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Abstract 
With the rise of renewable energy technology, wind power technology has been more 
and more mature development and the scale is gradually expanding. Doubly-Fed 
Induction Generator (DFIG) technology is relatively mature and stable in operation state, 
which has been widely applied. However, with the continuous expansion of installed 
capacity, its operation state has a certain impact on voltage and power balance when 
voltage sag occurs in the power grid. A large number of historical data has showed that 
the voltage sag depth of power grid affects the power balance of power grid to a certain 
extent, and thus affects the stability of power grid. In this paper, in the case of three phase 
short circuit voltage during the fall, DFIG can take the initiative to provide certain 
reactive power to the grid. Active Disturbances Rejection Controller (ADRC) is used to 
control the rotor side converter at the same time. Compared with the traditional PI 
control, it can effectively suppress the fluctuation of DC bus voltage and rotor current 
and provide reactive power to the power grid to reduce the voltage sag depth. 
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1. Introduction 

Although the traditional PI control can ensure the good dynamic performance of the power grid in 
normal operation to a certain extent, it has no good robustness when the power grid voltage sag is 
caused by the failure of the power grid, and it cannot resist the influence of disturbance to a certain 
extent, which will have a certain impact on the stability of the system. Because the stator side of the 
DFIG system is directly connected to the power grid, the transient impulse current will be generated 
on the stator and rotor sides when the power grid voltage dramatically drops. Besides, the voltage on 
the DC bus side will fluctuate at the same time.  

In order to reduce the transient impulse current when a fault occurs, ADRC can be used in the rotor-
side converter to reduce the fluctuation of transient impulse current and DC bus voltage [1]. In order 
to provide a certain reactive power to the system when the grid voltage sag, reactive power switching 
control mode can be used in the grid side converter.  

In normal operation, the grid-side control system still adopts constant power mode, and the reference 
value of reactive current is zero [3]. When three-phase short-circuit occurs in grid voltage, the grid-
side converter adopts reactive support control mode to provide certain reactive power to the grid, 
which will reduce the sag depth of grid voltage [5, 6]. During the voltage sag of the power grid, the 
DFIG system should provide a certain amount of reactive power to the power grid as far as possible, 
and the rest capacity should be used to provide active power as far as possible [7, 8]. 

In order to ensure that the rotor current and DC bus voltage are in a safe range in the process of Low 
Voltage Ride Through (LVRT), the rotor current suppression mechanism is designed and the dynamic 
resistance protection circuit is adopted [9]. A design method of Disturbance Suppression Control Rate 
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controller based on State Dependent Riccati Equation (SDRE) technology is proposed to improve the 
capability of LVRT of DFIG system [11, 12]. 

In addition, the commutation failure fault will also lead to the voltage fault characteristics of Non-
unit Step change of voltage amplitude [13]. In order to analyze the characteristics of power grid under 
commutation failure, it is necessary to accurately obtain the transient reactive power response 
characteristics of wind power system under commutation failure [9][10]. In order to suppress the rotor 
overcurrent of DFIG when the grid voltage drops symmetrically, the back electromotive force of rotor 
winding is compensated by controlling the output voltage of rotor side converter [17, 18]. 

Based on the analysis of the relationship between stator current differential and rotor transient induced 
electromotive force, the stator current differential is introduced into the RSC output voltage reference 
terminal through the static feedforward controller, and combined with the original feedback control 
of RSC, which will form a new composite control strategy [19, 20]. 

The above references refer to suppressing the fluctuation of DC bus voltage and rotor current, but 
cannot guarantee that a certain amount of reactive power is provided to the grid. 

In view of the traditional PI control cannot provide a certain reactive power during low penetration 
and cannot have good robustness, this paper proposes a control strategy combining ADRC and 
reactive power switching control. During the grid voltage dips, doubly-fed wind power system to 
provide a certain amount of reactive power to the grid and has a certain robustness, and in normal 
operation, the grid side still adopts the model of constant power converter, the output active power as 
much as possible to the grid, on the one hand, the inhibitory effect of the rotor current of dc bus 
voltage and reactive power support has good ability on the other hand. And it has certain robustness. 

