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Introduction

Effect of inertia and damping of SGs on system’s stability.

Effect of inverter-based RERs on system inertia.

Abstract Introduction VSG Controller 
System

Simulation 
Results Conclusion 

This paper would describe:

VSG controller structure

ESS

Simulation results for different scenarios
General layout of the proposed system
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Presenter Notes
Presentation Notes
Conventional power systems are mostly supplied by conventional SG which  have D and Inertia , and help to …
Inertia and damping of SGs to support the system’s stability and provide frequency regulation. 


But the modern microgrids and depends on Renewable energy resources such as photovoltaic and wind generation for the advantages…….

 these resources have a low or zero inertia and so 

These resources reduce the total system inertia and could destabilize the system

Then, The grid becomes vulnerable to high-frequency fluctuation in case of disturbances such as varying loads or variations of electric power generated from RERs 

To solve this problem, Power converters  have to play an important role in the operation and control of micro grids

VSG- is used to support the system


The proposed system layout where a VSG-based controller is used to control the PV system with storage is shown in Fig.1. 

The PV array is the main source of electrical energy.


System Layout:
In this paper, the VSG controller consists of outer and inner loops. The outer loop represents the VI emulation and terminal voltage control. It produces the reference signals to the inner cascaded voltage and current loops. The current reference signals can be calculated from algebraic equations. 
The current and voltage signals are controlled and limited in the inner loops. 
Hereafter; the mathematical model is explained in the synchronous dq reference frame, and the simulation of the proposed control methodology is carried out using an electromagnetic transient program.
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DC-AC converter controller
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Outer loops:
Virtual inertia emulation

Outer loop: 
Terminal voltage Controller

Ta ….Inertia time constant 
Kd ….Damping constant
Kw….Frequency droop constant

Presenter Notes
Presentation Notes
The control structure consists of two main loops, the outer loops are representing the inertia emulation and AC terminal voltage magnitude control. 

VI emulation produces the virtual rotor angular position of the VSG and this represents the load angle of VSG. 

Furthermore, the voltage controller produces the VSG voltage magnitude, and this will be applied to the inner loop.

From the reference voltage signals, the controller calculates and produces the reference currents in the inner control loops. 

Thus, the inverter is able to operate in both the grid-connected and isolated operating modes. 
Furthermore, it can provide a smooth transition between these two operating modes


This angle is used in the inner loops and for the Park’s transformation in the inverter control
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DC-AC converter controller
Inner loops

Cascaded voltage and current control loops
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Virtual impedance

Presenter Notes
Presentation Notes
The control structure consists of two main loops, the outer loops are representing the inertia emulation and AC terminal voltage magnitude control. 

VI emulation produces the virtual rotor angular position of the VSG and this represents the load angle of VSG. 

Furthermore, the voltage controller produces the VSG voltage magnitude, and this will be applied to the inner loop.

From the reference voltage signals, the controller calculates and produces the reference currents in the inner control loops. 

Thus, the inverter is able to operate in both the grid-connected and isolated operating modes. 
Furthermore, it can provide a smooth transition between these two operating modes


This angle is used in the inner loops and for the Park’s transformation in the inverter control



Battery storage system and dc-dc converter
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The equivalent electric circuit model is based on a non-linear 
equation and the battery is modeled using a controlled voltage 
source connected with a series resistance.

𝐸𝐸 = 𝐸𝐸0 − 𝐾𝐾
𝑄𝑄

𝑄𝑄 − 𝑖𝑖𝑖𝑖
+ 𝐴𝐴 ∗ 𝑒𝑒−𝐵𝐵 ∫ 𝑖𝑖𝑖𝑖𝑖𝑖

𝑉𝑉𝑏𝑏 = 𝐸𝐸 − 𝑅𝑅𝑖𝑖 ∗ 𝑖𝑖
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Battery equivalent electric circuit model 

Battery Buck–Boost converter controller

Battery Buck–Boost Converter controller

Presenter Notes
Presentation Notes
Emulating the rotating inertia requires an energy storage system, and VSG performance relies on the DC-link configuration such that the power fluctuation is supplied or absorbed from the DC-link and so, from the storage system. Thus a battery storage system (BSS) is used as well as a bidirectional buck/boost converter to charge or discharge the battery.



The battery energy storage is considered as the oldest and most mature storage system which stores electrical energy in the form of chemical energy [48, 49].

