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Fig.1 Topology of photovoltaic plants
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Fig.2 Equivalent circuit model and control loops of a

grid-connected PV power system
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Fig.3 Mathematic model of a grid-connected PV power

system in complex frequency domain
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Fig.15 Simulation results with power variation

(3) W BEARAIR Z A K B I 3 % L T
BHBTAEREM 24 i B4 B A8 I, r 190 00 REL 043
{8 M/ IMEIRAZ AR (A5 FL B AL 5 O IR L st
PORARI AR AR R, I 5 K S r I BEL T A 78
b, 8 R GBS IR R AR AL

(4) 42 W T SO A A M2 BB R0 78 5 1 R
T SR 38 B T U O SR G D A A
PEAMEEERY | AT AMEE SEBTE PRI A R GEAR A | BE
Al 1N FR ST P PG R A BE AR A (L, DA T 2% 1]
TR IR IR Y A

SZ K (References) :

[ 1] VBT (Feng Xiaoki). Yk fif A HL vk (28 35 1 40 B
(Economical analysis of photovoltaic power station with
battery energy storage system) [ J ] . HETH ﬁggﬁ &7'(
(Advanced Technology of Electrical Engineering and En-
ergy), 2019, 38 (9). 52-58.

[ 2] Zhang S, Lu X, Ge B, et al. Resonance issues and damp-
ing techniques for grid-connected inverters with long trans-
mission cable [J]. IEEE Transactions on Power Electron-
ics, 2014, 29 (1) 110-120.

[ 3 ] Shuai Z K, Liu D, Shen J, et al. Series and parallel reso-
nance problem of wideband frequency harmonic and its
elimination [ J]. IEEE Transactions on Power Electron-
ics, 2014, 29 (4): 1941-1952.

[ 4] &, TR, &8, 55 (Nie Cheng, Wang Yue, Lei

Wanjun, et al.). BT HEUE I P i F B SR IR IR 200

il 7772 (Harmonic resonance analysis and suppression

method for transmission cable between renewable energy

sources and power grid) [J]. I RFE BB (Auto-

mation of Electric Power Systems), 2017, 41 (17).

128-133.

FREHEE, #92%, ©4H7, % (Chen Tiantian, Hu Rong,

Jin Zuyang, et al.). A8 3T B I L I P I T R

WAL 4543 M1 (Analysis research on harmonic trans-

mission characteristics of urban power network adjacent to

UHVDC terminal location) [J]. HLPIEAR (Power Sys-

tem Technology) , 2015, 39 (10) : 3000-3004.

[ 6] M, 5k% (Zhou Lin, Zhang Mi). KAIGAR i vl il
PR 4 /> M1 ( Analysis of resonance phenomenon in
large-scale photovoltaic power plant) [J]. BT RS H
zh4k (Automation of Electric Power Systems) , 2014, 34
(6): 8-14.

[ 7] W7, P4, Bfk%E, % (Xie Ning, Luo An, Ma Fu-
jun, et al.). KAEIEAR LG 5 L RIE 32 H A2 (Har-

monic interaction between large-scale photovoltaic power

[5

[



54 BT HLfiE BT AR

%39 % 10

stations and grid) [J]. HEHEYL TR 2= (Proceed-
ings of the CSEE) , 2013, 33 (34). 9-16.

[ 8] #BJ)=, FM, 5K % (Zheng Chen, Zhou Lin, Zhang
Mi). FET- SN E A 09 ARG AR Al 385 I8 e 41 410 7] 5
% ( Harmonic resonance suppression based on admittance
reshaping for large-scale PV plant) [J]. HJJ H3I{bi%
£ (Electric Power Automation Equipment), 2016, 36
(8): 51-57.

[9] #=, M, fE%E, % (Zheng Chen, Zhou Lin, Xie
Bao, et al.). JETHHAL# HEAMEEAY KHDGAR L 3 38
JEYR 30 ] 26 W& ( The harmonic resonance suppression
strategy of large-scale photovoltaic plants based on phase
margin compensation) [ J]. H TH R ( Transac-
tions of China Electrotechnical Society ), 2016, 31
(19) . 85-96.

