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Fig.1 Schematic diagram of valve side

bushing of transformer converter
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Fig.2 Schematic diagram of breakdown test
HFH & P2 B0 AT 7K (Weibull) 73 A7 o8 800
i IR B AT G A BT . % IR Weibull
RGN AR BHER T E T &R T 5
RN

b

B
F(E;E,.B)=1- exp[—(EE) } 0.632 (1)

H F(E; E,B) NIANEIRAKMBIEIAE T kKA
HEEMRER B, R g s e B, B 2R
1 0.632 B %) 5 28 L 3758 (B R kV / mm) , B0
IR 1Y B

R R E R, R I, MR
1R AR i o 2 H i B i o R JRE 2 118 185 Jon v %
fike Pk, B4 E4 ST NS AT BRI &R
R[] & 25 A0 T ) JEE 8, DT 448 i 2 0 1 ) 46 2
g%g[l&lﬂo

F1 WRBEMEHFTHEER Weibull T4 R
Table 1 Weibull statistical results of breakdown

properties of epoxy impregnated paper

AL / mm E,/ (kVemm™) B
0.25 91.50 7.35
1.08 40.34 6.25
2.69 19.95 7.27
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Fig.3 Initial voltage of PD for capacitor core plate
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Fig.4 Energy spectrum analysis result of powder

on surface of capacitor core
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Table 2 Comparison of finite element calculation
results of skin effect among conductive tubes of

four structures

L/ L/ L/
s AVE MAX MIN
SRS S5 (Am?2)  (A-m2)  (A-m?2)

IMAX/IVIIN

a=0.05m,b=0.04 m 2.50x10° 2.75x10° 2.26x10° 1.22
@=0.05m,b=0.035m 1.77x10° 2.45x10° 1.07x10° 2.29
@=0.05m,b=0.03 m 1.41x10° 2.55x10° 2.40x10° 10.63
a=0.05 m,b=0.025 m 1.20x10° 2.62x10° 1.80x10° 14.56
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Table 3 Relationship between heating rate of copper tube and aluminum tube and structure of copper tube

A S5 FAEIRTFE / (Wem™) B RIAE / (Wem™) BERTHHE / (Wem™) H85EHE / (Wem™?)
a=0.05 m,5=0.04 m 6.76 37.53 59250
a=0.05 m,5=0.035 m 6.76 37.63 37428
a=0.05 m,5=0.03 m 6.76 39.06 31082
a=0.05 m,5=0.025 m 6.76 40.26 27341
ROKEAREE ST ARG SRR 0 gD s
G P8 115 mm BEJE K 20 mm , 4 5 B 19 D

B2 M 750 mm BEJE A 20 mm, 20 &N 5515 AR,
Hh S LS B TR R AR R 26.386 W/ m?, Ak
SHUE AL AR A AT R 8971 W/ m?, B
T AR R B 20 35357 W/ m?, S HLAS IR T T
2R K 453722 C. WMEGARICIHAE SRRV,
IR AT 7L A o 276 ] 5 P R RS 11 0 58
HATH

5 BRTRNESNERKEEMIET

FE T TS T 32 56 L R 650 kV L 7R HL it 4

W T 32 3R 50 H R 1365 &V, 5% T &84 15 7 B4 1t

B 250 T, IR B B R T R 4 b R

RO BT A, A5 2] H 250 T AR ]

i ) R iR B A SR, SRR B RR
ARV B E E, (B KV / mm) A

E

" 1.6
Horr K A B R 5, AR SCHCA 17 kV / mm’; 6, A
LB, AR SCHUCR 4.15d,, o d B B /IMEL, AR SCHUCR
1.9 mm, FIAHKXQOHEEHFELREETE,, 1)
HIRME R 4KV / mm, TEHZESF R, Bl AR
SEREHS F et 1Y, NS B HA ELAR L E, M

(8?.45d ().55) ( 14)

min

Horb, D, AR dh 2 AR E AR, AR SCC 425 mm, N oA
HAMNE B R TS D, NN JE B BLAE AR S
BCA 156 mm, WA DATFREASRIE N
D, 425
fr—a—ﬁzz.72 (16)
TEAf E F AN B B H 3 v e AN W 0 5 i A
KB A B L & BaiE TR EARLEE .