2. Mathematical model of rotor-side converter 

DFIG wind power generation system side converter usually adopts vector control based on stator 
voltage orientation. Under normal operation of power grid, traditional vector control has good 
dynamic and static performance. DFIG wind generation system is shown in Figure 1. 
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Machine- side 
convertet

 
Figure 1. DFIG wind generation system 

 

Stator and rotor voltage equations: 

                      

⎩
⎪⎪
⎨

⎪⎪
⎧ 𝑢 = 𝑅 𝑖 + − 𝜔 𝜓

𝑢 = 𝑅 𝑖 + + 𝜔 𝜓

𝑢 = 𝑅 𝑖 + − (𝜔 − 𝜔 )𝜓

𝑢 = 𝑅 𝑖 + + (𝜔 − 𝜔 )𝜓

                       (1) 

Stator and rotor flux equations: 

                     

⎩
⎨

⎧
  𝜓 = 𝐿 𝑖 + 𝐿 𝑖
 𝜓 = 𝐿 𝑖 + 𝐿 𝑖

𝜓 = 𝐿 𝑖 +𝐿 𝑖
𝜓 = 𝐿 𝑖 +𝐿 𝑖

                                  (2) 
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When the system is in steady-state operation, = 0 is substituted into the voltage equation in 

Equation (1) to obtain: 

𝜓 =

    𝜓 = −
                                    (3) 

It can be obtained from Equation (2): 

𝑖 =

𝑖 =
                                   (4) 

Substituting Equations (3) and (4) into Equation (2), it can be obtained: 

𝜓 = 𝐿 𝑖 1 −

𝜓 = − 𝑢 + 𝐿 𝑖 1 −
                       (5) 

Substituting Equation (5) into equation (1), it can be obtained: 

     
𝑢 = 𝑅 𝑖 + 𝜎𝐿 − 𝜔 (𝜎𝐿 𝑖 − 𝑢 )

𝑢 = 𝑅 𝑖 + 𝜎𝐿 + 𝜔 𝜎𝐿 𝑖
                (6) 

In addition: 

𝜎 = 1 −                                    (7) 

𝜔 = 𝜔 − 𝜔                                  (8) 

The meaning of variables are follows. 𝑢  is the stator voltage along the d axis. 𝑢  is the stator 
voltage along the q axis. 𝑢  is the rotor voltage along the d axis. 𝑢  is the rotor voltage along the 
q axis. 𝑖  is the stator current along the d axis. 𝑖  is the stator current along the q axis. 𝑖  is the 
rotor current along the d axis. 𝑖  is the rotor current along the q axis. 𝜓  is the stator flux chain 
along the d axis. 𝜓  is the stator flux chain along the q axis. 𝜓  is the rotor flux chain along the 
d axis. 𝜓  is the rotor flux chain along the q axis. 𝐿  is the stator self-induction. 𝐿  is the rotor 
self-induction. 𝐿  is the mutual inductance between stator and rotor. 𝜔  is the stator synchronous 
angular velocity. 𝜔  is the rotor angular velocity. 𝜔  is the angular velocity of slip. 

3. Design of active disturbance rejection controller 

Active disturbance rejection controller is a control technology developed by improving its inherent 
defects on the basis of classical PID control. Active disturbance rejection controller is composed of 
nonlinear tracking differentiator, extended state observer and nonlinear state error feedback control 
theory. The structure block diagram is shown in Figure 1. Tracking differentiator in active disturbance 
rejection controller introduces the concept of generalized differential in differential equation theory 
and solves the non-differentiable error signal in practical application. At the same time, the external 
disturbance and unmodeled dynamics of the system are estimated as the total disturbance of the 
system by using the extended state observer, so the system can be used without relying on the precise 
mathematical model of the controlled object, which has strong robustness. In addition, the traditional 
PID control is based on the proportion of error, integral and differential linear weighting sum to get 
the control quantity, but active disturbance rejection controller uses nonlinear feedback control rate 
instead of linear feedback, greatly improving the efficiency of error signal processing. 

Structure diagram of active disturbance rejection controller is shown in Figure 2. 
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Figure 2. Structure diagram of active disturbance rejection controller 

3.1 Design of tracking differentiator 

In traditional PID control, the reference input 𝑣(𝑡)  is often non-differentiable or even   
discontinuous, and the output signal 𝑦(𝑡) is often polluted by noise. While 𝑒(𝑡) = 𝑣(𝑡) − 𝑦(𝑡) is 
usually non-differentiable or its differential signal is drowned by the derivative of noise in the 
classical sense. The function of tracking differentiator is to arrange a suitable transition process 
according to the control target in advance for obtaining smooth input signal and the differential signals 
of this transition process, which effectively suppress the noise in 𝑦(𝑡). 

𝜀 = 𝑣 − 𝑣

�̇� = −𝛽 𝑓𝑎𝑙(𝜀 , 𝑎 , 𝜂 )                              (9) 

In addition: 

𝑓𝑎𝑙(𝜀 , 𝑎 , 𝜂 ) =
|𝜀| 𝑠𝑖𝑔𝑛(𝜀), |𝜀| > 𝜂

( )
, |𝜀| < 𝜂

                       (10) 

3.2 Extended state observer 

The extended state observer can track the observed state variables and their differential signals well. 
When the active disturbance rejection controller is of first order, the extended state observer is of 
second order. The design formula of the second-order extended state observer is as follows: 

𝜀 = 𝑧 − 𝑦

�̇� = 𝑧 − 𝛽 𝑓𝑎𝑙(𝜀 , 𝑎 , 𝜂 )

�̇� = −𝛽 𝑓𝑎𝑙(𝜀 , 𝑎 , 𝜂 )
+ 𝑏𝑢(𝑡)                      (11) 

In equation, 𝑧  is the estimated value of the system output, and 𝑧  is the disturbance value of the 
system.  

