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Abstract -Wind energy conversion system is becoming 
very popular now a days and the application of wound 
rotor induction machine is widely spread in wind energy 
generating stations because of its adaptability for variable 
speed wind turbines through which maximum possible 
extraction of wind energy is possible. Also among all the 
induction generator configurations for wind power systems 
the use of Doubly Fed Induction Generator (DFIG) 
configuration with back to back pulse width modulated 
voltage source converters (VSC) is one of the best 
topologies available and it is suitable for both grid 
connected systems as well as stand-alone systems. In this 
paper, a brief review of all the control strategies for both 
stator side converter and rotor side converter are discussed 
in stator flux oriented reference frame and results are 
compared on the basis of cost, efficiency , power 
consumption and harmonics 

Keywords V2G and G2V three -phase inverter, 
MPPT, BSS, solar, DFIG  

 
I INTRODUCTION 

The rising demand for electricity and the scarcity of 
fossil fuel has intended to enhance the utilization of 
renewable energy sources for both economic and 
environmental benefits. WECS is regarded as a bulk 
supplier of electric power to power grids and wind 
power production is growing rapidly day by day. As 
indicated by the Global Wind Energy According to 
the orientation of wind turbines (WT), it is 
classified into two types i.e. horizontal axis wind 
turbine (HAWT) and vertical axis wind turbine 
(VAWT). The HAWT with variable speed mode is the 
most convenient and commonly used WTs. The WT 
is able to extract more energy by adjusting the rotor 
speed. Such flexible wind speed operation also reduces 
drive train mechanical stress and smoothes output 
power. In a WECS after the WT the wind energy is 
converted to electrical energy through an optional 
gearbox and a generator attached with it. Doubly-fed 
induction generator (DFIG) and permanent magnet 
synchronous generator (PMSG) are predominant 
types of generator though other types of the generator 

have also been used. In today’s competitive energy 
market the implementation of simple, reliable, 
efficient and cost-effective WECS is highly 
recognizable. But the nonlinear aerodynamic system, 
the mechanical complexity in the system, the 
presence of different kinds of faults make the 
operation of WECS more complicated. For the 
safety of WECS many efficient control strategies 
such as supervisory control for the startup and shut 
down of WT, blade pitch angle control, generator 
torque control, yaw control, internal generator 
control, power electronics devices control, pitch 
actuator control, fault-tolerant control etc. are 
implemented. Also, IEEE Standard 519–20142 
requires that WECS must stand with the grid for a 
temporary overvoltage at the grid interconnection. 
Numerous research works are going on based on new 
control strategies for the improvement in the 
operation of WECS. Many researchers have 
contributed reviews with a focus  on  different  aspects  
of  the WECS. As the effect of WECS in large 
rating has a sizable impact on the grid, the grid- 
connected systems with WECS are the circle of 
research. Nevertheless, the study also diverges towards 
small rated WECS for standalone operation.3 looks 
into variable-speed wind turbines, as the future trend 
in wind energy conversion, in contrast with the 
traditional fixed-speed wind turbines. Indirect-drive 
and direct-drive turbines are also contrasted for such 
a system.4 presents a speed-sensor-less control of 
voltage and frequency for a stand- alone DFIG based 
on the root mean square (RMS) detection scheme. 
The reviews covering power electronics topologies are 
excluded.5 brought out a comprehensive review of the 
four most popular maximum power point tracking 
(MPPT) control methods. Later on Kumar and 
Chatterjee6 classified MPPT according to the power 
measurement i.e. direct or indirect power controller 
with a detailed assessment taking different 
parameters important during implementation. Tiwari 
and Babu focused on the structure of different pitch 
angle-based controllers from traditional to the 
modern approach. The stochastic nature of wind 
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power specifically attracts power smoothing control. 
From the review of simulation results,8 the kinetic 
energy of the inertia control method is a superior 
power smoothing approach above pitch control with 
FLS and DC link control by d axis current.9 
reviewed control schemes used in grid interfaced 
WECS for rotor side converter (RSC) and grid side 
converter (GSC) control. They brought a comparative 
presentation of rotor flux-oriented control (FOC) and 
direct torque control (DTC), voltage oriented control 
(VOC) and direct power control (DPC). Also, the 
performance of the VOC by different current 
controllers is presented. To protect the WECSs 
during the line fault condition and keep it connected 
to have low voltage ride through (LVRT), energy 
storage-based approaches are put side by side without 
an energy storage system.10 They emphasize that the 
chopper circuit-based fault protection method is 
gaining interest due to the simplicity and low 
voltage ride through (LVRT)  capability with 
reduced cost as no energy storage system is involved. 
This protects the DC link capacitor from the 
unwanted change in DC link voltage.11 brought a 
review on posi- tion/speed sensor-less control 
strategies for direct-drive PMSG-based WECSs with a 
focus on observers for the unmeasured signal. Such 
control can improve the reliability of control for 
sensor faults and has significance in cost reduction.12 
reviewed on converter fault diag- nosis including both 
model-based and pattern-based methods and the 
challenges.13 covered issues from feasibility to 
utilization including some insight into the adaptive 
and robust control applied to WECS.14 summarized 
updates of numerous WT control techniques with 
their performance on research literature available up 
to 2016. Also, for internal fault, a review has been 
brought with more focus on model-based fault 
detection and control15 but, further review of fault-
tolerant control has been left out in the earlier review. 
However, there has been researching advancement 
beyond that. 

