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Abstract: In order to analyze the influence of natural ester insulating oil on the insulation performance of high-voltage
transformer, in this study, a 220 kV power transformer was taken as the research object, the wave process calculation was
carried out on it to obtain the node potential and oil channel gradient voltage under the full wave of lightning impact. And
the electric field distribution under power frequency and full wave voltage of lightning was obtained by establishing a
calculation model of transformer main insulation electric field, and then the insulation margin was calculated. The results
show that the main insulation margin of natural ester insulating oil transformer is large at power frequency, while it is small
at full wave of lightning. By improving the insulation structure of natural ester insulating oil transformer, the main insulation
distance between medium voltage and high voltage windings of the natural ester insulating oil transformer is reduced by
about 6%; the minimum insulation margin under the full wave of lightning can be increased by 15% by increasing the
insulation thickness and radius of the winding turn, and the cost is saved effectively.

Key words: natural ester insulating oil transformer; wave process; main insulation electric field; insulation margin; structure

optimization

0 2S 150 P FE S 40 251 R L 024 5y
B 9 2 25 B B T 5 R R Zg’;j’;gﬁﬁfiﬁ;ﬁ;ﬁjﬁﬁl;ﬁ
VAR R AR e ) ORI AT R
WHIR R A R R R R, At E DS TR A T IR SRR
55 o 5 0 00, TR 28 P 58 A0 0 H AR 6

R TEAE 225 B A Al . R AR T4
HEETIH k4 & 584 % F 8 (V1586309661297) . S5 AR s A A8 [ A8 N BN T2 IEE HL AR s A% F)




66 M AR RIRFRAL ST 220 kV HL 778 6 4% 2 40 5 M B 16 52 0 43

IgRl 2024,57(2)

T e s PR A I A SRR BON A . ] AR R R

B2 25 2 s 2 R IE TS A0 A R e, I TR 2 Y
FEC FELAR 4% 5 BLAR 2022 4F 1 7R F T AL AUAR LT )
TS E 6 500 kV RIRERZE S AL T 2%, (2 F

S T T K R 4R S 38 9 9 S
B,

T T B, R SR T 40 25 3 R A X A L B2
W02 3 (1 1.4 F5, TAIH R R #3110 28 f Ik
FHZEA R, e85 i R KT, RATR4 2%
T B IR T Ak 248 5 obA L T = 308 T P RS 43 PR AN
HE K HL R 35 FE AT P AR, 76 A8 T 4% v J=) 0 7 e T
BE 2 2 J RRCM i THI 80 RE BB T 51 S 48 2% 1 28 7= AR
B o 3K i BF R AR TR 48 % TR e - AR & e S5 M TE
TARHE N 4 M RRAR T W) 46 53, (FLAE 75 H
Gy b LR R ELBT 04 2 i o 5 R AE R R
AT 1H R R i 48 5% i A8 s 4% 110 408 25 25 K 2 F FR T )
AR He 2% 0 28 50 R 150 TE 2 B BI04 G M e AN T AR S
PRizfT Tt i HL AR e 2% R S e vy , 45 21 245 1
B g, AT MR RS . T R R,
B0 BN R R AR TR 4 2o AR T 8 1) A e T
M R REAT RN T, 4 R AR BR AR R 2% 50 i
A A AT X LA A, E— DR R R AR TR 48 2k
A 48 4 2 PE R I 52T

A PL— & A5 SSZ-180 000/220 i H, /74
JE 2 N FUXS G, SR T R SR T 448 2% e FNAT 4 448 2% i
VENAGA T, T 55 0 o A e e i g f 4
GAREE , LA 51 TR R 25 B R IR TR 48 25 il A8 1 24 1)
A G SRR S %

