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Abstract: Practical application of natural ester insulating oils is constrained by their inherent oxidative instability, and
prolonged service may lead to oxidation degradation, potentially causing oil channel blockage and insulation failure. This
study systematically investigates the structure-property relationships between natural ester compositions and their pour
point characteristics, while elucidating the influence patterns of various fatty acid components on oxidation induction time
through molecular mechanism analysis. Building upon these fundamental insights, we developed predictive models for
both oxidation resistance and pour point characteristics based on compositional parameters of natural esters, which
demonstrated satisfactory predictive accuracy through validation. To achieve performance optimization, genetic algorithm
was employed to conduct multi-objective component optimization of soybean oil. The ideal composition for
high-performance soybean-based natural ester insulating oil was determined as Ci6:.0:Cis:0:Cig:1:Cig:2:Cig3=
11.08:4.08:83.50:1.34:0. This optimized formulation simultaneously enhances oxidation stability while maintaining ap-
propriate low-temperature fluidity. The composition performance correlation model and optimization method established
in this study provide theoretical guidance for the design of high-performance natural ester insulating oil.
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Fig.1 Testing platform for natural ester oxidation stability
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Fig.2 Schematic diagram of conductivity change curve
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Table 2 Content and performance test results of various fatty acids in natural esters

FAIRTER PARFREL Ciso/%  Ciso/%  Cis1/% Ci82/% Cig:3/% i s/ °C AAbiF T 1 [8]/min
2R 8.67 5.56 39.42 4528 1.07 -8 157
gl 11.34 3.59 75.24 8.51 1.32 -12 243
Tk 12.47 1.8 29.09 55.19 1.45 -13 181
AN 6.25 3.38 31.11 58.41 0.85 -14 58.39
ki 6.91 2.82 17.75 61.43 11.09 -18 96.75
BRI 5.82 4.55 20.37 17.29 51.97 -14 10.13
SR 4.68 1.94 62.86 21.81 8.71 -20 184.83
KE g 11.08 4.07 26.06 52.76 6.03 -13 97.4

1:4 5.92 233 55.43 27.87 8.45 -20 157

-~ 2:3 7.41 2.8 47.11 3473 7.95 -17 150.25

KGh: SN
32 8.81 3.23 39.14 4121 7.61 -15 123.25
4:1 10.15 3.68 31.11 4758 7.48 -14 115
1:4 5.59 3.96 29.83 18.03 42.59 -14 225
2:3 5.29 3.39 38.55 18.94 33.83 -15 46
SEFF: S RRFFI
32 5.09 291 46.74 19.88 2538 -17 69.5
4:1 483 2.44 54.62 20.51 17.6 -19 75.75
1:4 7.11 437 21.94 2531 4127 -13 31.75
-~ 2:3 8.34 431 2247 32.68 322 -14 50
K TR
32 9.16 428 2223 38.48 25.85 -14 66.75
4:1 10.39 421 22.62 46.82 15.96 -13 88.25
2:3:5 6.80 3.54 35.46 27.12 27.08 -16 80
RS AP TR 2:5:3 6.46 3.25 40.41 26.76 23.12 -15 114.6

5:2:3 7.96 3.70 31.73 34.28 2233 —-18 88.7
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Fig.3 Radar chart of absolute correlation coefficient

between natural ester composition and pour point
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