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System Design of 3-phase Balance -Compensation Devicein Traction Power
Supply for EMU Test Line

JIANG Jia-jiu , CHEN Zhi-bo, SHEN Hui, WANG Cai-xiao

(CSR Zhuzhou Ingtitute Co.,Ltd., Zhuzhou,Hunan 412001,China)

Abstract: EMU test line supplies 25 kV voltage to single -phase traction load from 10 kV boosting. The 3-phase bal ance-compensation

system of the power supply is used based on the SV C dynamic reactive compensation. It introduces balance-compensation theory, composition
structure of the compensation devices, parameters selection and balance control of this system. The stability issues are also explored.
Furthermore, TSC circuit's parameters are optimal selected by simulation. The compensative method is novel and the performance of the
system is excellent.

Key words: 3-phase ba ance-compensation; traction transformer; TSC(thyristor switched capacitor); TSR(thyristor switched reactor)
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Fig.1 Traction power line for EMU test
3-phase 3-winding traction transformer

P,=3.15 MW
Tab.2 Relationship between loads and primary winding
currents of traction transformer (when P,=3.15MV and
the third winding is uncompensated)

1
Tab.1 Capacities and currents of power transformer and
tractiontransformer
/A
/MVA /kV
6.30 35 104 104
6.30 10 210 364
3.15 10 105 182
3.15 25 126 126

1.82 3 202 350

/A
P 1,/A
‘ ’ IA:IC IB Ia Ib:Ic
0.5P, 63 91 182 0 91
0.75P, 95 137 273 0 137
Py 126 182 364 0 182
1.25P, 158 228 455 0 228
1.5P, 189 273 546 0 273
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1100 A
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Fig. 2 Wiringdiagramof 3-phase traction transformer
3
10 MVA 400 A 10 kv
1000 A
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3 10 MVA
Tab.3 Voltages, currents and capacities of windings of 10 MVA traction transformer with 3-phase 2-winding
25 kV 10 kV
/kV /A /A /MVA /kV /A /A /MVA
A 577
B 14.43 400 400 5.77 10 577 1155 5.77
C 14.43 400 400 5.77 10 577 577 5.77
11.55 11.55
15%
1155A 1000A
I/A UAR
i 30jk,f
110 kV
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| 24 25| A5 R Fig.4 3-phase balance- compensation circuitand its vector
b L0kV/25 kY diagram
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Fig. 3 Wiring diagram of traction power supply for EMU test U 90° TSR I, U, 90°
(single-phasetractiontransformer) TSC TSR
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Fig.5 3-phase balance-compensation circuit for single-phase traction power supply
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10 ms Xisei™ Xrspa
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£:£:£:X:£:£
8 10 10 2 4
[y B Xser Xrsco Krsca™— B=0 TSC1 TSC2
1.731 10 kV I.= b = TSC3 Xisri Xisre  Xsre——TSR1 TSR2
lise P I TSR3
4.2 TSC
4
TSR
3 TSC 3 TSR 10 kV
5774 kvar 28 A Q =206 kvar TSC 3 TSC 5
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4.1 110 kv
4.1.1 2 400 MVA 12.5 MVA
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TSC TSR
Tab. 4 Turn-on sequence number and its combination of TSC and TSR

10 kV

P TSR TSC TSR
1 2 3 1 2 3 4 5 6 7 8 9
1 21 36 . . . . °
2 41 71 ° . ° °
3 62 107 . ) . . .
4 83 143 . ) .
5 103 179 . . . . °
6 124 214 ° . . .
7 144 250 . . . ° °
8 165 286 . . .
9 186 321 . . ° .
10 206 357 ° . ° .
11 227 393 . . ° . . . .
12 247 429 . . . . ) . .
13 268 464 . . . . . . .
14 289 500 . . . . .
15 309 536 . . . . . . .
16 330 571 . . . . . .
17 351 607 . . . . . . .
18 371 643 . . ° . .
19 392 679 . . . . . . .
20 412 714 . . . . . .
21 433 750 . . . . . . . . .
22 454 786 . . . . . . . . .
23 474 821 . . . . . . . . .
24 495 857 . . . . . . . . .
25 515 893 . . . . . . . . .
26 536 929 . . . . . . . . .
27 557 964 . . . . . . . . .
28 577 1000 . . . . . . . . .
p<0.11 o0 : H
| AR 2
2 TSC1+TSC2 TTHISCIHTSC2 T
] - ;
B=0.075 150 Hz T s St S
0.12< ﬂ<0-15 50 100 lISO 200 250 30IO 35IO 400
118 138Hz B
6
TSC p=0.12 Fig.6 Impedance-frequency curve of balance-compensation system
TSR4 X
13 16 10 kv 1,
X. X, 6 7
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XCI:Xcz:X(‘3=|i8 IX :||: X :||: X ] 6 b = g = IZA/\E L=1L=1
a-p | l10a-p) | [ 100-p) A 1,236 A
XXX = ﬁX . ﬁX ) ﬁX . A ITSC:A IZA/\/§:21 A
R sa-py [ 10a-p) [ [ 100-8) 10kv  C Io= s = b
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Tab.5 Relationship between 3-phase current and traction load

13 14
/A
L= s 268 289
/kw 4 400 4 500 4 600 4 644 4700 4 800 4900 4 950 5000 5100
10 kV 1,/A 440 450 460 464 470 480 490 495 500 510
10 kv 1, /A 247 256 264 268 273 272 280 284 289 297
1,/A 247 256 264 268 273 272 280 284 289 297
1./A 268 268 268 268 268 289 289 289 289 289
15 16
Io=liss /A 309 330
/ kW 5200 5250 5300 5 357 5400 5500 5600 5700 5714 5800
10 kV 1,/A 520 525 530 536 540 550 560 570 571 580
10 kV 1, /A 296 300 304 309 313 312 320 329 330 334
1,/A 296 300 304 309 313 312 320 329 330 334
1./A 309 309 309 309 309 330 330 330 330 330
6
TSC TSR [1] ) M.
SvVC 2007.
[2] - [M].
2008.
[3] - [M].
10 kv 2006.
[4] . HXp2 [M]. 2009.
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