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 The article discusses the use of wind power plants as sources of synthetic 

inertia to enhance power system stability and reduce frequency fluctuations. 

This research explores the feasibility of implementing a synthetic inertia 

controller in wind power plants to decrease the magnitude of frequency 

oscillations during transient operating conditions. The growing integration of 

wind farms into modern power grids leads to a reduction in the overall 

kinetic energy, or inertia, available in the system. As a result, the grid may 

become more vulnerable to disturbances. When the system inertia is too low, 

frequency stability can be affected, especially when large generating units 

suddenly fail or disconnect from the grid. In general, a lower level of inertia 

in the system causes larger frequency deviations following an imbalance in 

active power. To overcome this issue, a synthetic inertia regulator for wind 

power plants has been developed, enabling wind turbines to support the grid 

and reduce the depth of frequency drops during transient events. 
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1. INTRODUCTION  

The frequency stability of electric power systems, associated with the frequency and angle of 

rotation of the rotor, is associated with the kinetic energy of rotating masses (synchronous generators and 

motors) connected to the power system. Distributed generation sources such as photovoltaic and wind power 

plants connected through power converters do not participate in the process of formation and contribution to 

the available kinetic energy of the system [1], [2]. The network frequency begins to decrease sharply within a 

few seconds after a powerful synchronous machine turns off or switches to asynchronous operation. 

The amount of frequency reduction in power systems depends on the inertia of synchronous 

generators. The frequency reduction should be limited during the first 7-10 seconds after turning off the 

generation source. This allows the primary frequency regulators, with available active power reserves, to 

restore the rated frequency [3]-[5]. In power systems with a predominant share of electricity generation from 

renewable energy sources (wind and solar power plants) and a small share of synchronous rotating machines 

connected to the grid, the frequency changes very sharply when external disturbances occur, which 

challenges the sustainability of the power system. 

Previous studies [1], [2], [6] discuss the application of doubly fed induction generator (DFIG) in 

primary frequency control and summarize research on DFIG inertia control in wind power. Lee et al. [2] 

proposed an algorithm for inertial control of a wind farm based on a dual-fed asynchronous generator to 
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maintain the network frequency during strong disturbances. Vidyanandan and Senroy [7] concluded that by 

adjusting the parameters of the synthetic inertia controller, it is possible to ensure not only the required 

inertial response, but also to improve the transient stability of power systems. Morren et al. [8] studied the 

influence of different levels of minimum inertia limitations in Europe and in each synchronous region. Key 

findings showed that increasing inertia constraints are driving up overall electricity generation costs, 

reductions in renewable energy and carbon dioxide emissions across Europe. 

 

 

2. METHOD   

A possible solution to improve frequency stability is to equip wind turbines with a so-called 

ñsynthetic moment of inertiaò, that is, to introduce additional inertia into the system in the event of a rapid 

and/or significant decrease in frequency. In technical terms, kinetic energy is generated by the rotating mass 

of a wind turbine. Foreign studies have shown that a synthetic moment of inertia can keep the system stable 

until the primary frequency regulator comes into effect [4]-[6]. Figure 1 shows a block diagram of active 

power control of a wind power plant (WPP) [9].  

 

 

 
 

Figure 1. Wind turbine generator controller system. 

 

 

The turbine blade angle control structure uses a proportional integral (PI) controller that takes into 

account the error between the actual and reference generator power. The turbine blade rotation angle control 

output is fed to the mechanical control system. The rmin, rmax correspond to the minimum and maximum 

speed of rotation of the turbine blade [10], [11]. The mechanical power (Pm) of a turbine is a function of 

three input variables such as pitch angle (beta), wind speed (Vw) and rotor speed (ɤ). The rotation speed of 

the wind turbine is not synchronous with the grid and is controlled to maximize active power production. The 

wind turbine generator is inherently separated from the grid [12]. 

The synthetic inertia control structure is to detect significant frequency dips, and temporarily 

increase the power of the wind turbine, since the wind turbine can quickly store and release large amounts of 

kinetic energy from the rotating masses through the power electronic converter. However, the release of 

energy into the network is possible only for a short period of time (up to 30 seconds), and the subsequent 

restoration of the power of the wind turbine is ensured by the network [13], [14]. The increase in synthetic 

inertia is achieved by rapidly increasing the generator torque as the network frequency decreases, which leads 

to a decrease in the rotation speed of the wind turbine. The reduction in rotor speed is the result of converting 

the kinetic energy of the rotor into electrical energy. The disadvantage of this conversion is that the inertial 

response is followed by a recovery period during which the wind turbine generator produces less power in 

order to accelerate the rotor to optimal speed. There is also a risk that the rotor speed will drop too much (e.g. 

below cut-in speed), causing the wind turbine to shut down [15], [16]. 

To implement virtual inertia in wind turbine generators, it is necessary to understand the mechanism 

of wind energy conversion. Wind power can be expressed  as [17]: 

 

ὖ ẗ”ẗὃẗὺ  (1) 

 

The parameters ɟ, A and vwind are the air density [kg/m3], rotor coverage [m2] and wind speed [m/s] 

respectively. The share of wind energy converted into kinetic energy is called the power factor Cp(ɓ, ɚ) [18], [19]. 

The power factor has a theoretical upper limit of 0.593, which is called the Betz limit. The power factor 
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depends on the angle of inclination of the turbine blades ɓ and the ratio of the turbine blade tip speed to the 

actual wind speed ɚ. The equation for calculating the coefficient ɚ is as follows [20]:  
 

‗
ẗ

 (2) 

 

where ɤrotor denotes the rotor rotation speed in [rad/s], Rrotor is the rotor length in [m]. Maximum power point 

tracking (MPPT) must change the rotor speed in proportion to the wind speed along with the pitch angle of 

the blades to find the maximum power factor [21]. By adding the power factor to (1), the mechanical power 

driving the generator is calculated as follows [22]: 
 

ὖ ẗὅὴ‍ȟ‗ẗ”ẗὃẗὺ  (3) 

 

To determine the optimal blade angle, as well as the relationship between mechanical power, wind 

speed and rotor speed. Figure 2 shows the optimal MPPT trajectory on the example of the characteristic of 

the dependence of mechanical power on the turbine speed [23], [24]. As illustrated in Figure 2, depending on 

the wind speed, there is a turbine rotor speed at which the maximum mechanical power is generated at the 

generator input. 
 
 

 
 

Figure 2. Turbine power characteristics 
 

 

2.1.  Synthetic inertia controller model 

Figure 3 shows the power control scheme of the wind turbine, taking into account the model of the 

synthetic inertia controller. This scheme is a wind turbine control system taking into account two-circuit 

synthetic inertia regulator. The mechanical part of the control system consists of controlling the angle of 

rotation of the wind turbine blades to ensure the MPPT. In this case, a signal of the mechanical power of the 

turbine Pmech, summed with the output of the inertia regulator ȹP, is supplied to the input of the electrical 

part, i.e., the generator. 
 

 

 
 

Figure 3. WPP model with synthetic inertia controller 


