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Recent wind farm grid codes require wind generators to ride through voltage sags, which means that normal power production should 

be re-initiated once the nominal grid voltage is recovered. However, fixed speed wind turbine generator system using induction generator 

(IG) has the stability problem similar to the step-out phenomenon of a synchronous generator. On the other hand, doubly fed induction 

generator (DFIG) can control its real and reactive powers independently while being operated in variable speed mode. This paper proposes 

a new control strategy using DFIGs for stabilizing a wind farm composed of DFIGs and IGs, without incorporating additional FACTS 

devices. A new current controlled voltage source converter (CC-VSC) scheme is proposed to control the converters of DFIG and the 

performance is verified by comparing the results with those of voltage controlled voltage source converter (VC-VSC) scheme. Another 

salient feature of this study is to reduce the number of proportionate integral (PI) controllers used in the rotor side converter without 

degrading dynamic and transient performances. Moreover, DC-link protection scheme during grid fault can be omitted in the proposed 

scheme which reduces overall cost of the system. Extensive simulation analyses by using PSCAD/EMTDC are carried out to clarify the 

effectiveness of the proposed CC-VSC based control scheme of DFIGs. 
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1. Introduction 

The response of wind generators to grid disturbances is an 

important issue nowadays, because the installations of wind 

generators are steadily increasing. Therefore, it is important for 

utilities or grid companies to study the effects of various voltage 

sags on the corresponding wind turbine responses [1-3]. The 

emerging grid codes demand that wind farms should have a good 

performance with respect to voltage control capability and robust 

behavior against frequency and voltage variations under fault 

condition. The induction generator (IG) is used, in general, as 

fixed speed wind turbine (FSWT) generator due to its superior 

characteristics such as brushless and rugged construction, low cost, 

maintenance free, and operational simplicity.  However, it 

requires large reactive power to recover the air gap flux when a 

short circuit fault occurs in power system. Thus reactive power 

compensation from power network or other devices is needed for 

the FSWT wind farm. The installation of compensation units, like 

static synchronous compensator (STATCOM) [4], 

superconducting magnetic energy storage (SMES) [5], and energy 

capacitor system (ECS) [6], in a wind farm composed of fixed 

speed wind turbines (FSWTs) to overcome voltage sag during a 

grid fault, increases the system overall cost. The amount of 

necessary dynamic reactive power compensation depends 

generally on the type of wind turbine generator system (WTGS) 

and is influenced by relevant electrical and mechanical parameters 

of that system.  

The doubly fed induction generator (DFIG) has very attractive 

characteristic as a wind generator because the power processed by 

the power converter is only a fraction of the total power rating of 

the DFIG. This is typically 20-30%, and therefore its size, cost, 

and losses are much smaller compared to a full size power 

converter used in other types of variable speed wind generators [7]. 

DFIG can operate at a wide range of speed depending on the wind 

speed or other specific operation requirements. Thus, it allows a 

better capture of wind energy [8-10]. The dynamic slip control and 

pitch control are the other salient features which help to augment 

the system stability. In addition, DFIG has better behavior 

concerning system stability during short-circuit faults in 

comparison with IG, because of its capability of independent 

control of active and reactive power output [11]. The superior 

dynamic performance of the DFIG results from the frequency 

converter which typically operates with sampling and switching 

frequencies of above 2 kHz [12]. Therefore, it is paramount to use 

a variable speed wind turbine (VSWT) system like a DFIG to 

stabilize a FSWT (IG) in a wind farm, because the DFIG system 

can also control reactive power in a similar manner to a 

STATCOM, SMES, or ECS, and thus the reactive power 

compensation can be implemented at a lower cost.  

This paper presents a new coordinated control scheme where 

IGs are stabilized by using DFIGs excited by current controlled 

voltage source converter (CC-VSC). Though the research about 

CC-VSC has already been reported in many literature, the 

application and control strategy of CC-VSC that suits well for 

DFIG to stabilize wind farm has so far not been reported yet. The 
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proposed CC-VSC based DFIG can operate well with minimum 

number of PI controllers in rotor side converter and without the 

support of DC-link protection scheme. Thus, the intricacy of the 

controller design can be reduced considerably. Moreover the 

two-mass drive train model is considered for all wind generators, 

as it has great influence on the transient characteristics [13]. 

Simulations were carried out using PSCAD/EMTDC [14] for a 

three line to ground fault (severe case) in the power system, to 

show the effectiveness of the proposed control scheme to stabilize 

the entire wind farm. The transient stability index of the system is 

also analyzed for symmetrical and unsymmetrical fault conditions 

and also for different fault locations in the power system to show 

the overall stabilizing effect of CC-VSC based DFIG system. 

