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Turn Insulation Performance of Neutral Reactor Under 1 000 kV UHV Alternating Current

LI Yuquan, KOU Xiaoshi, ZHENG Hanbo, WANG Wei, SHAO Yingbiao,

MA Lun, LI Xiaogang, GUO Lei, XIE Wei
(State Grid Henan Electric Power Research Institute, Zhengzhou 450052, China)

Abstract: To understand the insulation property of neutral reactor in 1 000 kV UHV AC transmission project,
the power frequency overvoltage was analyzed and the debugging data of the project were use to simulate the
potential distribution of the neutral reactor under impulse voltage.Then,an on-site withstand voltage test method of
turn insulation of neutral reactor was proposed,the dynamic stability and thermal stability of the neutral reactor in
test process were calculated and checked,and the feasibility and applicability of the on-site withstand voltage test
of turn insulation were proved theoretically.In addition,the proposed test method was verified in practical
application.This test method is expected to be applied to hand over test of neutral reactor.
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Fig. 1 System wiring diagram for UHVAC
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Fig. 2 Equivalent circuit diagram of shunt reactor
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Table 1 Parameters of neutral-point reactor
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Fig. 3 Withstand voltage for neutral-point reactor
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Fig. 4 Electric field distribution of shunt reactor
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Table 2 Insulation margin of neutral-point reactor
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Table 3 Thermal stability assessment

EIgE| |
6y/C 105.00

JI(A+-mm™) 1.74
ils 60.00
0/C 106.20

GELH A AR E I IA] Y- g3 BE (B A B i 250 °C
K HLPT AR S8 2 0l 2 AR E 2R
3.3 KERHETHREESN

SEH R TS AT AR, LR TR ET
v B AR A TR A R T 25 AL A R R A R,

TR H R TR 1 T A AR L B v T A el 1) B A 1)
£ s T 23 A, R AEIZ G 5 A ol 1) AR i R R U
iy Iy Bt ax R A0 SRR B S SRR AL LA S
SR AR TRTAL O JBCRE A, D 18] SR R AL S 5

Joyrmg x,

Sormg

5 BoHTSE

Fig. 5 Dynamic model of reactor
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Table 4 Radial dynamic stabilization assessment
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Table 5 Axial dynamic stabilization assessment

S LN PASPAVEVIR i E VAN S O A T W R )
” (kg'mm™) (kgemm™) R  mm F/mm

EE ML 038  25.00
';r 1830 66635 36.75
LB 278 25.00

4 BB ST

2 BEE 3 FT 7 19 g I T fim e Dt 2 ] 4 0
Yy X5, U, 35 205006 i R I, B0 B[] Py oo
MEPER R LR g ep . bl v s i g
T L R IR B 258.5 kV, Tl LR 122 A5 ik AR S
FL U B B0 A TR AR A 25 1 3 R 450 kW,

T 0 o AR el £ A0 AR AN U W A g v
FE T BT AS PRI % 0, 20 40 B 7 A A i T
AT ARIEE K

R T N VAR Ol N S TG i rl el ¢ P c)
P AT 41 T R 6, % o s 96 T 4R i 9 S8 4 A8
TV B3 b 7 il 5 PRI BOE — B, i 50 1T 5 S A8 B
AT UL A 6, b iZk KRS ), P AF A<
RS R KA AT

LX)

Y s

0 200 400 600 800 1000
145 45 % /kHz

Bl6 iRWHTEESATHEIET L
Fig. 6 Winding deformation data of experimental
Xof 2 36 S A M P T O € T AR AR R AT
XF T, IR 6, R WK
xo6 WEATERIGTHEI L
Table 6 Comparison of chromatographic data pL/L
BfiE) CH, CH, GCHy CH, H, co  CO,
i}

0.78 0.09 0.17 0.00 7.34 6896 86.11

0.77 0.09 0.16 0.00 729 69.06 8598

g o
ms

CHLL T 000 kV A e TR e R T B HL B
5 U1 2 5 1 v M /0N H BT B B I ) i 3t 56 A AF
GEXTG S T S R P ER i i ATP-EMTP {5
B X R R R TR 2R 48 R 0 ) HE B A b
Pt A I [B) 265 2% o 2 () R AT 4007, 18 38 T 3037 [ [

TS s 1 6 ) o A ) T P i AR B
(T ¥ i s 1 6 7 58, I KR 0 I 1 X 77 5 v Y
B TSR, X R T A AR B LT B B A E
FIFAFEE VE HEAT M, d Jm 7 B 37 105 rh Rk 1 3K
B 07 SR Al AT e SEEE T B P R T A [ T
g SIVER

SE R

[1] R R, BREESE. JRERHTAS bV /N T BEHE(T). 7
H R4 AR ,2002,28(8):9-10.

