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Fig.1 Main and equivalent circuits of traction drive system
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Fig.2 Equivalent circuit with stability control

2 (2) A (8) , IR N

dv(lc . . .
E_ LL_Linv_l’damp (9>
3K 91 aau‘ 3K s[ s{)rv
idam = Sl + o ( 10)
' 2Vdc 2V(|c

py b RT3 E ) B AKX (4) o,
T R BN -



66) & 0 8 % w it %

%39%

3V, I,+3V, I, 3K.1,+3K.I,
20C  2V.C
A (LD AT, LSS 5 A 5 A B f s
RS EFAAE BRI, 145 340 K, (K, R3S, s
it 2, T R AR/, DT 52 M0 2R 48 BH e R Y
0w, (4) A A AE 0, T, RS2 B AL
RGO F T A AR 2 A A — o )
P85 28 5 4% 3 R G0 sh A ERE 0945 | [0 15t 2R H000 1
BT
3V, I,+3V, I 3K,1,+3K.I,
- =0 (12)
2V: C 2v,.C
W BT d BhEL ¢ BhimlisfE =, W K,
qumﬁﬁﬁz
Vil +V, I~ 2P

(11)

e j K V(ls [(ls + Vqs Iqs 2Pe
153 =

) 3 Vdc Izls ” Vdc Iqs ) 3 Vd(: Iq.s
(13)

ds
Vdc [zls

TR RE 42 1 i A A 26 PR AL

R il (V“’*—K j+ 3y (V“*-K ] (14)
L2v,c\y, ~*)2v,Cy,

X EEX(6) P HI, A ¥ il 3 Ak el A [l st R B
Mg T Z S ETIRE R E A
HORYE RG s 1T OB A B Il i3t R 5k, A F T
PR G RE M, FFIPHAE DR T A5 | AR By B
HEHR .

3 RELEHOR R BE R

SR F T 5 A SR B, AR A E T T
[l 5% 28 Ot 42 il 48 ) R AR FRL AL AE 50 o 5 g Bl
H RS b A AN S U O TE RS E B
e i B[R] ISSREIE SO IR LT, W S 1) 5
[l 52 BB RE = AR, A SGE S T L AR
SEFEH USR5 0, (0, X8 BN H T A 5200 4
] 5 28 Bl S

LAY ML H A 3 B0 i =R L AN
iy AR E | PR B L v, B R U R
S RURESLUE , 5 H RH FER N o, o, 1 A
FARRN kmeo, BYSCUE, Herb ko BRRE 20, m
RO R YA AR, B AR GE TP LU SO
v, =V cos(kmw i+, ) , o V! g m R SR T I
1B, @, N m RECEFEAHS, W RSTE d g B A
Wl o

;;(’ls: deUh: K(ls z VI,TlOOS< kmwgt+(pzrz>
moc: 1 ( 15)
vV =K v,=K Z V! cos(kmw t+¢, )
qs gs“h qs ] m g m
m=

[ 5 S A5 5 38 o A7 PR TP 1 P T R A

BRSO AR 0 3 B, th T2
BRSSO HLHLE T d g B JE 3 T S0t
S50 SECHE O L BLAE TP AL, 0 T 2
B R, 2 5 R PO R RS,
LA A LE T d g B0 o 3 3t i
40 b7 LA TR @, = hmao, B m=1, A4
3 AL [REC S B o, 0 A BIAE L d g BT
61 L IF Bl A BRI LA A R o, TERE  EL A I AR 22
m/2 0N BN R G A BLRE T A B
o

v, =K, Vicos(w,t+¢,) cos(w_t) (16)

. =K, Vicos(w,t+p,) cos(w t+m/2)

s

B3 gugmiEExERHEER
Fig.3 Voltage vector control phasor diagram with
ripple feedback

1 T80 R I 32 B T AL T [l i o
AR LB A 28R S0 L TR AR T LR
B, HMLE RO EAE R L, SO0 SRR A A
WP

1
= L—jvhdt (17)
k

¥ v o, SPBIRAGE(17) BT AR ARG 78
RALE T d g SHB0H AL 250108
o, ViK sin(o,t+e,)
" L(e-e))
o VK cos(w,t+e,)
) Lk(wﬁ_w:)

EC(18) AT, R T d S ¢ By
SOMAIEREST, M5 R K, 5 K, 1 HUE X S0 H
VA EHREM 2 5t 280k 0 I, S0 S5 45 Tl
90, RS T ORI AR E P, [ I AR 0 20 L R
R (AT, 7E RG 1A d BhEl g Bl 80k i R AE o [l 15t
HAEOLT , d Fhin i R EORME K, 5 o Bl 5 R4
K, o,/ 0, B RS R

AR 5% A B3R, WOk TS d B g Bhial
IR 5 RS 1) B O S0 vl e B A5
3V, 0,K, V' sin(w,t+e,)

Vae L(“’ﬁ‘“’f)
3Vie K, Vicos(w,t+e,)
Vie L(w;-w?)