If the active disturbance rejection controller is second order, the extended state observer is third order, 
and so on. 

3.3 Design of nonlinear feedback control rate 

The nonlinear feedback control rate generates the control variable u by tracking the nonlinear 
combination of errors between the output of the differentiator and the output of the extended state 
observer. The integral link is omitted, but the control effect without static error can also be achieved. 
The formula of nonlinear feedback control theory of first-order active disturbance rejection controller 
is selected as follows: 

𝑒 (𝑡) = 𝑣 (𝑡) − 𝑧 (𝑡)

𝑢 = 𝛽 𝑓𝑎𝑙(𝑒 , 𝑎 , 𝜂 )
                           (12) 

4. Design of active disturbance rejection controller of rotor current 

According to Equation (4), the differential equation of rotor current control can be obtained: 
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= − 𝑖 + 𝜔 𝑖 − 𝑢 + 𝑢

= − 𝑖 − 𝜔 𝑖 + 𝑢
              (13) 

Disturbance term caused by power grid failure is expressed as: 

                  
𝑤 = 𝜔 𝑖 − 𝑢

𝑤 = −𝜔 𝑖
                        (14) 

Equations (5) and (6) can be simplified as: 

                 
= − 𝑖 + 𝑤 + 𝑢

= − 𝑖 + 𝑤 + 𝑢
                       (15) 

𝑖  and 𝑖  are selected as state variables, and the differential equation of rotor current can be 
transformed into the equation of state. As shown in Equation (16): 

                 �̇� = 𝑓 𝑥, 𝑤(𝑡) + 𝑢                               (16) 

The first-order tracking differentiator is set as: 

 
𝜀 = 𝑣 − 𝑥∗

�̇� = −𝛽 𝑓𝑎𝑙(𝜀 , 𝑎 , 𝜂 )
                           (17) 

The extended state observer is constructed as: 
𝜀 = 𝑧 − 𝑥

�̇� = 𝑧 − 𝛽 𝑓𝑎𝑙(𝜀 , 𝑎 , 𝜂 ) + 𝑏𝑢

�̇� = −𝛽 𝑓𝑎𝑙(𝜀 , 𝑎 , 𝜂 )
                     (18) 

The nonlinear feedback control rate is constructed as: 
𝑒 = 𝑣 − 𝑧

𝑢 = 𝛽 𝑓𝑎𝑙(𝑒 , 𝑎 , 𝜂 )

𝑢 = 𝑢 − 𝑧
                         (19) 

In the extended state observer, 𝜀 = 𝑧 − 𝑥 makes sure the error between x and 𝑧 . x is the actual 
value. It achieves the purpose of 𝑧 (𝑡) → 𝑥(𝑡). At the same time, the observed value is regarded as 
the actual value in �̇� = 𝑧 − 𝛽 𝑓𝑎𝑙(𝜀 , 𝑎 , 𝜂 ) + 𝑏𝑢. Then observed value is differentiated. And 
value differentiated is regarded as the actual value. �̇� = 𝑧 − 𝛽 𝑓𝑎𝑙(𝜀 , 𝑎 , 𝜂 ) + 𝑏𝑢 makes sure the 
error between 𝑧  and differential value. It achieves the purpose of 𝑧 (𝑡) → 𝑓 𝑥, 𝑤(𝑡) .  

5. Reactive power control strategy 

According to requirements of LVRT, the wind farm must send enough reactive power when the grid 
voltage drops to help the grid voltage recovery, and the wind farm inject dynamic reactive current 
into the system should conform to 𝑖 ≥ 1.5 × (0.9 − 𝑉 )𝑖 (0.2 ≤ 𝑉 ≤ 0.9). According to Equation 
(20), it can be obtained that the dynamic reactive power injected into the power system by the wind 
farm is above 0.315p.u. 

𝑄 = 𝑈 𝑖 − 𝑈 𝑖 = − �̇� 𝑖                      (20) 

This paper adopts the control strategy shown in Figure 3. 
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Figure 3. Switching block diagram of reactive power of grid side converter 

When the system runs normally, the set value of reactive current is zero, and the system runs in unit 
power factor mode. When the system fails, the reactive power control of the network-side converter 
adopts another mode, that is, by comparing the terminal voltage amplitude with the given rating value, 
the given value of reactive power can be obtained after PI adjustment, and the given value of reactive 
power can be compared with the actual reactive power to get the given value of reactive current of 
the network-side converter. 

