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Design of metro-vehicle capacitor energy storage device
ZHOU Yaopei, WANG Bin
( CRRC Xi’an YongelieTong Electric Co., Ltd., Xi’an 710016, China )

Abstract: The working principle of the metro-vehicle regenerative braking energy capacitor storage system is
analyzed, and a structural scheme design of capacitor energy storage device(CESD) based on modular design
principles is presented. A 3D simulation model of CESD is established, and thermal simulation of internal cooling
system is analyzed; Then the rationality of internal cooling system is verified by device temperature rise experiment
and wind velocity test, the results shows that the CESD fulfills the product design request, and solves the problem

of bad cooling effects in CESD with major superiority in volume and power.
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Fig. 2 Main circuit principle of the CESD
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Fig. 3 Distribution of electrical components in the CESD (front view)
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Fig. 4 Distribution of electrical components in the CESD (back view)
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Fig. 6 Control strategy chart of the CESD(Energy)
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Fig. 8 The performance curves of fan
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Fig. 9 Air velocity cloud picture in the CESD
H T Rk ar S A A B R, B )
I 20 B & I I B R AR B, R AR A
HJ5 B AT, (RN BCHA 2 IR 2 )
SR 2R AN IR RE A I RUGE
HIHAER ., WiEEFILR. GitiEA L
LT EBEYIS FRALIR R R A3 277.8 m/h,

S O R <



3230.6 m*/h, KHLAY T VB SR 46 508.4 m'/h,
B 5 G A E AL & 2 1) 2 % iR 25 N
i$2%,

Pl 104 fif fE 25 B PN Zh =2 8.5 B % B AV IGBT
mA=E, HIFTESERGETE, BEhFERIT
Bt L IGBTRY BE 22 e Eic o/, . FTE&&
TERER IR H43.6 C . 44.3 C, HEEiRT-h26.2
C, [Al—EWIGBTH & Z75 Il & Bt A K i
IGBTm & Lb XU H MITBG Tt BE W& AR, A& K 4%
NS SAE 1] RO ok B rp B BRI S B 8k

ANSYS
R17.2

Tempetatute [C]

84.20
82.58
80.96
T 79.34
77.72
76.10
74.48
72.86
71.23

B 10 IhZFEBTIIMER IGBT BA R E
Fig. 10 Temperature rise cloud picture of the IGBT

WEE 2 W], IGBTHY SR T A ik $h iy Iy 2k
2, LR R Ao v R T e s, AT
A S R AR S0% LA Y, IR AR
oo (o o A 1 e B B 55, BEVT IR A
PR AR HEAES A T A URE O 45 2 Y44
IGBTHY A HEFI A HE e R IR 22 (U4 5.8 K, b RERE
B BB 2 7] pouf B AL B RVIGBTIR 22/h T2 K,
WME R, BT E A AR AR R N A B
M IS R AR ZT5 1] B9 R ST IR A 58 42 B SR IGBTHY
T8, IGBTHRS IE T 75 A /N o) A& 15 A FH 2 fk
TS BOS FCR AR, T R R T

www.eage.com.cn

Energy Storage | fi#HE

Velocity [m/s]

42.95
4223
41.51
40.80
40.08
39.36
38.64
37.93
37.21

Z

L.

Velocity [m/s]
42.72

42.03
41.34
40.64
39.95
39.26
38.56

' - 37.87
# ‘ ‘1 37.18
Al
f
e T i X

(b) N TCBTIHE = K
B 11 BREATIME IGBT BH=E
Fig. 11 Temperature rise cloud picture of the IGBT
{5 BB AT, EIREEIR A 18 CR,
IGBTH KIETF 4262 C; MIREEEET 245 C
B, IGBTHY B KimEH71.3 'C, /NFIGBTHET
PRI PR 290 C

3 KIS

ot EREE0 Hoao iR, LR ERE
T AR SO BT B FL A fi R R L N R RGE £ A Y
AHE, h T kPG R A B B A R A B
ARV, R S8 BAS P A FEHL R BRI IE EAT T R
A g I TR TR e e T 2 B T i T IR, AR
an AEALIE A 125K
3.1 RN

