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SUMMARY: With the rapid development of renewable energy power generation, the 

penetration of distributed power sources in the power grid is rapidly increasing, and the 

microgrid with power electronic inverter as the interface leads to reduced system stability due 

to the lack of inertia and damping. In this paper, in order to make the photovoltaic power plant 

effectively support the grid operation, the virtual synchronous motor algorithm VSG is 

introduced into the control of the inverter, and in order to improve the dynamic characteristics 

of the system, the virtual impedance is added into the control of the virtual synchronous machine, 

and then the cooperative adaptive control strategy of inertia and damping is obtained by 

improving the traditional VSG control strategy, and the parameters of the adaptive control 

system are determined, so that the VSG has good and consistent stability in the power grid 

before and after the grid strength change before and after has a better and consistent response 

characteristics. Through MATLAB/Simulink simulation and comparison experiments, the 

results show that the adaptive control strategy proposed in this paper can not only inhibit the 

speed of frequency change, but also reduce the amount of frequency deviation, and the designed 

control strategy can effectively improve the transient response time of the system, which verifies 

the reasonableness and validity of the designed model and control strategy. 
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1 Introduction 

In the 21st century, the structure of the world's energy resources has undergone a great change. 

With the severe shortage of traditional energy sources such as coal, oil and natural gas, mankind 

has shifted the direction of energy development to renewable energy. The large-scale 

development and utilization of renewable energy sources, and the diversified energy structure 

dominated by clean and clean renewable energy sources with unlimited resources instead of the 

energy structure dominated by traditional fossil energy sources with serious pollution and 

limited resources have turned into the focus of people's attention [1-3]. As a new type of green 

renewable energy, solar energy is the most ideal renewable energy source with the greatest 

utilization compared with other new energy sources. Especially in recent decades, with the 

continuous progress of science and technology, solar energy and its related industries have 

become one of the fastest growing industries in the world, and photovoltaic (PV) power 
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generation, as a kind of clean, safe, and reliable distributed energy source, has been receiving 

more and more attention and emphasis [4, 5]. 

There exist two working modes of PV power plants, off-grid and grid-connected. Previously, 

because of the high cost of producing solar cells, the application of PV power generation is 

often limited to remote areas without electricity, and most of them are small and medium-sized 

systems for households and villages, who are off-grid users [6]. However, in recent years, the 

photovoltaic industry and its market has changed a lot, the photovoltaic industry from remote 

rural areas gradually to the direction of photovoltaic building integration and urban grid-

connected power generation rapid development, solar energy has been globally by the 

“complementary energy” role is recognized to be the next generation of “alternative energy” 

[7-9]. Grid-connected photovoltaic power plant, on the one hand, can be reasonable 

deployment and storage of electric energy, so that energy is maximized. On the other hand, the 

introduction of PV power generation into households and enterprises through grid-connection 

can reduce the dependence on traditional energy sources, thus reducing the expenditure on 

electricity [10, 11]. 

However, the low inertia problem brought about by large-scale grid-connected PV power 

plants has become a key hidden problem affecting the stability of power systems [12]. 

Traditional thermal generating units store kinetic energy through synchronous generator rotor 

rotation, and when the grid frequency fluctuations, these rotating bodies release or absorb 

energy to maintain system stability, like an invisible stabilizer for the grid, but PV power 

generation is connected to the grid through inverters, and this power electronic equipment does 

not have physical rotating parts to provide mechanical inertia support in the traditional sense 

[13-15]. When the PV penetration rate exceeds 30%, the system equivalent inertia may 

plummet by more than 60% [16]. In addition, in practice, an important problem facing grid-

connected PV power plants is low damping [17]. Damping refers to the damping characteristics 

of various damping elements, sensors, controllers, etc., in PV grid-connected power generation. 

Under multiple grid-connected PV power plants, it is difficult to balance inertia support and 

damping enhancement [18, 19]. The actual operation data of some power grids show that the 

frequency regulation pressure increases by 2.3 times and the frequency fluctuation amplitude 

enlarges by 47% compared with the traditional operation mode during the midday PV power 

hour. In a regional grid fault in summer, the frequency collapse accident caused by inertia and 

damping insufficiency resulted in a direct economic loss of more than 80 million yuan. 

