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ABSTRACT:  

This paper presents a control method in a Microgrid for its inertia support feature,  by using Virtual 

synchronous generator (VSG) control is a promising communication-less control in grid. In conventional 

centralized power systems, power is generated mostly by large synchronous generators (SGs), where the 

frequency of the grid depends on the rotational frequency of the prime mover. If there are any sudden changes 

in the load, the rotor inertia property restrains the changes in frequency and keeps the system stable. During 

transient periods, rotor kinetic energy of the rotor is injected in to the grid to balance power supply between 

generation and load. With the recent high penetration of renewable energy sources (RES), the power grid is 

undergoing structural changes with an increased inverter-based distributed generation. Since inverter based 

power sources do not have inertia as conventional synchronous machines (SM), high penetration of inverters 

may cause instability and sharp voltage fluctuations in the grid.  If inverter based power sources could be 

configured as regular SM by introducing virtual inertia and damping property, many of the problems, such as 

frequency regulation, islanded operation, and parallel operation of inverter-based DGs will be resolved. This 

thesis investigates mathematical modeling and control of VSG’s to emulate the inertia and damping property 

of SMs. Simulation results are presented on the modeling and closed- loop performance of VSGs for an island 

microgrid. 
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I. INTRODUCTION 

The virtual synchronous generator (VSG) is a control method which applied to the inverter of a 

different distributed generating unit to support power quality and system stability by imitating the 

behavior of a synchronous machine. Therefore, the system is robust against instability. On the other 

hand, penetration of distributed generating (DG) units in power systems is increasing rapidly. These 

generators are capable of injecting the kinetic potential energy preserved in their rotating parts to the 

power grid in the case of disturbances or sudden changes. The most challenging issue with the 

inverter-based units is to synchronize the inverter with the grid and then to keep it in step with the grid 

even when disturbances or changes happen [1-3]. A power system with a big portion of inverter based 

DGs is prone to instability due to the lack of adequate balancing energy injection within the proper 

time interval. The solution can be found in the control scheme of inverter based DGs. By controlling 

the switching pattern of an inverter, it can emulate the behavior of a real synchronous machine. 

        To enhance stability in microgrids, one can use programmable inverters with storage, as e.g., 

the virtual synchronous machine (VISMA). It is a hysteresis controlled three-phase inverter, whose 

setpoints are determined by a synchronous machine model implemented on a control computer. Inertia 
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to improve transient stability of the grid is provided by a storage device. The basic control strategy is 

droop control [6, 8] for both voltage and frequency. With the quick development of power electronic 

technologies, distributed generation (DG) is rising as a promising variety of power supply compared 

to the standard centralized power distribution. to fulfill the demand of power consumption of 

hundreds, the control of dg units has drawn significant attention in recent years. Consistent with 

completely different control objectives, dg units may be classified into grid forming units and grid 

following units. The VISMA is able to control (re-)active power bidirectionally and can be adjusted to 

meet specific power system requirements. 

Here, the VISMA as grid-building element in a low-voltage islanded microgrid with voltage source 

inverters is investigated. The grid forming units are regularly controlled in voltage control mode 

(VCM) to get the grid frequency and voltage, in order that to “form” grid. Whereas the grid following 

units are management led in current control mode (CCM) to get active and reactive power supported 

the synchronous part from grid. The management modes of VCM and CCM are determined by the 

control structure of inner loop of every dg unit, and lots of literatures has addressed so as to enhance 

the inner loop performance with VCM and CCM units. Whereas for the dg units in CCM that applied 

in most renewable sources, the droop control can't be enforced directly since the output of droop 

control is voltage amplitude and frequency. And few researches are found to investigate the first 

control of dg units in CCM. Therefore, the control and analysis of droop and reverse droop control for 

each VCM and CCM dg units are administered during this work. Active and reactive power may be 

wireless managed in a very dg system consists of each VCM and CCM units. and also the CCM units 

also are able to participate in the bus voltage and frequency regulation. The work is organized as 

follows, Section II provides the basics of droop and reverse droop control. Section III shows the 

management implementation of VCM and CCM dg units. Section IV shows the hardware-in-the-loop 

simulation results supported a 3 metric weight unit units system to verify the planned control. The 

control algorithms for the three-phase VCM/CCM converters are classified into inner loop control and 

droop/reverse droop control. 

 

VISMA parameters under varying transient loads. Parallel Tempering allows finding (near-) optimal 

solutions for complex optimization problems efficiently. The objective of our analysis is to show that 

the optimization method is generally applicable to determine optimal control parameters in 

microgrids. Furthermore, different types of optima allow insights in the effects of the VISMA in 

combination with regular droop controlled inverters in microgrids for the first time. 

II. PROPOSED METHODOLOGY 

    The concept of VSG was introduced in 2007 as a method of resolving stability problems in power 

grid due to the integration of renewable energy sources. Many research groups are still working to 

develop various designs and control strategies to replicate the inertia and damping properties of 

conventional synchronous generators. The phenomenon of operating with both real and reactive 

power, how linear and nonlinear loads are analyzed.  
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Fig.  1 Voltage-source Based Microgrid Configuration in VSG 

 
Based on the analysis, points of improvements were discussed as well as the research expectations. 

