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 Cost effective design and maintenance planning can be achieved by combining the respective 

decision making processes. A modeling approach is presented to optimally and simultaneously design 

the configuration of a multi-component system and determine a maintenance plan with uncertain 

future stress exposure. Traditionally, analytical models for system design and maintenance planning 

have been applied sequentially; however, this is potentially inefficient. This new model provides an 

integrated approach to make decisions considering the lifecycle cost of the system. Specifically 

considering the influence of uncertain future usage stresses on component and system reliability, the 

integrated redundancy allocation and maintenance planning problem is formulated as a two-stage 

stochastic programming model with recourse. The first stage decision variables determine the 

selection of component types and the number of components to be used in the system, and these 

decisions must be made before the uncertainty is revealed. The second-stage variables, involving a 

recourse function, are the preventive maintenance plan, which defines optimal maintenance times 

for planned replacement of components under distinct usage scenarios. The model is then extended 

to a four-stage optimization model to accommodate sequences of decisions over time with random 

future usage scenarios. In the third-stage, once the system is fielded and data is collected and 

analyzed to update model parameters and coefficient estimates, adaptive preventive maintenance 

optimization is performed. In the fourth stage, a cost saving strategy is implemented to decide 

whether the current system design or a new or revised system design can provide sufficient cost 

saving to justify design changes. The comparisons of the proposed integrated approach to traditional 

sequential method show advantages of the proposed model in cost saving. 
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