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Power Quality Improve Strategy of Inverter Parallel System Under Unbalanced Load
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Abstract: Aiming at the problem of unbalanced output voltage of multi-inverter parallel system, a novel output
stage voltage quality compensation strategy based on master-slave control was proposed. The output voltage of the
inverter was analyzed, and the cause of the three-phase asymmetry of the inverter output voltage was caused by
unbalanced load, the positive and negative sequence components in the load current were extracted by the method of
fundamental rotation coordinate transformation, the remaining available capacity of the slave inverter was used to
compensate the negative sequence component of the load current, while the main inverter only provided the
fundamental component of the load current and maintained the stability of the output voltage of the inverter. The
proposed control strategy embeds the power quality control function into the control strategy of the slave inverter,
effectively reduce the imbalance of the output voltage and avoide adding additional power quality management
devices. Finally, a parallel inverter simulation model was built in PSCAD environment to verify the effectiveness of
the proposed control strategy.
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Fig.1 The control-diagram of main inverter
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Fig.2 The equivalent circuit diagram of master-slave

inverter with power quality control function

K2, U, 0 F i As ik i A % 0, 0 AR
X R B A R AL L T 30 45 Y i rE R R LR
RA

Up“,=u*(s)H(s)—le1 (6)

M C6) T LIFE H, ZAR D U, B AN
R TR 75 o, R AE T/ Nt A 4% i BT 2, B RY
U FE R T4 1 BT b % 67077 F 8 mT LM A
BHAC 7, FN % 5 0 3 1, 9 7 TR A T 45 R L A SO i
PR 1, 2525 s N 1 LT B A S TR R

B g FEAT 23 0 530145 3] 1 P HL U 0, A
UARSEEERVNS i ATl = v

bt =1, + 0, =1, + 1, (7)

TN AN I ), 20 4 A0 A PRI 1, TPORE
AR U O, B R A A R BT A
TE— 7 T s AR B 3 (6) mI R, i 45 7E 1Y
ZHWE W () RANE X RS A B U,
B & A PRy, FEU,, AR BN XTRR

PRI AR SR FH 2 M A2 5 2 i R 7 28 9
U HL U A AR b i AL 8ok S 1, T P Y IE Y
RO P G R A ) 2341, AR SR -

I =i, +mi

T (8)
A m Sy DTS i 704H 07 B U b B FL I
A HE ) F 8 U 0~ 1 22 1]

P, SR T Bk P il 0k e, F2 a0 A8 48 A 4R
B, HPHYIE PP R B T PRI S 45 i i Y
HH L IEARSFR
2.2 IF IR R B

BET BT ) A AT 2 AR g X R £
BB AT I, AN A TR AR T U
Ui DU LA 30 2 45 it H TR B AR =R X
Pro sk — S %, AR SO I DA TS ok die 1t
A3 AL T Y A B R TR i T 2 )

27



wAEF 2021F £51% FH154

WA F R PERABTE LR FERGE R TEH

P e 32 MG AR g L] A3 4E L TR A A
AR (A R HE R a3 s o

"J—»{ s =

B3 s ass hIAE
Fig.3 Control block diagram of slave inverter
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the power quality control function is not added
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Fig.5 The output voltage waveform of proposed algorithm

0

LR/ V

-200

for improving voltage unbalance degree is applied

N 4 S0 LUE Y, 23048 4ty AR
FAZATHE A AN RE BT VR PRI, T AR
i+ PR B SRR, 2R AR B L C
AH = AH WL AN P B2 53 iR B T 4.56%,7.85%,
6.44% . 4R FHASCHTHR 1 H e AN ST A 32 e 3 4
PRI, 32308 2% = A A AN SRR B e
iy = A R FEARXTRR , 05 A M LB AH L CHH
— R E AN B 3501 1.06% ,1.15%,1.96%

Pl 6 FHIEL 7 435 2 2R FHAS SCIIT 32 09 F e AT
A7 P85 A0 B, D AR e IR O
HT LT 2, ph D AR 28R T 67 2L g ) 4
B HL A3, RT3 T MG A g L R
S FRINGR , 1117 2 39 728 AR 0 AN 2 1 28 F 0 A
IEJFP A3, W T AR A S L A — AR I

