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Assessment of thermal reliability of thermal protection systems by
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Abstract: Safety and structural integrity of hypersonic vehicles are directly influenced by the reliability of
their thermal protection system (TPS). To improve the efficiency of reliability analysis of TPS, a new
method based on importance sampling was proposed in this paper. The detailed calculation procedure and
thermal reliability assessment methods were also introduced. The thermal reliability analysis of a typical
non-ablative TPS with uncertainties about material properties and geometries was used as numerical
example to verify the effectiveness of the proposed method. The results indicate that to achieve reliability
result with the same confidence level, importance sampling method needs only 10% simulation iterations of
the conventional Monte Carlo method, which dramatically improves the efficiency of reliability analysis.
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Fig. 1 Process of reliability analysis of

thermal protection systems
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Table 1 Result of Monte Carlo simulation
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Fig. 2 Convergence of failure probability using

Monte Carlo simulation
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Table 2 Results obtained using different importance functions

s JF5 RMEHE /1077 EIEE/ %
1 2.1 92.42
2 2.1 91.78
0.5 3 2.2 90.42
4 2.3 91.14
5 2.2 89.92
1 2.3 96.70
2 2.4 95.57
1.0 3 2.3 95.84
4 2.3 97.24
5 2.5 97.40
1 2.7 93.11
2 2.4 98.75
1.5 3 2.6 97.79
4 2.3 95.85
5 2.5 97.96
0.004 0
0.003 5
0.003 0
0.002 5
Eér 0.002 0
ﬁ 0.001 5
0.001 0 05
— usl0
0.000 5 — 15
G000ty 2000 4000 6000 8000 10000
Bk

Bl 3 A [ Hh i o A Y Sk SR R 0 S e £

Fig. 3 Convergence curves of failure probability using different sampling functions
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Fig. 4 Relation between importance sampling center and confidence
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Fig. 5 2D model of a simplified thermal

protection system

Table 3 Material properties of the investigated TPS
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Fig. 6 Thermal flux on the TPS surface Fig. 7
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Table 4 Results of importance sampling

s K5 KRR /1070 B/ Y%
1 0.9 90.46
2 1.4 86.89
14.5 3 0.8 92.30
4 0.7 94.13
5 1.0 94.13
1 0.8 91.54
2 0.8 93.16
14.0 3 1.2 89.41
4 0.6 90.36
5 0.7 88.61
1 0.4 76.54
2 0.9 75.69
13.5 3 2.8 54.64
4 0.6 87.16
5 1.8 60.27

FTLAE B 2 g, = 14.5 WF VAT A 21 85 B A0 A0 25 2R 0 40, = 13,5 WF L BAF BETT U6 T B SEBr b, ey
e P LAl A oK BSOS T B A OB Y L SR8 SRk T e MR 7 e AR R ORR DU R v 8 B AN
A R 2 DU 230 4% R ) A7 A i

USRI SR RIIE AT 1 000 KAAE 435 5 AU OS5 RAEZR 5 . al DIFE 21l i 5845 K 3%
FHREAS B A 45 5 8 A5 B LB AN BCR A, Fi 52 b B Xd XA L AR 48 5K (6) , ZAK B 90 %0 e DA B A E AR
JE SRR IE I B B/ MEAR IR LY n =11 620,

RS EREFEHMEER
Table 5 Result of Monte Carlo sampling

REAMER /100 BIRE/ %
0.5 62.46
1.8 74.12
1.9 56.43
0.9 58.54

2.1 60.48
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