Obtained results are compared with those obtained using voltage 

controlled voltage source converter (VC-VSC) based DFIG 

scheme reported in [15]. Dynamic analysis using real wind speed 

data is also presented to show the performance of the proposed 

system under practical situations.  

2. Model System 

 A model system shown in Fig.1 [15] is used in this study, 

where two wind farms are connected to the main power system. 

Aggregated wind farm model is considered in this analysis for fast 

computing. Each wind farm is composed of 1 DFIG and 3 IGs. 

The wind turbine modeling, parameters of the generators, ratings 

of the DFIGs excitation circuit including DC-link protection 

scheme and the basic control of the DFIGs using VC-VSC 

strategy have been presented in [15]. 

The IEEE generic turbine model and approximate 

mechanical-hydraulic speed governing system [16] is used for 

synchronous generator 1 (SG1). The IEEE “non-elastic water 

column without surge tank” turbine model and “PID control 

including pilot and servo dynamics” speed-governing system [17] 

is used for synchronous generator 2 (SG2). IEEE alternator 

supplied rectifier excitation system (ACIA) [18] is used in the 

exciter model of both synchronous generators.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Overview of the Effect of Grid Fault on DFIG 

The use of the partial-scale frequency converter in the 

generator’s rotor makes DFIG attractive as a wind generator from 

an economical point of view. On the other hand, however, this 

converter arrangement requires advanced protection system, as it 

is very sensitive to disturbances on the grid [19, 20]. If there is no 

protection system, the DFIG can suffer from large transient 

currents in the stator during a grid fault since its stator circuit is 

directly connected to the grid. Because of the magnetic coupling 

between the stator and the rotor, large currents and high voltages 

appear also in the rotor circuit. Furthermore, the surge following 

the fault includes a rush of power from the rotor terminals towards 

the rotor side converter. Therefore there can be a possibility that 

the desired rotor voltage cannot be maintained and thus the rotor 

currents cannot be controlled. This means that the rotor side 

converter can reach to its operating limit and as a consequence it 

may lose the independent control of real and reactive powers 

during the grid fault. On the other hand, as the grid voltage drops 

in the fault moment, the grid side converter is not able to transfer 

the power supplied from the rotor side converter to the grid, and 

therefore, the excess energy is stored in the DC-link capacitor, 

resulting in rapid increase of the DC-bus voltage. 

It is therefore necessary to protect the frequency converters 

against over-currents and the DC-link against overvoltage. The 

protection system needs to monitor several signals such as rotor 

current and the DC-link voltage. When at least one of the input 

signals exceeds its respective relay setting, the protection is 

activated. 

A simple protection approach to the problems of the DFIG due 

to voltage dips under grid fault is to connect a crowbar circuit to 

the rotor [21-23]. The crowbar short-circuits the rotor when the 

DC-link voltage Vdc exceeds Vdc-max, and then the inverter 

connected to the rotor is protected. The crowbar protection is an 

insertion of external resistance to the rotor via the slip rings. The 

value of the crowbar resistance is dependent on the generator 

condition. 

An alternative to the crowbar is to connect a protective device 

between the inverter and converter of the DFIG as used in the 

VC-VSC DFIG control [15, 24]. A comparative study between the 

two protection schemes has been reported in [25], with the 

conclusion that the latter protection scheme is superior to the 

former protection scheme due to less components involved and 

simple switching circuitry. 

The DC-link protection scheme can be omitted in the proposed 

CC-VSC based DFIG strategy as shown in the simulation result. 

 

4. Current Controlled Voltage Source Converters 

for DFIG System 

The schematic diagram of DFIG including the proposed current 

controlled voltage source converter is shown in Fig. 2. 

The command signals for the rotor side and the grid side 

controllers are also shown in Fig 2. An induction generator (IG) is 

connected at the point of common coupling. The mathematical 

validation of the converters control is described below [26]. 

The stator field orientation control is based on the stator d-q 

model, where the reference frame rotates synchronously with 

respect to the stator flux, with the d-axis of the reference frame 

instantaneously overlapping the axis of the stator winding flux. 

Thus, ω = ωe and λqs = 0. Hence in this reference frame, the 

machine dynamic equations can be written as [27, 28]: 

 

Fig. 1 Model system 
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Fig. 2 DFIG with current controlled voltage source converters 
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Where, Vds, Vqs, are the d- and q- axis stator voltage,  λds, λqs, 

are the d- and q- axis stator winding flux, ids, iqs, are d- and q- 

stator current, iqr and idr are d- and q- axis rotor currents (A) 

respectively, Ls and Lr are the stator leakage and rotor self 

inductances (H), ωe   is the electrical angular velocity (rad/s), and 

Vs is the magnitude of the stator phase voltage (V). 

