€ ) B #H & B

Electric Power Automation Equipment

$£39% F7H
2019 7 A

Vol.39 No.7
Jul. 2019 @

T A XSG — AR T 25 Dl 1 dnd 00 SR s

E M,FEa
(FAMKF A ITEL AHLFR FBE 81 350108)

BE AN T ERESEREBRENE LT A FE & T4 5| A — R0 R R RS P, 32 — A 373
HARTT A oA R R B S RARAEN AR EHREEFT AN TR EEROR WY 5342
F T EH TR R ARG 6 KPR R A | #E T ROR T B R R A REE B Ap ) BUE R B AR IR A 3
ARAE DI A T AR R LN B R 5 TR X R B 2 AR A M LA AR 2 A T ATP/EMTP ¢4 & 7
TRBEAAEN L @ fe b ey B AT 42 KGR BRI E E WA B8 S AMAFIE BIET Tt o
FadE ) REE R TR, AT FAs AR R Z i — A AAZHBEAROHA = RS ER
Tk R dB Al A AT R BAT ) SAA, 7T F IS Mk ke s AEAME WA S AE G — 32 ) 45 2 AR 3R ) T

& IR BT PR35 ) Kook v A 2K B A I L PR e LA 9] VR R R N 8 3% A 4
KB = A KRS AR IR A e X TT 5% R skl ;= R R 5 5 4845 )

FESEE.TM 41 XERARERD ;A

0 5§

TP HLARE ] T8 | 73 B HL ) 28 48 B0 45 Fif
CRE AT PR AP 42 1 B0 b 5 B, ) N T A 2K
R HERCR R g, (HR SR AL G 07 A A 8 )
Ak EbL 10 2, 25 2 7 A T o R R S A
SR RE 70 AR 42 ) B R B R AT DL o 42 1 O 5%
Wt/ PR A5 IR0 PR AR B 5 DT 42 o SR R B 4, 7 0
HEARRLBUI 038, F2 31 BROT 5o A T 7= AR 14 F 1
BIASHON " E B B I A 2%, S e
AL 2 TC A AT B — R S A SR R
DRI , A7 Wb A 2 6 P Y 5 U 42 ol SR g, % T 7%
FEaS SN 75, 25 48 a2 28 0y A 28 il e P 7 3
BN HAE FLR I 3% ~ 8% , SR 1T A W 25 2148 e 2%
AIRE 7 A R A R Ik 8 ~ 10 5 A FRL IR B4 b i T
o Dl B T AL 1 A A T R S ) L) 1Y i R
BEDT G AR RS SRR DGR I i, 5 R Ak
PRHEIREEE

UTAESR N T g DR SR AL (] A Sh o JT g 1
JIZ BB  SCRR [ 7-8 ] 48 R 9 sh A Az i 4
K91 555 il e TG 7 9 R L5 SCRIR [ 9 ] SR FH — o == 2
TAME A5 BIR 1 0 AL , 1% 07 S AN MR s 4 2 8K
LA i 5505 B, 5 T8 3Gk [ 10-12] A&
JReAR IR 25 A, T 2ok A AR 2 1 8 4L 1) A 2 i 4

s H #3:2018-09-21; 2 [ B #§:2019-05-01

EeUH: B R aAHAFEEF0M A (51277031) ;48 £ 4
AHHUT = 5 5AFE R A (2016H6008 ) ;4% 24 4 B A5 k&
4B B (2015]01192)

Project supported by the National Natural Science Foundation of
China(51277031) ,the Production Science Cooperation Program

of Fujian Provincial Department of Science & Technology
(2016H6008) and the Natural Science Foundation of Fujian
Province (2015J01192)

DOI:10.16081/j.issn.1006-6047.2019.07.015

TN 2R R A8 43 A B — U ) o 2 L JB%, D /N Dl
WL, g LAWY, A8 Fe e il R 18 I 0% 40 ol o ik
T2 LA TP Rl R T I %) A Mz R AT R4 i it R Y 9 A
HBLX 2 AR, /i BN E TR Z R A
PR, 33 Ay AR SR AE A X R IR AR A A R
177 2R FHAE 4 1 18 07) 42 il 55 s T LA A %30 b 410 ) 37 3,
AR F B T A3 T2 LRI,

A ) £ R ) S B 0 2 2 T 2858 e gt Dl i 9 e 1) G
SEPIE A OC SR L 1 L S i e R TE T A
75 i AR 8 ) SR s, 48 o R P i -5 0 i T
{10 7 I R A 23 48728 T P A IR B 1 A Al
TR AR ZSS Bl S, SCHR[ 14-16 ] 38 i F — 2
(AR R HL R = AHAE 28, $2 0 T P & Il 3R
W TR I S LA % B 3R 2 o] SRS | 1 2 s i
SR T A I 5% T T e L G 4 2 B g R R
A,