Therefore, how to coordinate the inertia and damping parameters to optimize the grid-connected 

control of photovoltaic power plants is an issue of concern. 

This paper proposes an adaptive virtual inertia and damping cooperative control strategy 

based on VSG, and establishes the relationship between the virtual rotational inertia, damping 

coefficient and the system frequency deviation and frequency change rate. The inverter 

controlled by VSG can be equivalent to a synchronous generator, while the PV power supply is 

equivalent to a prime mover, and then simulate the characteristics of the synchronous generator 

power generation system, analyze the feasibility of the control strategy proposed in this paper 

then and determine the parameters of the adaptive control system. Finally, the influence of the 

regulation coefficients on the system performance is analyzed through MATLAB/Simulink 

simulation to verify the feasibility of the synergistic adaptive control strategy of rotational 

inertia and damping coefficients. 
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2 Co-optimization model for multiple grid-connected control 

parameters of PV power plants 

2.1 Modeling of PV power plant system 

2.1.1 Grid-connected photovoltaic systems 

Grid-connected photovoltaic power generation system does not go through battery storage and 

directly inputs power into the large power grid through grid-connected inverter, its design 

structure mainly consists of devices such as photovoltaic arrays, grid-connected inverters and 

controllers [20]. The DC-DC converter and DC-AC inverter are utilized to invert the DC power 

into AC power, which is finally fed into the power grid. Grid-connected photovoltaic power 

generation system, compared with off-grid type, saves the battery pack charging and 

discharging links, not only reduces the loss caused by energy exchange, but also reduces the 

equipment land area, and more importantly, saves the construction cost. It can also be divided 

into decentralized grid-connected and centralized grid-connected. 

Decentralized grid-connection: Also known as distributed grid-connection, the power 

generated is supplied directly to the load. If there is a surplus of power generated, the excess 

power is fed into the grid; if there is a shortage of power generated, the grid makes up for the 

surplus. It can be seen that two-way conduction can be realized between the power grid and the 

power generation system. This system is suitable for urban buildings and self-sufficient small-

scale PV power generation systems. 

Centralized grid-connected: It is to input the power output from the inverter directly into 

the public grid, and then uniformly transmitted and deployed by the grid. It can be seen that the 

system and the public grid can not realize the two-way conduction, only one-way transmission, 

so in the desert area of the large-scale PV power plant is usually used in this way for grid 

connection. 

2.1.2 Mathematical modeling of PV cells and PV arrays 

In this paper, a centralized grid-connected PV power system structure is used. The equivalent 

circuit diagram of the photovoltaic cell is shown in Fig. 1. 
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Figure 1: Equivalent circuit of photovoltaic cell 

where 1I  is the photogenerated current; sR  and 
pR  are the series-parallel equivalent 

resistances in the cell, respectively; I  and U  are the output current and output voltage, 

respectively; 
jC  is the junction capacitance of the photovoltaic cell, and this branch current is 

negligible. dmI  is the forward current of the equivalent diode P-N junction under the external 

voltage when there is no light irradiation; 
pI  is the parallel branch current. From this, the 

output characteristic equation of the PV cell can be obtained: 
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where 0I  is the diode reverse saturation current; T  is the current temperature; q  has a 

value of 191.602 10 , and k  has a value of 231.38 10 , both of which are constants; n  is 

the diode factor, and ideally, n  is 1. Eq. (1) requires further simplification: 

Typically, the value of 
pR  is so large that the 

pI  term can be ignored; since the value of 

sR  is much less than the value of the diode's forward conduction resistance, it is possible to 

make 1 scI I . The simplified mathematical model of the PV cell is as follows: 
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However, the above model presupposes that the temperature and light intensity are kept 

constant and does not take into account the output characteristics in case of changes in 

environmental factors. Therefore Eq. (2) is further modified: 
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where 0T  and 0S  are 25 C  and 21000 /W m ; T  and S  denote the temperature and light 

intensity of the current environment, respectively; and a , b  and c  are the compensation 

coefficients. Then the modified PV cell output characteristic equation is: 

 1

2

1 exp 1sc
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U
I I C

C U
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 (4) 

The corrected model obtained for engineering purposes does not require intricate 

parameters, and only four basic parameters provided by the PV cell manufacturer are needed to 
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build a mathematical model of the PV cell. 