CHEN He,CHEN Weixian. Choice of inductance on neu-
tral of shunt reactor[J]. High Voltage Engineering,2002,28
(8):9-10.

[2] F BK. ATP-EMTP 1158 it 4 e He 2 36 7 v R A %
5 EAF5E ()] b F7,2007,31(5):19-21.

TIAN Qing. Modeling and simulation of UHV pilot project
based on ATP-EMTP[J]. Hubei Electric Power,2007,31
(5):19-21.

[3] Ak ZEiRam IESE. 1000 kV i d R G M s/ B BT
Job HL A48 2 KCF ). e L R 2010,38(2) :240-242.
GU Dingxie, LI Zhenqiang, WU Zhirong. Overvoitage and
insulation level of neutral reactor on 1 000 kV transmisson
syetem[]J]. High Voltage Engineering,2010,38(2):240-242.

(4] HI PR R IR TR B T P R A K BN R
[J]. B R AR ,2009,35(3):475-479.

TIAN Qing. Choice of neutral inductance and insulation
level of shunt reactor neutral point in UHV AC pilot projec
[J]. High Voltage Engineering,2009,35(3):475-479.

[5]  SB/hE B A AR O AL BRI T A

O IFER LA S B R[], Ly R AR S R A B
2015,36(6) : 86-89.
GUO Xiaobing, TAN Xiangyu,ZHU Tao,et al. Influence of
fault position and frequency on parameters of dry-type air-
core shunt reactor[J]. Power Capacitor & Reactive Power
Compensation, 2015,36(6) : 86-89.

(6] F AL EET B WS T R s

Y e AERZ R 23 BT (T]. L AL AR TR SRS 2015, 36(6) :
78-81.
WANG Yan,TAN Xiangyu,CHEN Jing,et al. Analysis of
the influence of electric field on the insulation of dry-type
air-core reactor|]]. Power Capacitor & Reactive Power Com-
pensation,2015,37(6):78-81.

[7] GB 1094.3—2003 i JJ 78 R #5505 =9 43 4a 2K 7 46 %%
T 06 A 4 25 73 SR FE[S].2003.

GB 1094.3—2003 Power transformer, Part 3 :Insulation lev-
el,insulation test and external insulation air gap[S].2003.

[8] X fEFE, WAL, & A 4R T 30 A8 M 1 5 T
i S K P B SR [C/E 1 = A T AR A T 2 R 233
W CHE VI % [5.n.],2011:406-410.

ZHAO Jiankang, OUYANG Benhong. Research on equival-
ence between frequency convesion voltage withstand and

power frequency compression test in high voltage cable



- 42 - 20174 8 H

Eudx

¥53% Hs

completion test[C]//13th National Symposium on Enginee-
ring Dielectric. Xi’an:[s.n.],2011:406-410.

[9] EBEE B B RBH A8 R A 4B R e A
JE 3 A BT[], 0 R AR, 2010,36(4):918-925.
WANG Zanji, YANG Yu. Calculation of very fast transient
overvoltage distributions in large power transformer wind-
ings[J]. High Voltage Engineering,2010,36(4):918-925.

[10] TEWekg R s Pitdh, %, VFTO N EJRHmEAn
EMTP BERI[J]. & R AR ,2006,32(3):4-6.

WANG Xiaohui, DONG Huaying, LIANG Guishu,et al.
High frequency EMTP model of transformer windings|[J].
High Voltage Engineering,2006,32(3):4-6.

[11] B R, @ E, K Ex, 5. B ERLEA N VFTO 3
FR R ST, R R 2007, 33(5):22-24.
YANG Aimin,GAO Shuguo,ZHANG Chongyuan,et al.
Modeling and calculation of the wave process in trans-
former windings under VFTO[J]. High Voltage Engineer-
ing, 2007 ,33(5):22-24.

[12] K2R, 510 INE G 5. VFTO fEH R 28 e SE 4 1y
ﬁiﬂifﬁvf?iﬂ].Faaafi££ﬂ<,2005,31();4-6.

ZHANG Xile,LIANG Guishu,SUN Haifeng,et al. Compu-
tation of very fast transient overvoltages in transformer wind-
ings[J]. High Voltage Engineering,2005,31(8):4-6.

