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Abstract—This paper presents a novel direct power 

magnitude control of DFIG-DC system without orientation 

control. The stator frequency is directly given and the 

angle of synchronized d-q frame is generated by the 

integral of stator frequency. The relationship between the 

stator power and rotor current vector is revealed in this 

paper. Based on this positive correlation, the output power 

is easily controlled by the d-axis rotor current, and the 

q-axis rotor current is controlled flexible to achieve the 

smooth switching from no output power to rated power. In 

accordance with the small signal model, the relationship 

between decoupling control and coupling control is 

presented, and the principle to select the reference of 

q-axis rotor current is verified. Furthermore, the improved 

direct resonant control for torque ripple and harmonic 

current mitigation can still be applied in this novel control 

method. Finally, the experiment results are presented to 

validate the proposed method. 

 
Index Terms— Doubly-fed induction generator, power 

magnitude control, without orientation control, direct 

resonant control 

I. INTRODUCTION 

Along with the fast development of dc mirco grid and the 

widely used dc networks in the shipboard system and modern 

aircraft system [1]-[3], there is an urgent need to find an 

appropriate generator and topology applied in dc grid for dc 

power generation. As a solution, the doubly fed induction 

generator (DFIG) connected to dc grid through a diode rectifier 

on the stator side and low power PWM converter on the rotor 

side is widely used, because of the low cost, simple structure 

and flexible control [4]-[5]. This topology is usually named as 

DFIG-DC system.  

Generally, the vector control (VC) strategies with grid 

voltage orientation are widely employed for grid-connected 

DFIG through phase locked loop (PLL) [6]-[7]. However, the 

VC strategies based on grid voltage PLL is unavailable in the 

DFIG-DC system because there is no ac grid voltage.  

Compared with stator voltage, the stator flux contains less 

harmonic since it is the integral of stator voltage. Thereby, most 

of the VC strategies applied in DFIG-DC system are based on 

stator flux orientation control. In [8]-[10], the stator frequency 

and stator flux angle are obtained based on stator voltage model. 

In [8]-[9], the stator flux angle is directly calculated based on 

the arc tangent of stator flux and the stator frequency is obtained 

by the derivative of stator flux angle, which is highly dependent 

on the resistance. Furthermore, the stator flux is the integral of 

stator voltage which is difficult to achieve in practical cases due 

to the unavoidable dc sampling offset. In [10], the integral block 

is substituted by inertia link which can reduce the effect of dc 

sampling offset but not completely eliminate it, which causes 

fundamental frequency ripple in the orientation angle.  

In [11]-[14], the stator frequency and stator flux angle are 

acquired based on current model. In [11], the magnitude of 

stator flux is applied for the stator frequency control, which is 

dependent on the stator inductance and mutual inductance. In 

[12]-[14], a stator flux PLL is proposed to obtain the stator 

frequency and stator flux angle by controlling the q-axis stator 

flux to be zero, which can avoid the calculation process but still 

depends on the ratio of stator inductance and mutual inductance. 

When the DFIG-DC system is operating in the standalone mode, 

the dc voltage is also controlled based on the stator flux 

orientation [15]-[17].  

In addition to VC approach, direct power control (DPC) 

strategies have also been extensively studied for DFIG because 

of simple power regulation, fast dynamic response and 

robustness to parameter variations. However, the PLL based on 

grid voltage is still indispensable for acquiring the orientation 

angle [18]. In order to avoid the calculation of orientation angle, 

a direct power control scheme of DFIG without PLL is proposed 

by using a virtual phase angle which is produced by integrating a 

fixed angular speed [19]-[20]. However, the stator voltage is 

still necessary for constructing a transformation matrix, which is 

not suitable for the DFIG-DC system. On the other hand, the 

DFIG-DC system has more control freedom such as the stator 

frequency is not imposed by the ac grid which can be controlled 

by the speed of rotor current vector.  

It should be noted that all existing methods are based on the 

decoupling control of stator frequency and stator power. In this 

paper, a novel stator frequency and power control method based 

on rotor current vector is proposed without orientation control. 

