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Sensitivity analysis of transformer electrical parameters to winding
deformation based on SRSM method

LIU Jianfeng, CHEN Lele, YAO Chenxi
(College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: To comprehensively investigate the intricate relationship between transformer winding deformation categories,
deformation degrees and winding electrical quantities, and to extract more winding information from electrical parameters,
an explicit function model employing the stochastic response surface method (SRSM) is established. This model integrates
three-winding transformer electrical parameters and structural variables, facilitating a deeper understanding of their
interplay, and act as objective function for the sensitivity analysis of transformer. A dual-layer global sensitivity analysis
model based on the Morris-Sobol method is proposed to analyze the objective function and identify the deformation types
most sensitively reflected by each electrical parameter. The Morris method excludes the impact of irrelevant structural
variables, increasing the efficiency and accuracy of sensitivity analysis. The Sobol method is subsequently utilized to
assess the sensitivity of electrical parameters to different deformation types. It is found that the sensitivity of capacitance
parameters to winding radial deformation is much higher than that of inductance parameters. Therefore, the variation in
winding capacitance is adopted as the criterion for detecting winding deformation. and the relationship between the change
rate of winding test capacitance and equivalent deformation is established. This approach not only enhances understanding

but also paves the way for effective detection of winding deformation based on electrical parameters.
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Table 1 Structural parameters of three-winding transformer
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Figure 1 Two-dimensional schematic diagram of

three-winding transformer
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Table 2 Initial values and variation ranges of

structural variables

AR RIAE/mm BIEIEE/mm AR i
" 439.0 412.66~439.00 0.00~0.06
r 527.5 495.85~527.50 0.00~0.06
r 683.5 683.50~704.00 0.00~0.03
hy 1955 1368.5~1 955.0 0.00~0.30
by 1935 1354.5~1935.0 0.00~0.30
hs 1935 1354.5~1935.0 0.00~0.30
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Figure 2 Simulation results of axial and radial

deformation of HV winding
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Table 3 Fitting and error analysis of random

response surface model of L,;
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Table 4 Fitting and error analysis of SRSM

RS R /% RS H R e/ %
Cp 0.9999  2.81 Ly 0.999 9 1.78
Cz 0.999 9 1.73 Ly, 0.999 9 2.04
Cis 0.999 9 1.28 Lis 0.999 9 1.65
Cy 0.9999  0.59 Ly 0.999 9 0.88
Coy 0.9999  0.76 Lo 0.999 9 2.82
Css 0.9999  0.97 Ljs 0.999 9 1.12
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Table 5 Classification of sensitivity levels
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Figure 5 Overall sensitivity histogram
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Table 6 Variation coefficients of electrical parameters

S R

B34 r o r3 h hy hs
Ch 221.5 0.561 — 21.16 2.487 —
Cpy 32.63 21.93 — 16.81 14.338 —
Cis 23.26 — 20.19 16.79 — 15.16
Cy — 7.563 — 14.59 18.321 21.54
Cos — 15.47 3.482 — 10.783 14.39
Cys — 5.137 30.19 — 10.156 23.81
Ly 0.003 5.012X10° % 3.156x 10 ° 0.023 — —
Ly 0.004 3.132% 10 * — 0.005 0.005 —
L 0.005 — 0.001 0.006 — 0.003
Ly, — 0.002 — 3.185% 10" 0.005 3.281X10°
Lo — 0.007 0.002 — 0.001 0.003
Ly — — 0.008 3.831X10 % 1.356x10° 0.004
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and change rate of capacitance
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