[13] BT, B2 X2 M8, 46, 36T ATP-EMTP X 4 A5
L b AR G B R IR ) 7 R G R R T S ()], AR
ML 7 R %274k ,2006,33(2): 1-4
LYU Fangcheng,DU Xingwei, LIU Yunpeng,et al. Simu-
lation and resonance-erasing measurement for ferroreso-
nance of neutral grounding system based on ATP-EMTP][J].
Journal of North China Electric Power University,2006,33
(2):1-4.

[14] AT e 0 Ao ne i 5 /A T 4% 58 415 2R 00 0 %
HE T I 52 []]. 72 F 4 ,2010,47(5): 16-18.

LUO Junting, XIE Dexin, LI Xiaofeng,et al. Influence of
conductor in transformer winding to ability to withstand
short circuit[]J]. Transformer,2010,47(5):16-18.

[15] Ffkfli, dEd e ay A, %, 1 )28 H & N S84 4R 19 4L
BLBERE ) M S A ()], A2 4% ,2013,50(1):8-11.
WANG Xinwei, LIAN Jianhua,YU Hua,et al.

and analysis of radial ability to withstand short circuit of

Calculation

(E#% 37 )

[24] BLazo@ 2= I X E R VR 22 1 B S FGILI % %
EABEFEI]. = ER,2010,46(8):52-55.
RUAN Quanrong, LI Hui,LIU Guofeng,et al.Research on
arrangement of GIL compartment in high drop vertical
shaft[J]. High Voltage Apparatus,2010,46(8):52-55.

[25] BENATO R,DUGHIERO F,FORZAN M, et al. Proximity
effect and magnetic field calculation in GIL and in isolated

phase bus ducts[J]. IEEE Transactions on Magnetics, 2002,

inner winding in power transformer[J]. Transformer,2013,

50(1):8-11.
[16] XI 75,5k 24T, )75 1R 2% 2% 41 1t 3 Re 2 fig 1 191y
FCATEAR[T]. A8 4% ,2012,49(6): 14-25

LIU Jun,ZHANG Anhong. Simulation and evaluation of
short circuit dynamic stability of windings of power trans-
former{J]. Transformer,2012,49(6): 14-25.

[17] BN, 20600, a8 45 JE T A Ruikn kA )

Eﬁ%ﬁﬁ%bﬁ%ﬁmjgﬁﬁﬁﬁgmmmam
3214-3220.
ZHAO Zhigang,Ll Guangfan, Ll Jinzhong,et al. Analyzing
the short circuit withstanding ability of large power trans-
former based the FEM method[J]. High Voltage Engineer-
ing,2014,40(10):3214-3220.

(18] ErfE, D i, o« 4. 220 kV L J7 A8 Je 45 40 % 5l

J1 2 PERE AT, w2014, 50(3) : 79-82.
YAN Zhenhua,MA Bo,MA Feiyue,et al. Dynamic perfor-
mance analysis of winding for 220 kV power transformer
with short circuit[J]. High Voltage Apparatus,2014,50(3):
79-82.

[19] EAt i, 222 0. w48 e S8 4 3l 7 68 0 a3 ().
i LA, 2002, 38(4) : 22-25.

WANG Shishan, LI Yanming. Computation of electrodynam-
ic force on windings of power transformer[J]. High Voltage
Apparatus,2002,38(4):22-25.

[20] MUTHANNA K T,SARKAR A,DAS K, et al. Transformer
insulation life assessment[J]. IEEE Transactions on Power
Delivery,2006,21(1): 150-156.

[21] AHN H M,LEE J Y,KIM J K, et al. Finite-element analy-
sis of short-circuit electromagnetic force in power trans-
former}J]. IEEE Transactions on Industry Applications,2011,
47(3):1267-1272.

[22] AHN H M,0H Y H,KIM J K,et al. Experimental verifi-
cation and finite element analysis of short-circuit electro-
magnetic force for dry-type transformer[J]. IEEE Transac-
tions on Magnetics,2012,48(2):819-822.

Z 5 4A(1985—), 5
JE B X AR,

,LAZIE LA A AR T e AR

38(2):781-784.

R F(1964—), B i+, G A LRI, £ 2N F&HET
# & H AR A BAR A,

R H(1980—), B M+, HA T RIF, EBNFHET
* R ERARFR A AR T,

AR (1982—), B AA, TRIF, BN FHET A%
BHARBEB T S BF R AR,



