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Unmanned Lunar Exploration Failure Case Analysis

Jeong-Hwan Yang'

Korea Aerospace Research Institute

ABSTRACT

The history of mankind’s lunar exploration began in 1958 with the United States of America
"Pioneer 0" mission. In 1950s~1970s, the United States of America and Union of Soviet Socialist
Republics carried out missions and experienced numerous failures to explore the moon. Since
the 1990s, Japan, Europe, China and other Advanced country in Space technology have started
to explore the moon and in 2016, Korea began to develop the lunar orbiter for lunar
exploration. This paper analyzed the failure cases and causes of the lunar exploration in the
USA and the USSR in the 1950s~1970s according to the mission purpose. Examples of mission
delays, cancel, and failures that occurred during lunar exploration in post-1990s were presented.
Through the investigation and analysis, this paper is intended to serve as a reference of the
lunar exploration mission that Korea is working on or will be performing in the future.

x =

1950~1970'A T

AF T FA GAE 19589 FFe sl evio} 05 YRE ARHAT ol F
S Tod el e 4AE Ao @ RA dRE FHssn 0d oEe 9L,
Y, FF 5 SFUATEC] T BAE $Y] ANYL, FUE 0163 F YAS 9

3 Z A=A st Al&ﬁ“t} B =82S 1950~1970 3] w=3 Ty & gale] AuAt
g 2 dds %‘—“rﬂ of wal EA3H T, 1990dd] o]F $FAXTEY & BAF 73 Al H“ﬂ
3 A A A, S, JdFAT 59 AEE AANSIET B =RoA A @ BAE ALY E

3 Syl 18 FolAY &% AyYstA 2 G gAF dFFel Fxrt HuA g

Key Words : Lunar(%), Exploration(¥A}), Failure(23l), Delay(A ), Cancel(F %)
.M & g AEA do]E 15(Able 1) LAt AlA FH=
2 2 HAE AASIIAT dF-E52 242 Adst
AFo & BAl= 1950d ) WAA 7] v=3 F4 G, FHelol 19589 9€ 23Y FAHEE F (Luna)
Hol FAAY Yoz AAHITE 19589 8¥  YFE T 2 FEA Yeles ARSI ]‘} o=
174 Pl=& o] 2o} 0&(Pioneer 0) YFE T3l F 24 At olF 19599 949 12¢ +

* Received : November 11, 2019
! Senior Researcher

Revised : February 24, 2020 Accepted : February 27, 2020

1 Corresponding author, E-mail : yangjh@kari.re.kr

© 2020 The Korean Society for Aeronautical and Space Sciences



ol

r.
%
Hl
0%
of
4o
By
It
ot
Rl

o]l & FEH d4F FUY 25 (Luna 2)E A F3tA Al
1 & g&Abol] AFgct 19761 7449

o g A THA }Xl Hl=-2 323, FAHL 573
] % TFPstAA FES AE

al %"7%7]%7% ’ﬂi/\]?\i‘:}. 70dt) olF & BAE
MARoZ FHEEAG7E oodd) €ES AFo=,
8, 7, A5 T $FANTEC] & HAE 9

371 AlFEl n=a= g BARE AAsE Y. -2y
= 20163 5H & BHAE 9% & A=AE A
3t %)
1958~1976\ A7+ w3 FAH 27057 F3%H
2A AT 34 8952wl gAY 3637 A
st AFES 40% FFO 2 gkt 19901 HE]
.

g
z
AARA WFe TFE FFHAFEL 183 F 16
5 RE 4TS HTELS AT AP, A
9, Arzr] TR 5 ojeed Aor @ gAE
st ok

B ERoAE s9) AT & ga v 2 A4
So AHE BHsel feudA Y FA P
A=A AToh @5 FYslA B & YAl Hzv)
CER

Al R AIGAA Fo AEE AmolA 4
o7 WHEIE= 75‘—‘%—‘:—_ 2x &g B =FdqA=
1A R AREA ARE ¢
A A A E B, A A
9 % F9 AME Ahstac 9FAFTt we )
T3 FaUe YRBH weh UAAE B
Q). AsjArE BAL Sla) AMAAL BAA 9} S
FHoE FHAI WA D SFHe] APAL
Propulsion, Structural, Avionics, Separation, Electrical,
Others, Unknown & 77}A 2 FE3FATH1].

