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Comparison of Reliability Estimation Methods for Ammunition Systems
with Quantal-response Data
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Abstract

This paper shows accuracy comparison results of reliability estimation methods for one-shot systems such as
ammunitions. Quantal-response data, following a binomial distribution at each sampling time, characterizes lifetimes
of one-shot systems. Various quantal-response data of different sample sizes are simulated using lifetime data
randomly sampled from assumed weibull distributions with different shape parameters but the identical scale
parameter in this paper. Then, reliability estimation methods in open literature are applied to the simulated quantal-
response data to estimate true reliability over time. Rankings in estimation accuracy for different sample sizes are
determined using t-test of SSE. Furthermore, MSE at each time, including both bias and variance of estimated
reliability metrics for each method are analyzed to investigate how much both bias and variance contribute the
SSE. From the MSE analysis, MSE provides reliability estimation trend for each method. Parametric estimation

method provides more accurate reliability estimation results than the other methods for most of sample sizes.
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Table 1. True reliability value for each Case

Tine [year] Case A Case B Case C
11 0.73 0.90 0.97
12 0.70 0.88 0.96
13 0.67 0.85 0.94
14 0.64 0.82 0.92
15 0.61 0.79 0.89
16 0.59 0.75 0.86
17 0.56 0.71 0.82
18 0.53 0.67 0.78
19 0.51 0.63 0.73
20 0.48 0.59 0.68
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Fig. 1. True reliability with estimated reliability for
different sample size
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