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Fig.1 Ground’s auto-passing neutral section
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Fig.2 Static switching control technique
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Fig.3 Magnetic hysteresis loop of transformer core
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Fig.4 Magnetic flux waveform of core when

arm A is being charged

K5 HERE B A R oo G 0T K
Fig.5 Magnetic flux waveform of core when

arm B is being charged

| < | Dy, | W02 IFE K2 A 5%
Fo MBS AR AN (¢ ,05) (8 ,t)) B
(Y, S TF 6 K2 HnT 4,

m R AT, R E @, Dy, HIH,
WAL TF 56 K1 WP 5 K2 (A i B B TS
3.2.2 #AFATEREBANHL

VLA AE 3 43 M X TF 26 K2 A s, A8 Fe 28 mT
FVFRY R KRG @, , X R SRE R R R 1, (O
K3), WRBGERT &, W2 R 2477 AR R
Tio W K2 A Wi, AL 4 A8 R 5 8k S 1 38 R
o,

d<P, (2)

FEIE K1 AT Wy s (8] 56 FRl P ol Xof 1 F) 0 i 1 5
8 D,,.., BHFFIE K2 A B A2 Fe 85 09 B K,
DR A ) A 2% 40 A9 A B 300 43 i B9 o K
¢Omax j‘7

¢Omax = (pAmax + @Bmax (3)

A (1) AT, Bk FRU S i 4y o i R AE N

@, FIHAR Fe g0 MG R K1 &, M
d)max =&, + ¢r\max + d)Bmax (4)
il (2) X (3)HE D, Py P, KFRFE
Wy
b+, +D, =P (5)
Hi1& 3 RREALI & TSR i @, 5 1, sREGERE
o WK 3 ab B ALt 2 RN £, W ab B2
HIRERTTRE N
Ai
kg, = E (6)
K, Ai S AL [E] P A FL R B A Sl LA
(1] DA 368 1) 1 6
F A A H A2 25 T SRV B R G &, 1Y PRAR
ik

(I)sct = kab(lsm - Ism) + d)sat (7)
W T 1, AR/, AT 2N A
(‘psot = kah[sct + ¢sal (8)

1., FTARL A 25 s i 0 HRL D 4P 04 4 0 R A A
M h G LT R T Ak FL A I R A 1, B, AR R AR
Pt iR e, Bt LA RO PT SR e R 1, R
AEE Ak AR R EE T,
DAAR P28 22 sh R4 R 1], 4k e 5 ) B i) —
A«
I, = (0.2 ~0.5)I, (9)
Ko, Iy A AR AR I BUE FLT
Wh. 1, <I,,, B
I, < (0.2 ~0.5)], (10)
SRy PR IR 3l 4 Y AL A1 1 AR G 0 AT SR AR SR
I, = 0.21 W& R T R R, &
ma(5) X (8)H3 @, Py P WEEKKER
ik,
o+, +@, <k, (0.2I)+D, (11)
2 TR ] 43 BE R) A, S 7 NG K1 W] W B
), i K2 W) A i) B ()3 4 5 K1 a7 B[]
T K2 AT R, A Dy = Dy
XAEREORIIE 7 R GE ] S, MR T R A2
FH 32D 14 R 0 A AR R AR Y L R R
T AR R R AR LG R B T A R B
W s ] 9 T PR 4o 7 8 b, AR A
BEHL R BT TV RAEFIBERE A BHE u,
H
u,. = U, sinwt (12)



BSR4, BT ORI A F DAL IR R M R EOR [ 1], R T AERT IR, 2018,37(4) :70-76. 73

TR A SHLEE B A A 2 + 60°,
X L R LR TV2 SRAEBIEHE B UL uy
N
uge = U, sin(wt —60°) (13)
Rl LR N o, 78 e i D 8 2 1) S H, 34
e, SHLE & FIRARUT .

e, =- N, % (14)