2.1.3 PV Grid-tied Inverter Control Structure and Modulation Methods 

In power systems, inverters are key devices that connect distributed power sources to the larger 

grid. In the research and analysis of power systems, grid-connected inverters are usually three-

phase voltage source PWM inverters. In this section, we will start from the elaboration of 

several classical outer-loop and voltage-current control strategies to select the inverter outer-

loop and inner-loop control strategies suitable for the characteristics of large-scale PV power 

plants. 

(1) Inverter outer-loop control strategy 

The outer-loop control strategy determines the role of the inverter in the microgrid, and then 

the classical outer-loop control strategy of the inverter is analyzed with the line transmission 

characteristics. In order to analyze the grid-connection process of the inverter in depth, the 

inverter is equivalent to a controlled voltage source, and the grid-connection schematic diagram 

of the inverter after the equivalence is shown in Fig. 2. 

PCC

Z R jX  

S P jQ 

0E

U 

 

Figure 2: Grid-connected equivalent schematic diagram of inverter 

where U  and   denote the output voltage of the inverter and its phase angle, respectively; 

E  is the AC bus voltage; Z  and   denote the line impedance and its phase angle. 

According to Fig. 2, the inverter output power equation and line impedance relationship can be 

derived: 
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Organizing equation (5), the formula for the inverter output power becomes: 
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It can be seen that there is a relationship between the voltage magnitude and phase angle of 

the inverter and AC bus and the output power of the inverter. 

(2) Inverter voltage-current inner loop control method 
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The purpose of voltage-current inner-loop control is mainly to accurately regulate the 

current and improve the power quality. The inner-loop control is usually divided into 0dq  

rotating coordinate system, 0  stationary coordinate system and abc  natural coordinate 

system, this paper completes the voltage and current inner-loop control through the mutual 

transformation of abc  natural coordinate system and 0dq  rotating coordinate system. 

The control process of voltage-current inner loop is as follows: three-phase reference 

voltages 
arefu , 

brefu  and 
crefu  are transformed by dq  to generate two-phase reference 

voltages 
drefu  and 

qrefu , and du  and 
qu , which are introduced as the feedbacks to the 

voltage loop, and the difference of the two values is transformed by a proportional-integral (PI) 

controller. The proportional-integral (PI) controller introduces a cross-compensation link to 

decouple the dq  components of the voltage and generate the current loop reference signals 

drefi  and 
qrefi . The PI controller is used to improve the dynamic response of the system. 

2.2 Mathematical model of synchronous virtual generator 

2.2.1 Electrical mathematical modeling of synchronous generators 

a b ci i i  and a b c    are the currents and magnetic chains of the three-phase stator, 

respectively; 
fi  and 

f  are the currents and chains of the excitation winding, respectively, 

and the equations of the magnetic chains of stator winding and excitation winding are: 
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 (7) 

where  
T

s a b c     , and aaL , bbL , and ccL  are the self-inductance of each phase of the 

stator, respectively, which are set to be of the same size L ; abM , bcM , and acM  are the 

mutual inductances between the phases of the stator, which are set to be of the same magnitude 

 0, 0.5M M M L    due to the difference in phase angles 120 ; 
ffL  is the rotor self-

inductance, set to 
fL ; the mutual inductance 

afM , 
bfM , and 

cfM  between the excitation 

and stator windings fluctuates according to a sinusoidal law as the rotor deviates from the a-

phase by an electrical angle  : 
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 (8) 
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rewritten as: 
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Rotor excitation voltage: 
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where abcu  and abci  are the terminal voltage [ ]T

a b cu u u  and terminal current [ ]T

a b ci i i  of 

each phase of the stator winding, respectively, and sR  is the stator winding resistance, so there 

is: 

 abc
abc s abc s abc

di
u R i L e

dt
     (11) 

The reaction electromotive force abce  generated by a synchronous generator in the stator 

winding can be viewed as a two-part system consisting of the line impedance voltage drop and 

the terminal voltage as: 

 sin cos
f

abc f f f

di
e M i M

dt
     (12) 

where   is the rotor angular frequency, when the synchronous generator operation into the 

steady state after the excitation current 
fi  remains unchanged, that is, / 0fdi dt  , then (12) 

can be simplified as: 

 sin 2 sinabc f fe M i E     (13) 

2.2.2 Frequency Response Characteristics of a Virtual Synchronous Machine (VSG) 

The difference between the current control methods of different virtual synchronous machines 

mainly lies in the design of voltage and current rings and the control of reactive power, the 

common point is that the phase control is determined by the rotor motion equation in the 

controller, which is the core of the virtual synchronous machine. Therefore, without loss of 

generality, this paper assumes that the virtual synchronous machine adopts the dual-loop control 

structure of voltage outer ring current inner ring and reactive power-voltage sag control. 

