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Safety Risk Assessment of Spacecraft Launch Based on the Improved

Analytic Hierarchy Process

YOU Yanwen, WANG Miao, JIA Qi, ZHAO Binning, ZHANG Ping, LT Junfeng
(‘Taiyuan Satellite Launch Center, Taiyuan 030001, Shanxi, China)

Abstract: In response to the complex factors and hierarchical uncertainties involved in space launch safety risk
assessment, an indicator framework for the hierarchical space launch safety risk assessment is presented. A normal
distribution density function is used to refine the weighting of indicators determined by the analytic hierarchy process, so
that the risk assessment results are more scientific and reasonable. The indicator framework helps to identify the key
priorities for the safety risk management in space launch activities and to optimize the prevention and control measures.
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Tab.1 An indicator system for space launch safety risk assessment
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Continued Tab.1

An indicator system for space launch safety risk assessment
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Tab.2 Proportion scale and meaning
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Tab.3 Scoring and correction results of expert scale values

i Lo %Eﬁ %L“ZE 114 Igi FRJE L )rﬂﬂﬁ ﬁf):{E 14 ﬂ%;ftﬁ
a; 147 T {H L i AH a; 14y Rolicl & P
LR1 2 0.144 LxR1 3 0.135
LR2 3 0.092 LR2 2 0.107
LR3 2 0.144 LR3 8 0.009
LRA 2 0.144 LKA 6 0.057
LR5 3 0.092 LRK5 2 0.107
ay 2.1 2.002 a 3.4 2.813
LR6 1 0.073 LR6 2 0.107
LR 1 0.073 LR 2 0.107
LRS8 2 0.144 LIRS 4 0.131
LRI 1 0.073 LRI 2 0.107
LER10 4 0.019 £%10 3 0.135
LR 4 0.130 LR 3 0.116
L2 1 0.030 L2 3 0.116
LK3 5 0.072 L33 3 0.116
L R4 5 0.072 LxR4 4 0.076
L55 4 0.130 LER5 4 0.076
s 3.4 3.688 a, 3.4 3.305
L%6 4 0.130 LER6 3 0.116
LRT 3 0.138 LR 4 0.076
L5 8 3 0.138 LR S 3 0.116
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L% 10 4 0.130 L% 10 4 0.076
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Tab.4 Judgment matrix of the average values of expert

scoring for the target level factors of a space launch

mission

FIWERE | ADU | 7o | ik | JER | SCH | REE | 8

A, U, U, U, |KBU, | U U, U,
AR U, | 1.000 | 2.100 | 3.400 | 4.100 | 4.900 | 3.000 | 3.200
P U, | 0.476 | 1.000 | 2.300 | 3.400 | 3.400 | 2.600 | 2.300
ik U, | 0.294 | 0.435 | 1.000 | 2.300 | 3.100 | 1.500 | 1.300
AR U, | 0.244 | 0.294 | 0.435 | 1.000 | 2.200 | 1.800 | 0.620
B U, | 0.204 | 0.294 | 0.323 | 0.455 | 1.000 | 0.975 | 1.075
U, | 0.333 ] 0.385 | 0.667 | 0.556 | 1.026 | 1.000 | 1.050
B U, |0.313]0.435|0.769 | 1.623 | 0.930 | 0.952 | 1.000
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Tab.5 Judgment matrix of expert scoring for the target
hierarchical factors in a space launch mission after
the weight correction by the normal distribution

density function
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Tab.6 Average random consistency indicators of the 1~15 order positive reciprocal matrices
W & s 1 3 4 5 6 7 8
RI 0.00 0.00 0.52 0.89 1.12 1.26 1.36 1.41
W & s 9 10 11 12 13 14 15
RI 1.46 1.49 1.52 1.54 1.56 1.58 1.59
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Tab.7 Influence weight and total ranking of the risk factors at all levels on the safety work of a space launch mission

b ABU, | iU, | i v, Fﬁg“ LA R TAE T I
0.325 | 0.215 | 0.128 | 0.085 | 0.062 | 0.086 | 0.100

