1) 23, Body 1He A##Al= A (2)¢F 2o
o8 FAE #F F FHE AddusE == [10]. AF FTEA 2 2 TEHA 4 gE
o Z549 AFHE ©E3H7] 98] Multi-body AeA@ZIRd, 4F5E 5 24 (1) &R
Problem® 2 F¥3 wdS FAsIHN, HAFAH  FHoz FriEH, FAHES FIA FFH
of A+ <AL wjet & AW E FE3t T AFo] EHTL

g3 vd g 34 »d
AEAAS FA3st7] #IsA STK(Satellite Tool
Kit)/ Astrogator®[9] &, BIAE 59 HE 37
#13ll Root-finding 71 A8 th.
321 zFMel St nE I FRHY TJ|Y
1) 85 24

AFolM st & HHFS Bl
&= Multi-body Problem©. 2 &8 mds
Aottt dutg oz = A4, & al A
7te] 583 2P Three Body Problems ©]
$eAY, AUES Eoly] flal HFe Folal
o] Pour-body Problemo.2 F¥3 mdS T4
3t al, A+ ) 7]AI% (Earth Parking Orbit)ol] A
Apsh @l WHH A FAGphere  of
Influence, SOI) IL=(35%tkm)E 7|F o2 3o
AT FAAAE AT FHFE NFoE B 5
23} Fdof Solar Pressure Radiation(SPR),
Amd, 9 U 4L 2L, ¢ 2
Aol M= & FHALPIS0Q full-field) S 71F2
2 3 Fgst wdo SRP, AT % HUYS HE
==

7Fst it

|

it rfr

tlo
—lN’ o

F% AE7]= Runge-Kutta

=5 n m] -
ri=— GZ = 3 Ty

Jj=1 /]1

1)

jA
— —_— — .

2) Al 7[H

Rootfinding 712 #AZ AA EANA HlA
g & g Tkl A He A dads
oz o 12 mES ol&de
Raphson W3 o] 12 w|E&S Aoz o
gk gdH(Secant Method)S ©]-83}l+= Broyden
WHo] 9ltt. o]F Newton-Raphson W2 A4
s 71913 AAxDS AAsta, Aojwge]
27182 ol&dte e 1A mES T3 F
%] THE35l= Al o] 4 (Control Variable)
F2 7S S8 s FEeoh
Newton-Raphsong ©]-&% Root-finding &=
ofgf &} o] F2 )2 FYT F UTH11].

y=Ff(z) =y, )



990 A5 - ol5d - T - FED - T - A A7 T A
;—t— Aoy HI (S HHg) o)L, 55— BAAZA(E Table 6. Long March 3B Specification
SRF)olRE, BAE AARA()E VI 7= e
AAHF(2)E Fe Aoz Hod.
-, |
52 3)2 E79381 f(2)E Taylor Ag=z 20l 54.84m
ANSA 2 @)k 2ol Ha, 24 5= A A 3.35m
Zéﬁ% Zﬂoh'i.—’?i HuEs A=k PF SrAp =2 425,800kg
(Jacobian Matrix)o|tt. n 2 m-2 A4y ¢
AAZAY LS on]gin CHEAE) 3(4)
- - -y, > ANAXMH DK =559 12,000kg
xk:+l = xkfi le (f(l]\) o yrl) (4)
QX HENK] =55 5,100kg
oy Y, o C _ _
T 12b AR EAL A ZHEA) 146Z=(146%)
- dl‘l d.T”
J=1 e ©) 2ch AT BEAF AZHER) | 178%(324%)
9y oy - N N
Zgm L Im = = 1 XH276 &= (600 =
rralr 3et AT BAF AZHEE) (600=)
(MAE =zt 7ts) 2XF193%=(793%)

"o 2 FAHow ENAH A (6)F 2
o] " AojWZo] W eH(perturbed)Zk(dr,)S ©]&
e, 44 (7)e wAEEHE e,

Zz%(f(}ré;)—f(;)) 6)

1

—

6z; =00 dzx; 0---0]" ?)

2AE ENAN 4 Q-2 o8, 3
Az 382 A (tolerance) S T3 Ao
F7b Fad WA wESHA ok Aol g
2713h(x)ol wet F5e) FPARte] DA m
Z o]2 & wes| o} it}

3.2.2 WAL ohA

WAL DA= G 3B7F AF o] % ti 7] =l
A HgE surt Fe] 355 A2 HolAx
o FdsZI7tAE ZetH, LAHAZE FAFAAS
210km¢] 1% Bl 285°9 HAMS Zie AAE
of AAAFA7] Wl o]E ngez WAL B9
Zt(launch azimuth), HI7EZ 72 (downrange
distance), Al HISY A ZH(time of flight) B A
T3 2% 7| (Barth Centered Earth Fixed)Z &
ofg A FEEE Fo gerHE T oF
ok AL ol WAMHE EARS uff T}
F 7NIE8ES ARCENY A= EARA 9
HE Atolo] Z+S Al WEFo R AT 7
olnjet, Ao g WAl W9 zte] 90°Y
TARAl e Fere] ZhE AT10]. HIBER A
& BARAIZE ARG AAFE RRT AE
P AR ] FAAYE v Ea dARA
WAL A O] W3 BAE 71918 EAE 9

i

o
oft

¢

lo 8 b

Table 7. Boundary Value Problem(B.V.P) for

Launch
T&Ex=d s
e 210km
X7 ZAAZH 28.5°
oM E < 0.01
ALK B [REAIZE 6800x
Mo TEw
2ALH B2 = (Fixed) 7.3597 km/s
2hAL gk 2t 98.41°
H#d =2 HZ| 2750 km

