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Abstract. With the grid connected inverter is widely used in the new energy power generation, which 

is represented by wind energy and photovoltaic power generation, the resonance problem caused by 

the grid connected inverter becomes more and more a threat to the safe and stable operation of power 

system. This paper firstly introduces the basic structure of the new energy grid connected system, 

which is represented by wind power and photovoltaic system. Secondly, the harmonic resonance of the 

new energy grid connected system is analyzed. Finally, this paper introduces the optimization 

operation control process of the multi-function grid connected inverter, and proposes a power quality 

and reliability management strategy based on summarizing the advantages and disadvantages of 

various methods. 

1. Introduction 

Over the past decade or so, the deteriorating environment has been associated with the 

non-renewable nature of traditional fossil fuels and the public's concerns about the safety of nuclear 

power generation, which has contributed to the sustained and rapid development of renewable energy 

sources such as wind and solar energy. However, these new energy power generation forms are 

intermittent and random operation characteristics, unstable output characteristics and uncontrollable 

source power to the safe and stable operation of the power system has a negative impact, so the urgent 

need for large-scale new Energy after the impact of the system to study[1-3]. On the basis of new 

energy power generation, the concept of distributed power generation system is further developed. 

Traditional power systems use high-power, centralized power generation, but the new energy power 

generation has the characteristics of decentralized resources, so it is more suitable for decentralized 

access to the grid. Compared with the off-grid work, grid-style scenery system without additional 

energy storage device, not only can save power and operating costs, but also can improve grid 

efficiency. However, the distributed power supply issued by the DC can’t be directly supplied to the 

grid and AC load, must go through a certain interface device that the inverter can be achieved in 

parallel [4,5]. Grid-connected inverter system has a flexible and efficient features, but grid-connected 

inverter also brings new challenges to the grid. 

2. Grid - Connected Mechanism of Distributed Inverter System 

Grid-connected inverter is the core component of the grid-connected system. According to the type 

of DC-side power supply, can be divided into voltage source and current source inverter. In the 

distributed power generation system, the working mode of the grid-connected inverter can be divided 

into grid-connected mode and island mode [6]. 

Inverter output filter is the role of power electronic switching devices to produce high-order 

harmonic filter, in addition to isolation and energy storage auxiliary function. At present, the grid-type 

inverter filter types are L-type, LC type, LCL type, LLCL type [7]. 
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3. Inverter Harmonic Analysis and Optimized Compensation Control   

Figure 3 shows a typical feeder branch of the microgrid, which consists of a three-phase, two-level, 

multi-function grid-connected inverter, a local non-linear and reactive load, and the other parts of the 

microgrid are equivalent to a set of voltages source. Among them, the grid inverter by the equivalent of 

the DC voltage source, DC bus capacitor, bridge circuit, filter inductance composition [8]. 
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Fig1. Multi-function grid connected inverter in micro grid 

     As the three-phase two-level grid-connected inverter compensation for unbalanced load current 

capacity is not strong, here mainly consider the harmonic and reactive current compensation. The 

model is based on the two indexes of harmonics and power factor of grid-connected current at PCC. 

Assuming that the harmonics have a slightly stronger effect on the micro-grid than the reactive power, 

the comparison matrix is chosen:  
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 Find the eigenvalues and eigenvectors of the matrix, and take the consistency index: 
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And max 2   is the largest eigenvalue of matrix C and n=2 is the order of C. If C1=0, consistency 

test passed. The weight vector corresponding to the maximum eigenvalue λ max is normalized to 

obtain the weight vector ω= (ω1,ω2)=(0.75,0.25). 

