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A Study on 3-level Interleaved Charger—Discharger for Uninterruptible Power
Supplies

Tae-Geun Koo', In-Hwan Lee!, and Young-Hoon Cho'

Abstract

This paper proposes a simple 3-level interleaved charger-discharger for the uninterruptible power supply

(UPS) with various combinations of battery cells. The proposed converter not only improves charging and
discharging efficiency, but also reduces the physical volume and the cost. Furthermore, the converter also offers
the capability of the neutral point voltage, so that more stable operation can be obtained. In addition, the
proposed converter significantly reduces the ripple current of the battery inductor, thereby providing an

expected life extension of the battery. Experimental results for a 300kVA UPS prototype verify the validity of

the proposed converter. The proposed charger—discharger is suitable for UPSs and energy storage systems

(ESSs) with wide input battery voltage ranges.

Key words: 3-level converter, Interleaved charger-discharger, Neutral point voltage, Uninterruptible power

supply(UPS), Ripple current of battery inductor
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Fig. 1. Bidirectional three-level dc-dc converter.
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Fig. 2. Proposed 3-level interleaved battery charger -
discharger.
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TABLE T
CHARGING MODES WITH BATTERY CELLS
Cells | Voltage[V] Mode
16 163~216 1 3
20 204~270 1 3
1 3 2
30 306~405
4 1A 4 3A
40 408~540 4 1A 4 3A
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discharger.
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TABLE III
DISCHARGING MODES WITH BATTERY CELLS
Cells | Voltage[V] Mode
16 163~216 8 5A 8 TA
20 204~270 8 5A 8 TA
5 6 7 6
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TABLE IV
SIMULATION PARAMETERS OF PROPOSED
SYSTEM
Parameter Value
System Capacity 300 [kVA]
Battery Cells 30 [Cell]
Battery Voltage(Vbat) 400 [V]
Vel, Ve2 350 [V]
Vel Resistor 0.84 [Q]
Vc2 Resistor 0.8 [@]
Switching frequency 75 [kHz]
Operating Mode Non-crossing
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1 amasn el
3-level 3RII 3-level Interleaved S AJ| 3-level QIHE!
£} 0F 4} ik £}
s s e . P - s
0 o 5 ol
L s Lo
— o Ende T
S e s
Ea@ —— oo™ 5 T
@ 123k
e v w]vel
© 5 K5 4 5 KF 4 el
E 82 84 86| 58 81 512 — —

Fig. 8. Photograph of the designed prototype UPS.

=
=
o F

7e AAES oW, 17 8 AlAES] Aol
2 A7) sehEE E 5 e,
A2 AAE] duine A AT AAAH] AHE

< & 63 2rh AAEEAA wiE e dHdE o &9

Age] 28 0] 97 42Wi/\1 2-dH W72 Al g

7|EAES] Tl HU%ol mste] R3S gl
o}

L E3] 1 9t 300kVA UPS AlA|EA AR A
Julg o 1
Vel Vet

AR e st % g3

% AA QOB F Al FAD



=

Qj

The Transactions of the Korean Institute of Power Electronics, Vol. 22, No. 6, December 2017

TABLE V
EXPERIMENTAL PARAMETERS OF PROPOSED
SYSTEM
Parameter Value
Utility Input voltage | 3P-4W, 380-220 [V,.]
Utility Input frequency 60 [kHz]
Output voltage 3P-4W, 380-220 [V, ]
Output frequency 60 [kHz]
Output Power 300 [kVA]
Nominal Battery voltage 360 [V,
Nominal DC-link voltage 700 [V,
I, 145 [pH]
L, 90 [pH]
L, 147 [pH]
c, G, 244,800 [pF)
TABLE VI
PERFORMANCE RESULTS OF PROPOSED UPS
SYSTEM
Performance of UPS Results
Input power factor 0.998
Input current distortion 45 [%]
Output voltage stability 0.99 [%]
Output frequency stability -0.06 [%]
Output voltage distortion 1.08 [%]
Transfer interruption 1 [ms]
Efficiency in input normal 96,55 [%]
Effiency in battery discharge 97.42 [%]
Neutral point deviation 08 [V,]
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