A B RO BRI O, AR H AR TR AR AL R 1Y
T B 2H i S [R] AR A SR BN I — A T 2 A 3
7k o ASSCER R I R H TS AR He e 2 7 =N =
AHAR R4 e FE 0I5, 38 3k 43 B A% T 4 4% DI 1 8] 1)
BERTAS AR e T A5 20 0 B Al TR I 0 B S R AR
VIR A 42t — Tl 2 1 0 A0 i 78 43 #4510 42 il 5
W& 1% )7 IO R AL TR I N S5, A Hoiz
FPARAS s R F LRGSR S 0 A 3 ATP/EMTP , 548107
F s il SR s 438 1) 25 378 T 2% A o 2 2 AR 15 310 56
RS S, B0 E T 43 FH 5 i) 5k s 00 i) il e 8 9 114
PSS RIATPE R8T A ek —Fh B A 2
WAFDAEAY = T AEBLZS AR T S 5 il 1 1, I 6]
RIGHALN 2 B 3 el M 41 A 2IF K, il 2 20 A
Jas il R W 1 Bl 2 o R 22 R M S SE R IR IE T
AR ST AR A ) SR W 1) S B T A7 B AR BIL AT R I
R IF LA A AR5 H AR B HEAl



© & 0 8 % w it %

%39%

1 SEESRE S RhRELRR

DAL IRLAR 5 AN i A = A0 B % 4 B 3 vk
SN EETT OR] , d B AL =TT 5 1 43 TR 43 AH
Ptk B NI 1 TR, 1, B2 AN R B dE A3
W FF SEE A 43 ] S R RS, s S G 0 i Sk fL 37%
Feri,r, BEZIRE IS A AH R Se i e, R A
NS 1AL ZE 5 AR S HI W L A 1 225 05, TR
& A5 5 EHAAPIA BT, Zead fil & 43R 1, J5
K WITE S5 S B A A i ad
Ab 53T, 90° FEL A JR 2 LTI R O, 80 2% R AH [R) 5 43
Wro B eyt ISR ELA SRR ] 5 e, |
Ly oo RIS AT S 04 43 WG ik & 4E3R 50, .0, 70 B 3w
A FHHLIRE BC A LR Z 05,

k|

A
oy

Trg4
ot -
NG % B '
o é da! toa . E _
B Ak 4 Z
it | fob |
[0} ; I " >
C Ak S0 :
: td‘: | toc I
Io) ) ol [

B 1 AaXFRsREhRE

Fig.1 Individual phase control principle of combined-switches
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Fig.2 Action sequence diagram of control strategy
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Fig.5 Flowchart of phase separation control software
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Inrush current suppression strategy of three-phase transformer

based on combined-switches
WANG Yang,XU Zhihong
(College of Electrical Engineering and Automation , Fuzhou University , Fuzhou 350108 , China)

Abstract ; Aiming at the problem that the primary windings may flow through the inrush current when the transformer
is switched on under the condition of no-load or light-load,a novel individual phase control idea based on combined-
switches is proposed. Based on analyzing the transient switching process of three-phase no-load transformer whose
primary side adopts the star-shaped ungrounded connection mode, the state of the connected flux linkage at the swit-
ching moment of the no-load transformer is deduced,then the optimal dynamic switching angle for suppressing the
switching inrush current is obtained considering the residual flux,which changes the existing phase control mode de-
pending on the residual flux measurement circuit and the pre-set fixed phase angle. The power transformer model
based on ATP/EMTP is built to simulate the transient switching-on and switching-off process, and the voltage,
current and magnetic flux characteristics at the switching moment are obtained. The proposed individual phase
control principle is verified and then the control law is given. A novel single-pole switch control topology with three
operation modes and logical communication function is designed for performing the individual phase control strategy.
The dynamic combination of single-pole switches can realize the coordinated action and unified control of each pole
contact in the optimal phase. The hardware control platform is built to verify that the proposed control strategy can
effectively limit the inrush current to about 3% of the inrush current in random switching.

Key words : three-phase transformer ;inrush current ; combined-switches ;residual flux ;no-load transformer ; individual
phase control
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Stability control and improvement strategy for DC side voltage of

DC-AC electric locomotives
XU Jiazhu ,HAO Mingxuan, WANG Tao, LIU Yuxing
(College of Electrical and Information Engineering, Hunan University , Changsha 410082, China)

Abstract ; Aiming at the problem of DC side voltage instability of DC-AC electric locomotives under constant power
condition, a kind of active impedance stability control based on dynamic decoupling of grid-side circuit and traction
drive system is proposed,and the improvement strategy of feedback factor is put forward to reduce the influence of
the grid-side voltage ripple on traction drive system. The equivalent mathematical model is established, and the
active impedance stability control method is proposed according to the system stability criterion. Then the effect of
stability control on the traction drive system is analyzed when voltage ripple exists on the grid side,and the proper
feedback factor is introduced to improve the control effect. The simulation and experiment prove the feasibility and
correciness of the proposed control method and improvement strategy.

Key words: electric locomotive ; active impedance; traction drive system; feedback factor; constant power; voltage
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Fig.A1 Closing current waveform of no-load transformer
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Fig.A2 Circuit model of no-load transformer
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Fig.A6 Schematic diagram of hardware module
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Table Al Inrush current of no-load transformer at random switching

S miEKE/A AMER/A  BAIERVA  CHIEAUA
1 68 53 68 58
2 85 85 56 62
3 112 112 79 83
4 81 73 81 65
5 78 51 78 63
6 92 58 42 92
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