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Analysis of Effect of Urban Mass Transit
Traction on Derating of Transformers
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University, Shanghai 201804, China; 2. Shanghai Urban Construction
Design & Research Institute, Shanghai 200125, China)

Abstract; Models of power supply system composed by AC
and DC traction modes with 12-pulse or 24-pulse rectifiers
were established by taking centralized power supply in rail
transit for example in order to study the effect on derating of
transformers caused by harmonic currents in different traction
and rectification. The study results show that the higher
proportion of DC resistance losses in the total load losses of
the transformer is, the lower derating rate is; 24-pulse
rectifier has less effect on transformer derating than 12-pulse
rectifier;the larger the traction load power is, the lower the
derating rate is. The results provide reference for selection of
rectifier system, traction type and the main transformer’ s
capacity determination in urban mass transit.
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Fig.1 Power system model with 12-pulse rectifier
24 BB RN SR AEN 157, H
WHRE2 G ESRTHIBM7.5°M—7.5°, BHH
Wik HuRIFER, BP A 24 BkEE mAE, A& 2 fr
7.

L

&

3BV [ o~ [Tl + -
2 NSO A T
N | i
c- il @ # g
o] %
I TN m—
C_
L-—H°
33kV éir .
N ?——47;%§%§T___‘
C_
|: 7.5°
A+
B+ 1 a

[
-7.5°

2 24 JFEERANEBRSEER
Fig.2 Power system model with 24-pulse rectifier

3.2 5| fhaEEal
3.2.1 HRE#ESIFR

R Rg ek 1 SR RABERES, 6 TH
41, hHitk R 2.1, Bl 4 W 3h R 2 TR K. I
B3 Fim, BT Eas 4 R BEREN, 2ET
= 207 kW, BEHE 750 V, %8 R 0w B 53T
WlgE L R, 5L M1, M2 MR G S 41 F Bk &
P PER L2, GTO TR Wt i M) i s £
VRS, L BL M3, M4 [Fj3. V1, V2 FF250 3K 500
Hz, /22 180" TAE. b T 50 IR IR 9 i FE e M
Bz, R ALLTE IR E , B SR I A i R
2R R RS

R,
SO
tll<‘] V2 L2

3 BEYHEEREIGBRE
Fig.3 DC load model of single vehicle

3.2.2 ZmESIHX

Bk 2 SER ARG T B AEE
BE R AR B, T R AR
Vg 1 R B, WA 4, Bl F, o AT AEE
KON 0" AT RHEESHHEH; U AUESEH;
T NS HAE; ] iy 2 FI0E T H R IR
DB HEESBSHHE ;L 8 3 AETHRSEHE;
Use NBAERS LR IR 7,5 40 4. AT RPLETH
TRSLTME 0 R TRERES 510 >4, PHIRIE T R
IR o B SR S B L N TR

TES WA TR e, B A T A0 o fh PO D
AR B (R BB ) #90  HmA fE A
J2 BB R Y P PR B S PR R B AR I Y L
i B B 3,

+

Uge 9-
Al wese a, >—T
oo [T e [ T P
[ ﬁfﬁﬂ%_’@_’g{% i:,j’:z%% C B A
-1, >
w8 Jia iy
' i f_éléﬁ‘ I
io| e -
D o sk DI
WM ]

Y

¥

4 BEVNHEZREHHATER
Fig.4 AC load model of single vehicle

R E¥p ek 2 SRS 2.1 K 6 T4
I %, HEEFR BN, 2 SEATERRA
sttt 3:1 Ay 8 AN E, sHEAEN B A T 7T
ABFER BRI T LA R, 73 5 %) 6
T 8 WA FHEAT 5 K, W3 Tr XA 1C4M,
B 1 SRR FIR IS 4 SEL. BTy =4 4
WL, BN 220,



%103

TREIBE. S S S| RN R R AR E AT

1599

R2 W% 2SLRES|BHIEESH
Tab.2 Parameters of the traction motor in
Metro Line No.2
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Fig.5 Network voltage and single vehicle load current
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Secondary side phase b current of the main
transformer and its spectrum in DC traction

with 12-pulse rectifier
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Tab.3 Secondary side harmonic currents peak value of

the main transformer in DC traction with 12-

pulse rectifier A

h I h I h In

1 50,738 1 21 0.030 8 45 0.049 7
2 0.0111 23 0.488 5 47 0.140 2
3 0.040 3 25 0.4315 49 0.130 2
4 0.0181 27 0.022 5 51 0.019 2
5 0.019 7 29 0.022 3 53 0.018 7
7 0.0251 31 0.033 6 55 0. 060 0
9 0.027 7 33 0.035 6 57 0.064 9
11 3.051 0 35 0.248 3 59 0.085 1
13 2.146 3 37 0.212 8 61 0.080 2
15 0.019 3 39 0.019 9 63 0.017 2
17 0.020 0 41 0.019 8

19 0.028 9 43 0.047 6
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DC traction with 24 pulse rectifier
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Fig.12 Secondary side phase b current of the main

transformer and its spectrum in DC traction
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Tab.5 Secondary side harmonic currents peak value of
the main transformer in AC traction with 12-

pulse rectifier A

h I h I h I

1 48,038 5 17 0.029 4 41 0.025 6
2 0.014 8 19 0.0335 43 0.064 0
3 0.074 4 21 0.0316 45 0.068 8
4 0.042 3 23 0.733 8 47 0.184 4
5 0.0384 25 0.5750 49 0.155 7
6 0.036 0 27 0.027 3 51 0.026 0
7 0.024 8 29 0.026 3 53 0.024 7
8 0.0151 31 0.058 0 55 0.0813
9 0.029 6 33 0.046 0 57 0.081 2
11 3.634 5 35 0.290 8 59 0.112 2
13 2.266 9 37 0.299 7 61 0.107 8
15 0.028 7 39 0.023 9 63 0.029 7
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Tab.6 Derating of transformer parameters in
AC traction with 12-pulse rectifier

THD; Vims/V Fm Frstr

9.21% 33 474,18 2.495 5 1.054 8

Pic Psa Prir Lax Ramr
0.157 ¢ 0.134 7 1.19 95. 98% 8.20%
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Fig. 14 Secondary side phase b current of the main
transformer and its spectrum in DC traction
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Tab.7 Secondary side harmonic currents peak value of
the main transformer in AC traction with 24-

pulse rectifier A
h I h I h In
1 50,516 2 25 1.001 8 49 0.182 0
7 0.026 8 31 0.050 0 55 0.090 3
9 0.034 6 33 0.061 7 57 0.097 0
15 0.0295 39 0.0214 63 0.0151
17 0.026 2 41 0.019 4
23 1.285 3 47 0.232 4
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Tab. 8  Derating of transformer parameters in AC
traction with 24-pulse rectifier
THD; Vims/V Fu Frrstr
3.30% 33 461. 97 1.690 5 1.0131
Pic Péar, Prir It Rapr
0.106 3 0.129 4 1.19 98.13% 6.18%
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Tab.9 Comparison of transformer derating

between two modes of traction
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Fig.15 Relationship between transformer derating

and DC resistance loss
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