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Table 1 Experience application parameters of IGBT

BRI (V) RS SRR () BRI () AR A
1.7 <3 (kHz) <1200 3600 <848 <1696
33 <1 (kHz) <1800 2000 <1273 <2546
4.5 <600 (Hz) <2800 1200 <1980 <3960
6.5 <500 (Hz) <3600 1000 <2546 <5092
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Figure 1 Power frequency single-phase AC 25 kV train traction system.
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Figure 2 AC 3 kV train traction system. (a) Single-phase AC 3 kV train traction system; (b) three-phase AC 3 kV train traction system.
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Figure 3 Schematic diagram of single-phase/three-phase compatible train traction system.
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Figure 4 Limit curve between traction network voltage and wheel cycle power. (a) Traction condition; (b) regeneration condition.

(3) 248 5|  HL K Ue 1£0.7~0.6 2 1), %6 JE ThEePe”
MO.8E Lk T [%%0;

(4) 4B W HEUe 7E1.1~1.152 1], %R Th%
Pe M\1.0HE 2 T #%Z0.

ERAETHT:

(1) H75| e EUe 1£0.8~1.12 8], B HThZEN
B T,

(2) 2475 5| W HL K Ue ££0.8~0.72 8], %8 )5 L% Pe”
MI1.0EZL T F£%20.8;

(3) 47 3| FHL K Ue #£0.7~0.6 2 8], % [ Th% Pe”
MO.8E L T %40,

(4) 4725 WL E Ue 1E1.1~1.22 1), %8 Th2%Pe"
MI1.0EZ T £ Z0.

St B A5 AL, FTEIAC 3kVEIE
G| LI R R 2ZE RAE T RS ERINETE. A5
RIS, AR G| L2 N A% 2 5000 V
Rk, HErE W EER g AL KRR
R S 2 A 5| AL AR = RE .

4 AC3KVEZHZRZ

FI A2 5| A GEE I 52 f R G AT 2 5 FL R 4
RICERE. xRS i RGP ARG RS, AC
3KVRHEARGMABME =M n. BlHT, 7
DA FHBRAT (1) 52 v, 55 -2l 7 2 il 32 el - it o
BLEE =553, IR AE AR =B s A =4
HzF, BUTHISZ S - Al 7, 2 -t
J7 A RE ARG, (AT DG, Sk ok 5 AR B — ke i
H, BISZ -8 =% SEDUBLANERSN T 3, Bl dtig
WA i R

AT 1 32 F - R (B =300 77 aUA7 AE )™ Lk
W, BDFZELEISAT = 2R B 0] 52 Bl A 2 ) R Bl 6 52
P 5 36 L 20 ) A N 32 rELPE BB PR AR R R RS,
M CAEAT =38 47, O T THBR IR B, A A m i
PEREFIAZ L MERE, $RHIEWIAR T — R A2
By R UM . Rz B
BE SR, FEAZ B E W ESb) AR, ES
(@) UNEEEE, 28 EHAh sz g, 2aF12b53 5 921
HERm AN, 3PN ML, AN, SR
B, 6 NRAL R, 726, S5 (b)rh 8 [ E 4L, 9
N B A HUEE . 9al19b 4y i) SAO (1 2 fi i AT R i,
LONFI L R ZE, 118, 12858 =50, 13 8FRA A,
1449 9alP) 2 Al 3.

T A 52 R I 52 PR S [ S SR AT AT
VER TR R, 76 52 R ()il 5 41 e L A T 2 )7
Al T, )RR RN 2 8 A RIS AT AR
(IR [0 52 S RN I [ FE B O R, DR 2 FL M BB T 50 5

3 :10
12

8
b 11
2a 2 2b b
. % (0)
6 4 13

9a 14

(a) (b)

Bl 5 AC3KVAtH ARG A2 iHAEE. (a) it
(b) T b=l
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supply system. (a) Up contact; (b) down contact.
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Figure 9 Schematic diagram of different power supply schemes. (a) DC 15 kV power supply scheme; (b) single-phase AC 3 kV power supply
scheme (medium voltage cable 35 kV); (c) three-phases AC 3 kV power supply scheme (medium voltage cable 35 kV); (d) single/three-phase AC 3 kV

power supply scheme (medium voltage cable 66 kV).
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Table 2 Typical parameter setting

PR EARHT SISk

e
B s av) A HH 0% (kV)
—fHAC
oy 35 2 16
ZHHAC
3KV 66 2 12 3
HIHAC
35V 35 3 16
BHAC
e 66 2 12
DC 1.5kV 35 3 20 1.5
F3 FLMEREESTE R
Table 3 Statistical results of minimum voltage of traction network
TR qﬂ}(ﬁﬂ; TP ) E ) B (V)
HAHAC 35 2531 2449 2208
3kv 66 2706 2662 2608
—HIAC 35 2713 2676 2616
3kv 66 2825 2733 2718
DC 1500 V 35 1527 1502 1458

A B T SR AR AR 2 K A 2 A ) 3 O SO RG
77 X3RRI F 7 R BT T L, RS, 45
BT AC 3 kKVHEH 7 RAEEAM: 5 T 1 5 E A

£ 4 AR TR d R RAS (AL 1270)
Table 4 Life cycle cost of different power supply schemes (unit: 100
million yuan)

o A SRR AR B

HHIAC 35 14267 32366 —0257 46376
3kV 66 11351 30605 —0213  41.744
= HIAC 35 14621 32284 —0263  46.642
3kv 66 11.696  30.602 —0219  42.079
DC 1.5kV 35 15931 35397  —0273  51.055
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o025 B R 7R 5| 2 AL 5] FpL. SR 4.5 kV IGBT
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Table 5 Technical comparison of power supply schemes
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Novel rail transit power frequency AC 3 kV mode: A train traction
system and traction power supply system

LI QunZhan

School of Electrical Engineering, Southwest Jiaotong University, Chengdu 610031, China

With the development of urban rail transit in the new era of higher speed, greater traffic volume, more safety, reliability, and greener
energy savings, the current modes of current traction power supply and the types of trains, including the direct current mode and the
power frequency single-phase alternating current (AC) mode, cannot well meet the needs of their good development. Therefore, a
novel rail transit power frequency AC 3 kV power supply mode is proposed, which mainly involves a train traction system and a
traction power supply system. Considering the topological structure of the train traction converter and the characteristics of the core
device IGBT, the voltage level of the novel current mode was determined to be AC 3 kV. The AC 3 kV train traction system is
proposed. It is divided into a single-phase system, a three-phase system, and a single-phase/three-phase compatible system. Compared
with the traditional motor train unit, the onboard traction transformer is no longer set on the train to realize the lightweight of the train.
AC 3 kV single-phase and three-phase power receiving systems are proposed. The single-phase power receiving system includes a
pantograph with catenary mode and a power receiving shoe with a power supply rail (third rail), and the three-phase power receiving
system includes a power receiving shoe with third and fourth rail modes and an electric plow with a contact band mode. A novel type
of AC 3 kV traction power supply system is proposed. It is divided into two systems: single-phase and three-phase traction power
supplies. The power frequency AC 3 kV and DC 1.5 kV schemes are studied on a certain line, and the research results show that the
power frequency AC 3 kV power supply scheme has significant advantages in terms of economy and technology.

rail transit, train traction system, traction power supply system, power receiving system, power frequency
AC 3 kV
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