The angle of synchronous d-q frame is directly generated by the 

integral of stator frequency without orientation control. In this 

way, the calculating process for obtaining stator frequency or 

stator flux angle can both be eliminated.  Based on revealing the 

relationship between stator active power and rotor current 

vector, the stator power can be directly controlled by the d-axis 

rotor current. The q-axis rotor current is controlled to be a 
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constant value which is employed for switching from no output 

power to rated output power without changing control strategy.  

Furthermore, the principle of selecting the reference of q-axis 

rotor current is elaborated and the relationship between the 

coupling control and decoupling control is revealed through 

small signal analysis. When it comes to the torque ripple and 

harmonic currents, the improved direct resonant control can still 

be applied when choosing appropriated reference of q-axis rotor 

current, which is also verified by theory analysis and 

experimental results [21].  

The advantages of this novel direct power magnitude control 

method can be summarized as: 

1. The stator frequency control is not dependent on 

inductance parameters and the dc sampling effect is eliminated.  

2. The control strategy can go through from the rated power 

to no output power without changing the control structure.  

3. The relationship between coupling control and decoupling 

control is revealed and the direct resonant control can still be 

applied.  

This paper is organized as follows. The system configuration 

and mathematical model is described in section II. The control 

strategy of DFIG-DC system is elaborated in detail in section III. 

Furthermore, the performance analysis of proposed control 

strategy is presented in section IV. Section V shows the 

experimental results and the conclusion is drawn in section VI. 

II. SYSTEM CONFIGURATION AND MATHEMATICAL MODEL 

A. System Configuration 

The DFIG-DC system topology can be seen in Fig. 1, where 

the rotor side converter (RSC) and stator side diode bridge are 

connected to a common dc link. The working principle of DFIG 

providing power to DC grid can be elaborated as: firstly, the 

rotor side exciting current is injected to rotor winding through 

the RSC, then the air gap electromotive force (EMF) is 

established. When the peak value of the phase-phase air gap 

EMF is higher than dc voltage, the diode bridge conducts and 

the DFIG transfers power to dc grid. 

DFIG

dc link

RSC Diode bridge

B

A

C

a

b

c

+

_

Vdc

shaft

 
Fig. 1. Configuration of DFIG-DC system.  

B. Mathematical Model  
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Fig. 2. Steady-state equivalent circuit of the DFIG-DC system. 

The steady state phasor equivalent circuit is shown as Fig. 2 

[13], where the rotor voltage generated by RSC is transformed 

to stator side by dividing the slip rate, which is represented by 

slip. Is, Ir and Im represent the stator, rotor and exciting current, 

respectively. Us, Em and Ur represent the stator, air gap and rotor 

voltage, Lm, Lsσ and Lrσ represent the mutual inductance, stator  

and rotor leakage inductance, Rs and Rr represent the stator and 

rotor resistance, and Vdc is the dc voltage. 

The stator voltage and air gap voltage can be expressed as, 

s s s s s s m

m s m m

R jL

j L





   




U I I E

E I
                (1) 

where ωs is the stator angular frequency.  

According to the equivalent circuit, the relationship between 

stator current and rotor current can be expressed as,  

r s m I I I                                        (2) 

Compared with the stator leakage inductance, the stator 

resistance is much smaller, it can be ignored. Thus, the air gap 

voltage can be calculated as, 

m s s s sj L  E U I                                (3) 

The stator current is in the same phase with stator voltage due 

to characteristic of diode bridge [12], so the phasor diagram of 

steady-state can be illustrated as Fig. 3, where γ is the angle 

between rotor current and d-axis, δ is the angle between stator 

voltage and rotor current, η is the angle between stator voltage 

and d-axis.  

Im

Is

Em

Us

Ir

d-axis

q-axis s s sj L  I

Voltage phasor

Current phasor
d-q axis

 s

Ird

Irq




 
Fig. 3. Phasor diagram of DFIG in steady-state operation. 