Moreover, in order to better enhance the dynamic characteristics of the system, virtual 

impedance is added to the control of the virtual synchronous machine. 

Similarly, since the frequency disturbance rejection capability of the system is investigated 

in this paper, the system output is chosen to be: 
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 VSG VSGy     (14) 

Perturbation input u  is added to the phase, i.e: 
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 (15) 

It can be seen that Eq. (15) shows that the virtual synchronous machine has similar 

frequency response characteristics to the synchronous generator in terms of the open-loop 

characteristics of the rotor equations of motion. 

2.2.3 Effect of Moment of Inertia and Damping Coefficient on the Characteristics of 

VSGs 

The VSG controls studied in this paper are all carried out in the grid-connected state of the line, 

so after ignoring the inner-loop control delay, the active control loop can be simplified as shown 

in Fig. 3. Where PK  is the simplified synchronous power with the size of /EU Z , and Z  

is the sum of the virtual impedance of the VSG, the line impedance, and other fractional 

impedances. In this paper, PK  is assumed to be a fixed known quantity for ease of analysis. 
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Figure 3: Structure of P control loop in grid-connected mode 

(In the figure: mP  is subtracted from eP  and divided by  , then passed through 
1

Js D
, 

added with N s  , and divided by s  to get  , and eP  is obtained from   through PK .) 

The open-loop transfer function and closed-loop transfer function of the active control loop 

at grid-connection can be obtained from Fig: 
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It can be found that the closed-loop transfer function corresponding to the active loop is a 

typical second-order model, then the natural oscillation angular frequency n  and the 

damping ratio   corresponding to the second-order model can be obtained as: 
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Assuming that 0 1   and the error band is 5% , the maximum overshoot %  and 

the regulation time st  corresponding to this second-order system are: 

 

2/ 1
% 100%

3.5 7
s

n

e

J
t

D

 



   



 


 (19) 

From Eq. (19), it can be obtained that the dynamic performance of the second-order model 

corresponding to the active ring is determined by the rotational inertia J  and the damping 

coefficient D  when both the active power as well as the reactive power are given. Where the 

inertia J  mainly has a greater effect on the rate of change of frequency and the damping D  

has a greater effect on the amount of deviation of frequency. 

2.3 Adaptive control of virtual synchronous machines for grid-connected 

inverters 

2.3.1 VSG grid strength adaptation analysis 

The adjustment of virtual damping is related to the virtual inertia and the whole step coefficient, 

which is proportional to the VSG machine-end voltage and inversely proportional to the total 

impedance of the power grid.The operating point of VSG is related to the strength of the power 

grid and the actual output power, and the voltage at the machine-end of the VSG is affected by 

the operating point, and the voltage of the power distribution network usually fluctuates within 

10%, therefore, when the strength of the power grid is certain, and the actual output power of 

the VSG is changed, the change in the voltage at the machine-end of the VSG is not significant, 

and the influence on the whole step coefficient is small. Therefore, when the grid strength is 

certain, if the actual output power of VSG varies, the magnitude of the VSG machine-end 

voltage change with the operating point is not significant, and the influence on the whole-step 

coefficient is small, so the whole-step coefficient is mainly influenced by the total impedance 

of the grid. If the whole step coefficient of the VSG for parameter tuning under the set grid 

strength is 0ES , and the whole step coefficient under the actual grid-connected operation is 

1ES , the closed-loop transfer function of the small-signal model of the VSG in the actual 

operation state can be expressed as: 
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 (20) 

