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Controlled switching strategies to eliminate the inrush current of converter transformer

ZHANG Rui', GAN Zhan', ZHANG Peng', WEN Wu?, YANG Jiemin', WANG Guangyao®
(1. Qujing Bureau, EHV Power Transmission Company of China Southern Power Grid, Qujing 655000, China;
2. School of Electrical Engineering, Wuhan University, Wuhan 430072, China)

Abstract: An equivalent circuit model considering the non-linear hysteresis characteristics of iron core is established for
500 kV converter transformer composed of single-phase transformers. The influence of closing angle and core remanence on
the no-load excitation inrush currents of converter transformer is simulated and analyzed. The results show that when the core
remanence is negligible, the phase controlled switching strategy is that phase A closes at the peak voltage moment, and phase
B and C close simultaneously with a delay of 5 ms. When considering the effect of core remanence, the no-load switching
strategy must consider the order of three-phase breaking moment as the transformer is removed, the phase controlled closing
strategy is that the second breaking phase with the largest remanence closes first. If the maximum remanence is positive (or
negative), the moment of switch is about 0.6 ms ahead of the negative (or positive) peak time of the bus voltage, the delay
time of first break phase is about 5.45 ms and the last break phase is about 6.14 ms. The method can restrain the inrush
current effectively.
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Fig. 1 Signal phase transformer model considering

ferromagnetic hysteresis characteristic
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Table 1 Basic parameter of a 500 kV converter transformer
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Table 2 No load test data of converter transformer (valve side)

14 LT HURA R/ RV ZHERVA ERBFE/ W
50%U; 60.76 0.622 7 29.7
60%U; 72.92 0.7515 423
70%U; 85.14 0.873 8 57.8
80%U; 97.34 0.995 0 71.0
90% Ur 109.6 1.137 1022
100%U; 122.0 1.469 136.2
105%U; 128.5 2.100 159.6
110%U; 136.4 5.134 196.1
115%U; 150.0 7.656 212.2
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Fig. 2 Ferromagnetic hysteresis loop of converter transformer
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Table 3 Peak value of inrush current at different

closing phase angles

Ay I %l /ms KA/ Jih G BRI/ A
0 0 0.85
25 45 -573.4
5 90 -863.1
7.5 135 -573.6
10 180 0.85
125 225 573.4
15 270 863.3
17.5 315 573.5

20 360 0.85
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Fig. 3 Inrush current peak values with different closing phases
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Table 4 Peak value of inrush current with different remanence

KAEH/C) T/ Wb Jil i F R VA A/ A
0 0.85/-0.85
0 100/-100 1.05/-1.05
200/-200 18.49/-18.29
242/-242 50.04/-50.04
0 -897.46
%0 100/-100 —821.85/-973.08
200/-200 -746.23/-1 048.68
242/-242 -714.47/-1 080.44
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Fig. 5 No-load equivalent circuit of YD transformer
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Fig. 6 Voltage and linkage of YD transformer when

phase A is energized only

2) YoD B4 A8 M 2 A O & M

W YD R AR e % A A F H A1 i 20 (ln
=0) K4, By CAHA AE AN E (10 ms) Y HUAN ]
IR S = M £ QAN E ) )R S O ) A E vl
H 5 A I 75k - B 7 BT

M7 TTRAE 24 A KR f KA I 2
4 00k 180°) KA, #7 B AHIERT S ms XA, C
FHIER] 5~10 ms KA, BLH CAHIER Sms K. B
FHAHIERS 5~10 ms A,  —AHhii BmiR /N, il
T RIS E AT 1.4 A



gk G, S UL 3 AR AU AT TR A G G A I SR -73 -
I Iaz
| AvA —> : AL
1200, ! g é
_f ]'}Uﬂ.— o Iy S ¥ EI"... B'HI ...fl‘?
S 800 T
2600 5 § % Yoy
% 400 / I
E 2000 | L5 _cH 5
UJ"'-""H---.%_ y ;o ¥
5 3 4-<‘;q ’:,(:5 33 — 9 L
CHIBMENms | © 91010° Bl /ms <, o
— = At =
7 YD BT SR BERIEES RENRIXR ' % g
Fig. 7 Peak inrush current of YD transformer with -+
different delay time Py E‘. Bl i,
5%? YD
SAHBAER G A BT N A AR I
WG 0°5K 180°) %45, B C AHIAERS 5 ms [ N o
N OCE, I = AH ik P R R 50 ok 1.319 AL =T %
0.921 A 1.099 A, L
3.3 Y,Y B YD BT EBRFH I TR XS AT L

A ET LT B MT AT %0, YoY Z i AR I 2 Fogh
BATHE, S ATREBEA LT, 248 FHAE S D4R o
ZUBENIN TG O BRI G U Y oD B i Ar e 2
BMISATI, AR = AHGE AN FRA BT, (RS
HIERE N R (BRA AR, W A AHLE R I
I %154, By CHIER 5 ms [ 5S4, 4 m] Wkl
WIS o