30 T ;
200 fo Jo o 1
< 10
2 0r
2 -10p 4
20} |
-3 ‘
0.0 0.02 0.04 0.06 0.08 0.10
tls
Flo  =3dim it th i
Fig.6  The output current of main inverter
60 T T T T T T T T T
' 1,
W A
< 201 1
g0
# 20 1
—40
~60 . . . . . . . 5 :
0.0 0.02 0.04 0.06 0.08 0.10

tls
P17 DAGER i IR D

Fig.7  The output current of slave inverter
'%; A A ~
4 SZISIGIE

R T 25 B T B A R AN T A R A
BRI ATE AR SCIEEE T SL I AL, AELE
T 28R FH TTZS 7 ) TMS28335 itk i, Hih s 6 &
BOE 5 05 B2 80—8%, 0 10 2 7 S0 30T B 4 )
Bk



WA F RTEARTERBHBRALA LR L

wAEF 20215 HS51E F15H

T UE B AR SO T AN A7 JBE s Sk A AT
Aok, SE56 T OUANTT « A0 dn WIS 458 42 3 2R A8 T
G HLIRAME SRS 1 s J5 3G DI A8 25 67 1L Ui
FMZEER BT 15 2 A SE 56 T In1E 8 s o 4] 8a~
P 8l 73 531l %ok IO )i 97 R T L AR AR LI A
A A L A M 7 R R B

UIV(150 V/k&)

t/ms(20 ms/H#%)
(a)fi i

A5 A/KS)

t/ms(20 ms/#%)
(b) = 39 75 25 HL 3L

I/A(25 A/H&)

t/ms(20 ms/f%)
()P E 85 FL Ui

1/A(40 A/KS)

t/ms(20 ms/H%)
(d)f 2 o

8 AN SCHITHE 1A H AN IO SV i ) T LR DT
Fig.8 The proposed algorithm for improving voltage unbalance
degree is applied to output voltage and current waveforms

MIE] 8a (Y SEIAE R ] LU, 5 i AR 545
T ERAS I G A AR S AR T B AR
XF R, AN X o 14 R, s 2 52 ) 1) 67 i PR B E A8 AT o
1 s I 220, 30 A 3078 45 07 P L DR AMEE R i, 973K
HL S I AR = AR R, 2 fh T I S 2P Y
T HL AL 23 ATy M AR e S T T 0 A 4
ACRAH G 28 10 1E P LU o3, DRI 2308 728 i i
H R = A AR, X5 R SR S T AR 5

Pl 8 H 2 390 78 e i 14 R I B AN o R

i F A P LR B M s AR T
TR 17 H T A3 A P DA AR R ok R,
3 AE BRANR R 67 28 R A 1E LA, PR 3 S AR
gy M BT AR

P 8 Hf DA 3 725 i i 4 FEL 3E I s X R 2
TN AR g HAR A P B IE P HE, 1 s 5
ARG TN AT H T AME IR I R AR 2 b i £
JFHL I A3 R S SO L IR AS KR

ZETTE AMEETT A M B AR L C AR = A R A
M EE Ay 9L E] T 15.38%,8.45%,9.25% ., 4K
AR ST B ) RN ST Al R R SR I, R AR 2
— R R R RO R B S R i A R
AXTFR, 08 AR B AH L CAH = A0 HL ANy
BEAY SR 1.1%,1.65% ,1.72%., SE56 45 5 505 &
SR MIA .

5 %

TceEL IR0 H 7 1 R AN 1 A 97 AN A 23
IR 22 10074 e 1 AR e ) it PR s o, i
My 1) (R ) A SR B A Y B Al SR dr . R T
I, AR SR T — Rl 770 1 A3 A2 45 3R % AT ]
N HL R B e AT TR B SR, TS 2 18
.

