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Space debris impact risk assessment model and its application

LIANG Yangang, QIN Zheng
(College of Aeronautics and Astronautics, National University of Defense Technology, Changsha 410073, China)

Abstract; A space debris impact risk assessment model was developed on the basis of the existing space debris environment model. The

framework of the model consists of space debris environment module, spacecraft model module, geometry shading module and impact probability

module. The impact risk by space debris for three generic spacecraft geometries were offered by TADC in order to validate different models. The

result was proved to be effective by comparing with other models. The space debris impact risk for the spacecraft of cube was assessed and analyzed

using the developed risk assessment model, and the effect of orbital altitude, inclination and attitude parameters to the space debris impact risk was

presented.
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Fig.1 Framework of model
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Fig.2  Flow chart of space debris environment
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Fig.3  Flow chart of finite element model
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Fig.4 Flow chart of geometry shading
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Fig.6  Finite surface element of sphere
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Fig.7 Finite surface element of space station
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Tab.1 Calibration results of impact number for cube

AR RSE d/em  ARSCHE S5 R BUMPER MODAOST MODRAS &,/ % &,/ % &5/ %
=0.01 22.31 21.26 21.29 22.30 4.94 4.80 0.45
=1 2.889E -6 2.875E -6 2.878E -6 2.889E -6 0.49 0.38 0
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Tab.2 Calibration results of impact number for sphere

e R d/em ASCHE 45 R BUMPER MODAOST MODRAS &,/ % &,/ % &/ %
=0.01 17.99 16.95 16.92 17.82 6.14 6.32 0.95
=1 2.174E -6 2.134E -6 2.151E -6 2.170E -6 1.87 1.07 0.18
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Tab.3 Calibration results of impact number for space station

R RSE d/em  ARSCH A S5 R BUMPER MODAOST MODRAS &,/ % &,/ % &5/ %
=0.01 91.76 91.7 91.49 92.62 0.07 0.30 -0.93
=1 1.174E -5 1.151E -5 1.155E -5 1.162E -5 2.00 1.90 1.00
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Fig. 8 Impact number against orbit altitude
(debris diameter >0. 1 mm)
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Fig.9 Impact number against orbit altitude
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Fig. 10  Impact number against orbit altitude

(debris diameter >1 cm)
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Fig. 11  Impact number against orbit inclination
(debris diameter >0. 1 mm)
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Impact number against orbit inclination

(debris diameter >1 mm)
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Fig. 13 Impact number against orbit inclination

(debris diameter >1 cm)

B 25, DIITR A8 4 [l e XU PR A5 78 oy
Seity, IURAS LSS BN 0 TR o
WL o) ML R AS & R FREA, ol AR i
TS (AU il XU S5/ NS T X o7 A 25

P ELAE W], XY 0 =0.002 5°,0 =0. 166 0°,
= —4.959 2t fiT T 2 Y S ) B A R
B /N, H 27.639 7% o = - 0.371 0°, 0 =
~80.898 1°,if = —41.379 8O, fiji K48 14 18 1) 2
(A% Rl 45 de A, by 42,059 6, BRSO
JIT T SR ALK 28 L 8 XU A 25 24 52% , B AE R
25 FEHA P 2T TR AR 1 RS BRI LR,
3 PR FE T AR B A S BRI N2 [ R A Al
RS — R AT AT T %

4 #hig
ARICHESE T —Fof 2 () 8 7 RS A 52 240 il

T EE TSR ES A IR TR S s

IO FHT S RS T A A5 B0 3 At 1 003 e B AT A
DL R AR KA B B 1S SO R ARl XU 1Y)
A

1)LEO DX 8 i 25 [a] 15 Jr 2 22 4 Hh 73 A 7E 5L
i = ol 800 ~ 1400 km BB B N, H A £
800 km,900 km,1400 km &b HH 3 A UEAE ;

2) ASTRVIUTE A7 0 i K 25 18 32 1) 1) 25 ) i
}ﬂjﬁiﬂﬁ%ﬂﬁﬁﬁéﬁ,fﬁﬁﬁ 400 km By

e, VAR AR Bl A LA AR A N, A5 TR
Eﬂf@)ﬂ Sy N Sl el [ R el S o B = 1 R )
51.6°, Rlf 43 RUBS AH XT38 /)N 5