ARG YoY BE YD BHFREE LTI 253,
bR e, AR e i 1] 8 P

1) YoY 24 5 Y oD Ui AR Hs 2 IS AT I Al
T RAE L5

w A M RIEERN Z(=0) 54, By C AHWT
RS TTEG o T YD 24803 AR e 25 1) 1R S8 21 4 B
IR, YoY 45 YD AUt AR He g P 28 25 —
AHREER 2 BRI R, il 8 B, Btisk, BR{E B.
C HHWTEE 840 T IFWRRAS, =Rl Bk
O AR S, Wl 9 s

I 9 i LAE H: YoY 5 YD Rt A8 i 4%
FEEIZATIN, BME R A M, PR 2510 By
C ML= K/NET A M 12, 7R A A
SR it R AR R B

2)YoY 15 YD R i AR It S AT I O A
WA

M YY B YD BRI RIS, H
B W a I, YoY 8L YD AUHfiAL s &
Z I kg F AR AR EL R, AR T SO A
JEE T Il G P IR T S

8 YoY B 5 YD BT E BRI IR E A B
Fig. 8 Equivalent circuit of Y,Y and YD converter
transformer in parallel

1.0
081

0.6}

ek EL 30 A

041
0.6

0.8F
-1.0

0 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040
5§ (/s
(a) fif e el
1 500 - .

1 000

500+

il i B TR Wb

1500 - —
0 0005 0.010 0.015 0.020 0,025 0.030 0.0350.040

M1 i) /s
(b) Bk R
9 Y,Y BRI T % B mhB FR T R SR B ik

Fig. 9 Inrush current and linkage of Y,Y converter transformer




_74 - & EEY DA

B A FHIWT % 88 76 F R I I Z(1=0) KA, B
C FHAY BIAEEAN (10 ms) N BN A SE R SSA, TF
RO R - T 10(a) ] 10(b) 2 50 YooY
IR YD FUAR K 4% Jili b F A — A B K4 A BE B C
A A LI AR A R THT I s 1] 10(c) l 5 & TR R
A il R PRI (R 6 T 6 4 PR Dl s L 9 ) B R U B
B. C HSCA LT AR i T 1

I b SR A
Fey
=

y R
8 -~
CAHIE [l AED ms %10 1n°

(a) YoY B AZ TR 2

BHI & [#] 4E M /ms

iy FELSAE O /A
=

200

0" =
0] == = < 0

3 e : B

e S
56 T~ b

A T SR L e S ”

CHIE Tl EE 1] /ms 10 10 BHIZr i SE0 /ms

(b) Y DR B AE He 85

Dtk LR (A

() Yo LAY oD e 45 e f 51 R (i
E 10 Y,Y 25 YD B H BT =B R & X
IEEREXESEMBTLER
Fig. 10 Peak inrush current with different delay time
when Y,Y and YD in parallel

M 10 ATRAE H, YoY 845 YD B AR I
wIFHEAT, 2 A T RSB ZIH A A 005
180°)K4, By C A% HAERF 0~10 ms KA, H
70 He A% 0 BB L TR U B L R I TR R A B B
CAHSCE SE M AR AL U 5 Y oD 2 i A2 Pz A T
IS R A A ] o

MR AR BOE N A AL WA (FH
4 0°8% 180°)I %I 5¢4, By C AHZERS 5 ms [F]
R, AU R I IR 5, B 11 A3
Hs 85 28 BBEN IS MR . RO EE . RRZ U Y
Bt

=5 Y)Y 85 YD AR EHERREXRSATH
bt BRI {E

Table 5 Peak inrush current at optimal closing phase

when Y,Y and YD in parallel

o Jih g L A/ A
A B #H CH
Yoy 0.845 6 0.845 8 0.845 5
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Fig. 11 Inrush current, flux and bus voltage at closing moment
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Table 6 Remanence at different opening time intervals

53 AH FFWHHA/(°) BT/ W
I A A B #fl C #il A B Al C #il
0~30 8244 3924  168.66 242 -121 -121
150~210 262.44 21924  348.66 244 121 121
90~150 28872  202.68  159.66  -121 242 -121
270~330 1089 2268  339.66 121 -242 121
210~270 279.18 4878 32274  -121 -121 242

30~90 99.18 228.60  142.74 121.00 121.00 -2420
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Table 7 Best closing angle with core remanence
3 At KAL) AP PRI B/ A
R A B #H CHl A B A CHl

0~30 169.20  267.30  279.72 -2.16 -2.00 -2.00
150~210  349.20 87.30 99.72 2.16 2.00 2.00
90~150 39.78 289.26 27.36 —2.31 -2.16 —2.43
270~330 219.78 109.26 207.36 231 2.16 243
210~270 147.42 159.84 49.32 -2.31 -1.85 -2.15

30~90 327.42  339.84 22932 2.31 1.85 2.15
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Fig. 12 Inrush current, flux and bus voltage at closing
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