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Fig.1 Structure diagram of new-type cable
traction power supply system
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Fig.2 Connection diagram of main substation
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Table 1 Basic parameters of 110 kV cable

e REEB ERE  GRPE AR
HA%/mm JE R/ mm JE B/ mm JE B/ mm

400 23.8 17.5 2 4.0

500 26.6 17.0 2 4.0

630 30.1 16.5 2 4.5
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Fig.3 Structure and laying method of cable
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Fig.4 Model of cable line consisting of several units
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Fig.5 Cross-connection grounding mode of
metal sheath for cable
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Table 2 Impedance parameters of cable

A/ zce/ 255/ zcs/ 2cs1/
mm? (Q-km™) (Q-km™) (Qkm™)  (Q-km™)
200 0.108 9+ 0.144 2+ 0.049 3+ 0.049 3+

j0.707 5 0.647 9 0.647 9 j0.516 3
00 0.096 4+ 0.141 4+ 0.049 3+ 0.049 3+
j0.700 5 j0.646 1 j0.646 1 j0.516 3
630 0.086 6+ 0.137 9+ 0.049 3+ 0.049 3+
j0.692 8 70.643 7 j0.643 7 0.516 3
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Table 3 Capacitance parameters of cable

BWHH/mm®  Ces/(Fekm™)  Cgp/(Fokm™)
400 1.537 0x1077 1.066 6x107°
500 1.688 3x1077 1.095 4x107°
630 1.878 1x1077 1.016 1x107°
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Fig.6 Equivalent circuit of CTN
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Fig.7 Schematic diagram of current distribution in single CTN
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Fig.8 Schematic diagram of current
distribution in double CTN
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Fig.9 Impedance characteristic curve of CTN
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Table 4 Condition of daily running trains

gl DEOHT RETAIR FAEII
bk 2l /A HHE/A
2.0x10* 48.6 600 1 000
1.5x10* 4.8 450 750
1.0x10* 35 300 500
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Table 5 Parameters of 220 kV external power source

At AR, SHEEAES  FEARAVHME/
AR (MV-A) JE BRAB % (MV-A)
IEH BT 5 000 1.3 65
BT 5 000 2.6 130

TN 630 A BEBATH B FE A8 L BT R X B T
Y Fis AT T2 20 000 t 3P4 16.3 min 4]
BRI & 2 Ry B e A A B B8 %A, B AR R
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Table 6 Capacity of main substation

MV-A
F2 AR H, i e AR KEAER TR
A FARERR 213.5 238 4x120
[F] P A 148.5 227.5 2x230
B FAER 209 235 4x120
[ P2 144 222.5 2x225
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Table 7 Capacity of traction transformers

HRaR, KRR, RERE FEERR/

258 AR R
| (MV-A)  (MV-A)  (MV-A)  (MV-A)
1 31.08 39.16 40 63
2 39.44 49.69 50 75
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Table 8 Parameters of cable

Bmpy  Kp/

g WEBY K, o || ey " %
mm km mm km
1 400 41.3 1 8 400 36.4 1
2 400 48.2 2 9 400 32.0 2
3 500 37.1 2 10 500 47.4 2
4 630 32.3 2 11 630 42.2 2
5 500 34.4 2 12 500 43.7 2
6 400 39.8 2 13 400 44.9 2
7 400 48.8 1 14 400 38.6 1
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Fig.10 No-load voltage of CTN without compensation
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Fig.11 Switching process of shunt reactors
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Table 9 Capacity of shunt reactors

FFECHBTAY AR/ (MV-A) || FRECRPIA AR/ (MV-A)
1 6 5 21
2 19 6 21
3 24 7 17
4 22 8 7
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Fig.12 No-load voltage of CTN with compensation
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Fig.13 Voltage of CTN in close operation condition
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Fig.14 Voltage of upstream and downstream contact