e AR (U,) 0.369 — — — — — — 0.120 1
RPEWER (U ,) 0.186 — — — — — — 0.060 2
FE AT I (U) 0.071 — — — — — — 0.023 12
SR U, BAEAGRE (U, 0.117 — — — — — — 0.038 3
TAEZBRGEL(U,,) 0.117 — — — — — — 0.038 3
THLLIEI(U,,) 0.071 — — — — — — 0.023 12
OB A LR B (U ) 0.046 — — — — — — 0.015 20
GRREER(U) 0.024 — — — — — — 0.008 39
7R I (UL,) — 0.145 — — — — — 0.031 5
Difg At (U,,) — 0.103 — — — — — 0.022 14
PEREIRFR GO (U,,) — 0.092 — — — — — 0.020 15
W th AR A (U, — 0.026 — — — — — 0.006 48
B g E R (UL, — 0.135 — — — — — 0.029 7
A TR A (U, — 0.070 — — — — — 0.015 20
A R AR (U ,,) — 0.044 — — — — — 0.009 34
SREE R PRI (UL, — 0.026 — — — — — 0.006 48
LA DM (UL, — 0.026 — — — — — 0.006 48
R UL HUA 22 AR 1 (U, ) — 0.044 — — — — — 0.009 34
i A F IR (U, — 0.044 — — — — — 0.009 34
R T (U,,,) — 0.044 — — — — — 0.004 60
Prash op R RE 1 (U,,,) — 0.044 — — — — — 0.009 34
FRIRFFEE(U,,,) — 0.026 — — — — — 0.006 48
ZARYEREBL(U ;) — 0.018 — — — — — 0.004 60
77 4 i St 1 L (U ) — 0.010 — — — — — 0.002 66
FERHLE B B (U, — 0.032 — — — — — 0.007 44
b TR PRI 38 I (U ) — 0.022 — — — — — 0.005 54
23 () B8 38 7 1 (U ) — 0.047 — — — — — 0.010 32
B E N (U, — 0.003 — — — — — 0.001 67
Ak ARG 2 s L (U) — — 0.206 — — — — 0.026 9
57 i AR (U, — — 0.128 — — — — 0.016 18
LG He A (US,) — — 0.232 — — — — 0.030 6
73 0] H AR U e 1 (U.,) — — 0.030 — — — — 0.004 60
Wi U, K e v (U, ) — — 0.054 — — — — 0.007 44
PR (Uy,) — — 0.072 — — — — 0.009 34
ZRYERER(U,,) — — 0.142 — — — — 0.018 17
THRAHLR RS 0L (U — — 0.034 — — — — 0.004 60
Hi T PR 3 N 1 (U, ) — — 0.102 — — — — 0.013 25
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Continued Tab.7 Influence weight and total ranking of the risk factors at all levels on the safety work of a space launch mission

anu, | e, | wizo, | B v lwwo, | meo, |
SR [ 2% U, W B
0.325 | 0.215 | 0.128 | 0.085 | 0.062 | 0.086 | 0.100
T (U, — — — 0.288 — — — 0.024 11
PRI E (UL, — — — 0.153 — — — 0.013 25
Al i R EOREBL(U,) — — — 0.235 — — — 0.020 15
AR U, BRI R ORI (UL, — — — 0.093 — — — 0.008 40
TR A 70 SRS L (U ,) — — — 0.060 — — — 0.005 54
AL RAE B (U, — — — 0.158 — — — 0.013 25
B 4725 2% 1M 5 1 B (U, ) — — — 0.012 — — — 0.001 67
e 4255 41k (U-) — — — — 0.227 — — 0.014 23
FRARER W E(US,) — — — — 0.424 — — 0.026 9
XU,

FRAETTE(US,) — — — — 0.122 — — 0.008 40
WA (U, — — — — 0.227 — — 0.014 23
L 0 TSR O (U )) — — — — — 0.313 — 0.027 8
T R ZOR G O (U,) — — — — — 0.142 — 0.012 28
R R RS (U, — — — — — 0.116 — 0.010 32
TR R RS BL(U,) — — — — — 0.096 — 0.008 40
W U, Fe b i R RSO (U;) — — — — — 0.082 — 0.007 44
577 1 JE SR L (U ) — — — — — 0.075 — 0.006 48
i FL BT Bl L RS L (U,) — — — — — 0.071 — 0.006 48
B 0 R RS L (U ) — — — — — 0.043 — 0.004 60
Tl 2 R B (U ) — — — — — 0.062 — 0.005 54
AL F A 5T BN L (U,) — — — — — — 0.156 | 0.016 18
TE R L B B IE B (U ,) — — — — — — 0.070 | 0.007 44
PR B R @R O (U, — — — — — — 0.054 | 0.005 54
R HE A B (UL — — — — — — 0.118 | 0.012 28
{5 B mE T (U,5) — — — — — — 0.080 | 0.008 40
E%#fﬂ,/\rﬁo%(Um) — — — — — — 0.146 | 0.015 20
WU, S AR (U, — — — — — — 0.054 | 0.005 54
RS ESAEHIF L (Uyg) — — — — — — 0.054 | 0.005 54
ERE AR (U,,) — — — — — — 0.012 | 0.001 67
[F]H AF DL (U, ) — — — — — — 0.012 | 0.001 67
s HRERGR T (U, — — — — — — 0.031 | 0.003 65
N AL (U,,) — — — — — — 0.107 | 0.011 30
o7 2 )37 AR R (U, — — — — — — 0.107 | 0.011 30
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