Since the d-axis of the reference frame is the instant axis of the 

stator winding flux, the phase angle of the stator voltage is 

generally not a constant in the reference frame, although its 

frequency and magnitude are constants constrained by the power 

system. The electromagnetic torque and stator active power can be 

derived as   
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Also in the DFIG, the level of the stator flux remains 

approximately unchanged, restricted by the constant magnitude 

and frequency of the stator voltage. Therefore, as can be seen from 

(5), the torque control can be achieved by controlling the rotor 

current component orthogonal to the stator winding flux. Then 

from (6), stator active power is subsequently controlled.   

From (1) and (2), with the stator flux remaining unchanged, the 

reactive power can be derived as 
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Where p is the number of poles in equations (5) to (7). 

From (3), ids is controllable by idr, with λds unchanged. 

Therefore, the d-axis component of the rotor current, idr, can be 

controlled to regulate the stator reactive power. 

Grid side converter keeps the DC-link voltage of capacitor 

constant regardless of the magnitude and direction of rotor power. 

Neglecting power losses in the converter, capacitor current can be 

described as follows: 
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Where igcd stands for the d-axis current flowing between the 

grid and grid side converter (A), idcr is the rotor side DC current 

(A), C is the DC-link capacitance (F) and m is the pulse width 

modulation index of the grid side converter.   

The reactive power flowing into the grid from the grid side 

converter can be expressed as: 
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Where Vg is the magnitude of the grid phase voltage (V) and igcq 

is q-axis current of grid side converter (A). Therefore, it is seen 

from (8) and (9), DC-link voltage and Qg can be controlled 

respectively by adjusting igcd and igcq. 

 

4.1 Rotor Side Converter Control 

 

In the rotor side converter (RSC) control shown in Fig. 3, the 

maximum power point tracking PMPPT of the wind turbine is 

compared to the grid power of the DFIG PDFIG to determine the 

reference signal for active power control. A comparator is used to 

determine the reference signal of the active and reactive power 

control during normal and fault conditions of the DFIG based on 

the grid voltage. During normal operation, when the grid voltage 

is above 0.9pu, the reference signal of the DFIG real power is the 

PMPPT of the wind turbine. The reference signal for the DFIG 

reactive power in normal operation is the difference between the 

grid voltage (pu) and 1.0pu. The error signals are then passed 

through PI controllers. When the grid voltage is less than 0.9pu 

during a grid fault, the comparator regulates the reference signals 

of the DFIG real and reactive power to zero. In this case, the wind 

turbine power is reduced to mitigate the overvoltage that is 

normally experienced in the DC-link in the CC-VSC control 

strategy. The two reference signals from the controller are then 

converted from dq to abc using the rotor angle calculated from the 

phase lock loop (PLL). The reference rotor currents *Irabc are then 

compared to the measured rotor currents Ir(abc). The resultant signal 

is then compared with a carrier signal to generate the switching 

signals for IGBTs in the RSC. It should be noted that the second 

PI controller is not necessary in the CC-VSC in a different way to 

the VC-VSC. Also, the dq to abc transformation is only once 

instead of twice in the VC-VSC. Thus the intricacies of the 

controller design are reduced. 
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4.2 Grid Side Converter Control 

 

For the grid side converter (GSC) in Fig. 4, the reference 

signals for the DC-link voltage and the reactive power of the grid 

side converter are passed through two PI controllers. The 

reference signals are then transformed from dq to abc using the 

stator angle theta. The generated reference signals *Igabc are then 

compared to the measured stator currents Ig (abc). The effective 

signals are then passed through a second PI, before comparing 

with a carrier signal to generate the reference switching signals for 

the IGBTs in the GSC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Grid Codes 

The most worrying problem for wind farms is a voltage dip in 

the grid during a grid fault [29]. The magnitude of the voltage can 

be controlled by the reactive power exchange. Fig. 5 displays the 

typical requirement for fault-ride through grid code. The wind 

farm must remain connected to the grid if the voltage drop is 

within the defined r.m.s. value and its duration is also within the 

defined period as shown in the curve [30]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Simulation Results 

To show the effectiveness of the proposed DFIG-based control 

scheme to stabilize wind farm, three cases were analyzed on 

simulation analyses. In the first case, the DFIGs were replaced by 

IGs in the wind farm, which will be referred to “no control”. In the 

second case, the VC-VSC based scheme is considered to control 

the DFIG. In the third case, the proposed CC-VSC based control 

scheme is used to control DFIG to show the effectiveness of the 

proposed control scheme over VC-VSC based scheme. The model 

system explained in [15], where VC-VSC scheme was reported, is 

used for the two cases. It should be noted that DC-link protection 

scheme used in VC-VSC based DFIG [15] is not considered in the 

CC-VSC based scheme.  