0 50 100

network in close operation condition

4.5 BFFMESH

B L e AL R Ty SR T AR BRI AL 4 B T
TR K NI B3 1 )32 R T, AL 458 i 2 8
WA ,630 mm® Y YJILW02-64/110 ik 45 84y
295 4.54x10° JC/km . Z55 3CHR [ 13 ] T RO ECHE
SRR A A e 5 SR L 4 R g AR IR A
GRS | 22 o I A L A 5 | R B — AR B
BLAr N 10— 14 PR,

i e R 5 SR AT LU M, B B r 4
P 07 R EAT LU R 25584 o

a. T4 A Sl AR E R RTAE S, LU
ML S A ) AR 580 5 IR TAR A IS LT

F 10 YO —RMERHE

Table 10 One-time investment of cable loop

SRR AT b VA s 97 W % KEg/ A/

B/mm? (FHIC-km™") (I -km™) km Jiot
630 45.4 29.6 2 745 22425
500 37.4 29.6 2 162.6 42 439
400 31.3 29.6 2 164.9 38 009
400 31.3 29.6 1 165.1 22833

2 E T 125 706

F 11 SMERERIE—RERR

Table 11 One-time investment of external power source

FEL YR B/ Hpf W/ JTIE
A L R 2 24 10 000 J3 0/~ 20 000
220 kV [a]FE 44 300 J5 oo/ 4> 1 200
Rt ik 4x30.65 km 80 7 7T/km 9 808
AT 31 008
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Table 12 One-time investment of traction transformer

ﬁ?)ﬁ%‘%ﬁ) WG B TEaT) BT
40 8 432 3 456
50 8 540 4320
63 16 680 10 880
2B 18 656
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Table 13 One-time investment of main substation

B ZHE/(MV-A) Ay BoE /o
AR A 5| AE R AR 120 1296 iow/ &5 4 5184
[RIAF A M 455 1.470/(V-A) — 63 700
220 kV MR IR — — — 31 008
W BT 99 892
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Table 14 One-time investment of CNT

15 A b
G| AR A 18 656
FEL 45 7] i 125 706
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PRI 150 762
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Minimizing leakage inductor current RMS control strategy of bidirectional
three-level DC-DC converter
LUO Deng,SHU Zeliang, LIN Hongjian, KUANG Zuhang
(School of Electrical Engineering, Southwest Jiaotong University , Chengdu 610031, China)
Abstract ; Aiming at the large stress of switching devices and low transmission efficiency of converter when the gene-
ralized bidirectional isolated DC-DC converter with two-level H-bridge topology operates under the phase-shift
control mode, a scheme with the minimizing inductor current RMS control based on the three-level half-bridge topolo-
gy is proposed. The proposed scheme replaces the two-level H-bridge topology with three-level half-bridge topology,
and adds the corresponding control for the leakage inductor current RMS of transformer to reduce the loss of converter
and the stress of switching devices and improve the transmission efficiency of the converter. The control curve is plot-
ted and deduced detailedly based on the expression of inductor current RMS and the condition of ZVS( Zero Voltage
Switching) ,which is used to design the key controller based on FPGA. The experimental platform is established by
using SiC MOSFET. The experimental results show that the converter can be improved in aspects of the voltage
stress , switching loss and transmission efficiency , verifying the correctness and feasibility of the proposed scheme.
Key words: DC-DC converters ; minimizing leakage inductor current RMS control ; three-level half-bridge topology;
phase-shift control ;leakage inductor current of transformer ;transmission efficiency
L
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New-type cable traction power supply scheme of electric railroad
ZHOU Ting, XIE Shaofeng
(School of Electrical Engineering, Southwest Jiaotong University , Chengdu 610031, China)
Abstract ; Electrical sectioning and power quality are the main technical problems restricting the development of
high-speed railway in our country. To meet the development needs of high-speed railway, a new-type cable traction
power supply mode is adopted. Considering the coupling effect of cables,the single-phase cable’s electrical parame-
ters are calculated. The current distribution rules and equivalent impedance of single and double cable traction net-
work are deduced based on the equivalent circuit of cable traction network. Taking the actual track as an example,
the power supply scheme of new-type cable traction is established, the capacity of main substations and traction
transformers and the type of each cable section are determined. The feasibility verification and economic analysis of
the proposed scheme are carried out. Simulative results show that, the voltage of cable traction network of the pro-
posed new-type cable traction power supply scheme is in the corresponding allowed voltage range in either no-load or
load condition , meeting the demands of traction power supply ; compared with the existing power supply scheme,the
new-type cable traction power supply scheme has obvious economic benefits.
Key words ; electric railroads ; power supply mode of cable ;electrical parameters ; current distribution rules ; resistance

characteristics ;scheme design ;economic analysis ; power quality