PI regulator transfer function can be expressed as: 

𝐺 (s) = 𝐾 + =
( )

                           (21) 

𝐾  is the proportional coefficient. 𝐾  is the integral coefficient. 𝜏  is the integral time- constant. The 
original control strategy adopts typical voltage-current double closed-loop control. The PI regulator 
of current is designed according to typical first-order system. And DC bus voltage PI regulator is 
designed according to typical second-order system. Reactive power switching control strategy and PI 
regulator are still designed according to typical first-order system. And the two new PI regulators are 
designed according to the second-order system. Under the new control strategy, when the power grid 
short-circuit reduces the terminal voltage, the voltage deviation of the PI regulator will increase, and 
the reactive power reference value will increase accordingly, so that the given value of the stator 
reactive current will increase, so as to meet the reactive power demand of low voltage crossing. If the 
original method is adopted, the set value of reactive current is always zero, which cannot provide the 
required reactive current for the system. 

Reactive power switching control strategy based on active disturbance rejection controller of rotor 
current is shown in Figure 4. 
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Figure 4. Reactive power switching control strategy based on active disturbance rejection controller 

of rotor current 
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6. System simulation analysis 

In order to verify the reactive power switching control strategy based on active disturbance rejection 
controller of rotor current, a DFIG simulation model was established on the PSCAD/EMTDC 
simulation platform. 

Table 1. System parameters 
System parameters Value 

𝐶  (Polar logarithm of rotor winding) 
𝑛  (The swept area of the wind wheel) 

S (The swept area of the wind wheel 
v (The wind speed) 

𝜌 
Motor rating 

Motor rated voltage 
Stator resistance 
Rotor resistance 

Stator leakage inductance 
Rotor leakage inductance of 

Excitation inductance 
𝐿  
𝐾  
𝐾  

0.417 
3 

1.5 
10m/s 
1.225 

1.5MW 
0.69kV 

0.00706pu 
0.005pu 
0.171pu 
0.156pu 
2.9pu 

0.125mH 
0.75 
150 
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Figure 5. Valid value on the network of PI control 

0.3
0.2
0.1
0.0

0.4
0.5
0.6
0.7
0.8
0.9
1.0

-0.2
-0.1

 
Figure 6. Valid value of Grid-side voltage based on ADRC reactive power switch 
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Before a fault occurs, the speed is set to 1pu. Short-circuit fault occurs when the grid voltage is at 
1.5s. The voltage drops to 25% of the rated voltage, and the fault lasts for 625ms. Compared with 
traditional PI control, the simulation results obtained are shown in Figure 5-12. 
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Figure 7. Rotor current with PI control 
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Figure 8. Rotor current based on ADRC reactive power switch 

 
Figure 9. Active and reactive power with PI control 
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Figure 10. Active and reactive power with ADRC control  

 
Figure 11. DC bus voltage with PI control 

 
Figure 12. DC bus voltage with ADRC control 

The simulation results of traditional PI and ADRC based reactive power switch are compared in 
Figure 5 and Figure 6. The results show that the reactive power switch control based on ADRC has 
better robustness than the traditional PI control when the voltage sag occurs in the power grid. And 
reactive power switch control based on ADRC shows that it can reduce the sag depth of the power 
grid voltage sag during faults.  

The simulation results of rotor current during faults are compared in Figure 7 and Figure 8. The results 
show that the reactive power switching control based on ADRC can effectively suppress the 
fluctuation of rotor current, and has the advantages of fast stability and strong robustness. 

The simulation results of active power and reactive power provided to the power grid during faults 
are compared in Figure 9 and Figure 10. The simulation results show that the traditional PI control 
cannot provide a certain reactive power to the power grid during voltage sag. While reactive power 
switching control based on ADRC can provide some reactive power and less active power to the 
power grid during voltage sag. 

The simulation results of DC bus voltage during the failure are compared in Figure 11 and Figure 12. 
The results show that the reactive power switching control based on ADRC can suppress the 
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fluctuation of DC bus voltage more effectively than the traditional PI control during the failure period, 
and has strong robustness. 

7. Conclusion 

In this paper, the reactive power switching control based on active disturbance rejection controller is 
proposed by combining active disturbance rejection controller with reactive power switching. Active 
disturbance rejection controller is applied to rotor current, and reactive power switching control is 
applied to the reference value of reactive current at the network side. Compared with traditional PI 
control, the reactive power switching control based on active disturbance rejection controller can 
effectively estimate the total disturbance of the system and compensate it with feedforward 
compensation, so as to weaken the influence of the fault on the control performance. On the one hand, 
it can effectively suppress the fluctuation of rotor current and DC bus voltage. On the other hand, it 
can provide certain amount of reactive power to reduce the sag depth of grid voltage during the 
voltage sag of the power grid, which improves the robustness of DFIG wind power generation system 
during faults and has the advantages of fast stability. 
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