II RELATED WORK 
Sobhy S. Dessouky et al. (2018) most important challenge 
in wind energy is maximising the quantity of power 
generated at any given wind speed. Several ways of 
mechanical sensor and system characteristic knowledge 
are necessary to monitor the maximum output power point. 
These tactics will increase prices in the actual world in 
order to increase maximum power point tracking. Using 
DFIGs and the MPPT control scheme, this paper proposes 
a way for obtaining the maximum power from a wind 
turbine based on perturb and observer approaches. A 

thorough model of DFIG system configurations is created 
using Matlab/Simulink. The simulation results 
demonstrate that the system operates effectively and that 
the suggested control mechanism increases wind power 
integration into the grid 

Essam. H. Abdou et al. (2018) wind speed estimate 
(WSE) is used in the paper to extract the greatest power 
from a 1.5 MW DFIG-based wind energy conversion 
system (WECS). The wind speed is estimated using the 
rotor speed. The optimal shaft speed is chosen based on 
wind speed. An MPC system is also used to monitor rotor 
speed and estimate its optimal value in response to 
variations in wind speed. The simulation results revealed 
that the recommended MPPT technique may generate the 
optimal rotor speed for maximising output power  

Xinglong Wang et al. (2017) Wind farms based on 
DFIG (Double-Fed Induction Generator) must be explored 
in high-altitude mountainous locations to improve the 
validity and accuracy of wind farm integrated power 
system dynamic analysis in hilly regions. The properties of 
wind farms in high-altitude mountainous locations can be 
explored first. Second, a short review of the simplified 
wind farm modelling technique is in order. In the third 
stage, a complex wind farm modelling approach based on 
PSS/E and a user-defined model is offered, together with 
temporal and geographical wind speed distributions. A 
case study comparing a complete model and a simple 
model was conducted on a Guizhou wind farm to assess 
the applicability of the three comparisons: variation of 
wind speed distribution, cut-in wind speed, and cut-out 
wind speed. The ideas and conclusions will be useful in 
studying the dynamic features of high-density wind power 
integrated power systems in mountainous areas 

Preeti Sonkar et al. (2017) power sector has showed 
an interest in renewable energy sources in order to meet 
the ever-increasing demand for power. Wind energy is the 
fastest-growing renewable energy source, necessitating the 
usage of wind turbines to manage the frequency of the 
grid. Wind turbines are used for grid frequency adjustment 
utilising inertial control and droop control techniques. This 
article investigates the frequency response of a DFIG-
based wind turbine for the ARMA wind speed model. The 
study also investigates the impact of increasing wind 
power potential on the frequency response of wind power 
plants running without frequency control as well as with 
both inertial and droop controllers. The droop parameter 
has also been modelled for various amounts of wind power 
penetration. This study is unique in that it examines the 
impacts of increasing wind power potential without and 
with frequency control techniques, as well as adjusting 
droop parameters in their totality. The current situations 
have been simulated using MATLAB/SIMULINK. The 
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results of the simulation suggest that wind turbines with 
inertial control and droop control can have a favourable 
impact on the environment 
Xie Hua et al. (2018) system's frequency 
management need is increasing as a result of the increased 
penetration of wind power. Wind turbine control technique 
research is critical for primary frequency regulation. An 
inertia and droop control strategy for DFIG wind power is 
suggested based on the design of this study. To implement 
the control approach, a DFIG wind turbine model is 
created using RTDS. The wind turbine's simultaneous 
frequency tracking and efficient primary frequency 
regulation are proved by simulation results produced 
utilising the aforementioned control approach 