L,
=— 17
6= (17)
Ly=L+L,+L,

L =Ly+L, +L,,

Horbr Ly A e A2 AR BE (B mm) 5 L, o
BB A B AR SCHCH 2255 mm; Ly (L, 535 R
T Bl B AR SCA i BUCR 413 .20 mm; L, A e N
JZ B BE (B 8 mm) 5 Ly, Ly 53 ) SR E

BB AR AR 2478 11291 mm, 831
15 L,=2688 mm,L, =6457 mm, XGRS
M€ =L,/L,=6457/2688~2.4,

A P S BUER A & B N4 g
R , P AALT A A T4 2 i i
Yy g2 R NR AR . b n WIRARZE S
Lo Loy 058 B BB K Lo, N F B B
Ko LR B BE S B, B 53008 R i

R4 BASTRERMBIZEENITEEAR

Table 4 Calculation results of electric field intensity of electrodes in capacitor core

n Ly, /mm Ly, /mm Ly,/mm L,/mm E /(kVemm™") E,/(kVemm™) E,/(kVemm™) D/mm L /mm d/mm
1 42 22 160 6393 0.26 0.51 3.11 159.8 502.0 1.90
5 40 21 246 6143 0.26 0.50 2.95 175.0 549.8 1.90
7 39 21 288 6022 0.26 0.49 2.88 182.6 573.7 1.90
10 38 20 348 5846 0.26 0.50 2.79 194.0 609.5 1.90
17 36 19 482 5455 0.26 0.50 2.62 220.6 693.0 1.90
22 38 20 583 5160 0.26 0.50 2.53 241.6 759.0 2.10
25 38 20 643 4986 0.26 0.49 2.49 254.2 798.6 2.10
28 37 19 701 4816 0.26 0.51 2.45 266.8 838.2 2.10
32 37 19 771 4592 0.26 0.51 2.42 283.6 891.0 2.10
35 36 19 834 4426 0.26 0.50 2.40 296.2 930.5 2.10
37 42 22 875 4307 0.26 0.50 2.40 305.3 959.1 2.45
40 42 22 941 4115 0.26 0.50 2.39 320.0 1005.3 2.45
45 36 19 1039 3831 0.27 0.50 2.40 341.7 1073.5 2.10
50 37 19 1134 3551 0.26 0.51 2.44 362.7 1139.5 2.10
55 38 20 1232 3265 0.26 0.50 2.50 383.7 1205.4 2.10
60 40 21 1333 2969 0.26 0.49 2.61 404.7 12714 2.10
65 38 20 1429 2688 0.26 0.50 2.75 423.7 1331.1 1.90
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Table 5 Calculation results of max electric field

intensity of capacitor core
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Insulation structure design of valve side bushing of +400 KV converter transformer
ZHANG Shiling' ,PENG Zongren®, NING Xin®’, TIAN Huidong’
(1. Electric Power Research Institute of State Grid Chongqing Electric Power Company,
Chongqing 401123, China;2. State Key Laboratory of Electrical Insulation and Power Equipment,
Xi’an Jiaotong University,Xi’an 710049, China;
3. State Grid Sichuan Electric Power Research Institute,Chengdu 610072, China)

Abstract: The design margin of valve side bushing of +400 kV converter transformer is lower than that of
UHV converter transformer, and the number of valve side bushing used in =400 kV converter transformer
is large in converter valve hall,so it is necessary to analyze and discuss the insulation structure design of
valve side bushing of +400 kV converter transformer. The heating mechanism of the double conductive
tube structure of the valve side bushing of +400 kV converter transformer is analyzed, the design size of
the double conductive tube structure is given from the theoretical analysis point of view,the core insulation
structure of the bushing is further optimized,the external insulation design scheme of the bushing is given
from the perspective of internal and external insulation coordination, and the overall electric field distribu-
tion is calculated and checked. The radial electric field intensity is controlled at 3.11 kV / mm under wor-
king voltage,and the axial electric field intensity is controlled at 0.51 kV / mm under the power frequency
withstand voltage,, which meet the requirements of electric field intensity control in the design of valve side
bushing of +400 kV converter transformer. Furthermore, the type test of the developed valve side bushing
of +400 kV converter transformer is carried out, and the results show that the developed bushing passes
the typical type tests such as power frequency dry withstand voltage test with partial discharge measure-
ment, lightning impulse dry withstand voltage test and temperature rise test.

Key words:+400 kV valve side bushing of converter transformer;double conductive tube structure;optimiza-

tion design;electric field intensity control
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Fig.Al Microscopic observation on edge of bushing plate
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Fig.A2 Finite element mesh and E-field distribution
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Fig.A3 Insulation failure of valve side bushing of converter transformer in actual operation
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Fig.A4 Microscopic observation on local breakdown point of casing core
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Fig.A5 Photo of tail of capacitor core of accident bushing
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Fig.A6 Morphological analysis results of powder on surface of capacitor core
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Fig.A7 Distribution of electric potential and electric field of bushing under AC 527 kV
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Fig.A8 Electric field distribution of bushing equalizing device
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B A EEHZRHETEIATH
Fig.A9 Electric field distribution of grading ring at outgoing end of bushing
& AL H0kV FEREBREMUEERARBDER
Table Al Type test results of £400kV rubber impregnated paper converter bushing
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