The proposed VSG control system is shown at the bottom of Figure 4.1. Measured three-phase voltages and 

currents from the load bus are transformed from the abc system to the dq quantities using Park’s 

transformation. Also, real and reactive power of the grid are measured, which are later utilized as the input 

signals in the P-F droop control and Q-V droop control blocks. Droop controller have been used so that system 

can perform frequency and voltage stability. The P-F droop controller computes the phase angle and the 

frequency of the VSG, and the Q-V droop controller computes the reference voltage. This will then be used in 

the synchronous algorithm to determine the reference current for current control block. The current controller 

computes the three-phase reference voltage for the PWM. Using this reference voltage and angle of the VSG 

produced by the P-F droop controller, the PWM delivers the gate pulse to the inverter to provide the desired 

real and reactive power. The LC filter simply minimizes harmonics of the inverter output. In what follows, we 

discuss various blocks given in Figure 4.1. 

 

Active Power-Frequency Control 

In a distributed generation system for a medium and high voltage microgrid, P-F and Q-V droop 

controls are widely used to control the flow of real and reactive power .For stability of a power 

generator, frequency control must have a drooping characteristic with respect to the generator output 

as shown in Figure 4.2. 

 

 
 

Fig. 2 Active Power-frequency Relation 

 
The power droop characteristic can be expressed by the following equation:  

 

𝑭𝒓𝒆𝒇− 𝑭𝒏𝒐𝒎=−𝒎𝒇 (𝑷𝒓𝒆𝒇−𝑷𝒏𝒐𝒎) 

𝑭𝒓𝒆𝒇= 𝑭𝒏𝒐𝒎 + 𝒎𝒇 (𝑷𝒏𝒐𝒎−𝑷𝒓𝒆𝒇)            (1) 
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Where refF and nomF are the reference micro grid frequency and the nominal frequency 

respectively and fm is the P-F droop coefficient .the measurement process also uses refP  which is 

the measured 3 phase grid active power, and nomp is the nominal real power .equation 4.1 is 

expressed is by the Simulink block diagram as shown figure 4.3  

 
 

Fig. 3 Active Power Frequency Control 
 

For a power generator, in case there is change in the load demand the frequency will drop which cause 

the prime mover controller to increase the fuel supply hence increase and frequency. The objective is 

achieved by implementing the P-F droop control as shown in the above figure.  

All parameter for simulation are included section 5.2 in this research 60 Hz, frequency has been 

chosen as nominal /expected frequency nomF , where 100 KW load are connected in the load side. If 

there is a change / disturbance in the grid /load connected. It will introduce three variable ,ref nomp p  

and nomF in the equation 4.1 once these three variables are introduced in the system. The gain be 

achieved by considering one of the variable as a constant value and vary other two  variables  and plot 

the gain according two change in two  variables. 

III.  MODEL OF SYNCHRONOUS GENERATOR 

       Please In steady state condition the equivalent circuit of a cylindrical rotor synchronous 

generator connected to an infinite bus is at presented in Fig.4. The Kirchhoff voltage low in this case 

gives the following phasor equations. 

 
 

Fig. 4 Synchronous machine equivalent 

Circuit 
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Where sZ  is the synchronous impedance, aR  is the armature winding resistance and sX is the 

synchronous reactance.  

The phasor diagram in this case. The angle δ between excitation emf E and terminal voltage V, is 

related to developed torque and power as following. 
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If aR  is neglected with respect to sX , then sZ = j sX  and  = 90°. Previous Equations reduce to. 
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Eq. 5 shows that if |E| and |V| are held fixed and the power angle   is changed by varying the 

mechanical driving torque, the power transfer varies sinusoidal with the angle  . From (4a), the 

theoretical maximum power occurs when   = 90°. 
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                (7) 

In general, stability considerations dictate that a synchronous machine achieve steady-state operation 

at a power angle considerably less than 90°. The control of real power flow is controlled by the prime-

mover governor droop characteristics. 

Equation (6) shows that for small , cos is nearly unity and the reactive power can be approximated 

to 
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Q E V

X
          (8) 

IV.   SIMULATION RESULT 

           Here we show VSG model and  its simulation result. Many research groups are still working to 

develop various designs and control strategies to replicate the inertia and damping properties of 

conventional synchronous generators. Here we design AVR model to change inertia and also control 

of voltage variation of the modal. The damping effect of alternating inertia was verified by applying 

to a laboratory-scale test system. 
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V.   HERE WE SHOW PROPOSED MODAL IN FIGURE 5 THAT HAVING 

DIFFERENT EQUATION BLOCK.  

 

 

Fig.5 VSG Model 

Figure 6 shows power which is generated by VSG model initial its value is less but having stability of 

amplitude. That not having variation in web form. 

 

 

Fig. 6  Power output of VSG 

Figure 7 is showing current of the proposed system. It is generated constant 3 phase current without 

any variation of output its giving quality of power output.  

 

Fig.7 Current of VSG 

 

Figure 5.4 shows application of  VSG modal we design wind power system that generate power 

according to our modal. Its show initial modal without the inverter and. Here we used Wind that is 

depend pitch angle and speed of wind that block is converter architecture that convert power one form 

to another form, and third art have VSG modal. 
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Fig. 9 Initial Wind Model 
 

Figure 9 show load and inverter architecture. Load is very  and according that we manage generation 

through this architecture. 

. 

VI.   CONCLUSION 

          In this paper, the alternating VSG structure was elaborated. The alternating inertia scheme 

adopts the suitable value of the moment of inertia of the VSG considering its virtual angular velocity 

and acceleration/deceleration in each phase of oscillation. The system transient energy analysis was 

used to assess the stabilizing effect of alternating inertia control. It was clarified by the energy 

analysis that the system transient energy is reduced promptly by the reduction in the value of the 

moment of inertia.  
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