.Md Aktarujjaman et al. (2020) Inverter-
interfaced renewable energy sources are likely to replace 
fossil fuel-powered classic synchronous generators from 
the existing power system in the next years. Wind turbines 
based on doubly fed induction generators are predicted to 
be among these renewable energy sources (DFIG). This 
will have a significant influence on grid dynamics due to 
the absence of system inertia and the intermittent nature of 
wind generation. This paper demonstrated how DFIG-
based wind turbines may effect grid voltage and frequency 
by integrating into the grid using PSS/E professional 
simulation software. The simulation investigations are 
carried out using a power grid network model that 
integrates hydro, gas, and wind generation, and they are 
carried out under various voltage and frequency 
contingencies or disturbances. In the simulation trials, 
DFIG-based variable-speed wind turbines from the world's 
major manufacturers were used. The system frequency, as 
well as the impacts of various flaws on the system voltage, 
are extensively evaluated as a consequence of this inquiry 
and analysis. Furthermore, this study investigates the grid 
code requirements for DFIG-based wind turbines in 
electrical systems with a high penetration of DFIG-based 
turbines. According to a careful analysis of simulation 
studies, DFIG-based wind turbines can contribute to 
system frequency and voltage control under various 
contingencies or network breakdowns. 

Anjali V. Deshpande et al. (2019) Renewable 
energy sources are gaining pace and beginning to make a 
substantial contribution to the global energy mix as a result 
of increased power demand and the constraints imposed by 
traditional energy sources. Wind power plants are 
currently being created all over the world to supplement 
the regular grid due to technological improvements. As a 
result, wind power's contribution to the power system is 
growing at a quicker rate, making it vital to understand 
how wind power influences the system's features. Wind 
power generators such as SCIG, DFIG, and SG are 

examples. Because of its benefits such as maximum power 
tracking, variable speed operation, and separate 
management of active and reactive power, DFIG is the 
most commonly used technology. This paper describes 
DFIG and its simplified model, which may be used to 
evaluate wind-integrated power systems. According to this 
article, a double-fed induction generator (DFIG) may be 
utilized efficiently for variable-speed wind power 
generation  
Jin Ma et al. (2018) the usage of precise models is the 
only way to ensure the authenticity of  a simulation. 
Modeling of doubly fed induction generation (DFIG) for 
study of power system stability has attracted researchers' 
interest in recent years due to its extensive application in 
wind power production. Wind turbine manufacturers have 
constructed models that are not only difficult to grasp, but 
also proprietary and adapted solely to their own models. A 
variety of generic models that have been simplified are 
available. Among these, the current-source based model is 
the most often used for analysing the stability of power 
systems. Until recently, the model's validation has been 
based on limited real-world data or chosen simulated 
scenarios. As a result, due to a lack of systematic and 
theoretical evaluation of its validity, it is probable that the 
current-source based model may be improperly utilised in 
real engineering practises. This paper investigates the 
validity of the current-source model in the presence of 
both symmetrical and asymmetrical faults. Our practise of 
modelling and analysing an actual wind farm in North 
China confirms the validity of this work on the current-
source based DFIG model 

Subinay Vajpayee et al. (2020) discusses the use 
of a PLL control technique in a doubly fed induction 
generator to improve the management of imbalance grid 
voltage in real time grid synchronisation. DFIG is an 
abbreviation for double fed induction generator (DFIG). 
The impact of uneven voltage on traditional PLLs based 
on dq conversion is demonstrated in this work. All of the 
modelling and simulation were done in PSCAD. Even 
though the grid voltage is balanced, the unbalanced 
positive sequence component significantly improves PLL 
stability. Because it is rapid and stable, the proposed 
technique may be employed in DFIG's wind power system 
even when the main grid is down, making it perfect for 
usage in wind turbines. As a result, the system was built to 
deal with both ordinary and unusual circumstances. The 
addition of a PLL considerably improved the system's 
stability  
 