" de
A, N, LR AL,
T 8 ) AR AR N

¢ = ¢, coswt (15)
K, ¢, N FRGE R IRRAE,
s (14) 3 (15) T
_ d¢ _ ;
e, =-N, & N,w¢, sinwt (16)

F X (16) AT, J86 0 L 34 B[] AR A7 L3 5 32
T8 90°

DL K2 &I R ), AR5 AR g k0 1
g3 T Rk T T+ 0 Y0 R P AT U H
JEH AR TV2 R il 2 4L B B Al T Sk Wl S W {E
BRHT + 6 YEFEINE K2 Ay,

Z IS LA bR s T, S R G i
BIF I LB B A w2 i J S T OGS PR A 4
BFHERT , BT LA AR S5 Bl A5 R S T OGS Y
FERFAFIE] A, DR 22 48 & 3% iy 2 04 B[] o] AR 4 5K
LN RV i TV

SARUE L AL A5 A B 8RS T G 5E iU Y
K B2, B ORI AR PORS B P UIA

b,o=t, +As (17)
K, ST ORLBR BB ] 50, AAHRASTTF R
R IE A R i A X L I TE] 2 AE ¢, B2 R S
RABAT AL HRASTE O FE o, B Z0 AT B AR ML R 4 52
BCASA o 2, R0 A AT TR A s T 90 R P 4T
SR, R AT SE B LG e, A2 A
Jl R TR VA

4 FE

Ry TSR AR SR B s 0 E A M, AR SR
Matlab/Simulink S~ & #3574 i1 FF 3¢ H ghad 74 X
ARG TR TR I H AR R GE A ELAAY | 530 % 8, Bl 4
B GE3t 53 AR X 7 ¥EFR P T T 5CX A it 43 A1 X
JIREIR A R O AT O L, Pi SRR 1
No

®1 HESH

Tab.1 Parameters of simulation system

SH gD
HEHLE A HUE/KV 27.5
e B HE/kV 27.5
A Hi 5 45 % Hz 50

A% g B R AR L 27.5kV/1kV

4.1 K1 B K2 A& ESEENHEE

iR T ESETRAR @, = 1.730,
Horp 28 R 25 itk i 2 =%k, [ 0,05;0.00024, 1. 2;
1.0,1.52], @, = 1.2®0,, X (6) 5% k, N
0.321A/Wb, FrLLFEE [ HF 56 K2 & W A, 25 K 2%
SGE & et @, RSFITIC S, = 1.70D,,
W, =, =0.35¢, il Kt ZLKE, #
FEA AR FE 48 B o v IBCH ¢, = 1.709D,,
BT LA R K2 A B AR e Sl ¢ < &, AT
AR AT

e LR ESECT iR A ARG
MU +0. 0012s AT A SE B0 A8 FF G428 i i AL 42 A8
JE #8 il R AR B AR B AT BT + 20. 8 AR RE I
SEAT S, (H2 R K1 WrIT i), 28 15 g8 i % 5
HFERSTER I, BT LA K W A BR8] 57 Ay i 30 it 2%
MUZHT(0°,20. 8°) JuE N, K2 MG il o 2w B
T +20. 8o 0], LRV R G S T OGR4 T
Fa A A ARG I . — b k0
HEIEEE 6 Fiw,

max

0.18 01896 _ 0.199 I

0.1872 0.1972

Fle At B EAEHLIS 0. 1834 ~0.2034s — /AN
Bl E PP 1A
Fig.6 Magnetic flux waveform of core in one cycle

when arm B is being charged

Kl 6t 7E 0. 1834 ~ 0. 2034s 33X — > JE B, 4
(@ |<0.35|@ | W78 A% #0 AN 23 7 A Dl i O
W, KR E] B 0. 1872 ~0. 18965 .0. 1972 ~0. 19965
AT 2 K2 1A 24



