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Abstract: The lightning impulse breakdown properties of multi-component mixed insulating oil under long oil gaps are
crucial parameters for evaluating its insulation performance. These characteristics provide valuable guidance for optimiz-
ing transformer structure design and serve as a key foundation for ensuring the safe and reliable operation of high-voltage
and large-capacity transformers. This study investigates the lightning impulse discharge characteristics of long oil gaps in
multi-component mixed insulating oil, focusing on the discharge point development speed, streamer development mor-
phology, breakdown voltage, and Weibull distribution under oil gap lengths ranging from 25 mm to 105 mm. The findings
reveal that, due to the acceleration effect of ester insulating oil flow within the multi-component mixture, the development
speed of lightning impulse discharge under long oil gaps is significantly faster than that of mineral oil. Under short-gap
conditions, the discharge point development speed of multi-component mixed insulating oil is also higher for both posi-
tive and negative electrodes compared to mineral oil. The streamer morphologies under positive and negative polarities
exhibit multi-branched filaments and single filaments, respectively. For long-gap conditions, the streamer morphologies
are bush-like for positive polarity and tree-like for negative polarity. In terms of breakdown voltage, the positive polarity
lightning impulse breakdown voltage of multi-component mixed insulating oil is slightly lower than that of mineral oil but
significantly higher than that of ester insulating oil. Furthermore, it is comparable to binary and ternary mixed insulating
oils. The negative polarity lightning impulse breakdown voltage of multi-component mixed insulating oil is 16%~50%
higher than that of existing mixed insulating oils. Specifically, it aligns closely with mineral oil at gaps between 85 mm
and 105 mm.
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Table 1 Parameters of the multi-component mixed insulating oil

il XA AR -
Z IR A& S Wi
HREQR0 C) kg/m? 881 890
K B4 10°¢ 28 11
15 C -57 -35
o % LK (2.5 mm) kv 80.9 70
BHFE@O C) mm?¥s 8.739 9.2
A FAHFE90 C) 0.004 8 0.001
[l mg KOH/g 0.008 0.008
DAY T 154 135
R R 2

BN &

o

"=

K1 T EERR e T B e &

Fig.1 Test platform for lauric-acid-modified ester lightning
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The Weibull distribution of lightning impulse breakdown voltage of multi-component mixed insulating oil and mineral oil
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Table 2 Breakdown voltage of multi-component mixed insulating oil and mineral oil under different fault probabilities

of positive polarity

RN 25 mm JH R 1 5 B /R 65 mm JHIFE T [ 27 BV 105 mm MR (6 28 B R /kV
/% Z LR A4S i Z LR A4S i Z IR A A4S i
1 4835 38.72 135.65 136.66 189.77 22131
63.2 62.02 58.52 155.73 146.34 218.94 264.96
90 64.87 63.07 159.68 148.17 224.69 273.75

3 SR RO T 2 TuiR A A S AN A ) o 7 L

Table 3 Breakdown voltage of multi-component mixed insulating oil and mineral oil under different fault probabilities

of negative polarity

R 25 mm BT R 2 L R RV 65 mm i BT ) 2 L R /Y 105 mm JH BT 1 28 oL /K V
/% Z ICIR G A5 Wit ZILIR AL it EINag it Sl it
1 85.23 165.03 215.17 204.28 32991 316.95
63.2 109.04 198.77 226.17 297.60 381.68 385.97
90 114.03 205.59 228.23 318.62 391.89 400.00
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Fig.10 Empirical fitting formula of lightning impulse breakdown voltage of multi-component mixed insulating oil and mineral oil

under different failure probabilities under pin-plate electrode
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