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M/OD Failure Risk Assessment System and Its Calibration
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Abstract The importance of M/OD failure risk assessment for spacecrafts design is analyzed. A graphical user interface technology bhased
M/OD Risk Assessment System (MODRAS) is developed. It’s frame chart of M/OD failure risk assessment system is presented, including
two modules of orbital debris risk assessment and meteoroid risk assessment. Each module consists of functional modules for M/OD
environment, the spacecraft geometry modeling, impact probability analysis, failure probability computing module, spacecraft shield design,
etc. These functional modules are shared except the environment module. That is to say, they can be used in both orbital debris and
meteoroid environment risk assessment. The system is calibrated by three standard cases of IADC specified. The results show that the
computing precision of MODRAS is very good with precisions of similar software in different countries, such as BUMPER, ESABASE,
MDPANTO and MODAOST. The discrepancy of failure number of MODRAS and BUMPER is less than 4% in the meteoroid environment.

And the maximum discrepancy is 8% in the orbital debris environment. Therefore, the analytic precision of MODRAS is calibrated. The

distribution of failure particles in the surface of cube, sphere and simple space station are given.
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Fig. 3 FEM of the three standard cases
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Table 1 Parameters of different shields
p t v S
/(g-em™) /em /(km-s™) /MPa /em
AL6061-T6 2.713 0.1 95 5.1 — —
AL6061-T6 2.713 0.2 — — — 10
AL2024-T3 2.790 04 — — 324
Note: It is dispensable parameters with "—
2 M/OD
Table 2 Failure numbers of cube case
BUMPER ESABASE MDPANTO MODAOST MODRASS
p=1mm 3.520x10™ — — 3.343x10™ 3.755x10™
ORDEM?2000 1.711 — — 1.627 1.757
2.366x107° — — 2.650x107 2.044x107
p=1mm 1.013x10! 8.300x10 9.064x107 9.079x107 1.008x10!
Meteoroid 6.797x10™ 6.000x10" 6.204x10™" 6.161x10™ 6.810x10™
3.154x107 1.200x107 1.142x107° 3.529%x107 3.191x107
2~ 4 e
Note: It is not available data from the software with "—" in table 2 to table 4.
3 M/OD
Table 3 Failure numbers of sphere case
BUMPER ESABASE MDPANTO MODAOST MODRASS
p=1mm 2.157x10" — — 1.991x10™ 2.232x10™
ORDEM?2000 1.082 — — 9.965x10™" 1.103
1.554x107° — — 1.713x107° 1.627x107
p=1mm 6.463x107 — 5.779x107 5.701x10% 6.715x107
Meteoroid 4.362x10™ — 3.976x10™" 3.881x10™" 4.537x10"
1.997x10°° — 7.180x10° 2.201x10°° 2.065x10~
90 2010,28(6)
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Table4 Failure numbers of simple space station case
BUMPER ESABASE MDPANTO MODAOST MODRASS
p=1mm 1.227 — — 1.116 1.323
ORDEM2000 6.150 — — 5.583 6.261
8.934x107° — — 9.376x107° 8.488x107
p=1mm 4.187x10™ 3.400%x10™ 3.732x10™" 3.729x10™ 4.207x10™
Meteoroid 2.819 2470 2.564 2.536 2.845
1.297x10* 4.900x10~ 4.657x107 1.440x10* 1.332x10*
RAH A
0.055909 0.006046
0.049865 0.0057375
0.045332 0.004627
0.040799 0.0051206
0.036265 0.0040101
. 0.031732 p 0.0027762
0.027199 0.0022827
0.022666 0.0020359
0.018133 0.0019125
0.0017777 0.0016657
¢ % 0.5 Ox 0
(a) ORDEM2000 (b) SSP-30425
4
Fig. 4 Failure numbers distribution of cube case
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Fig. 5 Failure numbers distribution of sphere case
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Fig. 6 Failure numbers distribution of simple space station case
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