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Abstract. In this paper, the steady state and transient model of the DFIG system are analyzed. It is 

concluded that the PI controller parameters and stator transient current are influenced by different 

parameters of the system, including resistance value, generator rotor inductance or sag magnitude of 

power grid voltage , etc. Then the steady state and transient model of doubly fed wind power 

generation system are analyzed. It is concluded that there are two ways to improve the low voltage 

operation of the doubly fed wind power generation system.One is to use the optimal control strategy 

to improve the control of the current inner loop of the doubly fed wind power generation system;The 

other  is that when the power grid voltage has the drop fault, it can be considered  to increase the 

Crowbar protection circuit to consume excess energy in the DC side, this way can solve the problem 

of high DC bus voltage caused by unbalanced power. 

Structure of double fed wind power generator 

Firstly, the double fed wind power generator rotor is connected to the converter. Secondly, it is 

connected to the power grid through the converter. In the end, the stator is directly connected to the 

power grid. The structure of doubly fed wind power generator is shown in Figure 1. 

Wind 
Turbine

Gear 
Box

AC

DC

DC

AC
Power
Grid

Step-up 
Transformer

 
Fig.1  the structure of doubly fed wind power generator 

Model and analysis of doubly fed induction generator system 

The steady state and transient model of a doubly fed induction generator (DFIG) wind power 

generation system are established. Then the low voltage operation of DFIG system is analyzed further. 

By deriving the steady-state mathematical model of DFIG system, The vector control chart of 

generator side converter in DFIG system is obtained. On the basis of this, the PI controller parameters 

are obtained by using the internal model control box to add the active damping, this can improve the 

control stability of doubly fed wind power generation system. According to DFIG generator's 

transient circuit equation, A system model of doubly fed wind generator is established, The 

expression of transient current of doubly fed wind power generation system is obtained, this can 

provide theoretical guidance for the study of low voltage operational capability[1,2,3,4]. 

Steady state model and control method of doubly fed induction generator wind power 

generation system 

In order to study the control method of doubly fed wind power generation system, the 

mathematical model of DFIG system is established in the synchronous rotating coordinate system. 
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In the formula, u and i represent the voltage and current respectively; The subscript r and s 

represent the stator and rotor components respectively; The subscript d and q represent the component 

of d and q axis  respectively; R and L represent the amount of inductance and resistance respectively; 

The p represents the differential operator; 1w  represents the rotating speed of synchronous coordinate. 

rw  represents the rotor angular velocity.  

According to the definition of motor magnetic flux: 
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In the formula (1) , make the stator flux linkage become the d axis of the rotating coordinate system: 

0qs   and 1s r    , then put formula (2) into formula (1), leading to:    
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The formula (3) shows that the generator can be decoupled control, by feedforward compensating 

for the rotor voltage. The feedforward compensatation is dre  and qre . 
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 Put formula (4) into formula (3), then it can get the relationship between voltage and current. 
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The result shows that the current loop control performance of the doubly fed wind power 

generation system is improved by coupling with the feed forward compensation term. [5,6]Then the 

block diagram of current loop control in DFIG system is shown in Figure 2. 
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Fig. 2  The block diagram of current loop control in DFIG system 

Using the method of internal model control (IMC) and active damping, the parameters ( ik 、
pk ) of  

PI controller are obtained.  
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 Then the expression of  d and q axis current PI controller is obtained. 
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In the formula, U (s) is the output of the PI controller; E (s) is the input of the PI controller. 

The actual controller needs to be discretized with an ideal controller. The discretization method is: 

( ) ( 1) [ ( ) ( 1)]p SI iU n k U n T k E n E n    
 .                                                                                         （8） 

In the formula, SIT
 is the system sampling time; pk

、 ik
 is consistent with the PI parameter in the 

continuous system;U (n) is the output sequence; E (n) is the input sequence. 