3) MUK 2% B2 A7 25 XL K 2 45 18] 8 F il
13 XU IS 28 hy i3, AEAN 5 TR HA R R 11

DU 3 5 A BT R 45 9 2 25 2 Ol MUK 25 1)
Rl A58 LR AN 9 Sy — A T AP R P 1B 0

& % 3k ( References)

[1] ﬁfj:fﬁ BT P7 s H0E Bl s
RID]. K. BEBiRHKE, 2013,
CAO Yuhui. Space debris environment modeling research
based on historical orbital data [ D ]. Changsha: National

() B4 2 B At A5 BF

University of Defense Technology, 2013. (in Chinese)

[2]  Kanemitsu Y, Akahoshi Y, Narumi T, et al. Comparison of
space debris environment models; ORDEM2000, MASTER -
2001, MASTER - 2005 and MASTER - 2009 [ R]. JAXA
Research and Development Memorandum JAXA-RM - 11 -
020E, 2012.

[3] Qin Z, Liang Y G, Chen L. Probability distribution of space
debris impact azimuth [ J]. Journal of Beijing Institute of
Technology, 2015, 24(S1) ; 70 —74.

[4] Welty N, Rudolph M, Schifer F, et al. Computational
methodology to predict satellite system-level effects from
impacts of untrackable space debris [ J]. Acta Astronautica,
2013(88): 35 -43.

[S]  #gsg, AW, HZ%E, 4.
TR RS S5HT].
228 -231.

HAN Zengyao, ZHENG Shigui, YAN Jun, et al.

Development, calibration and application of space debris

2 [E) - fit o R A
FML A= AR, 2005, 26 (2):

impact probability analysis software [ J ]. Journal of
Astronautics, 2005, 26(2) ; 228 —231. (in Chinese)

(6]  Eifgtd, RRBe, XA = MFFE R B RUS 3F A8 &R
GE[J]. dEatHTORA2R, 2008, 28(12) ; 1039 - 1042.
WANG Haifu, YU Qingbo, LIU Youying. Orbital debris risk
assessment system [ J ]. Transactions of Beijing Institute of
Technology, 2008, 28(12) : 1039 —1042. (in Chinese)

[7]  Stokes P H, Swinerd G G. The implementation of cost
effective debris protection in unmanned spacecraft [ J ].
Advances in Space Research, 2004, 34(5) : 1090 - 1096.

[8] IR, Eipts, THE, 5. PUBSECT BN B %

[0 R i B 5 [0 ] RE S 4, 2010, 28 (2):
34 -38.
YU Qingbo, WANG Haifu, WANG Hui, et al. Effect of orbit
parameters on manned spacecraft impact risk against orbital
debris[ J]. Science and Technology Review, 2010, 28 (2) :
34 —38. (in Chinese)

[9] Kuiper W, Drolshagen G, Noomen R. Micro-meteoroids and
space debris impact risk assessment for the ConeXpress
satellite using ESABASE2/Debris [ J ]. Advances in Space
Research, 2010, 45(5) ; 683 —689.

[10] Giacomuzzo C, Francesconi A, Anselmo L. Impact risk
analysis for a spacecraft in Cosmo-Skymed orbit [ J ].
Advances in Space Research, 2010, 46(7) . 846 —858.

[11] TIADC WG3 members. Protection manual [ M ]. Inter Agency
Debris Committee, 2004.

[12]  ®BK¥e, EiAE, T EHUN KA 23 ] LA 8 2455
#1J]. B4, 2009, 27(16) : 36 —39.

YU Qingbo, WANG Haifu, WANG Hui. Space shading
algorithm for on-orbit spacecraft[ J]. Science and Technology
Review, 2009, 27(16) : 36 —39. (in Chinese)

[13] T MUK AP A2 R BRSSP SR DF R [ D ] /R
B MR Tk K%, 2007.

YU Hui. Investigation on risk assessment for spacecraft in
meteoroid environment [ D ]. Harbin; Harbin Institute of

Technology, 2007. (in Chinese)



