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Fig.1 Hybrid regenerative braking energy

utilization system in urban rail transit
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Fig.2 Block diagram of classical voltage

threshold control
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Fig.3 Voltage threshold control block diagram of hybrid

regenerative braking energy utilization system
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Fig.4 Simulative results of energy storage mode
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Abstract: Aiming at the utilization problem of regenerative braking energy (RBE) in urban rail transit, hy-
brid RBE utilization system(HRBEUS) combining energy feedback system and energy storage system and its
control strategy are proposed considering load characteristics of power supply system in urban rail transit.
The topology of HRBEUS is proposed considering the structure and load characteristics of power supply
system of urban rail transit and the operating principle of HRBEUS is analyzed. Aiming at the full utiliza-
tion of RBE,the energy management strategy of HRBEUS is formulated to realize the power flow manage-
ment under various operating modes and conditions. Moreover, a hierarchical control strategy of HRBEUS
combining the DC bus voltage control and the dynamic power allocation is proposed. The validity and fea-
sibility of the above design are verified by simulation analysis,and the indexes of different RBE utilization
schemes are compared. The results show that the proposed hierarchical control strategy can coordinate the
control system to feedback, store and release RBE on demand,so as to realize the full utilization of RBE
of urban rail transit, and restrain the DC bus voltage variation effectively. At the same time,the proposed
HRBEUS can better take into account the technical effect and economy,and has certain advantages com-
pared with energy storage scheme and energy feedback scheme,so it can be used as one of the choices of
RBE utilization scheme in urban rail transit.

Key words: urban rail transit; regenerative braking energy; energy feedback system;energy storage system;

energy management
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Table A1 Operating states of traction power supply system

BATELE THFS IR
. Psc ret = 0, Pt ref = 0, Psup_ret = Ps,
=N 1 - - -
Pg400_ret = Ploada00, Por_ret = 0
) Psc_ret = Pur, Pt ret =0,
fahe Psub_ref = Ps-Pir, Pgaoo_ref = Ploada00, Por ref =0
3 Psc ret = Pdis m, Pt ret =0,
Psub_ret = Ps-Pdis_m, Pga0o_ret = Ploada00, Por_ret =0
4 Psc ret = 0, Pt ref = -Pir, Psub_ref =0,
Pg400_ref = Pioada00tPre, Por_ref = 0
et s Psc ret = 0, P ret = Ptin, Psub_ref = 0,
Pga00 ret = Pload400-Pfm, Por ref =-Pre-Pfin
6 Pisc_ret = 0, Pt ref = Pload400,
P ret =0, Pgaoo ref = 0, Por ref = =Pre=Ploadaoo
7 Psciref = PretPrm, Pfiref = P, Psubiref =0,
Pg400 ref = Pload400-Pin, Por ref =0
3 Psciref = 'Pcharim, Pfiref = P, Psuhiref =0,
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10 Psc_ret = -Pehar_m, Pt ref = Pload400, Psub_ret = 0, Pgaoo_ret = 0, Por_ref =

-Pre-Pioada00-Pehar m

o Pob rer NAEGIZRHBITIBEINZ, Pyaoo rer N 400 V EEH MBS HZINE, Po e NI SIS % %,

&
7
i
= -Pre<=PsmH
% Pre<=Pl0ad400
#

i B B el B e e 2t i
iz : I Y ok ! Gk i :l B I
70 | fEREAR 1 BEAE | : ’Pr?meE_ BA R |
T E n h ati00™ s |
w | I ) | '

<, |
W | 8 li et |
s 1A I 1 I
5 : 1! :| Y I._l:::| |
| ! ! ! |
f| Tl |1 [ Twe T3 |1 [ Twe TRs Tre || w7 TiRS R TR10 |!

Lo R Do . ] ____ —— poctees Jeeases S

B A3 REEEEREAEE
Fig.A3 Flowchart of energy management strategy
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Fig.A4 Control schematic diagram of hybrid regenerative braking energy utilization system
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Table A2 Simulation parameters of system
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AR 1.41
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il AR R BB 1670V
i 3y Fi B 3 R 1800 V
AP T R P = L 400 V
LCL I8 45 300 705 25 00 e 2.8 mH
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— LCL I 2R LA 526 uF
LCL b 2 FHJE By BH 137 Q
S PN 1 MW
I 28 A% 2 o, S 400 V/400 V
A 9 800 pF
R LA A 50 F
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RS Y2 SOC LR 95%
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Table A3  Simulation parameters of loads

BATHR  LWFES FIEETIR/MW 400 V ECH R GRS R/MW

e 2 1 0.7
ﬁg He 3 2 07
4 20.85 12
net 5 2 1.2
6 2 0.7
7 17 12
. 8 3 12
e 9 19 0.7
10 27 0.7
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Table A4 Simulation parameters of loads of mode switching

BRI THUFE SIERTIE/MW 400V e B R 0 26/ MW

7z A 1 0.1 0.3
fi#hE 2 1.4 0.3
RED 4 0.5 0.6
RAE 9 -1.5 0.6
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Fig.A5 Simulative results of hybrid mode
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Fig.A6  Simulative results of mode switching
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Table A5 Simulation parameters of schemes comparison

ZH B¢l
HRER G A 1 MW, 10kW-h
AR ﬁigﬁﬁi
R RGN 1 MW
LTWES fHRE R G4 2MW, 20 kW-h
A VES ARG A 2 MW
I P 390 A 28 AR 20 Ji JL/MW
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Fig.A7 Simulative results of comparison of different schemes
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Table A6 Indexes comparison of different schemes

WE S THER/% FaER /% WA A/ T TT
RAH 60 90 118
fi#he 42 95 190

REBR 33 79 46
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