1 FHEEBEETHRERIRITE

1.1 SRAARIF(EREIRE

AR SC 3 FH I R 7 7R R 28 A H R LA 220 (8%
1.25%)/69/11 kV , (& FE G20 f 50 N 28 0, b i ge 4
Ho6 NS ALDF, MRS A 120 MY, K H
P BE i 2 3 2 5 e RS AR R A O
A Wavesoft, AUk /b v 5 i HARUETH 5 AE#fR 1
W e SR AL 3 B U — AN B s kAT R 4y, T
JE GedH 12 DU DF—AS B HEAT R 43, X RE 1 5548 PR 2
W . i, AR HEE A Con Cpn RN, 13
JE G40 AR 1 HL 7R C, 38R MR SR 2% 8k 0 1)
HL2 ] Cp 3R » B4 B0 70 (8] 1 S5 AE I 1 25 4331
CoChCoRoR, R BT M L L LR
AN N SRR AN Y (£ W R i /A= W LD

{1 FL 2% 75 B2 2 WL SCHR[9-10], A % A TF S5 BE i AR 3C
AR

Lo, £, 4

WZ%&R&

Bl ZHRATERFEBE

Fig.1 Equivalent circuit of three-winding transformer
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Fig.2 Node potential of high voltage winding under

fullwave lightning impulse
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Fig.3 Comparison diagram of node potential of high voltage

winding under fullwave lightning impulse
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Fig.4 Electric field calculation model of transformer upper

end insulation
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Tab.1 Electrical parameters of insulation

materials in transformer
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Fig.5 Nephogram of electric field intensity distribution of

main insulation under power frequency voltage
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Tab.2 Maximum field strength of solid insulating material
and oil gap at power frequency voltage

BRINAE 3RS L 1 G AR L
p— [ R La M Rh  K I se B oK 58
/(kV/mm) /(kV/mm)
RIRTR L 16.3 11.5
s i 13.8 13.0

6 N R G2 A i 0 B =y R SR 2 5 1 F 2 ()
() HE 37 56 B U L R T R B o AT, T B A B C A2 AR
W A B ARG S R A B . N 6T LUE
TE AR AR T 5 R SR i 4R 48 2% 45 74 1 H 37 3
S FE R Ty Ho A8 G M FE B B DA R AR Wi vl AR 48 2%
SER A RERLLT
23 EHEEATTEERETELEHBIGITES

T

FE T ARFDRENE , DR 7 (88 LU 5 0 ol £ 25 3 A% s 2%
1E TAAN T L o FBE S B FI 0 A RE P T
FE P o 48 2% 58 B I AR B Wavesoft X A% [k 2% 48 4H 75
B HL T B AL A AT A5 R 1 I K () 4G B L e



68 W AR KRR ST 220 KV Fh 1A P88 5 4 2 P R 1 B0 2 B MR 2024,57(2)
14
! RIRBRLA S

_ A

g
&
>
2
B
=
N |
= |

L |
0 10 20 E%(L 40 50 60 70 E7 RABGBEHTERERPTERMATEER
2 /mm

Eo IBETEESRAEmEFESSE
HihZ EER D& ST
Fig.6 Field strength distribution along the power line
between the upper end of high voltage winding and the upper

end of medium voltage winding under power frequency voltage
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Tab.3 Potential value of each disc of high-voltage winding

after converted to power frequency

kv

Lts RABEAGMATES: RGN RS

1~2 381.742 383.404

3~4 372.717 374.221

5~6 364.206 365.077

7~8 354.865 355.735
9~10 342.554 342.990
11~12 347.977 363.375
13~14 371.806 386.333
15~16 394.448 408.223
17~18 415.348 428.648
19~20 434.031 447213
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Fig.7 Electric field distribution converted from fullwave

impulse potential of natural ester insulating oil transformer

at power frequency voltage

T4 ERPETERGEM S HETRXTEE
Tab.4 Maximum field strength of solid insulating material

and oil gap under fullwave impulse
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Fig.8 Relationship between negative breakdown

voltage and breakdown gap
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Tab.5 Minimum insulation margin of transformer oil gap

under various voltages
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Fig.9 Location of larger tangential field strength in

composite electric field of transformer
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Tab.6 Calculation results of maximum tangential field

strength and insulation margin at different positions
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Fig.10 Local diagram of the position of maximum field

strength at the upper end of medium and high voltage windings
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Tab.7 Relationship among main insulation distance between
high voltage and medium voltage windings,

electric field strength, and insulation margin
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Tab.8 Minimum insulation margin of oil gap after structural

improvement of natural ester insulating oil transformer
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Fig.12 Minimum insulation margin position after

structural improvement
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