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Analysis of Circulating Currents in Parallel Operation
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Abstract

This paper reports on circulating currents in transformer less modular UPSs. There is concern that transformer less

modular UPSs decline control performance and exceed component ratings due to circulating currents in the switch-

ing frequency component. Circulating currents in a transformer less UPS connected in parallel are even more com-

plex. Therefore, this paper analyzes the circulating current focusing on the switching frequency component. The

analysis method of the circulating current was confirmed by the experimental results.
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(a) Conventional On-line type UPS

Fig. 1 Circuit diagram of on-line type UPS.

2025668 0% £15]

AN S.
TNDOIFEREWIE, HIEMERED B LD T ¢
L—F 4 VT \DFEL ENREEINE 0, GRS
TARER 2 T U, TEEREBIROFE T 2542 DT —
ANTr—AZHEMCT B EANEETHS. 2T
&, AHIIEBD EMI 7 1« )V ZICHN B TEBRE RIS S
HLUTENizBI %5, RBEEEZN L TRN 5 E5R
BRIEY aY 7 U YICiN2EREBERICH LT
INEWTeH T T TIREHL TV,
2.2 UPS B TEIRE R

Fig. 2 & Fig. 1(b) 1S/RT b T Y AL AK KA 28—
Z2DY AV T VRN B IEERBERREE 2D DR
ILTBHic, ERY Y VEENS RO N—4
EAUN=RICEFR SN GETE LTORL TV A.
T T TREEDZ®IT, UPS HHEDEEE R 7 fif
Wid s, YaAry7 Ui s &Em oo 1§, I>273—
2 AFE VEE Veonveom &A IN—2 TFE 2L Viny.com
DBENMNFE Vem EY AV T IY DAV E=RT T ALD

Bypass Line

AC
e ——— |Output
Output @_ EMI L /\/ /\/ EMI i
AC Input = ------ o < =
i Converter —  Inverter
i Battey —  Circulation |
current

(b) UPS On-line type UPS without transformer

Lteony ]
LT == o 7 i
/]\ i Vconvis m ﬁ Vin_s %
—|— /\/ Voo ¢ mm N - m Vint
11T T
Converter Ceo = —I___j\_/mnv_c m
Ve
Inverter Viny._com
Lin, T
.......... e 1 Yy Vours
M é Vou Load
/\/ Vi w m _ m Vout w
Ciny =
UPS No.1 f
| uPsNo.2
| UPS No.N

Fig.2 Circulation Current flow of transformerless UPS.
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Fig.3 Common potential difference of single UPS.
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(b) Switching angular frequency phase difference from Odeg to 180deg
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Table 1 Specific of prototype UPS.

Rating power 10 kVA
Input / output voltage AC200V
Input /output frequency 50Hz
Switching frequency 20 kHz
DC link voltage 400V
Number of Parallel UPS 3
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Fig.4 Circulation current waveform of UPS.

TEEEBIEEDY AV T UHITHEN B IERER
ZHES 3.

Fig. 412 UPS @ EMI 7 « )L Z N % (G ER R
BaRT. A=K E AV N—=ZDNHE 0TI
EEOMEERBRIZIE E A ETRNTOERWD, (EzE
B0 IC BN TEWE— 7 2 D& ER D EFRDHN T
WBZ ENDNB.

Fig. 51OV N—=2 & A Y N—Z DR 0 ~
360° X TS, BEREMEZEENLL T b
UIckiRzrnd. iz, TEERERE 3 VEEOMMT
TR ST B 720lc, OF VEBEEREMMER AL L
TW5. fiiflz# 60°, 180°, 300°ICHBW CIERER
MK ERD, TEVEEMITHEREBBTR—EL
TWVWB T EHHERTES. NEZE 160°FHIic BT
&R EGMEERMDRN TN 2D, EhORNE
Tk 28LEE2%. 5T, TNHOHEBREFHEX
D FEMTRE R DZ S M2 fERE L Tz,

DL EORBAER EBNTHEREIO Y 3y T2
LTIEVE— FTHMNABERERIT I N—2 LA
IN— 2 DNHHZEDGEN LI TH 5 T L AIHL )
Elxotz. Ko THifHZ 60°, 180°, 300°IC THikh
To L—T 0 VT ORMiE BT RS T & TRE R
TR LEBIC, RSN RETDHS.

4 L&

AT, IV ALAFRERA 2 3—=275K
UPS D 5EER IS 5 CTHA I 2 JEER B IR 72 it
U, TRERERAFE T 2% U —RA M — Az Bl
EFBRAR I OMERR L. AATIC K > T, TRERER
DFRET BRMADIMEL D, EmRetOmiEkz &
C7%9 T & T [FULLBACK MLU U —X] O3 Ak

2025668 0% £15]

Y capacitor current - [1 A/div]

Circulation current ¢ ;o [1 A/div] 4 ms/div
1.00A O% - )
(b) Phase 60 deg

1 - 1

— J L =)
> o
2 08 Log &
o " c
- 3
g 0.6 0.6 ©
s

S 0.4 0.4 e
k] 8
é 0.2 = Experimental results r0.2 EI
© —- Calculation result 8
0 0o =

0 60 120 180 240 300 360

Voltage command phase difference [deg]

Fig.5 Common voltage and circulation current.
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