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Study on output harmonic of multi-inverter grid-connected in photovoltaic plant
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(1. Xingtai Power Supply Company, State Grid Hebei Electric Power Company, Xingtai 054001, China;
2. School of Electrical Engineering, Yanshan University, Qinhuangdao 066004, China)

Abstract: The harmonic problem caused by the multi-inverters grid-connected to the power grid in point of common
coupling is studied. Small-signal circuit model for single inverter and multi-inverters is established. The equivalent
impedance of transfer function of the inverter, PWM switching harmonic source and power grid are derived. The
equivalent output impedance of amplitude-frequency characteristic and phase frequency characteristics of the inverter and
PWM switching harmonic source are analyzed by Bode diagram. The harmonic of 35 kV photovoltaic power station
multi-inverters grid-connected system under the different conditions is analyzed in Matlab/Simulink. The simulation
results show that if the grid-connected inverters are more, the current harmonic distortion rate of PCC will be greater. It
mainly contains low-order harmonic but less high harmonic. The effectiveness of small-signal circuit model is verified.
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Fig. 1 Basic principle diagram of PV power station
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Fig. 2 The V-Tand V - P chart of PV cells
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Fig. 3 Multiple grid-connected inverters topology

structure in PV plant
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Fig. 4 Small-signal circuit model for single inverter
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under rotation frame
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Fig. 6 Impedance bode diagram of single inverter
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Fig. 7 Small-signal circuit model for multi-paralleled inverters
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Fig. 8 Impedance bode diagram of ten inverters
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Fig. 10 Current harmonic THD with various number of inverters
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Fig. 11 Change of inverters current harmonic at some time

4 g

ARSI L 2 AR ERIF M ARS8 PCC Ak
i LA T T RS, L TS LCLOGIRIF
W3 AR A% IR . PWM JF ISR A L Y
(2 AR R IF R GU/IME o S R, S AR
i AT BT RAL R A, JF 2 HRBHST Bode
Bl DiEas K], I s & 808%, PCC AL
SENIN R4l 2 N (B SN 9 1 S =10 e
P By, YR T /M SRR A R
Sk
(1] %2, BRYESR, Zear, 4. o Anal s ot i AR 48
HITTE]. IR BB R, 2014, 26(9):
1-6.
HAN Ying, CHEN Weirong, LI Qi, et al. Harmonic
suppression methods for grid-connected inverter of
distributed generation[J]. Proceedings of the CSU-EPSA,
2014, 26(9): 1-6.

i}

i




- 146 -

&) &GS

(2]

(3]

(4]

(5]

(6]

(7]

(8]

WAK, RAEF, Fhe, 5. JGRIBAL IF M ) HL g
o A SRS )] B R GRS R,
2015, 43(3): 107-112.

HUANG Dongdong, WU Zaijun, DOU Xiaobo, et al. A
power quality composite control strategy based on large-
scale grid-connected photovoltaic power generation[J].
Power System Protection and Control, 2015, 43(3): 107-112.
o, ERAH, BEs, 5 LT LCL JEJE RS 1 A
PRI 3 A s 25 TP [J]. F R 59 RE VR, 2014,
30(12): 114-118.

WANG Liang, WANG Zhixin, LU Binfeng, et al. Design
of the controller of the single phase PV grid-connected
inverter with LCL filter[J]. Power System and Clean Energy,
2014, 30(12): 114-118.

. HLREUR S A T SRR SR R AT I]. e L,
2013, 49(12): 99-103.

CHEN Sheng. Analysis of relationship between power
quality and power supply reliability[J]. High Voltage
Apparatus, 2013, 49(12): 99-103.

FELLOY, VEAR, W, & ZEA M RO H
ARGH M A T[], ) RGOy i,
2015, 43(10): 91-97.

CUI Hongfen, WANG Chun, YE lilei, et al. Research of
interaction of distributed PV system with multiple access
points and distribution network[J]. Power System
Protection and Control, 2015, 43(10): 91- 97.

A, AR, AKNL JETE PR HL AW
MIFA LCL —MHJF IS S0 [0]. s R GRS
P, 2014, 42(12): 44-50.

LEI Yaxiong, LI Jianwen, LI Yonggang. Control strategy
of three-phase LCL grid-connected inverter based on
quasi-PR adjuster[J]. Power System Protection and
Control, 2014, 42(12): 44-50.

ZHANG S, JIANG S, LU X, et al. Resonance issues and
damping techniques for grid-connected inverters with
long transmission cable[J]. IEEE Transactions on Power
Electronics, 2014, 29(1): 110-120.

W, P, BRAR, 55 RIBDGAR AL shsh A A A
BRg PEI AT O], th B AL TR 23R, 2013, 33(36):
10-16.

XIE Ning, LUO An, CHEN Yandong, et al. Large

[9]

(10]

(11]

(12]

photovoltaic power station dynamic model and harmonic
characteristic analysis[J]. Proceedings of the CSEE, 2013,
33(36): 10-16.

KX, RS, XD, S ORI 2 AR R IR AR
JOB AR M 0] b AL TR AR, 2014, 34(3):
336-345.

ZHANG Xing, YU Changzhou, LIU Fang, et al. Modeling
and resonance analysis of multi-paralleled grid-tied
inverters in PV systems[J]. Proceedings of the CSEE,
2014, 34(3): 336-345.

VI, WK, B, E ZIF IS B R
P AT TR 73 A (0], B AL TRE SR, 2013,
33(12): 64-71.

XU Dezhi, WANG Fei, MAO Hualong, et al. Modeling
and analysis of harmonic interaction between multiple
grid-connected inverters the utility grid[J].
Proceedings of the CSEE, 2013, 33(12): 64-71.

TR, IRORAC, TRFRAE, 4. LCL Jf Mz 855 A vy
TP 0 P2 S T FE[D]. O R G OR I L 1,
2012, 40(17): 1-5.

HUANG Zhixiong, XU Baoyou, SHEN Lingfei, et al.
New current double closed loop control strategy of LCL

and

grid-connected inverter[J]. Power System Protection and
Control, 2012, 40(17): 1-5.

MUKHTIAR S, VINOD K, AMBRISH C, et al. Grid
interconnection of renewable energy sources at the
distribution level with power-quality improvement
features[J]. IEEE Transactions on Power Delivery, 2011,

26(1): 308-314.

I4F5 HER: 2015-08-14
EH RN

57 KK WAL BT 25

Kk (1971-), F, Md, FRIEIF, HARFTEH
E-mail: xtzhangzhanbin@

aliyun.com

Ba® (1975, %, AF, RN, R F@Ah

A RARFM;  E-mail: zhai.hongxia@nc.sgee.com.cn

Heid (1986-), F, A, AT, AARFTEO ALK

KA. E-mail: xuwhuabo@nc.sgec.com.cn

(R4 REER)