74 S - O S N

H37 % H 4l

4.2 MHEBE BREXEENHTE

JhREIR A 2R GE A $is B, BV FE i i 2
TR o6 B ], 72 AT B AL AR A T A0, AN T OCHE
0. 16s BT IT K1, 7E 0. 1940s M4 K2, 378 5 2% i
WEHLE w, ARG §, MO REE & IE ANkl 7
FR

u /x10*V

1

=3 U
OCDW N — O — N W
T

i/A

200 .
400 | i

-600
100

-100

-200

0 0.05 0.1 0.15 0.2 0.25 0.3
t/s

K7 RT3 I 1] AL s e Bl v
Pl P A ko S
Fig.7 Excitation voltage, current and flux waveform of

transformer under uncontrolled-switching time

HE 7 FTLVE 1 MLAAE3E A 53 X Z i HL A
IR u, SHCEE A B u, FH5F,0. 165 Y
FFK K1 Wit e, g hl TR iR, A48 R 48—
UANEL . w, 297 0, 7E 0. 1940s B 4 JF 56 K2, #L
AR EAR A IR B LR wy o F K2 AW
B BB OB KA T W ES . B 7 MINLEAR
AL R R UL AILZE AR DX TR il e P s
(B TE] 15 3T 600 A, A 1R K (A Il W4 I 7

P FRAS T OC B 73 B[], {7 25 A B SR
YRS IE] 5 A R OCG WnF 5G7E 0. 16s B, Wi K1, 78
0. 1974s M5 K2, F28 K Av il BE & w, JilG FLOT 4,
KA EE o mBIE WK 8 s,

& 8 W LIA H,0. 16s WiJF K1,0. 1974s & |
K2, B A A T — 26w 2, H R 58 20 125, 1A
FEHE I REIR U , B BLAT P D R A R B D,

o a2 R R O 1 Sl e T A N e
5 ) W S T S AE R 0 BT P 5, s 19 32 78 R 48 Db
WL w, RGBT i, MR REE o MBI INIE 9
JR

f3E L 2 A A TG K2, R 9 ATRLA
WM S A2 s g il s F, S %) WS R0 A A AT AT i 2, T

u /*10*V

i/A

WAV

2D o v Lbio—w
e

$/Wb
o =¥

[=3
S

0 0.05 0.1 0.15 02 025 0.3
t/s

P8 42 T OC 705 I ] i A% P48 Jal B
il PR B e
Fig.8 Excitation voltage, current and flux waveform of

transformer under controlled switching time

u,/*10'V

i/A

o
Wt o~ bbbl —ww
; — v

$/Wb
& 00
o © O

A
S

'
o«
(=}

0 0.05 0.1 0.15 0.2 0.25 0.3
t/s

KO Pl i & T 5 A S T 2
il LS Dl PR
Fig.9  Excitation voltage, current and flux waveform of

transformer when controlled switching at the time 0

A b

e B S S o L 1 N A SR A TR €
¢ < @, JITRERE I TE]SE A H AR s A AN 237
A TR VA , B A 2 A I R ROR B i, Y R
WTE G > D, JTXER I ]S F A, U2 7 2 it
PERREITA . 2% WA 3t I 25T S 1 B4 W T BIL A Jaly
TR AT AR R G RENS A RAH BRI BT 7L

5 it

ARSCEE X L T L AR A A DX AL 22 s i 7 A



BSR4, BT ORI A F DAL IR R M R EOR [ 1], R T AERT IR, 2018,37(4) :70-76. 75

B TR BEIR T X HLAE RN 22 5| 7= AL AN RS2 ), 4
T ST O B ) T TR R S T O
il 08 I AL ZE SR IR DA e AR i s ST
KA BFa] SR S B AL e vh i, 2
ST A AR BN N 4598

(1) B2 M A G Tl %) v 7 WL 4 Dl 1 3G
?ﬂlﬁ%ﬂﬁ* ﬁzﬁxﬁwﬂﬁ%mﬁﬂmi JEE il ARTHRI
(7= B T 2251 REPLA S 1T AR el