The torque can be expressed by stator and rotor current as, 

   =e m s r m rd sq rq sdT L L I I I I  I I              (4) 

Since the stator current and stator voltage are in phase, the 

stator power can be calculated by stator voltage and current as, 

 s e s s s sP R  U I U I                       (5) 

 where sU  is the magnitude of stator voltage, sI  is the 

magnitude of stator current. 

The angle between rotor current and d-axis can be expressed 

as,  

arctan( )
rq

rd

I

I
                                   (6) 

It should be noted that this angle may become negative when 

the ratio is negative in (6).  

According to (1), (2), and (5), the rotor current can be 

expressed as, 
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=
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m s m m s ms

j L

j L
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


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
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        (7) 

where Ls is the stator inductance, which is the sum of Lm and Lsσ 

Since the two terms in (7) are orthogonal relationship, the 

phase angle between stator voltage and rotor current can be 

calculated as, 
2

arctan
s

s s sL P




 
 
 
 

U
                             (8) 

The angle between stator voltage and d-axis is the sum of δ 

and γ as, 
2

arctan( ) arctan
rq s

rd s s s

I

I L P




 
  
 
 

U
                (9) 

The magnitude of stator current can be expressed as, 

 cos sinm
s rd rq

s

L
I I

L
  I                    (10) 

According to (6) and (10), the relationship between stator 

power and rotor current and can be expressed as, 

 cos sinm

s s rd rq

s

L
P I I

L
  U                 (11) 

The relationship expressed in (11) is the foundation of the 

direct power magnitude control and this will be elaborated in 

detail in section III and IV. 

III. CONTROL STRATEGY 

Since the dc voltage is constant, the control objective of RSC 

is to achieve accurate regulation of output power to dc grid. 

Furthermore, the stator frequency of DFIG is not imposed by ac 

grid, which also needs to be controlled additionally.  

The RSC control scheme for the regulation of stator power 

and stator frequency is shown as Fig. 4, which mainly consists 

of the stator frequency control, the stator power control and the 

reference of q-axis rotor current. The stator frequency control 

block is applied to generate the angle for synchronous d-q 

frame. The active power control is applied for generating the 

reference of d-axis rotor current. The reference of q-axis rotor 

current is  applied for supporting the stator voltage when there is 

no output power to dc side. The stator frequency control, stator 

power control, reference of q-axis rotor current will be 

elaborated in detail in the following three parts.  

A. Stator frequency control    

In steady state, the stator frequency is determined by the 

rotating speed of rotor current vector. Since there is no 

orientation control used in this paper, the angle of synchronous 

d-q frame can be directly set as the integral of stator frequency. 

The stator frequency is given as ωs and the angle of synchronous 

d-q frame is obtained by integrating stator frequency as, 

1
s ss

                                    (12) 

The angle for Park transformation of rotor voltage and 

current can be expressed as,  

1
slip s rs

                                (13) 

Thereby, both the stator frequency and angle of synchronous 

d-q frame are directly given without any additional control, 

which means the current control has no effect on the stator 

frequency. Compared with other stator frequency control 

methods, this method is more stable and simpler.  

B. Stator power control  

As it can be seen from (11), the stator active power is related 

with the d-axis rotor current, the power can be regulated through 

the d-axis rotor current. Thus, the generation of d-axis rotor 

current can be expressed as, 

 * *pp ip

rd s s

k s k
I P P

s


                      (14) 

where kpp and kip are the proportional and integral gain of the 

stator power controller.  
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Fig. 4. RSC control scheme for stator frequency and power regulation. 

C. Reference of q-axis rotor current  

As can be seen from Fig. 4, the reference of q-axis rotor 

current is adjustable, which can be used to build stator voltage 

during no output power.  

In the case of no output power, the phase to phase voltage of 

air gap EMF should be smaller than the dc voltage, thereby, 

* 3m s m rq dcL I V E                      (15) 

In order to simplify the expression of q-axis rotor current, the 

variables in (15) are all standardized to per unit. The base value 

of stator voltage is 3dcV  and the base value of stator 

frequency is 50 Hz. The stator frequency is usually set as 50Hz. 