[10] kWé4s, WA, WIEAR, % (Zhu Xiaojuan, Hu
Haitao, Tao Haidong, et al.). JGAR I 5 4t B 1 % A
T2E ML K Y W AR ( The mechanism and influ-
ence of harmonic instability for photovoltaic grid-connected
system) [J]. ML TH R2H (Transactions of China
Electrotechnical Society), 2017, 32 (10) : 33-41.

[11] # W, k@, #BAE, % (Yang Ming, Du Shaotong,
Zheng Zheng, et al.). KIEICIRIF N R GEIETRALEL S
FROEHES T ( Resonance mechanism and stability analy-
sis of large scale grid connected photovoltaic system )
[J]. B2 HR (Journal of Power Supply), 2019, 17
(1): 53-61.

[12]

[13]

[16]

IR, H L, WHFEM, 4 (Shuai Zhikang, Xiao
Fan, Tu Chunming, et al.). T&553 il B il 9= 25 fL AL B
JeH AW ) $5 f ( Resonance degradation mechanism of
wide—band frequency harmonics and the elimination
strategy) [J]. L T4 AR22# (Transactions of China
Electrotechnical Society) , 2013, 28 (12): 16-23.
MR, ki, £ (Chen Xin, Zhang Yang, Wang
MBI AL M (A study of dynamic interaction
between PV grid connected inverters and grid based on the
impedance analysis method) [J]. A [E B AL TR 2%
(Proceedings of the CSEE), 2014, 34 (27). 4559-
4567.

Song Y P, Blaabjerg F. Analysis of middle frequency res-
onance in DFIG system considering phase locked loop
[J]. IEEE Transactions on Power Electronics, 2017, 33
(1) 343-356.

R, WHERE, LEME (Liang Yi, Xie Yunxiang, Guan
Yuanpeng) . LCL Jf 386 75 5% XA 42 il SR s S Sk
&1 (Novel dual loop control strategy and its parameters
design method for LCL grid-connected inverter) [J]. H
THAEH A (Advanced Technology of Electrical Engi-
neering and Energy) , 2019, 38 (4). 30-38.

#BGH  (Zhao Gaungzhou). 155 #r S5 ALFE ( Signal
analysis and processing) [ M]. . HUA TV H RAL
(Beijing: China Machine Press) , 2006. 216-225.

Resonance mechanism and suppression of photovoltaic plants considering
wide-band frequency characteristic of cable

YU Rong-jiang', MA Jiong', LI Jia-shuan', QUAN Yu’
(1. Hangzhou Electric Power Design Institute Co., Litd., Hangzhou 310014, China;
2. School of Automation, Hangzhou Dianzi University, Hangzhou 310027, China)

Abstract; The influence of high capacitance of transmission cable can not be neglected. The photovoltaic plants

connected to transmission cable may be subject to resonances, which endangers the stable operation of photovoltaic

(PV) plants. In consideration of this, a cable-connected PV power system in PV plants is taken as the research ob-

ject, and the resonance mechanism of PV plants connected to transmission cable’ s revealed from aspect of a cable-

connected PV power system’ s closed loop control. The research indicates that in consideration of transmission ca-

ble’ s capacitance, the closed-loop transfer function of a grid-connected PV power system has several peaks of mag-

nitude,, which indicates the output currents, the point of common coupling’ currents and voltages will be harmon-

ically distorted. And the impacts of cable length, parallel machines’ number on resonance have been analysed. The

virtual impedances at resonance frequency range are added to the inverter’ s grid side further, which reduces the

peaks of magnitude of system closed-loop transfer function, and the purpose of resonance suppression and harmonic

reducing is achieved. Simulation results validated the effectiveness of the proposed strategy.

Key words: photovoltaic plants;harmonic resonance ;transmission cable ;resonance suppression



