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Configuration and Economy Evaluation Metro
Vehicle of On-board Supercapacitor Energy
Storage System

WANG lJianpu, LI Rui, HONG Lei

Abstract The rapid charging and discharging characteristics
of supercapacitor can meet the need of metro vehicle frequent
starting and stopping. Based on the principle of constant volt-
age bi-directional power flow, a model of metro vehicle on-
board supercapacitor energy storage system is established. On
the basis of satisfying the recovery of metro vehicle braking en-
ergy, the configuration of supercapacitor banks is optimized.
The full life cycle cost calculation model, supercapacitor life
calculation model and economic benefit calculation model of
the on-board supercapacitor energy storage system are estab-
lished. Through practical calculation case, the supercapacitor
in the on-board system is configured, its economy is evalua-
ted. The result shows that the system can achieve the expected
economic benefit.
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Fig.1 Schematic diagram of metro vehicle on-board super ca-

pacitator energy storage system

2 EHBLEBTMEREDBREFTHER
BEAX
PR 45 FL 2 s I TG i A ) A DX mT 77 7 42
REGH . FEBOH S A AR AL, 75 s 7R LA T
AN
1) LR 745 2 00 i R FRL T AR T 23 8
TR Uyo 30350 2 1R 73 gt L 1P S 1) P T
N TF UeminF Ue nax Z 18] o il 3E MATLAB Hf44)5 1
RIDL, ST ORI A 2 F A A 2L R Y T i L ) R
- 202 -

N2 I FE R R RS R 4 B S e 7 i
F G RG2S He PR 1/3 ~2/3, BRI

Uc,min = ljd/3 (1>
Uc,max = 2ljd/3 (2>

2) B S AR R RE RN B, HERIAEN
Ebr = (nemnmechninvndc,dcnscmvé)/2 (3)

Vi
Nem—FHLRLE
Mmeen—— N FEFA LI 5
N2 51 AR 5
Nacae™MHRE AL AR 5
N —HAEHE,;
m—— A R
vo—HBAKR ZE A SN AR

FMEHIER 1 SZ (LU R RIS ST 1 3h
BT B3 F A fE B RE A 2 H 25 51 4 g
40% o FHGBIE A AR B0 A R 2 Bk T
it i BB A 2K, [ 5225 18 4 80 9 i A i e
RGRY R i AR bR B IS, SR 1 3
] 5% 5 BE B 7Y 40% Sk BT 20 2 AR i A A
FERL A C N A TR 2K

C=0. 8Ebr/( Ui,max - Ui,min) (4)

HE 2 FL A s 2H 51 o o ) R A A

N, A
N, = U, ../ Uy (5)
qrf

Uo—— B HL A48 Y SR T

LA AR AR5 RO SCBUN,

N, = CN,/C, (6)
K
Co—HBIUL AR R A i
LPRBCE T N, 1N, TR AR B

3 ERBREBRHERERNAEZRFUH
TTEER

X TR A R AR R M, I
i SR AR 23 S PN B B i BB BRI S E B
BEY . SHRE A MBI SR R4 5 i JE ) R A B
B, 456 T 8 REH A (9 52 PrAs 0, 4 % fiE 42 77 A
SRS B A 43 SR R 2, B 4% BE AR L i AT 4
A

TR 2 i 75 0 8 2R A AL 5 O 2 AR 2
PCS(UIRFMALE) o A& AFAEHER, R T



RECH, WE W WA — 2 T TR R
Wi Ffrily—2., PCS A 55— % i 2 i,
ZAERE R IR AR

3.1 ZHBRBREERESEGARRAITE

K]

TR B B R G AW AR Wi,
LR (7)Mo G p A R A A G e A
AT R RGIEA) BT A . )
LT3 B8 AR e [T il 8h 25 5 T R KO, 1B
FTHEY AT LIARYER) 4R 3896 A AT A5 5, =X
(8) F1=L(9) .

Wio = W, +Wp (7)
_(+x)Q +r)tr

VVe = (1 +r)T—] lneE (8)
_(d+y@ +r)tr

VVp = (1 +r)T—1 lleP (9)

K

W, W, ——r BN E B R B A RE R A2
U
it REZE B (W32 1 TR A B A 58 A 5

y—HEREZA I DR A0 2 17 7 AR 1 A B
IAE 5

m,—— PN it g L A ;

m,—— P TR AR 5

E——7E 3 P L 2SIt e 3R G I A0 45 o 5

P——ZE 3P L At R R G A 8 D)%

r—I B

L—f#RELE B 1 4 5 R

FRGL L2 8 1Y) 75 iy LB 5 W 2 A OB KO A
B HE R G A B 28 B 3%, AR SORBF TR #3728
RN R A B RS AT ER
3.2 EHEERGBRBERREREMITEEER

ARG 25 1) S RObR o 2 LA M R R b
FRIEIY 80% o B HLZS 2R TE AR IAEE T TAERT, H
A SH AR . B9 248 78 5 f R M
WIL(25 C) T TAER, 277 A E R U T DL 3]
100 J7 %, M HASATAEBR — My 10 4E A4, BB A
A BB AR SCHRE 3 A, 8 2 25 4 O 0 T TR B
R I P A T AR A, LA R B g
SR A S FL 75 7% 0 743 iy 38 A HL T R 38 B A el TR A
Koo U R, S HL 2 AR 0 T A 5 R L AR
R IR B AN G o i S ) i A

R BRI R RN E T 8 JE R H AL 4

X

IRACTRFE AR E S0, (00 2 L 7 IR AT

REVEANI & 7171 5 B 2o Pl i AR A o o L) (.

RIARFRAELEA T X L , DT Wi 45 Pt 2502 75 R0
FEASTR) B F T AL R T AR Il 2 A 4% 1Y

Frfm ¢ AT RS 3]
=5t (10)
K, A5 B a7
K

SRR A TR AR AR L5

K, JEB 2 L2 A 5 1 U AR A
T.,.—Z%
Vref 72‘;’:% 'ﬂ}j—:,
T— R
T B Y Bk AR
V—H [k,

AV—HLEAYBEAE 5

A——AT TRIZEIN T

B——AV TN T

PR, i RERE R HEL A8 45 1 A i L W 255 7% JE
FTAFBR IEPR UK TAR M I Sl . L A3
LLWSE
1 000 000

L =min{1
mln{ 0, NN,

1-6
Teer T VfV} (11)
365 x 24K,A 5T BV

Hre

d—FN % 1 AR SRRzt T KA, d;

N, —— R AT | g i A AR IR R IR
B,

N,—— R RIZHN 40T REEL, B
3.3 EBRBEFRBRELFUHFITEHFER

PR A PR R A ME RS A A
Urals EEOR A RAE. A4 AR HL 2 B
A ZRA N, N, dHLBE ] 3 AE 29 S Sl S g
AT I3, GBI AR LR L B Bh B AT
0SB 53 b, R B R B G Al 4
e E, Ot p. BRI R HREL DT AR
HWREBCAER B, X (12) Fis.

B, = N\N,dn,n,Ep (12)

4 BHISH

ARSCUITE 1 S ERIN D b B2 ) 7 3o 9 B 4 ik
- 203 -




RERGUA TN, XX R GRS i A AT IO, R i
X EBGB AR RE R LA TR T ITAG . 5%
KH 6 Tl B B4 s AT v, O 80 km/h,
TR R 3 1 UK, A 2 O A A BE AR A AL
HEE N 17.7 kKW - h, #lsh DR P &y 5 733.54 kW,
TR T AR I A SRR 1

x1 1 SEMREFNELSHY

Tab.1 Basic parameters of Line 1 metro vehicle
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