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Line Voltage Regulation of Urban Transit Systems Using Supercapacitors
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ABSTRACT

This paper proposes a regulation method of DC line voltage for urban transit system fluctuated during the
acceleration or deceleration by using supercapacitor. Supercapacitor is modelled electrically under the assumption
of three different time constants of RC circuits with variable capacitances depending on the voltage. And its
parameters are determined by the experimental measurements. The energy storage system using supercapacitors
is installed based on this model, and the proposed model is tested through the simulations and experiments, and
the controller for charging and discharging is designed. Finally, it is tested at Kyoungsan test site for the
urban light rail road system and the energy saving effect is evaluated economically.

Key Words : Line voltage regulation, Supercapacitor, Bi-directional DC-DC converter, Energy storage system
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reference voltage
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Table 1 Parameter of supercapacitor
Parameter Value

R, 1.38mQ
C, 1973F
C ., 240.89F
R, 6.83%
C, 592.07F
Cp 56.28F
R ; 17.66Q
C, 64.31F
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B Simulation h—-—__.i\

e %/
a

1.00 /
0.60

200 400
Tirne (Ks)

i Armps

600

400

200

-200

Simulation 4'—>

-4.00

experiment ——————

a8 3

Fig. 3

200 400
Time (Ks)

(b)
ozl 5t

Ay 2o vln o

o FIHAIAE 2| AlS2f|o[M 2t

Simulation and experimental result of

supercapaci tor

21 wHAIMAE SIt2E Y H AlZd ol

a9 32 REYE ez daE e AlEd el At
oF A A9 7”Jrg Hlagk agoly 19 6(b)> &
43 AFGCAE T LA U dF &
ofFi 2% 3@edA= 7oA AS-S ]
gejoldst AdZAE nmug sl AlEdolAd
A9 A3t A9 dAEE AS BolEt

10 o
>

o}
H

j=5
H

xi_l‘

Line
Impedance

Rectifier

Energy

Storage
System

SO

R, L.
3 N 2

Ry R, Ly

L

Station A

Substation Inverter

|
Induction 3
Motor |

Vehicle
4 Oo|HX| MEER|2l MA
Fig. 4 Configuration of power circuit

=] 32E

Buck mode

Boost mode

N -
Sz# D, L
DC ! N

Super
capacitor

obtst DC-OC ZIB{E(Sl SX RE
Operation modes of bi-directional DC-DC
conver ter

'“JC%W“ (o
T

A
-+

lse

Pac b l;T
(b)
a8 6 Mol 25 ; (a) 27|SHRE (b)S/UHRE

Fig. 6 Control block ; (a) initial charging mode (b)
charging/discharging mode



484 EIVE TG G 1A% A6 20095 12)]

3. of| X XN &A= Eeheh mdlgy 9 AEYo]dE FaAd A itk

Apgro] 7h&Alel DC7RA Hgte] oF 150V Ak "o

YA AGAR ] AAZRE 17 49 o] T4 Aa, W2 e ol A YA R 9 600V

o] glth, MAzolq AC AYS DC 750V 2 s AE AEste A8 89T F ok ¥ 9= oyA

o] Amato] QAWE e} of|ux] A oFubek AGAAE ARG Aol TP 3 ARAIH 9

DC-DC AHE] &Fste] Fuvh x2S A9y} BY /7 REE AlEelAg Aufolt), Jpie] Hojd

Ato]2 G sl oyA A= Ao A = FHARAIE AGE o qAE WHste] B

Ao Sl slo] F31, 7hdo] AEAL WolE FAAUAE

AYA A7l AHgE= FiE DC-DC 1M H HANAE ol A3t DC 7 So] A gts = A
o

gl = gith

offl
L4
i
[r
il
L
N
2
>
[
Juisi}
-4
offl
B
N
2

359

[}

>
oft
o
ofj
2
f
[
o
N
=L
(R
2
S
=,
i)
o
ox
ol
QL'

e

ko

200.00

L ofe P
oo N

1suuuL ' Charging current
f f
i f

50.00¢ Soft start

0.0

k)

{3l !

i
N
P

100.00

2 o o f
3 ob o

of

S5

ol
e rir

)
oft &
o
f
X
offt
by
ol
ol
=
ok
o2
o |
o g

30.00

olEth
TER

oft

Supercapacitor

a
(3
He

(@)}
rlo
N
N
N
©

f

5 10.00
H voltage

E
‘ij,::,ri o 4.00
&

T
o
> e
VNN
TRES
ofp o
P
N
ofy
2L ©
b
fnm
K-y
X
rlr
o,

S

o N

(R

, 50‘msfd|v

Charge current

B
Ik
|

[
fuj
ol
~N

R R

=y
J
2
2
N
il

>~
>
oo
EL
2
)
@

e
[
to
oF
2
td
iy
=
X

oto] AA 250 Aldiv

o 1
N
>,
0
FN
iu)
)
)

]-}\\__ Soft start control Supercapacitor

P Voltage
73]
J

st 7hAd A P et el SRR R

q_ 200 Vidiv

i,
g
2
&
A
IR
= o 2
_0|L
e
N

9,

o o2 >
Ll )

oZ 2 ofy
RO

=

)

jiA
o
e
ox
ofr
ol
X,
o
N
>
Ay
MN e

o

&8 2= ; (a) AlE30ld 22t (b) A

il

4, AlE2o|Md H A a8l 7 x7|
Zu}
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(b) experimental results
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Table 2 Specification of the energy storage system in
Kyoungsan test site

Maximum voltage 5836 V

Maximum current 1,500 A

Capacitance 825 F

Supercapacitor

Maximum energy 14 MJ

Inner resistance 89.25 mQ

Range of voltage 280V ~560V

Charging voltage 800 V
Converter Discharging voltage 730 V
Maximum current 70 A
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