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Assessment of M/OD Failure Risk for Manned Spacecraft and Its Shield
Design
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Abstract The failure risk of a certain manned spacecraft is assessed by using Meteoroid & Orbital Debris Risk Assessment System
(MODRAS). The failure risk assessment results and the distribution of failure number in the surface of the manned spacecraft are
obtained. The Probability of No Penetration failure (PNP) for the manned spacecraft is 96.447% when its wall thickness is 0.6cm. But
the PNP is only 9.460% with wall thickness of 0.3cm. The failure probability of two sides is larger than other sides because of the
directionality of orbital debris. The distribution of failure number in the surface of the manned spacecraft is in a shape of band with
meteoroid impact. The risk assessment results of different shields are also obtained. The PNP can be enhanced to 99.704% using
Whipple shield with same areal density for wall thickness of 0.6cm. If Stuffed Whipple (SW) shield with the same areal density is used,
the PNP can be increased to 99.924%. When the Corrugated Stuffed Whipple (CSW) shield with 30° or 60° corrugated angle is used,
the PNP can be increased to 99.939% and 99.995%. The failure risk is reduced significantly with shield performance enhanced.

Keywords orbital debris; failure risk assessment; manned spacecraft; probability of no penetration failure

0 s 10cm 15000
1957 s , 6%, 94%
4300 , . lem 50 , Ilmm
5500 (SSN) , 3500 s ,
. 2010-03-10
(20080231)

, , s :lyyliu@163.com

2010,28(10) 37



] jcmik

eview .
(Articles)
5% o , l.
(M/0OD)
=) TADC 3 .. ..
M/OD (Meteoroid & Orbital . ‘ .
Debris Risk Assessment System, MODRAS)!6*! ~
M/OD )
(a) (b)
’ (a) Geometrical model (b) Finite element model
M/OD o 1
Fig. 1 Geometrical and finite element models
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Table 2 Failure risk assessment results
PNP
2.503x107 2.4719x1072 0.97528
1 1.1147x10* 1.1085x107 0.98891
M/OD 3.6177x10 3.5530x10? 0.96447
2.225 0.89193 0.10807
2 0.13310 0.12463 0.87537
M/OD 2.3581 0.90540 0.09460
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Fig. 2 Distribution of failure number due to orbital debris
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Fig. 3 Distribution of failure number due to meteoroid
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Table 3 Shield parameters
t/em m/(g-cm™) S/em
Whipple ALGO6I-TG 03 1.6278 10
AL6061-T6 03
AL6061-t6 0.1
SW 4Nextel AF10+4Kevlar KM2 — 1.6456 10
AL2024-T3 0.42
AL6061-T6 0.1
CSW 4Nextel AF10+4Kevlar KM2 — 1.6456 10
(@=30°,60%) AL2024-T3 0.42
4
Table 4 Failure risk assessment results
PNP
2.164x107 2.1616x107 0.99783
Whipple 7.9684x107* 7.9652x10* 0.99920
M/OD 2.9608x107 2.9564x107 0.99704
7.323x10™ 7.3203x10* 0.99926
SW 2.7457x107° 2.7457x107° 0.99997
M/OD 7.5976x10* 7.5947x10* 0.99924
R 5.8923x107* 5.8906x10* 0.99941
CSW(e=30%) 2.0617x10° 2.0616x10° 0.99998
3.5113x10° 3.5112x10° 0.99996
CSW (a=60°) 6.8926x10°¢ 6.8926x10°¢ 0.99999
M/OD 4.2006x10~° 4.2005x10°° 0.99995
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