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Three-phase Power Equalizing System with UPS Function
based on Battery Storage

Jung-Min Kwon

Abstract - In this paper, three-phase power equalizing system (PES) with UPS function is proposed. This
system 1s based on NiMH battery with battery management system. The power conversion circuit is composed

with the three-phase converter/inverter, the

bi-directional

converter, and the thyristor switches. The

three-phase converter/inverter provides the power to the grid or get the power from the grid. Also, it operates
as a UPS. The bi-directional converter charges or discharges the battery. The thyristor switches are used for
connecting/disconnecting with the grid and the load. A 15 kW prototype is implemented for the verifying the

performance of the proposed system.

Keywords: three-phase power equalizing system, uninterruptible power supply, NiMH battery

2011 9¢ 1569 FH4AF7F v

FHA AHAE Il HE

20 AHAEZE A AL on e 247

7M. ol dRls AAE A AR WE 5 Sl

T Edekr’ A% AxA7A A o el =

T olfrE AYFw Bk ALHogT Y A
TE

9 BN AU AEY NFoE B3

T
E

ol
|
o,
o X
>
M o o mlr
o Q)
M e
2

2
N

ol
= o 2 =

I

ofo

M
2

o

T y

o =

riot

oM,

M

2L

i,
HN
oty
>
[>

T,
rlo

0,
£ >
[
iy

(

o
o
o oot o
é juitty
o
>~
el
I o
o2

dm
o
=
Mo &9 ftofo kB KU ¥ 2 o

ol
by

Paper number: TKPE-2012-17-4-10 ISSN: 1229-2214
Corresponding author: jmkwon@hanbat.ac kr, Dept. of
Electrical Engineering, Hanbat National University
Manuscript received Jan. 19, 2012; accepted Jun. 11, 2012

ARG BlFo] HoluA AgAlole} oS

ol gol g, 4 BEd Azxde AALAIAL

o% A% A BHY 5o BA
4

ALY AHgE A om P+
2 wxo] gk @ #F A%8E AP ol Aol 1
Ade AHgstel Pxz Foata, Ao PE Ao 1
BE F3A7 WA YAl o] WA B Adz
e BH09 Fol BAGS AT e,

Ao gogd A BEH Asgel APHn Yot
O o)A o) Ase] WlopH o wAsta, 23 A7
o A% gol Woigel wet W o §F A
Bz Asde g A7E B AgE Yo

Energy releasing from PES
Load profile

A

Energy storing to PES Power plant/substation

\ + 'investmentcostreduction
iju ]

0 12 24
hour

Average
generating
power
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Fig. 4 Control-block diagram of the inverter/converter at
the grid connected mode
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Fig. 5 Control-block diagrams of the battery charger/
discharger; (a) Battery charging mode; (b)
Battery discharging mode
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Fig. 7 15kW prototype
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Table 1 System parameters

Parameter Value
Grid 3 phase 330 V A
Rated power 15 kW
Switching frequency 15 kHz
Inductor L 1 mH (a)
Inductor Z, 15 mH
Capacitor Cu, Caz 4700 uF _ BN TP e i
Capacitor G, 10 uF TTIINEY Aol A A i
MCU Microchip dsPIC30F6015
(b)
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(a)

Fig. 9 Battery voltage Vix and current 7 (a) Battery
discharging; (b) Battery charging

(b)

Fig. 8 Inverter/converter voltage vi, and current 7, (a)
Battery discharging; (b) Battery charging
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Fig. 10 Three phase voltage and current when the mode
is changing; (a) voltage Vi, Vi, Ve and current
Iy when the mode is changed from the
grid-connected mode to the UPS mode; (b)
voltage Va, Vi, Ven and current 7, when the mode

is changed from the UPS mode to the
grid-connected mode

= AEA e A Vst AF e HFol

Wond W oAE AR

AWE Y 544 294 g

A FAHE A =

a8 10(a)= SIHE 7} A

o= Q3 UPS &4 R=x k" o 2
=] o

o] B2 AF ol B A Aguld )
= AF o] el A gle S B 5 Sdrh
719 10(b)& ¥ E 7 UPS 52 REg sl Alg