1)¥s L BE SR IR H) Bl A B AE AR
G T RGBS L RE SRR PR IR T R

2) A AR A RO 4 SR AN,
B I P 9 TE e R 0 R R R L [
FRAE B IR A 4 00 R 0 ) 2 g A
AR AR T B s A

B E Tk

[1] Yang Y, Wen H, Fan M, et al. Multiple-voltage-vector model
predictive control with reduced complexity for multilevel inver-
ters[J]. IEEE Transactions on Transportation Electrification,
2020, 6(1):105-117.

[2] Hidaka Y, Takagi F, Komatsu T, et al. A novel pole-changing
method with multiple three-phase inverters[J]. IEE] Transac-
tions on Electrical & Electronic Engineering, 2019, 14 (12) :
1842-1850.

[3] Lee ATL, Jin W, Tan S C, et al. Buck—Boost single-inductor
multiple-output high-frequency inverters for medium-power
wireless power transfer[J]. IEEE Transactions on Power Elec-
tronics, 2019, 34(4) :3457-3473.

[4] SKM, Bdete, Frae, A R RO I i ALk

29



LA

AfEFH 2021 £51% HF154

i

N E R ABTHEERNFEARAACRT T EE

[5]

[6]

(7]

(8]

9

[10]

[t

[12]

[13]

W o SR (). v B R BL TR AR, 2020, 40(4) ¢ 1241-
1248.

AL KT S A A - I R ). B ACH )
f., 2019, 41(4):27-29.

FAET, BRAE, AR, A B RN MY T TR R ol
WAL PRSI P I AL T R4 4, 2019, 39(24) : 7179~
7188.

Rk, X650, R, 5 . IR 28 B TR & L 19
TIRASATLE T AR RIS R, 2018, 57(2)
106-113.

Rioual P, Pouliquen H, Louis J P. Regulation of a PWM rectifi-
er in the unbalanced network state using a generalized model
[J]. IEEE Transactions on Power Electronics, 1996, 11(3) :
495-502.

JEIRT, EER, BRSNS SRR i R DR R L e
AL TR A 10 UL AL TR (). R TR 22 4R, 2018, 33
(S1):153-160.

BEVK, MIBLL, SRIRHE, 55 AP R 19 e 48LIe] 20 v
BLEEHI D7 A UL 3D, 2018, 48(4): 61-64.

JEAT, B, XBE, 55— RS R A A IR T i
i BORPER]. T E LT, 2012, 32(30):67-72.
W, B, A A IRA TR TR &5 iR e PR,
T E L TR, 2008, 28(6) :43-48.

$7, FPE BRI, A5 ZRE AR AR AN P 0 ) F . v
HLHL T RE2441, 2004, 24(5) : 174-178.

—

[14] Meersman B, Renders B, Degroote L, et al. Three-phase in-

30

[15]

[16]

[17]

[18]

[19]

[20]

verter-connected DG-units and voltage unbalance[]]. Electric
Power Systems Research, 2011, 81(4):899-906.

B Ao, A, 5 ST 5 B T i
WA SRR )] fL s RS A e, 2016, 40(20) : 76~
82.

LR, G, BEH A LR FR 0 ] 71 A
IR0 3972 5 A SR 0], L TH R 244, 2015, 30(16) -
77-84.

Shen H, Zhang Y, Shi Y L, et al. Research on control strategy
of three-phase grid-connected inverter under distorted and un-
balanced voltage conditions|C]/Transportation Electrification
Asia—Pacific, IEEE, 2014:1-6.

Liu Q, Tao Y, Liu X, et al. Voltage unbalance and harmonics
compensation for islanded microgrid inverters[J]. IET Power
Electronics, 2014, 7(5):1055-1063.

Zeng Z, Yang H, Tang S, et al. Objective-oriented power qua-
lity compensation of multifunctional grid-tied inverters and its
application in microgrids|[J]. IEEE Transactions on Power Elec-
tronics, 2015, 30(3):1255-1265.

Wang T, Nian H, Zhu Z Q, et al. Flexible compensation strate-
gy for voltage source converter under unbalanced and harmonic
condition based on a hybrid virtual impedance method[J]. IEEE
Transactions on Power Electronics, 2018, 33(9): 7656-7673.

Wik B 39:2020-10-20
& 04 fE H #:2020-11-15