III PV-DFIG 
In its topology, the solar PV array is connected at the DC 
link of DFIG based WECS through a boost converter and a 
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DC-DC converter. However, it increases the switching 
losses and cost, because of additional DC-DC converter 
along with grid side converter. In [15], the authors have 
demonstrated the wind-solar PV system with BES in 
standalone mode. In its configuration, the solar PV array is 
connected at the DC link of wind turbine driven DFIG 
through a boost converter. However, the current through 
BES is not controlled, because it is directly connected at 
the DC link. Further, the microgrids based on DG, wind 
and solar sources have been developed and reported in the 
literature [16]-[18]. In [16], the authors have discussed the 
capacity planning of BES for a microgrid based on wind, 
solar and diesel sources that are located in island. 
However, optimal fuel operation of DG has not been 
discussed. In [17], the authors have demonstrated a wind-
diesel microgrid for fuel efficient zone with BES. 
However, the BES current is not controlled due to its 
direct connection at the DC link. Moreover, the chances of 
getting away from fuel efficient zone is more due to 
connection of only one RE source. Venkatraman et al. [18] 
have presented a wind-solar-diesel microgrid with BES for 
certain remote area. However, the optimal operation of DG 
has been ignored while developing the source and load 
controllers. In any microgrid, the BES plays vital role 
during the mismatch of generation and demand. Moreover, 
it helps in extraction of maximum power both from wind 
and solar, especially when the generation is more than the 
demand. There are many maximum power point tracking 
(MPPT) techniques discussed in the literature, both for 
wind and solar to extract maximum power corresponding 
to particular wind speed and insolation, respectively [12],  
 

IV DFIG WIND TURBINE 
Figure 1 shows the structure of the DFIG wind turbine and 
control system. The DFIG principally consists of a back-
to-back grid-side converter (GSC) and a rotor-side 
converter (RSC). The stator windings are interfaced with 
the power grid, while the rotor windings are connected to 
the power grid by RSC and GSC. The decoupling of the 
rotor from the power grid has the merit that the power 
capacity of the converters is 30% of that of the wind 
turbine 3. Consequently, the cost of converters and the 
harmonic filter is significantly reduced. In addition, the 
smaller converter size not only results in lower power loss 
but also leads to higher efficiency. In particular, the salient 
feature of a DFIG wind turbine is the controllability of the 
active and reactive power outputs (PDFIG, QDFIG, 
respectively). Based on the vector control 
technique both PDFIG and QDFIG can be independently 
controlled by the control system in Fig. 1. This control 
system is composed of the speed controller, the voltage 
controller, and the pitch angle controller. Here, the main 

control objective of a DFIG is amelioration of power 
system oscillations. The study result in  indicates that the 
control in the RSC gives a much higher damping effect on 
the oscillation mode than that in the GSC. Therefore, the 
RSC is appropriate for power oscillation dampinghe 
quadrature-axis current of the RSC (iqr) can be used to 
control the active power output by the speed controller, 
while the direct-axis current of the RSC (idr) can be 
employed to control the reactive power output by the 
voltage controller. With the ability of reactive power 
output control of the DFIG, reactive power compensation 
is not required as in a fixed-speed wind turbine. This 
ability not only supports the DFIG terminal voltage during 
the steady state and grid faults but also eliminates the 
installation cost of reactive power compensating devices.  

 

 
 

Fig 1 DFIG wind turbine 

The crowbar circuit, which consists of antiparallel 
thyristors and a resistor, is connected to the rotor circuit, as 
shown in Fig. 1. The objective of the crowbar circuit is to 
limit the high current in the rotor circuit and to provide a 
bypass for it. The protection of the rotor circuit is effected 
without disconnecting the converter from the rotor or from 
the power grid during and after a fault. As a result, the 
fault (low-voltage) ride-through capability of the DFIG 
wind turbine is improved. The resistance should be low 
enough to mitigate the overvoltage across the converter 

https://onlinelibrary.wiley.com/doi/full/10.1002/tee.22379#tee22379-fig-0001
https://onlinelibrary.wiley.com/doi/full/10.1002/tee.22379#tee22379-bib-0003
https://onlinelibrary.wiley.com/doi/full/10.1002/tee.22379#tee22379-fig-0001
https://onlinelibrary.wiley.com/doi/full/10.1002/tee.22379#tee22379-fig-0001
https://onlinelibrary.wiley.com/cms/asset/21148973-6bfa-4ce4-b108-46525bac190b/tee22379-fig-0001-m.jpg
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terminal. On the contrary, it should be sufficiently high so 
that the high current in the rotor can be limited. 