HEE, ﬁﬁ?ﬁ@{%{ﬁﬁ{ﬁ/\gﬁmﬂu S8 43 H %

72 53| ) FHL B I 1 AN R R

() RRG R ST LRBELTE M H S T
K G T B F OO A ARG B 1 | 8 2o v 4
FEOCHF R, BEAE 5L I i Ty AL 420 o4 Adl

(3) ASSCHR Y A T OCH 4h 1 F T B 26 Jl i
TAPCAMEN A, Pk b — AT RS B L
Fa Sy A AT AR R F PG R WT RLE AT R T
L LS AR IB AT B | () A 3 4 T 2k H % E ) L
et ) e

S ZHk (References) :

[ 1] fHEE, B, #ESE, % (Ran Wang, Zheng Qion-

1 3 AN ] AR H 5 ik 2%
Giad H R I AFFE (Study of over-voltages elimination
with uninterruptible power supply of auxiliary power sup-
ply system) [J]. #iE2~H (Journal of the China Rail-
way Society) , 2016, 38 (9): 46-51.

[2] #E5 (Du Yuliang). 3 Z 40 B R 6 A Wr i 2 AR A

5% (Research on uninterrupted power supply technology

glin, Du Yuliang, et al. ).

for the auxiliary system of electrical locomotives) [ D].
JbE. Jb a2 K 2% (Beijing: Beijing Jiaotong Uni-
versity ) , 2016.

[3] EILA&, £%, skHE (Wang Kaidong, Wang Yi,
Zhang Mingzhi). 12kV E25 Wil % 21 DU 25 K WAL
BY1T (Design of half bistable permanent magnetic ac-
tuator used in 12kV vacuum circuit breaker) [J]. H T
AL 2 R (Advanced Technology of Electrical Engi-
neering and Energy), 2017, 36 (4). 29-36.

(4] ket ERE, ¥, % (Ge Wenqi, Wang
Youhua, Chen Xueguang, et al. ). HLJJ7F A%k 00 %)
LI 5 H1 55 )7 ( Method to measure and weaken
the residual flux of the power transformer core) [J]. i
THiAR24R  (Transactions of China Electrotechnical So-
ciety) , 2015, 30 (16): 10-16.

(5] M, MIEK, ¥, % (Jiang Xiaofeng, He
Zhengyou, Hu Haitao, et al. ). 532k #4348 1 1
BRI (Analysis on electromagnetic transient

process of electric multiple unit passing neutral section de-

B2~ (Journal of the China Railway
Society) , 2013, 35 (12). 30-36.

[ 6] BKFHSRM, =I5, @EME, 4 (Ouyang Lecheng,
Wu Guangning, Gao Guoqiang, et al. ). KR ES W
BEAR B AE o R LR WESE (Study on vehicle-
mounted vacuum circuit breaker switching overvoltage and

T HAERTHi R (Advanced Tech-
nology of Electrical Engineering and Energy), 2013, 32
(2): 8791.

[ 7] {520, B8k, 5K#F, 5§ (Fan Xingming, Ge Lin,
Zhang Xin, et al. ). ETHEAH G W H A 948 e 28 il g
TR W B 43 M1 ( Analysis and simulation of power
transformer inrush current based on the phase selection
switch technology) [J]. B EH#¥ (High Voltage Ap-
paratus) , 2014, 50 (2). 54-59.

[ 8] fdell, MMk, Kk, % (Qiu Longgang, Zhou
Fulin, Zhang Yonglan, et al. ). 3T PSCAD Rl 41
MR B R Ay 1545 FOAFSE (Simulation research
of over-voltages of the locomotive during passing phase in-
sulator based on PSCAD) [J]. H 1274k (Journal of
Electric Power) , 2014, 29 (1). 451-456.

[9] BB, 255, B4, % (Tian Xu, Jiang Qirong,
Wei Yingdong, et al. ). T WA U e £k £ H S AR
e A AR AN T HL S S MR AR MIESE (Two-

phase modular multilevel converter topology study of rail-

vices) [J].

its protection) [J].

way uninterruptible phase-separation passing device )
[J]. M E AR (Power System Technology), 2015,
39 (10): 2901-2906.