In the optimization control of multi-function grid-connected inverter, because of the limited 

capacity of the input, it can only be more reference to the optimization target, there is a certain 

proportion of reactive power and harmonic compensation current. The optimal compensation control 

strategy for the multifunctional grid-connected inverter is determined in two different ways to 

determine the compensation coefficients a1 a2 in the optimal compensation control strategy. 
Multi-function grid-connected inverter compensation capacity can be expressed as: 

   
222 2

1 0 2 03   h q p h qS S S U a I a I                                                                                                (3) 

Among them, Up is the phase voltage RMS, hS qS  are the multi-function grid inverter input 

harmonic and reactive power compensation capacity, Ih0, Iq0 are compensated before the 

multi-function grid inverter and the network out of the harmonic Wave, reactive current effective value, 

a1 a2 are multi-function grid inverter input harmonics, reactive current accounted for the detected 

harmonic and reactive current proportional coefficient. We can select the objective function formula (4) 

of the optimal compensation model, which is subject to the conditional constraint of (5): 
2 2 2 2
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Then 0h  is the total harmonic distortion rate of the compensated front-net current and 0g  is the 

reactive coefficient of the current before the grid is compensated. The reactive power factor is defined 
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as the ratio of reactive power to quarterly apparent power, that is, the ratio of reactive current to 

fundamental current I1: 
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Assuming that the THD and the reactive power of the grid current after compensation are
h

g , 

then the power quality index at this time is: 

1 2h q A  
  
                                                                                                                       (7) 

And A is the set target constant. On the one hand, the power quality at the microcomputer PCC 

should meet the corresponding standards for the grid, such as THD <5% and PF> 0.98. Therefore, in 

this case, the power quality control object A can be set directly according to the power quality standard. 

On the other hand, grid-connected inverter to the power grid to provide more power quality 

management and reactive support and other ancillary services. In this case, the power quality control 

target A may be set according to the dispatch instruction of the grid. In general, the fundamental 

current component changes little before and after compensation, in the analysis to facilitate 

consideration, that I1 before and after the compensation is similar. Ideally, the relationship between 

THD and reactive power before and after compensation is satisfied: 
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 2 2 2 2
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And λ1 is the Lagrangian multiplier. Note that if there is no power quality compensation, Ll=0 

al=a2=0, A=σ. On the contrary, when the harmonics and reactive power in the micro-grid are fully 

compensated, then L1=I2
h0+ I2

q0 al=a2=1,A=0. Thus, the Lagrangian multiplier has a range [0,I2
h0+ 

I2
q0]. The partial derivative of each variable can be obtained: 
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Then it can be solved: 
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Among them, σ is not compensated when the grid at the power quality increase and evaluation 

indicators, namely: 

1 0 2 0   h q                                                                                                                       (12) 

According to the above analysis results, the optimal compensation coefficient can be obtained. 

When the power quality index reaches the full compensation (corresponding to the compensation 

coefficient is 1), it is considered that the power source has no such problem. The weight of the mass 

impact factor is calculated as 1, and the optimal compensation coefficient is recalculated. 

In this paper, a comprehensive evaluation method of microgrid power quality based on AHP is used 

and applied to the optimal compensation control of multi-function grid-connected inverter. Based on 

the comprehensive evaluation index of power quality, the optimal compensation control strategy of 

multi-function grid-connected inverter is put forward, and the power quality is optimized by inputting 

the given compensation capacity respectively to achieve the minimum compensation capacity for a 

given power quality index aims. 
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4. Summary 

With the continuous development of distributed inverter system in China, the grid operation has put 

forward new challenges to the development of existing distribution network, which increases the 

difficulty of planning, designing and controlling the distribution network. Therefore, through the 

control of distributed inverter system and harmonic suppression, which can effectively reduce the 

impact of a large number of new energy access to the power distribution network, it is helpful to 

improve the power quality and maintain the safe operation of the distribution network. Considering the 

increasing proportion of distributed new energy power generation in the distribution network, the 

distributed power generation system has the ability of providing the auxiliary service to the power grid, 

such as reactive power / voltage dynamic support ability. In the active distribution network, large-scale 

distributed inverter system should be passive to active, with more active control function, according to 

the grid operating state adaptive adjustment mode of operation. Therefore, we can further study the 

active distribution network with multi-functional, adaptive distributed inverter system operation and 

control strategy. 
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