1. Propulsion : QI%, F¥7], A44, HHEEPx 4
A & F3A, H3AH 5

2. Structural : WHET%, 939 5
3. Avionics : FAFFH, vd L {F= AojAhx],
EA, AAAA, WE S8 A 5
4. Separation : T & FHoH

7h

b 5

8
A 5

5. Electrical : AYFF&A], A7|A

6. Others : XA 2H QAR =

7. Unknown : A3j{olS & 4 gL o
2.1 0|32 Rl & EAL

v 1958 3d~2013A7HA] F 39389 FRl &
AL ARE 4:63'8}923} 393 = 243)2] JF-E= A

ol oft

st AEES 62% =olth. Aujdle EAA 10
A, 54 52‘_]0]”4, ARA] A 34 <Q1E Propulsion 6

7, Avionics 27, Structural 171, Electrical 1122

'58 '59 '60 '62 '64 '65 '66 '67 '68 '71'72'73 '94'98'07 '09 '11 '13

Mumber of times
L= e R L L = LI I -]

Year

M Failure(Launch Vehicle) Failure(Spacecraft) M Success
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Table 1. USA Unmanned lunar exploration result
(Lunar Orbit)

. Launch | Launch
Mission Spacecraft Vehicle Date Result
' Thor ) Failure1
1 Pioneer 0 Able 1 Able | 58.08.17 (Launcher)
' ) Failure2
2 Pioneer Able 2 | Thor Able || '58.10.11 (Launcher
' , Failure3
3 Pioneer I Able 3 | Thor Able | | '58.11.08 (Launcher)
' 9 P-3/ ) Failure4
4| Pioneer, P-3 Able IVB Atlas Able | '59.11.26 (Launcher)
' _ P-30/ , Failureb
5| Pioneer, P-30 Able VA Atlas Able | '60.09.25 (Launcher)
' . P-31/ , Failure6
6| Pioneer, P-31 Aple VB Atlas Able | '60.12.15 (Launchen)
Partial
7 | Explorer X1 | AMP-D | ~ 1POT | '66.07.01 | successt
Delta E1
(Launcher)
' _ Atlas )
8 | Lunar Orbiter | LO-A Agena D 66.08.10 | Success
! Atlas )
9 | Lunar Orbiter II| S/C 5 Agena D 66.11.06 | Success
! Atlas )
10| Lunar Orbiter lIl| S/C 6 Agena D 67.02.05 | Success
11| Lunar Oroiter V| S/C 7 Allas 167 0504 | Success
Agena D e
12| Explorer xxxv | AMP-E | . INO" 1°67.07.19 | Success
Delta E1 .
! Atlas )
13| Lunar Orbiter V| S/C 3 Agena D 67.08.01 | Success

39 79 & HA A Al £4 235
Apollo 15
14| Particle & - Saturn V | '71.08.04 | Success
Fields SubSat
Apollo 16
15 Particle & - Saturn V | '72.04.24 | Success
Fields SubSat
16| Exporer 49 | RAE-B | DS |7306.10  Success
17| Clementine | Clementine | Titan IIG | '94.01.25 | Success
Lunar Lunar )
18 Prospector Prospector Athena 2 | '98.01.07 | Success
: Delta
Artemis P1, | THEMIS B, o )
19 Artemis P2 | THEMIS C 79/2D53 21300 07.02.17 | Success
Lunar Atlas V
20| Reconnaissance LRO 43031 '09.06.18 | Success
Orbiter
Lunar Crater
py| Obsenation | soqgg | Allas V| g 06 18 | Success
and Sensing 401
Satellite
GRAIL-A, Delta )
22| Ebb, Flow GRAIL-B | 7920H-10 11.09.10 | Success
23 LADEE LADEE | Minotaur V | '13.09.07 | Success
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Table 2. USA Unmanned lunar exploration result
(Lunar Flyby)