The actual damping ratio of the system can be obtained as: 
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It can be seen that when the actual grid strength of VSG operation is smaller than the grid 

strength referenced by the parameter setting, i.e., 1 0E ES S , then 0.707  , the damping ratio 

increases, and when the difference between the grid strength is large, there is a significant 

overdamping, which prevents the VSG from responding to the changes in the grid more quickly; 

On the contrary, when the actual grid strength of VSG operation is larger than the grid strength 

referenced by the parameter setting, i.e., 1 0E ES S , 0.707  , the damping ratio becomes 

smaller, the VSG exhibits obvious under-damping characteristics, and the overshooting 

becomes larger, which may bring negative impacts on the grid, and thus fails to satisfy the 

requirement of the VSG to switch between the large power grid and the microgrid and other 

power grids with different strengths. The demand of the VSG is not satisfied. 

2.3.2 Grid impedance detection method based on power perturbation method 

Regarding the grid impedance detection methods for grid-connected inverters, they are 

categorized as follows: harmonic injection method, power perturbation method, LCL resonance 

method, recursive estimation method, and other methods. Considering that the harmonic 

injection method will introduce harmonic components into the grid, which will lead to the 

degradation of power quality, the LCL resonance method and recursive estimation method have 

low accuracy, and the VSGs can conveniently and actively regulate the output power, this paper 

adopts the power perturbation method, which detects the voltage and current responses of the 

common connection point PCC and the system frequency when the power perturbation occurs 

under the conditions of different VSG operating points, and then calculates the grid impedance. 

2.3.3 Adaptive Optimization Method for VSG Parameters 

According to a certain grid strength rated VSG parameters, when the actual operation of the 

grid strength becomes stronger, the natural frequency of the system becomes smaller and the 

response speed becomes faster; when the actual operation of the grid strength becomes weaker, 

the natural frequency of the system becomes larger and the response speed becomes slower. 

Therefore, the response speed of VSG is not uniform before and after the change of grid strength, 

and thus the inertia time constant and damping of VSG are considered to be optimized 

adaptively at the same time, so that the VSG has more uniform response characteristics under 

different grid strengths. 

Taking the VSG inertia time constant 0H H  at a certain grid strength 0ES  as a 

benchmark, adaptive optimization of H  is performed, if the grid impedance detected in the 

actual operating state is calculated to give the actual whole step factor of ES  and the inertia 

time constant of H , we have: 

 

2

0 0 0

2

/

/

s E n

s E n

S H

S H

 

 

 



 (22) 

If we want to satisfy the same speed of VSG response under 2 different grid strength 

conditions, the natural frequency of the system corresponding to the 2 conditions is kept 

constant, so there is: 
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 0 0/E EH H S S  (23) 

2.4 Parameterization 

2.4.1 Determination of parameters KJ and KD 

The clusters of root trajectories of the active ring for different rotational inertia J and damping 

coefficient D can be obtained according to the active ring transfer function equation as shown 

in Fig. 4. From the figure, it can be seen that the root trajectory of D increases from 0 to infinity 

when J is 0.02, 0.06 and 0.09, respectively. 1S  and 2S  are a pair of conjugate complex roots 

of the system, moving in the direction shown by the arrows in the figure, and also in the 

direction of the slow increase of D from 0. It can be found that as D increases, 1S  and 2S  

move to the left side of the complex plane at the same time, indicating that at this time the 

dynamics of the system is better, and the system is in an underdamped state for attenuated 

oscillations, with a certain degree of overshooting; however, as D continues to increase 1S  and 

2S  gradually on the real axis converge, the imaginary part becomes 0, which corresponds to 

the critical damping state of the system; if D continues to increase, both 1S  and 2S  will move 

in the opposite direction on the real axis, and at this time the system is in an over-damped state, 

which will result in an increase in the regulation time of the system, and therefore the damping 

coefficient D cannot be too large. On the other hand, from the figure, it can be found that with 

the growth of J, the separation point of the characteristic roots 1S  and 2S  gradually tends to 

0, i.e., it gradually moves to the imaginary axis, which results in the slowing down of the 

system's response, so the rotational inertia J cannot be too large either. 

 

Figure 4: Root locus with different J and D 

The constraint equations between inertia J  and D  are derived, and the selection ranges 

of J  and D  are given. Therefore, the adaptive inertia and damping of the control strategy 

proposed in this paper should satisfy the parameter selection range, which can be obtained as 

maxJ  and maxD . 

