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Research on breakdown characteristics and gas generation law of
turn-to-turn insulation in natural ester transformer under lightning
impulse voltage
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Abstract: Due to its advantages of high flash point, high ignition point, and biodegradability, natural ester insulating oil is
gradually being promoted and applied in high voltage level power transformers. In order to provide basic data support for
the insulation structure design of high voltage and large capacity natural ester transformer, we took mineral oil as a
reference, and selected natural ester insulating oil as the test object to analyze its breakdown characteristics and gas
generation law under lightning impulse voltage. The results show that the lightning impulse breakdown voltage of natural
ester turn-to-turn insulation is above 200 kV, with the increase of turn-to-turn insulation thickness and insulation gap
distance, it shows an upward trend and is slightly lower than the breakdown voltage of mineral oil under the same
conditions. H, and C,H, dissolved in oil are the main characteristic gases under lightning impulse voltage, and their relative
percentage content increases with the increase of insulation gap. The Duval pentagon method is used for fault diagnosis of
dissolved gases in oil, and the discharge at the fault points are basically diagnosed as high-energy discharge, which are
consistent with the energy released by lightning impulse.

Key words: natural ester transformer; turn-to-turn insulation; lightning impulse; breakdown characteristics; dissolved gas in

oil

0 3| FEL PO 5 2% 7 A A L A, L PP A AR R A IR T A
AT, REGESE G BN IEERTES, & Zhm S B 48 2% BN CKINEERY. B TS0 W)
1L SR R TE S R VR L AL, AR TR S 26 20 BRSNS BN AT A, 76 AR TR A Y



S At 45« A v o RIS A P R R IR A I % I ) 408 2 o 7 R R S O BT AT 125

R A R B 5 5 B % AR R 48 i T U A5
e, T X R 3 RO E YT Y. Rk, R SR g
2 250 7E A2 TR 2% 1R B Ok 2, 9F BB 5 )
T LS 5 S (1 R 7 A P BE HESOR R BT, 2022 4
L1 2R B ) ¥ 4% A PR A B RS T T B 6 500
kV KSR E a2 i A% IR 2%, IR @ a1 4 8 =X
R .

7E T AR S B AR, L 77 4% T 38 25 3 SR FH 3 -
YR A 2% SN0, FL R AR e 2% 1) I ) 468 2% 2 [R) 48 25
— P8 5 g, RS K HLHE 2  O AR
2 e IR AR TR B 46 oK 1) B B A 2
P, R R R TR R el R T A A AR
B AR o SR T R SR TR 48 3 45 3 5
Y NI o M RERT S AR B2 . K T RAPP 26058
TP AT A B ] 46 Sk F B AR AR ASE 40 R AR s AE 1 1)
135 R R g B, & IR ARERTE 12~ 50 mm i [
N R ST Y AR (B RS R N R AR
s — ¢ LG AT WIS 10~15%. K J RAPP 250 Y SR
I RAE IR B R A 0L A A 1 50 37 TR R SR T i R ) o
YRS, 2 IR AR T8 (¥ K T B o 2 R 5 07 40 el (¥ A
I HBAT B 2 P AR RGN

SR NN S NN R S R e LR R
YR 40 25 25 W BT 7 A FR R 5 300 SO IR i L A 2%
SRRV 2 A R R R AT B Z RN B RS
RAMEWR, K S 0 BE X R AANE AR IR 48 75 5
M R R A G M R IEAT IR AT, i — DR R
FARTE AL F 2% I 48 2 45 M B0 770, O 500 kV KR
AR i 2% 10 45 R PR AL R A1 o 5 5 0 9% .

DR, AR SCIE I BT 48 A — B R AR TR 46 25 B
FL b B AR B8 ST 6 B9F 90 [T i) &4 5 A5 7R 7 Pl o
i BUEAE AR il g e S R s B a6 ik B R AT irh
HO AR SR AT 5 R SRR AR T 8% 1) 45 #4015 1 A
PSR B IE Rl B S 4%
1 e
1.1 RI R SAAEE

P H W BEA T2 LA R 4 T 9 Midel eN
1204 74 SE K7 5 R ARG 268 2 i AE B0 % 4, 1 B
Fr AR 25" W) 4e 2 i a3 AT 6 GRS, R 1 TR SR
FFEE R ARG 2 2 ) S A R S 80, LR BE S
MEY Y & AT, B8 SR, 1A 350C
LAk

B0 3k F A5 i 28 il | e ) 1Tk ) I ] 40 2%

*1 RABEHEARMESH

Table | Basic performance parameters of natural esters
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Fig.l1 Discharge model of turn-to-turn insulation
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Fig.2 Test platform of natural ester lightning impulse
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Fig.5 Lightning impulse breakdown characteristics of natural
ester under different turn-to-turn insulation thickness and

insulation gap
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mineral oil under different turn-to-turn insulation thickness and

insulation gap
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types of oil under different insulation gaps
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