(18)

l’hqs

vhdr’,d =at

(19)

Uhdt,q =ot



%78

PRIITRE | 5 . AR rh ML 0 P R o 3y v @

Vi
o=
LCw;-j(RCw, ) -1
R+jw, L
" LCw —j(RCw, ) -1
AT A5 7E 5 | A S B0 T 1Y 0 80
JE, = (19) W] 0 B A A S0 s el PR 43 2
T — 555332 HL R S0 fL R S5 0 S 80 i, S H
A R B 5 J5 — W 0 32 M S0 fR 5 5 L i
TCIFRZ M 2 A VA AT FE i 1] 5 348 o %) mi s 08 Bl
RIVES R s il = A P SO AT VR BT . i/ N N
JE By, b SEIRAT PR S0 BHATT Y fe R AR R AR A =X
(12) A=K (19) PR AR E 2 15t R Ak R
3,3‘/1 w,( V}T _Vh)Kda
Vie L( wﬁ _wf )
KoK ‘_@ 3BV o (Vy VK,
T Ve L(eg-el)

ot Vi BB SRR (L V, Ok S2PRACE T
WML, ARAR (1) | o5 8 I T — B i
BRE /. st (19) T, v, 9 B TN 0,
BISH IR ,/o, 137, 4 14 R BOR IR, AR
T g BT A KB SO B, ORI d gt
BB RIACT o BRI LT 0 3l T o
FLOH MOt R B AR i 4 PR TR, 7T SR AR
S5t D o Bl , S A St i
T 0 LA F T B e M

4 HHSZR

AR SR R a4 O 28, A TR BB AR RE 45
HE , s 5 R R R (e 5 L R A BT 0
FER A, 278 i a vk e MLE A7 45 i, 3 i v ) A
FE ) 1 5 e 5t 2R B SR 1 4 BT, 1T A5 4
HEE Gn [ 4 Fr s, 4 Simulink X 88 58 5 5 24707
HIHL

%3)
A%

n‘wr

(20)

K(is = de +

(21)

ATA

— i (13) R R it f%z[::

= Ko A PR S |

RIS B i
del K, l

gs

B4 HEARREESSHERBIER
Fig.4 Block diagram of active damping stability
control and improvement strategy

H L IFEET RT-LAB S25F- &5 YEAT 2B 30 UF , #2125
PEPE DSP2812, SE G S Wi B 5% B1, K 4
Lo, 0 53R A A A E . )

R RE FREEE AR AR T, RS
4.1 FERIE
R UEA SCRR R TR ROR , e e TR A N

TEH, B R GERTE AN AR, 5 il i e 454
7 Nl R GERE AT DA, ol R AR 4 1
WS PRV E I EE T 70 Hr

K5 AR IS A IR BB AR R $ i I i) 2
G o RINATGRE i 05 AT e 3 20 7
EAH, RGBT IR, 5.6 s B, RGR L H
UL AL AR T, th TIZRESEOE
AR (6) B R GU A PERIIE Bl e L s | HL R
WATREIRD, 2 6.3 s g i I LA IR IR 5
PR, H AL Z 2w BRI 2R % A, al Al
S LA AR BOR B D) A e 2l T SC o Bl A,
ELM B AR E LA S RGeS AR TR
K AR E FEhlIm , 5 R gLk AE DR T
Jo R RGTIHER T BLE RS TAET A SR )E
AR, BUIT RO e % 55 22 5 L B R, RS 1T
AR RN Z AT E R L, &5 5 k5
iﬂﬁa‘?ﬁ%iﬁ_ﬁ,%ﬁ&ﬁ%fﬁﬁo {ELTR] A A5 s il
RGN AL B R G AT, R R R
HV‘T#F@% SE ) R8N, 500 e B Y 1] 45

FAARR AR E P 0 2 5 145 Bl R G ) 5200
300 — B
e
idm—

5.0 5.5 6.0 6.5 7.0 7.5 8.0
t/s

B 5 RMANEMANEFERERGERS MRS

Fig.5 System waveforms without and with active
impedance stability control
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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

control
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Table B1  System parameters

ZH Hl ZH 1l

MM E R/ 1500 SE T HLE/mH 31.4

ERHIEFYGERIENo) 0.2 T IRPL/Q 0.078
JEP BUE/mH 6 7 H & /mH 31.4
SR IMEF 8 FL T B/mH 30.4
BHLER (KVA) 350 SO IHZ 300
SEFIRFH/Q 0.17 SOKEAEIV 50
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Fig.B1 Waveforms of stator current and torque with improvement strategy
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