There are different models of ESSs that capture their dynamic behavior relating to frequency response

The equivalent circuit for the battery is based on a non-linear equation and the battery is modeled using a controlled voltage source connected with a series resistance as described in Fig. 4.
The electric circuit-based models can be useful to represent electrical characteristics of batteries.
This model accurately represents the behavior of various battery types.
The parameters of the battery can be obtained from the discharge curve provided by the manufacturer
he battery characteristics in this model have similar charging and discharging behavior.

The open voltage source E is calculated by using a non-linear function based on the real state of charge of the battery to compute the no-load voltage[2]. 
he equation of the generic battery model is shown inequations (3) and (4).

In this model, the internal voltage is not fixed (which is considered as fixed in all previous models) and it depends on the charging/discharging current.



Abstract Introduction VSG Controller 
System

Simulation 
Results Conclusion 

Simulation results: 
step power setpoint increase at different inertia time constant
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VSG converter active power variation at different inertia time constants (Kd=0.16)
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Simulation results: step power setpoint increase
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Frequency profile at different inertia time constants (Kd=0.16)
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Simulation results: step power setpoint increase
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Battery power at different inertia time constants (Kd=0.16)
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Simulation results: step power setpoint increase
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VSG  converter active power variation at different damping constants (Ta=6)
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Simulation results: step power setpoint increase
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Frequency profile at different damping constants (Ta=6)
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Simulation results: step power setpoint increase
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Battery power at different damping constants (Ta=6)
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Simulation results: step power setpoint increase
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Battery generated power variation with respect to the inertia time constant
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Simulation results: step power setpoint increase
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Battery power variation with respect to damping constant
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Simulation results: sudden increase in load
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Frequency profile at different inertia time constants (Kd=0.16)
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Simulation results: sudden increase in load
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VSG active power variation at different inertia time constants (Kd=0.16)
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Simulation results: sudden increase in load

17

Frequency profile at step increase in load (Ta=6)
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Simulation results: sudden increase in load
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Output power profile at step increase in load (Ta=6)
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Simulation results: microgrid frequency change

19

VSG frequency change in response to a microgrid frequency change (Kd=0.2)
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Simulation results: microgrid frequency change
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Output power in response to a microgrid frequency change (Kd=0.2)
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Simulation results: microgrid frequency change
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VSG frequency change in response to a microgrid frequency change (Ta=6)
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Simulation results: microgrid frequency change
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Output power in response to a microgrid frequency change (Ta=6 ), (Kw=0)
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Simulation results: microgrid frequency change
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Output power in response to a microgrid frequency change (Kd=0.2), (Kw=0)
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Simulation results: microgrid frequency change
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Output power in response to a microgrid frequency change (Ta=6)
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Conclusion
Frequency fluctuation depend on the rotor inertia and damping cnstants. 

VSG controlled based grid forming converter combined with ESS can emulate CSG’s behavior.

VSG parameters can be changed to mimic the inertial features of many CSG

VSG supports the system frequency and improve its performance (RoCoF and frequency nadir).

The impact of different values of constants affect the ratings of the converter and the ESS.

The converter and the ESS power and energy increase when the inertia time constant increases

The converter and the ESS power and energy increase when the damping constant decreases

VSG controllers can promote expanding RERs in the power grids.
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Presenter Notes
Presentation Notes
Large changes in load or the generated power from RERs cause the frequency of the system to fluctuate. 
The amplitude, frequency, and damping of this fluctuation depend on the rotor inertia and damping coefficient of synchronous machines in the system.

In this paper, a brief explanation of VSG has been presented with the aim of emulating conventional SG. 

Then modeling of VSG control structure has been discussed in synchronously rotating dq reference frame. All the system including PV array, power electronic converters, and BSS has been integrated and implemented using an electromagnetic transients program. 


From the simulation results, it can be concluded that rotor inertia and damping factor can be represented by a first-order control system with a lag time element. Also, a VSG-based controlled inverter combined with BSS can emulate the behavior of conventional SG to regulate and support the frequency of the power system following a disturbance and improve system performance.


%Furthermore, VSG parameters can be set according to the best performance without being limited by the characteristics of a physical SG.

 Moreover, it can support the system voltage even in the case of grid voltage fluctuations. As a result, VSG controllers can promote exploiting and expanding RERs in microgrids.



THANK YOU FOR ATTENTION

For any questions, please contact me at: 
m.badreldien@mtc.edu.eg

QUESTIONS


	Virtual Synchronous Generator Controller Performance and Evaluation
	Contents
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26

