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As a key connecting and load-bearing component of aero-engines, the casing’s process quality directly determines the

engine’s service life and operational reliability. During the welding of the outer casing ring, inherent fluctuations in

welding material characteristic parameters and equipment process parameters are prone to causing problems such as

excessive part deformation, or crack propagation and dimensional accuracy drift induced by residual stress. Therefore,

considering process parameters uncertainty, this study conducts robust design for the electron beam welding of the

compressor outer casing ring, aiming to reduce welding deformation and residual stress. Firstly, five process parameters

are selected to characterize the five elements of the process reliability analysis (Man, Machine, Material, Method,

Environment). Their ranges and dispersions are determined based on expert experience. A factorial design method is

adopted to generate simulation schemes, and welding simulations are performed using SYSWELD software to obtain

sample data of maximum deformation and maximum stress. Secondly, establish response surface surrogate models that

correlate process parameters with maximum deformation and maximum stress. The results show that the adjusted

coefficients of determination are all greater than 98%, indicating high fitting accuracy. Then, global sensitivity analysis is

carried out via the Sobol method to quantitatively identify significantly influential parameters. Uncertainty analysis is

performed using Monte Carlo sampling to quantify the impact of parameter fluctuations. Finally, an optimization model is

established with the objective function being the sum of the means and standard deviations of maximum deformation

and maximum stress, and the Particle Swarm Optimization algorithm is used to solve it. The results demonstrate that the

optimized process scheme significantly reduces the means of maximum deformation and maximum stress, and notably

decreases their fluctuations. The robust design framework proposed in this study provides a systematic and feasible

solution for the process improvement of key aero-engine components.
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