[10] #HHK (Xie Qutian). L JIHL A3 43 A il 2 A i 7
5T ( Research on magnetic transient for the passing
neutral section of electric locomotive) [D]. ffifH. F1E
K2 (Hengyang: University of South China) , 2015.

[11] B-RE, ZEHE, XIVK, % (Ran Wang, Li Xiong, Liu

HTET A Bl 3k 73 FH PO OG D45 B I 2

FEWFFY (Research on transient process of ground’ s auto-

AT
A2 (Transactions of China Electrotechnical Socie-
ty), 2011, 26 (11). 150-155.

[12] Z#l4, 3, %) (Luo Liquan, Wang Yi, Chang

HLTAILZE B Bl 40 AH XM 50 B (Analysis

of inrush current during auto-passing phase of electric lo-

JE AW KM (Journal of Beijing
Jiaotong University) , 2011, 35 (6). 57-61.

[13] Z=dioo, M4, #F 4 (Li Zhanyuan, Zhang
Weihong, Du Xiuhong). T 758 4L 76 30 il A8 K 45 25
A9 il G U P 9 B2 52 4 ( Applied example of

pre-magnetizing winding in suppression of no-load switc-

Bing, et al. ).

passing neutral section at switching time) [J].

Guang) .

comotive) [J].



76 S - O S N 5537 & 4 ]

hing magnetizing inrush current of transformer) [ J]. 2 MMC BTE EE R B, ) H, A8 R 2% il o e vk 45 B (Fault
JEZS (Transformer) , 2013, 50 (3): 34-40. characteristic analysis of power electronic transformer
[14] WEE, ZEmEMy, BEWg, & (Zeng Yaowu, Li Xi- based on MMC in distribution network) [J]. Hi T.HLHE
aosong, Chen Meng, et al. ). HLEZEG|ILRHBEHE HEAR  (Advanced Technology of Electrical Engineering
¥ s R T R AR M 43 BT ( Magnetizing inrush current char- and Energy) , 2017, 36 (5): 34-41.
acteristics of locomotive traction transformer no-load switc- [16] 5kf2s , F M (Zhang Baohui, Yin Xianggen). Hi/fj
hing) [J]. BB E5F R2EH (Journal of Electric ARG 4k B R P (Power system protective relaying )
Power Science and Technology ), 2013, 28 (4). 19- [M]. dbxt. P EHESE R ( (Beijing: China Elec-
24. tric Power Press) , 2009.

[15] JA#E4  #x7K ¥ (Zhou Tingdong, Xu Yonghai). F:F

Static switching control technique for suppressing inrush
current of electric locomotive

HUANG Jing-guang' , ZHAO Jiao-jiao', LIN Xiang-ning'>, SHEN Tao', LUO Ting-ran'
(1. Hubei Key Laboratory of Cascaded Hydropower Stations Operation & Control, China Three Gorges University,
Yichang 443002, China; 2. State Key Laboratory of Advanced Electromagnetic Engineering and Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract; For electric locomotive passing neutral section system, the magnetizing inrush current has adverse effect
on the electric locomotive itself. A static switching control technique for suppressing inrush current of electric loco-
motive is proposed. Power electronic technology is used to control the voltage on the primary winding side of the lo-
comotive transformer by controlling the timing of the static switch. When the magnetic flux of the transformer core is
near the zero point and at the zero point, the switch can be open or closed. Besides, a method for judging the
switching range of a static switch is proposed which can determine the switching range of the static switch. When
the static switch is switched on in the range, the main transformer of the locomotive will not generate excitation in-
rush current. Using the proposed method, the simulation model of electric locomotive transformer for passing neutral
section is established, and the simulation results show that when the electric locomotive is in excessive phase, there
is no excitation inrush current, and this system can effectively inhibit the switching inrush current generation, and
verify the effectiveness of this method.

Key words: excitation inrush current; static switch; time control; passing neutral section