368 UPS 7%

Vb, Ven J’}‘agjq' b}\ol ?_“:lei Lo ] SEE ﬁ‘ﬁ‘ I‘bo]]:]‘ 5
= A A2 dagA gle A4S & 4 Uk UPS
2ed o AF e BT §FokE &2tk on AW
v A AlojE st Jon, AR o A7+ Fake
FE¢s weEth AE A FHEETE HAS 1, A
HE ARAoRER WA AF = Al A4
Hol Q&= 7IE AFE WA "k 29 10 A
7t AME7E AgA A AFAOlR WA= s
HojF
52 B
2 =zdAE UPS 7S 7He A3 de 338
28l Alo] dagFS AFSHATE 15kWH AlAIE
Taste] HAS A, ﬁa A3 38 97% =98 A
1z g 20%, =8 9E 09%E 2AA A
Bsh Alzgle] e *}—QEU] Aalx = A8
of wel WE shAe] gefof gt AE HEE A

it
N

7= Aol 2w g ouAS i
taL, dgo] mpE o A JuAE ATem B
ZH AAA oS d&  Jojof Ik EF &
a g Bt Alzdo] dF 4
hofof

ol oo 2 [y oox B g >
M |o o}li o ot
olr

[1]1 D. J. LEE, L. Wang, "Small-Signal Stability Analysis
of an Autonomous Hybrid Renewable Energy Power
Generation/Energy ~ Storage System Part I Time-
Domain  Simulations,” [EEE  Trans. on Energy
Conversion, Vol. 23, pp. 311-320, Mar. 2008.

[2] L. Maharjan, S. Inoue, H. Akagi, "A Transformerless
Energy Storage System Based on a Cascade Multilevel
PWM Converter With Star Configuration,” [EEE
Trans. on Industry Applications, Vol. 44, pp. 1621-1630,
Sep./Oct. 2008.

[3] P. Mercier, R. Cherkaoui, A. Oudalov, "Optimizing a
Battery Energy Storage System for Frequency Control
Application in an Isolated Power System,” [EEE Trans.
on Power Systems, Vol. 24, pp. 1469-1477, Aug. 2000.

[4] M. Subkhan and M. Komori, "New Concept for
Flywheel Energy Storage System Using SMB and
PMB,” IEEE Trans. on Applied Superconductivity;, Vol.
21, pp. 1485-1488, Jun. 2011.

[5] H. ZhouT. Bhattacharya, D. Tran, T. S. T. Siew, A.

e e s 4 A

)
FX

3 A 2H]

1

M. Khambadkone, "Composite Energy Storage System
Involving Battery and Ultracapacitor With Dynamic
Energy Management in Microgrid Applications,” [EEE
Trans. on Power Electronics, Vol. 26, pp. 923-930, Mar.
2011.

[6] J. S. Lee, S. K. Jeong, Y. H. Han, B. J. Park, "Concept
of Cold Energy Storage for Superconducting Flywheel
Energy Storage System,” [EEE Trans. on Applied
Superconductivity; Vol. 21, pp. 2221-2224, Jun. 2011.

[7]1 M. Ross R. Hidalgo C. Abbey G. Jods, "Energy storage
system scheduling for an isolated microgrid,” IET
Renewable Power Generation, Vol. 5, pp. 117-123, Dec.
2000.

[8] J. K. Park, J. M. Kwon, E. H Kim, J. K. Kim, B. H.
Kwon, "High-Performance Transformerless Online
UPS,” [EEE Trans. on Industrial Electronics, Vol. 55,
pp. 2943-2953, Aug. 2008.

O] E. H Kim, J. M. Kwon, J. K. Kim, B. H. Kwon,
"Practical Control Implementation of a Three- to
Single-Phase Online UPS,” [EEE Trans. on Industrial
Electronics, Vol. 55, pp. 2933-2942, Aug. 2008.

[10]E. H. Kim, J. M. Kwon, B. H. Kwon, "Transformerless
three-phase on-line UPS with high performance,” [ET
Power Electronics, Vol. 2, pp. 103-112, Mar. 2009.

[11]]J. M. Kwon, B. H. Kwon, K. H. Nam, "Grid-Connected

Photovoltaic  Multistring PCS  With PV Current
Variation Reduction Control,” [EEE  Trans. on
Industrial Electronics, Vol. 56, pp. 4381-4388, Nov.
2000.

Y 2l (HEE)

1981 128 2624, 20044 AM|ch FARH
7|33t Z¢. 20099 POSTECH 7| A}
St S(sH). AYUA Se|sd o
AT, A et MI|SEe =