All wind generators are assumed to be operated almost at their 

rated wind speed as shown in Figs. 6 and 7, respectively, for wind 

farms 1 and 2, where the real wind speed data obtained in 

Hokkaido Island, Japan, is used. The three-line-to-ground fault 

(3LG) occurs at 0.1 sec at fault point F2 in the model system. The 

circuit breakers (CB) on the faulted lines are opened at 0.2 sec, 

and finally, at 1.0 sec, the circuit breakers are re-closed. Responses 

of the network variables and some of the wind generators are 

shown in Figs.8-21.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Block diagram of rotor side converter   

 

Fig. 4 Block diagram of grid side converter   

 

  

 

  Fig.5 Fault ride through requirement for wind farm 

Fig. 6 Wind speeds in wind farm-1 
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 Fig. 10 Terminal voltage (Bus 17) of wind farm-2 (3LG)  
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Fig. 7 Wind speeds in wind farm-2 

Fig. 8 Terminal voltage of DFIG-1 (3LG) 

Fig. 12 DFIG-1 rotor and turbine hub speeds (3LG)  

Fig. 9 Terminal voltage (Bus 11) of wind farm-1 (3LG) 

Fig. 11 IG-1 rotor and turbine hub speeds (3LG) 

Fig. 13 DFIG-2 rotor and turbine hub speeds (3LG)  
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 Fig. 14 Voltage at Bus 5 (3LG)  
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Fig. 17 DC- link voltage of DFIG-1 (3LG) 

Fig. 18 DC- link voltage of DFIG-2 (3LG) 
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According to the grid codes in Fig. 5, a three-phase short circuit 

or fault-related symmetrical voltage dips must not lead to 

instability above the limit line 1 or to disconnection of the 

generating plant from the grid. Fig. 8 shows the terminal voltage 

of DFIG-1 in wind farm1. It can be observed that the terminal 

voltage can be recovered faster in the case of the CC-VSC based 

control strategy than in the case of the VC-VSC based control 

strategy. The terminal voltage responses of wind farm 1 and 2 with 

VC-VSC or CC-VSC based DFIG control strategy considered and 

without considering DFIG control are shown in Figs. 9 and 10, 

respectively. When the DFIG control is not considered, the voltage 

does not recover at the wind farm and also wind generator 

terminals during the grid fault. Then, the electromagnetic torques 

of the IGs drop also as the electromagnetic torque is proportional 

Fig. 15 Voltage at Bus 6 (3LG)  

Fig. 16 Voltage at Bus 8 (3LG) 

Fig. 21 Load angle of synchronous generators (3LG) 

 

Fig. 20 Rotor current of DFIG-1 (2LG) 

Fig. 19 Rotor current of DFIG-1 (3LG) 
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 Table 1: Transient Stability Index [Wc(s)] of the System 

to the square of the terminal voltage. The mechanical torques of 

the wind turbines do not change rapidly during the short time 

interval. As a result, the turbine hubs and generator rotors 

accelerate due to the large difference between the mechanical and 

electromagnetic torques, and then, the wind generators become 

unstable as shown in Fig. 11. But if the DFIG control is applied, 

the necessary reactive power is supplied, and then, the terminal 

voltages of the wind farm and the electromagnetic torques of the 

IGs can be restored quickly making the wind generators stable. 

The DFIG control using voltage/current source based VSC was 

used to achieve the grid requirement as stipulated in Fig. 5, where 

the voltage control must take place within 1.5sec after fault 

recognition as shown in Fig. 5. However, the responses using the 

CC-VSC based DFIG control is better than those of the VC-VSC 

based DFIG control. Figs. 12 and 13 show the responses of the 

DFIGs rotor and wind turbine hub speeds. The rotor and the wind 

turbine hub speeds can recover to their steady state faster and with 

less oscillation in the case of the CC-VSC based DFIG control. 

Figs.14-16 show the responses of the voltages at bus 5, 6 and 8 

from which fast voltage recovery at these busses in the case of 

CC-VSC is also evident. 