. Launch | Launch
Mission | Spacecraft Vehicle Date Result
1| Pioneer 11 - Juno Il | 58.12.06 (LFai'rfCrﬁ;r)
Partial
2 | Pioneer IV - Juno Il | ’59.03.03 | Successt
(Launcher)
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Table 3. USA Unmanned lunar exploration result

(Lunar Impact)

o)
REESIER

o Launch Launch
Mission | Spacecraft Vehicle Date Result
_ _ ) Failure1
1 |Ranger IlI| P-34 |Atlas-Agena B/3|'62.01.26 (Launcher)
Partial
2 |Ranger IV| P-35 |Atlas-Agena B/4|’62.04.23 | Successt
(Spacecraft)
Partial
3 | Ranger V P-36 |Atlas-Agena B/7|’62.10.18 | Success2
(Spacecraft)
_ Partial
4 |Ranger VI F‘a”‘ie' A Atlas-Agena B/8|’64.01.30 | Success3
P-53
(Spacecraft)
5 |Ranger VII Raggng/ Atlas-Agena B/9|'64.07.28| Success
6 Ranger VIl Ranger-C Atla%—/f\égena ’65.02.17 | Success
7 |Ranger IX| Ranger-D Atla%—/f\gena ’65.03.21 | Success
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Table 4. USA Unmanned lunar exploration result
(Lunar Landing)

Launch
Date

Launch

Vehicle Result

Mission | Spacecraft

Surveyor ||Surveyor-A|Atlas Centaur/10| '66.05.30 | Success

, Failuret
Surveyor |l|Surveyor-B| Atlas Centaur/7 | '66.09.20 (Spacecraft
Surveyor Il Surveyor-C|Atlas Centaur/12|’67.04.17 | Success

, Failure2
Surveyor IV|Surveyor-D|Atlas Centaur/11|'67.07.14 (Spacecraft

Surveyor V|Surveyor-E|Atlas Centaur/13|’67.09.08 | Success
Surveyor VI Surveyor-F|Atlas Centaur/14|’67.11.07 | Success
Surveyor VI Surveyor-G|Atlas Centaur/15|'68.01.07 | Success
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Fig. 3. USSR Unmanned lunar exploration result
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Fig. 4. USSR Unmanned lunar exploration failure
cause classification
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Table 5. USSR Unmanned lunar exploration result
(Lunar Impact)

. Launch | Launch
Mission Spacecraft Vehicle| Date Result
1 Luna Ye-1 | Luna |’58.09.23 (L':a"fj”#crﬁ;r)
2 Luna Ye-1 Luna |’58.10.11 (L':aatjwcrﬁgr)
3 Luna Ye-1 | Luna |’58.12.04 (LFaau”#C’fgr)
Soviet Space Partial
4 Rocket Ye-1 Luna |’59.01.02| Success
[Luna 1] (Launcher)
) Failure4
5 Luna Ye-1A Luna |'59.06.18 (Launcher)
Second Soviet
6 | Space Rocket | Ye-1A Luna |’59.09.12| Success
[Luna 2]
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Table 6. USSR Unmanned lunar exploration result
(Lunar Flyby)

Launch | Launch

Mission Spacecraft Vehicle | Date Result
Automatic
1 Interplanetary Ye—2A Luna |’59.10.04 | Success
Station [Luna 3]
2 Luna Ye3 | Luna | 600415 AUl
3 Luna Ye-3 Luna |’60.04.19 (Lzéijlrg]crﬁgr)
4 Zond 3 3MV-4 | Molniya | '65.07.18 | Success
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Table 7. USSR Unmanned lunar exploration result
(Lunar Landing)