When bandwidth of PI controller  is c =100Hz, Switching frequency is 5kHz, 
2 3/ 7.90 10r m sL L L   

, According to the formula (8) : 

2(100 ln 9) 0.0079 0.0002 0.0763

(100 ln 9) 0.0079 1.736
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Transient model and control method of DFIG wind power generation system 

When the power grid voltage sags, the output voltage of the DFIG wind power system is reduced, 

and the grid current changes little, which leads to the decrease of output power; but there is no obvious 

change in the output power of the wind turbine; the result is that the input and output power is not 

balanced, the excess energy  is not transferred to the power grid, the whole accumulation in the DC 

bus, which results in a sharp rise in DC bus voltage.If the DC bus is connected to the direct unloading 

resistance, the excess energy can be consumed. Based on the superposition principle, the transient 

model of DFIG in voltage sag fault is derived. Stator three phase voltage symmetrical drop is a 

process that it is added a voltage in the stator side, the magnitude of the voltage amplitude is equal to 
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the amplitude of the original voltage amplitude and the direction is opposite[7,8]. Assume that Space 

vector with stator short circuit current is: 

0 1s s si i i                                                                                                                                                 （10） 

In the formula, 0si  is space vector of stator current before voltage drop; is Stator current space 

vector generated by reverse phase voltage of stator end.  

Assume that the stator voltage space vector is ( )si t

s mu jU e
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( )' sr i ti t
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   , The current vector before stator voltage drop is '
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In the formula, sX  is the stator reactance; 1s s s mX L X X   , sX   is stator leakage reactance, 

mX  is excitation reactance, 1  is Stator synchronous rotating angular velocity, r  is Rotor rotating 

electric angular velocity, s  is slip angle velocity; s sX R , commonly,Therefore the formula (11) 

can be approximated as: 
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In the rotor coordinate system, when the initial value of the stator and rotor flux is 0, Laplace 

transform of stator voltage equation is: 
' ' ' '

1 1 1 1 1 1( ) [ ( ) ( )]s s s s s s sAU R I s j R s j L s I       
                                                                       （13） 

( )sL s  is operation inductance of stator in rotor coordinate system,  '( ) (1 ) / (1 )s s r rL s L sT sT   , 

rT  and '

rT  are the the time constant and the transient time constant of the rotor;  then '

1sI  can be 

obtained. 
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'

1sAU  is the Laplace transform of '

sAU , ( )'

1 [ ] / ( )sj j

s m m sU L jAU e jAU e s j
   

   ,  is 

attenuation coefficient of stator DC component, '/ ( ) /s s s sR L s R L   . 

Make  the reciprocal of the computing inductance 1/ ( )sL s  become a partial fraction, then: 
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Get  the inverse Laplace transform of formula （15）: 
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Commonly, r  ， r'

rT

1
  ， )js(s)js)(js( r1s   ，so the formula (16) 

can be simplified: 
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When the induction motor load is light, it is considered 1r   , then: 
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Finally, the space vector of stator current in the stator coordinate system is: 
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The stator current of A phase is: 
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     According to the formula (20) , it can be seen that the stator current is composed of three parts: 

s
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  is the steady state component of the stator current, which is determined by the 

magnitude of the voltage drop. 
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determined by the phase angle   of the short circuit. This component is attenuated by the stator time 

constant aT , /1Ta  ; )tcos(e)
X

1

X

1
(AU r

T

1

s

'

s

m
r  



 is the AC component, which accounts for 

the majority of the transient current, and the transient decay time constant '

rT . 

By analyzing the transient model of doubly fed wind power system, the stator transient current can 

be influenced by the setting of different parameters in the system, including resistance value, 

generator rotor inductance or power grid voltage sag magnitude, etc. When it happens voltage sag, by 

changing the settings of these parameters, the influence of the unstable operation of the DFIG system 

can be weaken. But the rotor current is much less than that of the stator current, it is more feasible to 

change the generator rotor resistance with respect to the change of stator and rotor inductance. In 

order to reduce the transient current effectively, the rotor resistance value can be increased, which can 

result in the normal operation of the machine side converter and achieve the low voltage ride through 

the DFIG unit. 

Conclusion 

In this paper, DFIG structure is introduced, the steady state and transient model of DFIG system are 

analyzed. Based on the derivation of DFIG system model, the parameters of the PI controller can be 

obtained; By analyzing the transient model of doubly fed wind power generation system, it is 

concluded that the stator transient current can be influenced by the setting of different parameters in 

the system, including the resistance value, the generator rotor inductance or the power grid voltage 

sag amplitude, etc..Then the steady state and transient model of doubly fed wind power generation 

system are analyzed. It is concluded that there are two ways to improve the low voltage operation of 

the doubly fed wind power generation system.One is to use the optimal control strategy to improve the 

control of the current inner loop of the doubly fed wind power generation system;The other  is that 

when the power grid voltage has the drop fault, it can be considered  to increase the Crowbar 

protection circuit to consume excess energy in the DC side, this way can solve the problem of high 

DC bus voltage caused by unbalanced power. 
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