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Abstract. Great amount of PV inverters connected with the PV power plant causes the power system to 
become electronically power and affects the operation mode of the traditional power system. High-
frequency switching characteristics of PV inverters carry a large number of harmonic components, even 
lead to the harmonic resonance of a multi-machine parallel system. In the paper, based on physical 
mechanism of power electronics, a high-order model of harmonic impedance of a typical PV power plant is 
established, and harmonic resonance mechanism in parallel operation of PV power plant is analyzed, as well 
as key factors. 

1 Introduction 
When a photovoltaic power plant connected to the power 
system, with power electronic equipment (PV inverters), 
it causes that power system to be electronically 
electronicized, affecting the operation mode of the 
traditional power system, and at the same time, new 
problems due to the particularity of the power electronic 
equipment[1]. Most of large-scale photovoltaic power 
plants in Qinghai Province, Northwest of China, contain 
tens to hundreds of inverters, and the power plant 
structure operates in parallel with multiple inverters. 
Since the high-frequency switching characteristics of 
inverters carry a large amount of harmonic components, 
in severe cases, PV power plant has been harmonic 
resonance, and there have been many such accidents.  

At present, the harmonic resonance suppression 
technology for power electronic equipment mainly 
focuses on control strategies and modulation strategies. 
The literature [2] proposed an active damping scheme 
that replaces the actual damping resistance with a virtual 
resistance control algorithm, thereby replacing the actual 
passive damping resistance with a control algorithm. The 
literature [3] proposed to construct a link with negative 
resonance peak characteristics in control system and 
counteract positive resonance peak generated by the LCL 
filter. The literature [4] solved the switching angle of 
power device offline or online by specifying the 
amplitude of the specified sub-harmonic equal to zero, 
thereby eliminating the specific sub-harmonic of the 
output phase voltage of the inverter. 

Normally, literatures aim to control the harmonic 
resonance of a single converter. It is rarely associated 
with the multi-inverter system, combined with the 
structure and link impedance of the entire multi-converter 
grid-connected system [5-7]. 

In this paper, a large-scale photovoltaic power plant is 
taken as the research object, and a high-order harmonic 
impedance model of multi-power electronic equipment 

grid-connected system is established to analyze the 
harmonic resonance mechanism of PV power plant. 

2 Harmonic impedance model of PV 
inverter 
The DC side shunt regulator capacitor of the PV inverter 
is inverted into three-phase bridge circuit, with a series of 
high frequency and discrete pulse voltages. The bridge 
voltage contains a large number of higher harmonics, and 
finally merged through the output filter and grid side. 

2.1 Mathematical model of LCL filter 

The typical circuit topology of LCL filter of PV inverter 
is shown in Fig.1. 
 

L1

C1

L2 Ls

USUT Ug

 
Fig. 1. PV inverter filter circuit topology. 
 

According to Kirchhoff's law, the differential 
equations of AC side in the stationary coordinate system 
can be obtained: 
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According to the coordinate transformation theory, (1) 
can be transformed into: 
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By performing the Laplace transform on (2), the 
impedance mathematical model of LCL filter can be 
obtained, which is a set of equations of multiple input 
multiple output nonlinear multivariable coupling. 

2.2 Mathematical model of inner-loop controller 

Normally, the PV inverter uses double-loop control, and 
its inner loop control is used to complete the output 
current control. 

Under the dq rotating coordinate system, the inner-
loop controller generally adopts a feedforward 
decoupling strategy, including a proportional integral 
controller and a feedforward decoupling link. The d-axis 
modulation degree md could be obtained by inputting the 
difference between the active control command Idref and 
the measured value Id of the inner-loop to the d-axis PI 
controller, with adding the feedforward compensation 
and the decoupling compensation, as shown in Fig. 2. 

2.3 Norton equivalent model of PV inverter 

The following relationship can be obtained from Fig. 2: 
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Furthermore, the output admittance of the converter is 
obtained: 
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Fig. 2. Model of filter and inner loop controller. 

3 Harmonic impedance model of PV 
inverters and Analytical method 
Learn from the traditional power network analysis 
method, the impedance network model of multi-power 
electronic equipment is established firstly, and the 
harmonic characteristics of multi-power electronic 
equipment are analysed by the node network equations. 

3.1 System network equation 

Using the symmetrical component method, the A, B and 
C three-phase power networks can be transformed into 
positive, negative, and zero-sequence networks. Set the 
three-phase admittance network equations: 

         abc abc abcI Y U                      (5) 

Where, U(abc) is the network node three-phase voltage 
column vector, I(abc) is the network node three-phase 
injection current column vector, and Y(abc) is the network 
node three-phase admittance matrix. 

3.2 Node admittance matrix 

In (5), Y(abc) is set: 
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Where, the order of the admittance matrix is equal to the 
number of nodes of the power network, and the diagonal 
elements Yii of the admittance matrix, the self-admittance 
of each node, is equal to the sum of the admittances of 
the branches connected to the corresponding nodes: 

    ii ijY y                                  (7) 

Where, yij is reciprocal of the impedance of the path 
between node i and node j.  

