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Power Supply Design of Ground Regenerative Braking Energy Utilization
Device and the Energy-saving Effect Evaluation Indices

LIU Wei, ZHANG Jian, MA Qingan, ZENG Jiaxin, YANG Qianfeng
(School of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756)

Abstract: Energy feedback systems and energy storage systems are widely used in urban rail DC traction power supply
systems. Aiming at the design of a power supply system with ground regenerative braking energy utilization devices, this
study first builds power supply calculation models for different ground regenerative braking energy utilization devices. Based
on these models, the theory of optimal design and operation of the power supply system is proposed, which takes the
comprehensive cost of the system within the lifetime of the regenerative braking energy utilization device as the objective
function in the design phase, and the system traction energy consumption as the objective function in the operation phase. To
evaluate the energy-saving effect of the power supply system with ground regenerative braking energy utilization devices, two
energy-saving effect evaluation indexes are proposed, which measure energy from traction energy consumption and main
transformer energy consumption, respectively. An online monitoring and control system based on an energy-saving effect
evaluation is proposed. Finally, some ideas for the design of the power supply system that should be adjusted are presented,
which provide a reference for the system design.

Keywords: urban rail transit; regenerative braking energy utilization device; power supply design; energy saving evaluation

Wi HE: 2021-08-06  f&[E1 HE: 2021-08-24

E—EE: &, B, L, BIEE, ARTEIETHAEESIHERZERSHERR. BEHDEEFNH. ZFEBRARNABN
5, liuwei_8208@swijtu.cn

IR X, ki, DRE, & ShEBELEHEETAXENHEBRITTTRIERTMEL]. BHRQZE, 2021, 34(6):
32-38.
LIU Wei, ZHANG Jian, MA Qingan, et al. Power supply design of ground regenerative braking energy utilization device
and the energy-saving effect evaluation indices[J]. Urban rapid rail transit, 2021, 34(6): 32-38.

32 URBAN RAPID RAIL TRANSIT



WA ik T 2L T A T A R R, L RS
FEIC) ) U BRBRTE L, BT 0) BE U ) AL, T P24 )
5 BE 5 A F 2% & (ground regenerative braking energy
utilization device, GRUD)}¥5 RN ME T 1%, (H
WP GRUD [ BEBCR TG E 8. Alfieri 25U A
AR EIBATEA R R 220, JFR i an Rz de
AR A5t E (energy feedback system, EFS), 13%[¥
A REFENT T4, LR AR E A 7%~
19%. HLRACEP RTINS [ 42 ) B 1 REAE 22
B K A]IE 27%, FE R G B R P RERE, & EFS
RYBEAEPET 10%% 40%. X5 GRUD [HfLH R4,
IV IR G B R PP LY BE SR

LRI GRUD [ &R S8BT FI1T RERICR DAl
A ELEMVER . SCER[4132 7 — M=% & EFS A&k T
VERI IR T e A At it 5L, SRS AL 1
b T 3 i FiE 25 ' (energy storage system, ESS)f M G
A, JE¥t T ESS 2R DI HENg o STHR[6]4 5T T
2 J8 T A A AR 1) 00 R AR i 2 AL T A
R, SRASE kAR S E K A% . 71 GRUD (1]
ARGevert i, SCHR[7-91RE L. 1 B A= MR 4 i 2k e
FEERMPASE MRS, TR0 R AR R RS
Al T R A RO B T AT . STHR[10] 42
ST AR G |4 AR el AR ] i R L A B AG A
o SCHER[115E TR AR EFS 193 2 R F R
HIATA . LA ESCHREY K% & 1% 5 — GRUD Kt
iR N5 e T = 1 P SR o R TS K
WA, B EFS F1 ESS W& Bl B,

SN T AN GRUD [E R AR, 4
A 0 GRUD( [ £0, 7 EFS R ESS) L (A5 AL,
MBEHBir BOAIE 5 i B A A B 48 57 H b e 8. TR
MR G S REFE A RN 2875 | BERE AR P32t 779 RE AR VAl
Ty, JFea i ELRE IR ST RS S . B e,
4 T GRUD ([t i R GEAE BT I W AR 1 L
FEK
1 £ GRUD Myt %R S

Ate

S H AR e v A R AR P AR
HERHA, MR RGBT LA T I — T AE,
ERAIOERGM N A5 ARPTsE
GZ ARG RN R B, F725% GRUD £
P R G 3T A

B B AL F BB T R BT R i T T BEFT R P IE

1.1 GRUD it H&E5

S SEUR AL i R G IR AL, b da s R
SRR, SR H R G R B R S5 R LB AT
AT 24 BRBEAS rT i AR 2 S 0 B ik
Wk 1 FTRM Uy AL 43 590 8 B LR AT S 14 o5 v
FRMRE RN o A AERMLAL DR KA Uy F 1,
AL B AR S T R R L Pas Qg
JAERMLA AL TN DI ThA . BT n, NEERiA
WBs & N BERAR IR B AR L &, A BESHLAL T AR
K, W 0.995; Py WAERAHLAH HAR S 2. g
TR AR (1),

Uity 1k
L
——C0O— Ua
Py, Oy Py

K1 RS AL R

Figure 1 Equivalent circuit diagram of rectifier unit
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