A- Frequency Stability: frequency stability is the 
ability of a power system to maintain a steady 
frequency following a severe system upset resulting in a 
significant imbalance between generation and load. It 
relies on the ability to maintain/restore equilibrium 
between generation and load. Instability takes place in the 
form of sustained frequency swings, leading to tripping of 
generating units and/or loads. The proliferation of DFIG 
wind turbines in power systems aggravates system 
frequency instability because of some reasons, as 
described below. 

1. When the integration of DFIG wind turbines into power 
systems increases, the large output power fluctuations 
result in severe system frequency variation. This makes the 
frequency relays, which are installed at wind farms, 
disconnect wind farms from power systems. This not only 
exacerbates frequency and/or voltage stability but also 
excites power oscillations2. Owing to the decoupling 
between the power grid and the DFIG rotor by the back-to-
back converters, the grid frequency variation cannot be 
detected by the DFIG rotor. As a result, the massive 
installation of DFIG wind parks drastically diminishes the 
apparent system inertia. This not only escalates the rate of 
system frequency change but also worsens the nadir of 
frequency drop under the loss of generators. This also 
implies that the time interval for the spinning reserve to 
compensate the power imbalance shortens. This influence 
is manifest in small power systems, isolated 
microgrid/weak grids and isolated island grids such as in 
Ireland and the UK 

B- Transient Stability: As clarified in Ref. 12, transient 
stability is concerned with the ability of the power system 
to maintain synchronism when subjected to a severe 
disturbance such as a short-circuit. It depends on the initial 
operating point of the system and the severity of the 
disturbance. Instability is normally in the form of aperiodic 
angular separation due to inadequate synchronizing torque. 

Since the inertia of the DFIG rotor is decoupled from the 
power grid, and the high installation of DFIG wind 
turbines replaces the conventional synchronous generators, 
not only the effective system inertia is degraded but also 
the synchronizing torque is deteriorated. These bring about 
an increase of the aggregated angular acceleration or 
deceleration of synchronous generators after system faults 
occur. These scenarios directly endanger the system's 
transient stability performance. 

The impact of reduced inertia of the power grids with large 
DFIG wind farms on the level of transient stability margin 
reduction was studied in previous works. Time-domain 
nonlinear simulation for any initial operating conditions 
and applied faults is used to calculate the transient stability 
index in order to determine the transient stability margin of 
the power system with DFIG wind farms  The study result 
signifies both the detrimental and beneficial impacts of 
increased DFIG installation on the transient stability. In , a 
new transient stability index using sensitivity analysis is 
evaluated by time simulation. The result shows that 
suitable location of DFIG wind turbines augments the 
power system transient stability margin. When DFIG wind 
turbines are situated at some other locations, the stability 
margin becomes worse. 

However, transient stability analysis by time simulation 
still has some disadvantages such as the trial runs of 
increasing fault interval, the lack of stability degree data, 
the indemonstrable post-fault trajectories, etc. To tackle 
these problems, the energy function method is adopted.he 
energy function based on the potential energy boundary 
surface method is used to analyze the influence of reduced 
inertia on the system transient stability. With the direct 
computation of the critical energy and the critical fault 
clearing time, study result reveals that the reduced 
effective system inertia due to DFIG wind turbines causes 
a degradation of the system's critical clearing time and 
transient stability margin. Besides, the required additional 
inertia under the inertial reduction by other machines can 
be estimated by the proposed technique for contributing 
the inertial support from DFIG wind turbines. In Ref. 22, 
study result using the transient energy margin evaluation 
advocates that when the voltage sag, fault clearing time, 
and wind power penetration are higher than certain 
thresholds, the DFIG wind farms have an adverse impact 
on the transient stability. 

On the other hand, there have been studies that apply the 
DFIG wind turbine to augment power system transient 
stability. The DFIG converter controller can be divided 
into fixed and adaptive structures. For the fixed structure 
controller of a DFIG, an RSC controller is modified so that 
the input torque reference of a DFIG is modulated using a 
feedback of the frequency of the DFIG terminal 
bushereby, the output active power of a DFIG is modified 
during the post-fault condition. This changes the electrical 
power of adjacent synchronous generators and enlarges the 
transient stability margin. 