Mission | Spacecraft \L/Zl;?;z Lgl;rtlgh Result
1| Luna Ye-6 | Mohya | '6301.04 | fAUE
2| Luna Ye-6 | Mohya | 630203 | A,
3 | Luna 4 Ye-6 Molniya | '63.04.02 (sgggtérceéﬁ)
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) ) Failure4 )
4 Luna Ye-6 Molniya-M | '64.03.21 Partial
(Lagncher) 51, ggsi&%sa] Ye-6LS | Molniya-M | ’67.05.16| Successt
5| Luna Ye-6 | Molniya-M | '64.04.20 (LZﬂ'rglcrﬁgr) (Launcher)
6 | Kosmos Ye-6 Molni '65.03.12 | Failred 6 Luna Ye-6LS | Molniya-M | '68.02.07 (Eailurre]2)
60 [Lunal y 9212 | (Launcher) auncher
7 Luna Ye-6 Molniya-M | '65.04.10 (LFa?J”#crﬁgr) 7 Luna 14 Ye-6LS | Molniya-M | '68.04.07 | Success
- » ) Failure3
8 | Luna5 | Ye6 | MoyaM | 650509 | AU 8 NT 7KLIS N1 89.0221) (| aunchen)
- ) Failure4
9 | Luna 6 Ye-6 Molniya-M | ’65.06.08 (Sggl(l;:rcergﬁ) 9 N1 7K-L1S N1 69.07.03 (Launcher)
B L , Failure10 Partial
10| Luna 7 Ye=6 | Molniya-M | '65.10.04 | (g oenrafy 10| Luna 19 | Ye-8LS | Proton-K |’71.09.28 (Success2)
- Spacecraft
11| a8 | Ye-6 |MolnyaM | '65.12.03 | SAUel _
P _ , Failure5
- ; 11 N1 7K-LOK N1 72.11.23 (L her)
12| Luna 9 Ye-6M | Molniya-M | ’66.01.31 | Success auncner
13 | Luna 13 | Ye-6M | Molniya-M | '66.12.21 | Success 12 | Luna 22 Ye-8LS | Proton-K |’74.05.29| Success
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4 dFe B AZAE AMESE UFE FHa Circumlunar flight
) g
A 5(ZAMA) : o]F T WAA 19e] £ H7]
W 2 EARA 1T shdelA] €S & = A Mission | Spacecraft Launch | Launch | g o
o Vehicle Date
3 o kAl Failure
_ 1 | zond 7K-L1 | Proton-K | '67.09.27 (Laaurfcﬁer)
Table 8. USSR Unmanned lunar exploration result
Lunar Orbit _ I Failure2
( ) > | Zond 7K-L1 | Proton-K | 67.11.22 | Fallre2,
L Launch | Launch ) Failure3
3 Zond 7K-L1 Proton-K | '68.04.22
Mission | Spacecraft| \ ... 00 | Date Result on (Spacecraft)
1 Kosmos You65 | Moniya_M | 66,0801 Failure] 4 Zond 5 7K-L1 Proton-K | '68.09.14 | Success
111 [Luna] 2~ 1 (Launcher) Zond 6 7K-LA1 Proton-K | '68.11.10 | Success
2 Luna 10 Ye-6S | Molniya-M | '66.03.31 | Success _ K| Failure4
i 6 Zond 7K-L1 Proton-K | '69.01.20 | "\ \veher)
3 Luna 11 Ye-6LF | Molniya-M | '66.08.24 | Success Zond 7 7KL 1 Proton—-K | 69.08.07 | Success
4 Luna 12 Ye-6LF | Molniya-M | '66.10.22 | Success Zond 8 7K-L1 Proton-K | '70.10.20 | Success
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HHEA o| Luna 15 | Ye-8-5 | Proton-K | '69.07.13 (Sgiggféﬂ)
19693 H-E 19733712 33 ZF 23] Ayt A _
E2 66%Twolth AAdJL 54 Structural & 3 3&?8{&%2] Ye-8-5 | Proton—K | '69.09.23 (Eﬁ”ﬁéﬁgn
< 2] o)X Al xS =*]
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