Zh, By AE Ay B A FEEEE AR
T2 AAsta, AR 94, ARy Ak,
BAMZE BORARA B gAZS FAEREeR A
g 2 Newton-Raphsong 243 Root-finding
7S A8

4 3B A= 39o® FAE 3lu
He7t 7hsste 3ol 1aF A 27

S

A FE F AP AR A9

S8 DAL B AIZES b
1A= HYP3717hAY 71te =, A
- SHA AFS Fo 339 WAL FJA12]



43 4 28 11 %%, 2015, 11.

ol 35 A8 3 4794 FRd

A 991

M

Fig. 7. Grond Track Display of Chang'e-3

o go] FR/
HAFET 60029
A& 1% 210km 2 Aol 285°%0 AT
FAA717] A DAPGelA 984109 AP
9lzto g wAlS|oF dlal 600% o] T 7.3597
km/s®] TEEETF Hojof 38 & 4 Ut &
AF @A) AlEF Ol AxEs Hrtslr] $sE sl
o] AZoJA AAE A A (Fig. 3)F AEH
oJdE T =& A AAFig 7)= FUALS
2 Hlwgk A7 AFAHe AL frAakste] £ A
EHoldo] AHAsA FP= o AojwsFrt & F
AE At e

323 H=H™o| A

1) & HoldE 5 A

Fol AAAN BAS F 5O SRS
HIRARE B WAL HF

R4

-

A% AR 2
Az B Ea S
YaE Eo) A7 HolAmel Ewom 2

T WA B A B 2 HolAx B A
s EAs7] 98 S AR ?é] (Mid—
course Correction Maneuver)S 43335t
@A AlEF o)A AT Fo] 359 AA }zﬂ
Lzl & HoAx T ¢ 3 A2 4
LA & & s "ol ol A5 1
HotA] e Hl 3ol 2aF HIEH 2 Ak
AA7AA A= ==

Algdold A3t Table 83430 %v‘%i%
20131 12¢¥ 6% 09:50:000 H3xsh & Ao F

A3t7] el E 3.126km/se] AV7H g?gﬁ
7 AEC HEFEE AT AL o] % 27245%
olw, WIALAIZhe 17:42:300.2 AAE AL Al
7+(17:30:00) T T 2Fol7t S-S & & Utk
olgigt eavt wAIE olfE %A}xﬂ«l A=A
2 HolAZ S Rd =T 3 v HE
o] §i& AHOA dE Az ol o] gale] b}
FHEE FHG 7] wiEolth T dAMA &

28
%,\

Table 8. B.V.P for Trans-Lunar Injection

TExH ot
=L 100 km
S QA 90°(Moon  Inertial)
= Q) AlZt 2013-12-06 09:50:00
X of TE#U
S Mol E £ AV 3.126 km/s
el 7|zt 272.45 sec

2013-12-01 17:42:30

Fig. 8. Launch and Trans-Lunar Injection Orbit

A9 T8 AR FA7EE A AE ¢ F
glo] Algd oo ol2d +47]F°] H&
A ot AAle] AFH o7t AT B

=3
=<
9 3 g Jddte AAH S HoFEt wzt
o

Ae A &2 Az A9 o1F9 AFdS
Aot Fig. 8o FEAIE Xinjiang¥ Jiamusi

N9 QU7 AXE F3o Zda[12]0]

ol 339ke] WAl Al HEHAE 9 dE53

o] Bl F2ld A}8E3, New norcia, Guian

Cebreros QHIUE mAle) o] &5 )

2 A= ze =HA(100x100km)

Figure 9% & Alxol] AYJZFA Fol 339
A3 & ?ﬂlx:_c'ﬂ Y3 o]F 9] HHE HoF

AN R r A = N o [ L/ SO A P



992 =

i R A% e

nn

Moon Inertial

Fig. 9. Lunar Orbit Injection(Moon Inertial Coord.)

Table 9. B.V.P for Lunar Orbit Insertion

Mogn Inertial Z

I
i
|
|
M

n i
|1t

) \\

Fig. 10. Chang’'e-3 Lunar Orbit(Moon Fixed Coord.)

Table 10. B.V.P for Lunar Orbit Maneuver
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Table 11. B.V.P for Descent Phase
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Fig. 11. Chang'e-3 Descent Landing Trajectory
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Fig. 12. Chang’e-3 Close Approach Landing
Trajectory
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Table 13. Ground Stations for Chang’e-3[12]

A4=d ?1=(deg) | & x=(deg)
Xinjiang(& =) 43.79 87.61
Jiamusi(Z =) 46.79 130.32

New Norcia(Z ) -31.04 116.19
Guiana(5ot=z2|7}) 5.04 -52.78
Cebreros(2 | ¢l) 40.45 -4.36




994 A7 - o FH - MES - 5D - FF - ALy A
Lunar Orbit Insertion Orbit Maneuver{100x15) Landing Sequence

&6 Dec 2013 09:50:000 10 Dec 2013 13:20:000 14 Dec 2013 12:59:000

sijangl H H H H H H H H HI —H H H H
New Norgia| F— 1 4 1 HA 1 1 |
damusii H H H H H H H H H H H |
GugnaH H H H H|H H H H +H H H H
cebreros| H H H H |FH H H H HA — —

v A 4 A 4

3 Dec 2013 06:59:59.000 6 Dec 2013 11:59:58.000 9 Dec 2013 16:59:58.000 12 Dec 2013 21:59:59.000

Fig. 13. Communication Duration between Chang’'e-3 and Ground Stations
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