
 

 

Optimization, uncertainty quantification, and 
services of engineering assets  

Abstract 
The design, manufacturing, and service of machines for transportation, power generation, and oil and gas industries present innumerous opportunities for multidisciplinary optimization and 

uncertainty quantification. Engineers and analysts are constantly challenged to balance performance, reliability, and cost, while industry is addressing growing demands, tight regulations, and the 

need for rational use of resources. This seminar will present successful applications of multidisciplinary optimization and uncertainty quantification during design and illustrate opportunities in 

post design. The discussions will be centered on how the use of state-of-the art computational methods allow the fusion of heterogeneous sources of data with engineering models. First, a surro-

gate-based framework is presented as an enabler for engineering design optimization. In addition to minimizing the number of high-fidelity simulations, the surrogate-based framework has shown 

to be (a) capable of handling highly non-linear design spaces, (b) able to scale with parallel computing, and (c) robust to incomplete or failed simulations. Second, a statistical approach for charac-

terizing prediction uncertainty of high-fidelity models is presented. The Bayesian formulation of the Gaussian process is used to fuse information from limited amount of simulations and experi-

mental data. The framework has been successfully used to quantify uncertainty due to (a) model parameters, (b) number of simulations and experiments, and (c) discrepancy between the simula-

tion code and the actual physical system. Finally, the multidisciplinary nature of post-design is illustrated through examples in asset performance management (lifing of gas turbine components) 

and operations optimization (power system model identification). Other post-design opportunities include but are not limited to (a) minimization of unplanned downtime, (b) maximization of 

productivity trends, and (c) cost avoidance in regulatory compliance.  
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