The number of non-zero elements in the non-diagonal 
elements of each row of the admittance matrix is equal to 
the number of ungrounded branches connected to the 
corresponding nodes, and the non-diagonal elements Yij 
of the admittance matrix is equal to the negative 
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admittance of the branch between the node i and the node 
j. 

                                (8) 

Therefore, the admittance matrix can be established 
based on PV power plant network topology. 

3.3 Harmonic power flow method 

Harmonic power flow calculation is to solve the 
harmonic voltage of each node, according to the network 
equation composed of the harmonic current injected by 
each harmonic source node and the harmonic admittance 
matrix of the network, as following: 

         h h hU Z I                            (9) 

Where, U(h) is the node harmonic voltage vector, Z(h) is 
the node impedance matrix, Z(h)=Y-1(h), and Y(h) is the 
node admittance matrix; I(h) is the node injection 
harmonic current vector. 

I(h) is the h-th harmonic injection current vector of 
each node. The non-zero element is the h-th harmonic 
injection current Ii(h) of each harmonic source, and the 
element without the harmonic source is zero, and the 
components to which they are connected are incorporated 
into the admittance matrix in the form of their equivalent 
admittance. As the harmonic current injection mode be 
known, the harmonic bus voltage can be obtained, and 
the corresponding harmonic line current can also be 
obtained. 

It is noticed that harmonic network parameters used in 
the calculation are related to the harmonic order. 
Therefore, it is necessary to form the node admittance 
matrix of the network multiple times according to the 
harmonic order. Due to the particularity of the harmonics, 
it is necessary to form according to the phase sequence of 
the subharmonic. The corresponding sequence network. 

4 Research cases 

4.1 Analysis of harmonic resonance mechanism 
of PV power plant based on harmonic power 
flow method 

Researching on harmonic overvoltage mechanism of 
multi-power electronic grid-connected system by 
harmonic current flow method, the equivalent impedance 
of the harmonic network of a PV power plant in Qinghai 
Province is shown in Fig. 3. 

4.2 Scenario 1: The influence of the impedance 
of PV inverter on the resonant frequency 

Two sets of PV inverters’ impedance parameters are set 
to analysis the influence of inverter parameters on the 
harmonic voltage distribution of the node. The harmonic 

power flow calculation results of PV power plant are 
shown in Fig. 4. 
 Paramters of PV inverter 1：Ycon=18S； 
 Paramters of PV inverter 2：Ycon=50S； 

As shown in Fig. 4, when more inverter 2 parameters 
are used in the system, the frequency and voltage 
amplification of the high frequency resonance point are 
significantly increased. When the power generation units 
in the system all with the same type, there is the only one 
resonance peak in the range of 0-1000 Hz, and the 
voltage amplification factor is relatively large. 
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Fig. 3. Network equivalent impedance diagram. 
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Fig. 4. Influence of converter parameters on harmonic voltage 
distribution. 

4.3 Scenario 2: The influence of the number of 
PV inverters on the resonant frequency 

While the number of inverters running PV power plant is 
10, 30, and 50 units, the variation of the harmonic voltage 
amplification coefficient of the selected node is observed, 
and the analysis results are shown in Fig. 5. 
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Fig. 5. Influence of the quantity of converters on harmonic 
voltage distribution. 
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As shown in Fig. 5, it is obvious that influence of the 
input quantity of inverter on the harmonic characteristics 
of photovoltaic power station. As the number of inverters 
invested by the PV power plant increases, the resonant 
frequency of the resonant point with higher frequency 
gradually increases, the resonant frequency of the lower 
frequency resonant point gradually decreases. 

4.4 Scenario 3: The influence of grid strengh on 
the resonant frequency 

The short circuit ratio (SCR) of the system is defined as 
the ratio between the power system short circuit capacity 
and the rated capacity of the plant: 

    SCR
SCR

N

SK
S

                             (10) 

The SCR of PV power plant connected to the grid are 
set as 3 and 10 respectively, representing the weak grid 
and the strong grid. The simulation results are shown in 
Fig. 6. 
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Fig. 6. Influence of power network intensity on harmonic 
voltage distribution. 

 
As shown in Fig. 6, as SCR increasing, the resonant 

frequency and the voltage amplification of the higher 
frequency resonant point increase significantly. For a 
resonant point with a lower resonant frequency, the 
resonant frequency increases and voltage amplification 
factor decreases. 

5 Conclusion 

Based on the impedance characteristics of PV inverter, 
the Norton equivalent model of the PV inverter was 
derived, which is suitable for harmonic analysis. The 
harmonic resonance impedance model of PV power plant 
was established by means of the traditional power system 
admittance analysis method. Using the harmonic current 
method, the mechanism of harmonic overvoltage in PV 
power plants was analysed, and various factors affecting 
the harmonic resonance point were analyzed, including 
the converter impedance, the number of converters and 
the grid strength. The result is used to guide PV power 
plant to avoid harmonic resonance and cause system 
failure. 
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