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Abstract: In order to clarify the influence of various variables on the performance of turbine stage
in high-dimensional design space, the knowledge mining of 93 design variables of GE-E3 high-
pressure turbine first stage was carried out based on the data mining method SHAP. In addition
to the analysis of the influence of significant variables on the overall performance in conventional
data mining work, the analysis method of the influence of significant variables on the performance
distribution along spanwise of turbine stages was developed, and the specific positions of turbine
stage affected by the design variables to improve the overall performance of the stage were visualized. At
the same time, SHAP’s advantage in local explanations was fully leveraged, attribution analysis

on typical samples in the design space was conducted, and the role of each design variable in the
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change of performance indicators was studied. The results showed that for the high-pressure

turbine stage, significant variables affecting stage efficiency included the effective output angle,

three-dimensional stacking parameters of the stator, and the spline control points near the suction

leading edge of blades. Based on GE-E3 high-pressure turbine dataset, data mining was conducted

to obtain turbine stage design criteria; When the effective output angle of the middle section of

the rotor is reduced and the effective output angle of the middle section of the stator is increased,

the circumferential top and middle positions of the three-dimensional stack points of the stator

will be shifted to the pressure surface, and the control points near the suction leading edge of the

middle section of both the stator and rotor will move in the direction of blade thinning. The new

design according to the design criteria has improved the stage efficiency by 0. 65%.

Keywords: high-pressure turbine stage; high-dimensional design space; data mining; SHAP
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