C- Small-Signal Stability: As mentioned in Ref. 12, 
small-signal stability is concerned with the ability of the 

https://onlinelibrary.wiley.com/doi/full/10.1002/tee.22379#tee22379-bib-0012
https://onlinelibrary.wiley.com/doi/full/10.1002/tee.22379#tee22379-bib-0022
https://onlinelibrary.wiley.com/doi/full/10.1002/tee.22379#tee22379-bib-0012
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power system to maintain synchronism under small 
disturbances. It hinges on the initial operating point of the 
system. Instability can be of two forms: (i) increase in 
rotor angle through a nonoscillatory disturbance due to 
lack of synchronizing torque, or (ii) rotor oscillations of 
increasing amplitude due to lack of sufficient damping 
torque. The small-signal stability problem is associated 
with the local plant mode oscillation with a frequency of 
about 1.0–2.0 Hz and inter-area mode oscillation with a 
frequency of about 0.2–0.8 Hz. 

Since the DFIGs are asynchronous machines and 
decoupled from the power grid by converters, they do not 
initiate new oscillation modes. However, they can 
influence the damping of oscillation modes by the 
following four mechanisms On the other hand, recent 
events in  Minnesota  and Hebei province  

D-Ancillary Services from DFIG Wind Turbine: With 
increasing integration of DFIG wind turbines into power 
grids, DFIG wind turbines can be expected to become 
active and reactive power service providers. With 
sophisticated wind forecasting methods nowadays as well 
as the power smoothing techniques, DFIG wind turbines 
can be treated as a dispatchable power source by power 
utilities. Accordingly, it is possible for DFIG wind 
turbines to contribute ancillary services such as frequency 
control, voltage control, power oscillation damping, etc. to 
power systems. In addition, various national grid codes 
require DFIG wind turbines to offer ancillary services . In 
the following, we review previous works on frequency 
control, voltage control, and power oscillation damping 
from DFIG wind turbines. 

E- Frequency Control: The frequency control support by 
DFIG wind farms can be categorized into two groups: 
inertial control and power reserve control . The former 
temporarily releases the kinetic energy stored in the DFIG 
rotor to lessen the frequency nadir at the initial stage of a 
disturbance, while the latter injects the reserved power in a 
wind turbine to supply insufficient power persistently. 
Although the latter has a better control effect than the 
former, to take part in the primary frequency control, the 
deloaded operation of DFIG wind turbines is required. In 
other words, DFIG wind turbines are operated below the 
maximum power point tracking (MPPT) curve. This 
causes an inevitable loss of wind energy. Studies on the 
frequency control support by DFIG wind turbines with 
power reserve control can be found in Here, the survey of 
the inertial control in previous studies is carried out. 

F-Conventional Inertial Control of DFIG Wind 

Turbine: To avoid the adverse impact of the ROCOF 

loop, replaces the ROCOF loop in the conventional inertial 
control with the maximum ROCOF loop to retain the 
maximum ROCOF and get rid of the negative influence 
after the frequency rebound. This scheme not only releases 
more kinetic energy both before and after the frequency 
rebound but also raises the frequency nadir more than the 
conventional inertial control. 

G-Voltage Control: Under low-speed operation, the 
active power output of a DFIG wind turbine is much lower 
than its rated power. It is possible that a DFIG wind 
turbine can inject the reactive power to a power grid for 
enhancing the voltage profile during steady and transient 
states. 

V CONCLUSION  

In this paper, various methods for analyzing DFIG wind 
turbines impact on power system dynamic performance, 
such as frequency stability, transient stability, small-signal 
stability, and voltage stability, have been reviewed. 
Advanced control techniques of the DFIG for grid service 
supports, i.e. frequency control, voltage control, and power 
oscillation damping, have been described. The results and 
future trend can be summarized as follows. 

The replacement of synchronous generators by DFIG 
wind turbines not only reduces the effective system inertia 
but also aggravates the synchronizing torques. This mainly 
affects the power system's dynamic performances. 
Nevertheless, the controllable output power of DFIG wind 
turbines with appropriate control can be utilized to 
ameliorate the power grid dynamics. 

Regarding the impact on frequency stability, DFIG wind 
farms not merely worsen the frequency nadir but also 
expedite the ROCOF. To alleviate both problems, the 
hidden inertia of DFIGs can be extracted by inertial 
control. The key point of this control is how to adapt the 
controller gains so that more kinetic energy stored in the 
DFIG rotor can be released. Improved inertial control 
methods that can inject more kinetic energy and guarantee 

stable operation are significantly required. 
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