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Abstract: This paper studies the uncertainties of component reliability parameters and 

their impact on system lifetime distribution. Monte Carlo simulation was applied to 

investigate the correlation between the system complexity and its Weibull shape 

parameter when component reliability parameters are estimated with uncertainties. Results 

show the system lifetime approaches the exponential distribution when the number of 

components becomes large. 
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1.     Introduction 

Reliability modeling of a complex system featuring a large amount of components can be 

challenging during product design phase. At that time few data is available, and reliability 

estimation may involve uncertainties. When there is not enough data, it is very common to 

make some reasonable assumptions. The most frequently used assumption is that the 

system lifetime follows an exponential distribution. For a system consisting of a small 

amount of components, this assumption might be questionable [1]. The Weibull 

distribution seems to be more flexible because it can model the infant mortality, random 

failures, and wear-out failures. The question is, given limited component failure data, how 

to estimate system reliability and evaluate the parameter estimation uncertainties?  

There are two approaches for reliability uncertainty analysis: non-parametric-based 

methods [2, 3] and parametric-based methods [4, 5]. This paper proposes a Monte Carlo 

simulation method to study the impact of component reliability uncertainties to the system 

lifetime distribution. The objective is to investigate the correlation between the system 

Weibull shape parameter and component lifetime distribution parameters. The paper 

assumes that failure times for both system and components follow Weibull distributions. 

For repairable systems, the focus is on the time to the first failure. 

2.     System Reliability Modeling and Demonstration Planning with Uncertainties 

Several software tools are available for complex system reliability modeling and 

predictions. They generally require the user to provide deterministic values for component 

reliability parameters. In practice, some uncertainties are involved during early system 

design. For instance, some components may have been re-designed to meet a higher 

reliability performance, but sufficient life data for the new design is not available yet. 

These software tools are not capable of handling estimation uncertainties, especially when 

the system is configured with a large amount of components.  

 During product early development stage an important task is to plan a system-level 

reliability demonstration test. Meeker [6] introduced various approaches on this subject. 

The underlying assumption is the time-to-failure follows the Weibull distribution with a 
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known shape parameter β. If all other factors are fixed, β could have significant impact on 

the sample size required in the reliability demonstration. Therefore, it is important to 

quantify the uncertainty of the estimated β. 

3.     Reliability Simulation Considering Uncertain Component Parameters  

To investigate the impact of component reliability estimation uncertainties on the system 

lifetime distribution, a Monte Carlo simulation program was developed. In each 

simulation run, β (the shape parameter) and η (the scale parameter) for each component 

are treated as deterministic values. In order to “mimic” the estimation uncertainties, they 

are randomly generated from certain distributions. Table 1 shows an example inputs for a 

five-component series system reliability simulation. Specifically, η is generated from the 

uniform distributions, and β is generated from the normal distributions. The table contains 

minimum and maximum values for η, and mean and standard deviation for β for each 

component.  

Table 1: Input Parameters for Component Reliability 

β η 

Mean Stdev Min Max 

1.2 0.24 1,000 100,000 

1.5 0.3 2,000 120,000 

2 0.4 800 90,000 

3 0.6 1,300 87,000 

5 1.0 5,000 100,000 

Simulation Procedure and Computational Algorithm 
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4. Use the least-squares method to estimate system βs, j based on the results from 

Step 3. 

5. Repeat Steps 1 to 4 for many times (e.g., k = 1,000) to obtain the simulation 

statistics.   

To investigate the correlation between the number of components and the system 

Weibull shape parameter, systems comprised of 5, 20, and 100 components are simulated 

separately. They represent systems configured with small, medium, and large number of 

components.  

Table 2: System Weibull β β β β Statistics from Simulations 
Component Number 5 20 100 

Mean 1.25 1.15 1.09 

Median 1.25 1.15 1.10 

5% 0.81 0.82 0.87 

95% 1.70 1.51 1.32 

Table 2 summarizes the simulation statistics including mean, median, lower 5%, and 

upper 95% limits for the system β. It is observed that the mean and median of system 
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β approach to 1 when the number of components increases. This implies the system 

lifetime tends to be exponential regardless of the component lifetime distributions. The 

two-side 90% bounds are obtained from the simulated lower 5% and upper 95% limits. 

They also approach to one from the lower and upper limits.  

4.     Conclusions 

This paper proposed a simulation-based method to study the effects of uncertainties of 

component reliability to the system lifetime distribution. Given components with various 

β values, we assume that the system lifetime can be approximated by a Weibull 

distribution with an unknown β. The simulation shows that system reliability approaches 

the exponential distribution as the number of components increases. Readers may 

challenge this Weibull assumption (or the approximation) for the system reliability. This 

assumption is made based on extensive field experience and can be validated from 

historical data. But this assumption still needs to be further validated for a specific product 

once field data becomes available. This method is acceptable especially in the early 

product development phase when we make assumptions based on experience, and later we 

verify the assumption as more data is available. This paper aims to provide a general 

guideline in determining system reliability when components data is scarce or their 

distribution is uncertain. The idea can be extended to other applications where the system 

reliability needs to be estimated from limited component data. 
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