The range of inertia and damping adjustment coefficients is: 
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




 (24) 

Substituting the data gives 0.75JK   and 3.05DK  . 

2.4.2 Determination of parameters TJ and TD 

When the VSG is in normal operation, the frequency of the system will have a small fluctuation, 

but the rate of change of the frequency is not negligible. JT  is used as the deviation rate 

threshold of frequency to judge whether to carry out the switching switch of adaptive inertia or 

not, in order to avoid misoperation during normal operation, JT  must be larger than the 

maximum value of frequency deviation rate during normal operation of VSG, and at the same 

time, in order to improve the accuracy of the adaptive system, JT  can not be too large, 

therefore only need to satisfy the avoidance of misoperation. The deviation threshold of 

frequency DT  can be obtained by the same reason. 

3 Simulation verification 

In this paper, the example is based on Matlab/Simulink simulation system to carry out model 

simulation analysis, and the simulation results to verify the rationality and effectiveness of the 

proposed adaptive control strategy, the model structure of the example system is shown in 

Figure 5. 
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Figure 5: The topology of the calculation example VSG 

The important parameters selected for the example system are as follows: the DC side of 

the system has a voltage of 700V and the phase voltage on the AC side of the system is 220V; 

Filtering parameters are set at values of 2 mHsL  , 40 FC  , and 0.2sR   ; Line 

parameters: 2gL mH , 0.2gR   ; Frequency difference threshold max 1f Hz  ; 

Frequency difference rate of change threshold 0.1k Hz ; System virtual inertia 
2

0 0.2J kg m  ; System damping coefficient 0 1 /D N m s rad   . 
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3.1 Analysis of results 

3.1.1 Effect of adjustment factor on frequency fluctuation 

In order to analyze the effect of different regulation coefficients on frequency stability, the 

virtual synchronous generator is given an active power of 5kW, 
jK  is taken to be dK  = 0 

when it changes, and dK  is taken to be 
jK =0 when it changes, and frequency fluctuations 

are shown in Figure 6. 

From the figure, it can be seen that when the regulation coefficient 
jK  is 0.07, 0.1, 0.3 

respectively, the time to reach the first oscillation peak is 0.09s, 0.11s, 0.13s; with the increase 

of 
jK , the rate of change of the rotor frequency of virtual synchronous generator decreases 

gradually; when the regulation coefficient dK  are 6, 12 and 21, the overshoot is about 0.178Hz, 

0.17Hz and 0.14Hz, respectively; as dK  increases, the overshoot of the rotor frequency 

gradually decreases. 

  

(a) jK  is different (b) dK  is different 

Figure 6: Frequency fluctuation underdifferent adjustment coefficients 

3.1.2 Cooperative adaptive control of moment of inertia and damping coefficients 

A stand-alone virtual synchronous generator is used to connect to the grid, the simulation time 

is 1.6s, the active power of the load is 12kW, and the reactive power is 2kvar, the given output 

active power of the virtual synchronous generator is 2kW at the initial time, and the active 

power is suddenly increased to 12kW at 0.15s, and then suddenly decreased to 2kW at 0.9s, and 

the reactive power is constant at 2kvar. 

Fig. 7 shows the step response curves of the virtual synchronous generator output active 

power under different control strategies. When the input power increases suddenly, the active 

overshoots with constant parameter virtual synchronous generator control (pink), rotational 

inertia adaptive control (yellow) and damping coefficient coordinated adaptive control (blue) 

are 35%, 18%, and 6%, respectively, and the regulation time is about 0.57s, 0.57s, respectively, 

0.5s. 
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Figure 7: Comparison of active power underdifferent control strategies 

Fig. 8 shows the comparison of the output frequency of the virtual synchronous generator 

under different control strategies. From Fig. 8(a), it can be seen that the adaptive change of 

rotational inertia has a significant effect on the frequency change rate. When the input power 

increases suddenly, the frequency deviation of the output frequency of the virtual synchronous 

generator under the fixed control parameter is more than 0.4 Hz, and the duration of the 

oscillation is about 0.27 s. When the rotational inertia adaptive control strategy is adopted, the 

maximum deviation of the frequency is reduced to 0.23 Hz, and the regulating time is reduced, 

but not obviously. Fig. 8(b) compares the output frequencies of the J adaptive virtual 

synchronous generator control and the J and D cooperative adaptive control, and it can be seen 

that the introduction of the damping coefficient adaptive control further reduces the frequency 

deviation, and when the frequency deviation is more than 0.1 Hz, the D adaptive increase 

suppresses the frequency deviation significantly. 