The DC-link voltages of the DFIGs are shown in Figs. 17 and 

18 in the cases of VC-VSC and the proposed CC-VSC, 

respectively. It is seen that the overvoltage in the DC-link voltage 

during grid fault, can be reduced significantly using VC-VSC with 

the help of DC-link protective device. It is also found that DC-link 

protection scheme can even be completely omitted when the 

proposed CC-VSC based control is adopted. The impact of the 

grid fault on the DC-link voltage in DFIG-1 is more than DFIG-2, 

because the fault occurs closer to wind farm-1. Also, to show that 

the proposed CC-VSC can effectively control overcurrent in the 

rotor side converter of the DFIG, two-line-to-ground fault (2LG) at 

the same location was also analyzed in addition to 3LG fault as 

shown in Figs. 19 and 20 respectively. The rotor current of 

DFIG-1 could be effectively controlled within twice its nominal 

value for both fault conditions in the case of CC-VSC. Hence, the 

normal operation of the converter can be kept continuing during 

the grid fault using the proposed CC-VSC, but in the case of 

VC-VSC the rotor current goes up to almost three times its 

nominal value. Fig. 21 shows the responses of the load angles of 

SG-1 and SG-2. When the CC-VSC based DFIGs are connected, 

better responses of the load angles can be obtained. 

 

7. Transient Stability Evaluation of the System 

The transient stability index, Wc, [31] defined as follows is 

used in evaluating the transient stability of the system: 

            

powerbasesystemdtW
dt

d
absW

T

total   )((sec)
0


                  

Where T is the simulation time (10.0sec here), and Wtotal   is 

the total kinetic energy calculated by using the rotor speed of each 

synchronous generator as follows: 
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Where N is the number of synchronous generators, and 

iJ and i denote inertia moment and rotor speed of each 

synchronous generator. The smaller the value of Wc, the better the 

system transient stability. The transient stability index against 

1LG (one-line-to-ground fault), 2LS (line-to-line fault), 2LG, and 

3LG faults with and without considering the CC-VSC DFIG 

control are shown in Table 1, for the different fault points in the 

model system. From these results it can be understood that the 

proposed CC-VSC DFIG control can improve the transient 

stability of the entire power system. 

 

 

 

 

 

 

 

 

 

 

 

 

8. Dynamic Analysis of the Proposed Scheme 

The purpose of this analysis is to observe the performance of 

the CC-VSC based DFIG in real wind situation. A simple model 

system where a DFIG and IG are connected to an infinite bus as 

shown in Fig. 22 was considered in this analysis. Simulation 

analyses were run for 600sec, using real wind speed data obtained 

in Hokkaido Island, Japan. Figure 23 shows the natural wind 

speed, while Fig. 24 shows the maximum power point tracking 

(MPPT) and the grid power of the DFIG. It could be seen that the 

grid power of the DFIG follows the MPPT reference power of the 

wind turbine. In Fig. 25, the rotor speed of the DFIG follows the 

wind turbine optimum speed. The grid voltage response with and 

without considering the CC-VSC based DFIG is shown in Fig. 26. 

It can be observed that the proposed CC-VSC based DFIG can 

also maintain wind farm terminal voltage constant in dynamic 

condition. This analysis ensures that the proposed control scheme 

works well not only for fault condition, but also in dynamic 

condition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (10) 

 (11) 

 (12) 

 Without DFIG  

 

With CC-VSC Controlled 

DFIG 

Fault 
Fault Location Fault Location 

F1 F2 F3 F1 F2 F3 

3LG 4.86 3.98 4.62 3.39 2.50 3.11 

2LG 3.42 2.32 3.34 2.88 1.64 2.49 

2LS 2.98 2.31 2.81 2.41 1.65 2.07 

1LG 2.23 1.66 2.22 1.78 1.19 1.56 
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System base (50Hz, 66KV, 100MVA)  
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Fig. 22 Simple model system of DFIG and IG  
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9. Conclusion 

A new control method for DFIG wind generators using current  

controlled voltage source converters to stabilize wind farms 

composed of both fixed speed and variable speed wind turbine 

generators has been proposed. The proposed CC-VSC based DFIG 

control strategy offers the advantages of reduced PI controllers at 

the RSC, omission of DC-link protective device and less intricacy 

of controller designing. The effectiveness of the proposed control 

method has been verified by simulation analyses for several 

symmetrical and unsymmetrical faults in the multi-machine power 

system. It has been found that, when the DFIG controlled by the 

proposed method is incorporated in the wind farm, IGs as well as 

DFIGs in the wind farms become stable. It has also been found 

that CC-VSC based DFIG gives better performance compared to 

the VC-VSC based DFIG scheme to improve dynamic and 

transient performances of the overall system. Therefore, it can be 

concluded that the proposed control method for variable speed 

wind turbine driving DFIG can be an effective means to enhance 

the transient stability of the grid connected wind farms. 
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