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ABSTRACT

This paper describes a probabilistic structural design method of composite propulsion system by
comparing safety factor based on average value and allowable value with structural reliability.
Generally, the required structural safety factor and reliability of composite pressure vessel are 1.5 and
0.999, respectively. In the case of structural design using average strength, the safety factor which
satisfies the required structural reliability depends on the variation of fiber strength. However, the
structural design using allowable value shows constant safety factor for the variation of fiber strength,
because the allowable value of fiber strength is calculated by considering the variation of fiber
strength. Through the analysis results, it was known that the fiber strength is the most important
design random variable for the structural design of composite pressure vessel and the variation of
fiber strength must be minimized to develop the high performance composite propulsion system.
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0 : standard deviation
a : shape parameter of Weibull function
B : scale parameter of Weibull function

COV : coefficient of variation
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Table 1. The distribution function of material properties 4500 - 74500

for each direction.

Distribution u o a B N

x | Welbull/ oy 1740 | 218 | 2520 | 27

Normal

X “ 93.3 | 7.75 14.6 96.9 29

Y “ 324 | 016 | 226 3.313 | 30

Y’ “ 133 | 154 | 105 14.03 | 29

S ” 772 | 0.36 20 7.905 29
ST ” 694 | 0.12 40 6.99 30

E: Normal 13720 | 644 - - 29

E, “ 780.3 | 26.9 - - 30
G2 “ 3755 | 304 - - 28

V12 “ 0.298 | 0.05 - - 29
(u: average, o: standard deviation, a: shape
parameter, [3: scale parameter, N: number of
specimen, ST: short beam test)
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Table 2. Statistical Values for the Variation of C.O.V.

v(%) 31 | 36 | 42 | 50 | 62 | 82 | 120

a 40.0 | 35 30 25 20 15 10

u 249 | 248 | 247 | 245 | 243 | 240 | 231

783|891 | 103|123 | 152 | 20 | 28.8

B 252.0

Ba 225 | 221 | 217 | 210 | 200 | 186 | 160

Bs 231 | 228 | 224 | 220 | 212 | 200 | 178
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