  

(a) Comparison between constant parameter 

VSG control and J adaptive VSG control 

(b) Comparison between adaptive VSG 

control and J, D coordinated adaptive 

control 

Figure 8: Comparison of frequency underdifferent control strategies 

The variation of J and D under the cooperative adaptive control strategy of rotational inertia 

and damping coefficient is given in Fig. 9. The phenomenon of spikes during the change of 
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rotational inertia is caused by the non-smooth change of the virtual rotor frequency, which is 

caused by the sudden change of d / td  at the frequency inflection point. 

  

(a) Rotational inertia J (b) Damping coefficient D 

Figure 9: Change of inertia and VSG 

In summary, compared with the rotational inertia adaptive control, J and D cooperative 

adaptive virtual synchronous generator control has better frequency fluctuation suppression 

performance, which is able to reduce the rate of change of frequency fluctuation as well as the 

frequency offset, and ultimately reduce the frequency overshooting, shorten the recovery time, 

and improve the frequency stability performance. 

3.2 Consider the operation of the system after a load disturbance 

Increasing the system operation duration, when the system load changes, considering the degree 

of inertia of the system itself, its corresponding generation and load imbalance and other factors 

will lead to the frequency shift of the system. At t=2.0s, the system load decreases abruptly 

from 10kW to 4kW. Then the impact of the system under the three control strategies on the 

system is shown in Fig. 10 to Fig. 12. 

From Fig. 10, it can be seen that when the load of the system fluctuates, considering the 

weak inertia characteristics of the system itself, the frequency stability of the VSC system can 

be improved by utilizing the coordinated adaptive control and strategy, and after the transient 

process of load fluctuation from Fig. 11, it can be seen that after the utilization of the 

coordinated adaptive control strategy, the active output of the system can be smoothly 

transitioned to the new steady state; from Fig. 12, it can be seen that under the coordinated 

adaptive control strategy proposed in this paper, the system corresponds to the new steady state; 

from Fig. 12, it can be seen that the system corresponds to the new steady state. Adaptive control 

strategy, the system corresponds to the DC side voltage drops to 0.99 (the youngest value) after 

the start of the recovery, while the constant inertia + constant damping control strategy 

corresponds to the DC side voltage drops to 0.96 (the youngest value) before the start of the 

recovery, the use of the virtual inertia adaptive strategy corresponds to the DC side voltage to 

drop to 0.98 (the youngest value) before the recovery. It can be summarized that after the system 

load fluctuation, the coordinated adaptive control strategy can make the system quickly return 

to a stable state, thus verifying the transient performance of the system under load disturbance. 
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Figure 10: Effect of load change on system frequency 

 

Figure 11: Effect of load changes on system active power 

 

Figure 12: Effect of load change on system DC voltage 
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4 Conclusion 

Aiming at the stability problem due to power perturbation when a large number of power 

sources of photovoltaic power plants are connected to the grid, this paper proposes the adaptive 

virtual inertia and damping control strategy method, models and analyzes the conventional VSG, 

analyzes the principle and feasibility of this control strategy that can improve the adaptability 

of the VSG power grid, and obtains the following conclusions: 

(1) The adaptive virtual inertia and damping control strategy not only takes into account the 

change of rotational inertia, but also the change of damping coefficient, which suppresses the 

rate of change of frequency as well as the amount of frequency deviation, and at the same time, 

compared with the conventional virtual synchronous generator control and the adaptive control 

strategy of rotational inertia, the control strategy proposed in this paper is able to further 

improve the frequency response characteristics of the power supply and the output active 

response characteristics. 

(2) The control strategy set up in this paper can effectively suppress the transient response 

time of the system, and compared with other control strategies, the adaptive virtual inertia and 

damping control strategy method can make the system corresponding to the DC side voltage 

drop to 0.99, which improves the stability and reliability of the system. 
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