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Abstract

In this paper, an efficient technique is developed to predict failure probability of three failure modes(case rupture, fracture and bolt

breakage) related to solid rocket motor case due to the inner pressure during the mission flight. The overall procedure consists of the
steps: 1) design parameters affecting the case failure are identified and their uncertainties are modelled by probability distribution, 2)

combustion analysis in the interior of the case is carried out to obtain maximum expected operating pressure(MEOP), 3) stress and
other structural performances are evaluated by finite element analysis(tFEA), and 4) failure probabilities are calculated for the above
mentioned failure modes. Axi-symmetric assumption for FEA is employed for simplification while contact between bolted joint is
accounted for. Efficient procedure is developed to evaluate failure probability which consists of finding first an Most Probable Failure
Point(MPP) using First-Order Reliability Method(FORM), next making a response surface model around the MPP using Latin
Hypercube Sampling(LHS), and finally calculating failure probability by employing Importance Sampling.

Keywords @ Solid rocket motor, reliability prediction, FORM(first-order reliability method), response surface

method, importance sampling
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Table 1 Input parameter of MEOP calculation

Parameter Name Cov
1 Initial temperature 0.03

D, Nozzle throat 0.03

D e Inlet diameter 0.03
D, et Outlet diameter 0.03
L Grain length 0.03

op Propellant density 0.02
Burning rate constant 0.1

n Burning rate exponent 0.05

= Calculate chamber pressurg U{Pa}
12 Al

"

Chamber pressure (MPa)

Time (sec)

Fig. 2 Chamber pressure over time
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Sensitivity Analysis
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Outlet Diameter
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Percentage change from a mean of G
in response to variation in input parameters (%)

Fig. 3 Result of sensitivity analysis
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Table 2 Structural parameter

Parameter Name COV
t Case thickness 0.03

L, . Case length 0.03
k.. Case radius 0.03
Sy Yield strength 0.03
K Fracture toughness 0.03

a, Initial crack size 0.1

Sp Proof strength 0.03

& Displacement 0.01
Beipes Fillet radius 0.05
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Table 3 Failure Probability

Method Rupture Fracture Bolt Time(min)
Breakage
FORM 0.0003024 | 0.01206 | 0.000259 10.9
(139%) (130%) (162%) (0.03%)
Proposed 0.000231 | 0.00958 0.00021 26.5
(106%) (103%) (131%) (0.08%)
MCS 0.000217 | 0.00926 0.00016 30,240
Cov 0.2146 0.0327 0.25
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