TGS UE AR A B N A A A 2 KRR
DRGH A  ifh ) 1 T 2ok, S e G e T
KREATRUE . AT BT B RGE R/

(a) H RN TGBTIE % 7= &

N

20204E108 - BB - % Sd | 17



fikBE | Energy Storage

L} .- A
= m

E12 sEAftEREENNER
Fig. 12 The prototype picture of the CESD

TE 45— 22 Zh 3 s IT B HE AL Ak 4% B3 A i kA7
B, BRI E R CE S E T IT A B, f IR
W BoE 5 0 B AR AT X EL o B, AF R AT R
B

FINREITHKOARENE SR ST E R

Tab. Comparison of air velocities at the air inlet of power unit

between measured data and simulated data

UYL

R

e fs) R iR
L= 4.62 4.84 48
= 4.49 4.71 53

M _ERATLUEH, 5 RGBT 35 B R
W, XA E ARSI BRI, AR N
BB R AT TRERN IR AL B, 15 B RS
PH. 25 LU S B O 37 BEL DR 70y s 100 ) 2k 1 XUk 15 15
B IR AE 1R 22 2 A5 Y% e A . S B I 45 L
N, FAERGE R4S m/stE A, R DR ITHY
HOAEER,
3.2 EBHAE

FIF A HRERE BEHYL, 121 MWEE D)3
1 AR TR TR . S5 B NE TR Ao
A E AR, Ho A R ) R T A A
IGBTHI A A7 &, A B H A A B & 13
Fin, fBfedEE IEw® TIEE, & LIRS
B172.5 Wik, mEILR(LLL0.5 Hz 8 #id 5%
R0 AP SIS B i A

T 100 B F o e ok B 2 A B v i 4

18 | @5 Hdl - BEHBEM - 2020 E395F 105

ammf mﬂm m?ﬁz m%ﬁs m%ﬁ4
Q o o] ] [e]
0 . 9. —e e e o Q
(o) \) ) o [0 ‘EJ ©/ )
o \[9 9] [ [0 (o
WW' Olo O | = @ ©
@ =) SIS
o o O
o] ]

/\Wmuf /\
HLIES HA R I

B 13 mhEATHEBEGENE

Fig. 13 The thermocouple arrangement position on base plate of

HulLfihe ?&}E1%7

the power unit
MR AL, AR 07 B85 R v UM [R]7 B A 8 40 il sk
Rt tbsarfr, anE14F7R . $dh 3R W4 B
oot A E A i B PR BRI, RIRZE AN
2 K, 98RO R B f KR TR 22 A
1.5 K, R R iR T RO EROE R A A R
4, X ULHIZF ORGSR T, AN OURE T 2 R
ANIGBTH B Y B2k, B RE R BE 4 B A P iy
HAH A E T AITGB T LR T Ve I B iy — 2ot
XA e KB B b DR T 4 2 A e B [ 35 5 i ) —
Bk, Nz RE LB U R TR
El14h el LA, FEER AR, BRTHREE
I JE A AR DR RSE A, G A M A L B B AR R
$ EIt, REIhFERTHA G AR B E A4
IGBT, 4%/ IGBTIY Kk #Ih = ER0A I A] £ 25 16,
PR T A M BRI ) R BRSO, R
T RERRE WA RTAHE ., EERED
Ja . ThEBERITE WM SR BT AR BT, &
k216 minjg, KIRBHINENFEL RS
A AT R B s BT, i JE BT R o
%, A RERE, IR ERE - Hi2
EAELY CLEA, ERANHMARSRERIRE
Ja, PR ~ 4N I A A TR R B TR RS ~ 7
W R IR, X R D P AR 1 ~ 4 B AR R
AT A AL, WS ~ 74 B AR ORI A



KOAb, SR FBRIGBTE R v k)5, &HE
HIfErmAnHE, NiREEREIT&. &2
BIEFA WS iR oh46.8 C, FEimt
F346.8 C —19 C=27.8 C, RIS iE M EE
R R Rim TR ZEAEEL2 C, BELEY A,
fif RS BAEBE R TReEifaE LIE, e T
TR 2k,

200

[} 1] /min

IR E—— PR ] ——FhL {2 L3 Hu 4
— RS — PR —— AT —— BB RS —— BB
— HAB10— PR —— AL 12 — P 13— A fni4

B 14 BFXLE ek

Fig. 14 The curves of temperature rise experiment in the CESD
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