Thus, the range of q-axis rotor current in per unit can be 

expressed as, 
*1 1m rq mL I L                            (16) 

The reference of q-axis rotor current can be classified into 

three categories: positive, zero and negative. In order to analyze 

the effect of q-axis rotor current, three different value of q-axis 

rotor current are analyzed in detail. 
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Fig. 5. Phasor diagram of positive q-axis rotor current. 

If the q-axis rotor current reference is positive, the 

relationship of the phasor diagram and the d-q axis can be 

shown in Fig. 5, where the reference of Irq is 1/Lm. As seen from 

Fig. 5, the angle η is almost 180° when the stator output power is 

zero. With the increase of stator output power, both the angle δ 

and γ decrease due to the higher d-axis rotor current and the 

constant q-axis rotor current. Thereby, the range of angle η is 

between 0° and 180° under this circumstance. 

If the q-axis rotor current reference is zero, the relationship 

between the phasor diagram and the d-q axis can be shown in 

Fig. 6, which is actually a rotor current orientation. Thus, the 

angle η is always the same with the angle δ. It is noted that when 

the stator output power is zero, the angle η is 90° since there is 

no active current. When the stator output power is 1 pu, the 

angle η is smaller than 90°, which can be calculated by (8). In 

conclusion, the range of angle η is between 0° and 90°, and it 

decreases with the increase of stator output power.  

Is

Em
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Ir
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Em
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Fig. 6. Phasor diagram of zero q-axis rotor current. 
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Fig. 7. Phasor diagram of negative q-axis rotor current. 

If the reference of q-axis rotor current is negative, the 

relationship between the phasor diagram and the d-q axis can be 

shown in Fig. 7, where the reference of Irq is -1/Lm, which is 

almost a stator voltage orientation method. Since the q-axis 

rotor current is negative and d-axis rotor current is always 

positive, the angle γ calculated from (6) is negative. When the 

stator output power is zero, the angle γ is nearly -90°. Thus, the 

angle η is almost zero. With the increase of stator output power, 

the exciting current becomes larger due to the voltage drop on 

stator leakage inductance. Thus, the angle η will be larger but 

near zero, which implies that this is almost the same as the stator 

voltage orientated control. 

The change of angle η with different q-axis rotor current and 

stator output power based on (9) is shown in Fig. 8. In Fig. 8, the 

stator power changes from 0.2 pu to 1 pu, the angle η decreases 

which is corresponding with the analysis in Fig. 5 , Fig. 6 and 

Fig. 7. It demonstrates that Irq=-1/Lm has the best performance 

since the angle η is almost equal to zero which is just like a stator 

voltage orientation control.  

The change of Ird with different q-axis rotor current and stator 

output power is shown in Fig. 9. Consistent with Fig. 8, the 

stator power changes from 0.2 pu to 1 pu, the Ird increases with 

the power. The Ird is much larger when Irq=0 since the exciting 

current is also contained in Ird in this condition. The Ird is almost 

the same when Irq =±1/Lm since the magnitude of rotor current 

is the same under a given power. 
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Fig. 8. Change of angle η with different Irq and Ps.   

0.2 0.4 0.6 0.8 10
0

0.2

0.4

0.6

0.8

1

1.2

1.4
Ps=0.2 pu Ps=0.4 pu Ps=0.6 pu Ps=0.8 pu Ps=1 pu

Change of Ird under different power

Time/s

I r
d
/p

u

Irq=-1/Lm

Irq=0
Irq=1/Lm

 
Fig. 9. Change of Ird with different Irq and Ps.   

Thus, in order to get an appropriate stator voltage when there 
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is no power and to achieve an almost stator voltage orientation, 

the reference of q-axis rotor current is preferred as, 
* 1rq mI L                                 (17) 

IV. CONTROL PERFORMANCE ANALYSIS 

As can be seen from the power expression in (11), the stator 

output power is not only related with Ird but also related to Irq 

and angle η. The reference of Irq is a fixed value and the rotor 

current control loop is faster than the power loop, the Irq can be 

considered as a constant value. The angle η is a changing angle 

which is determined by the Ps and Ird. Thus, the relationship 

between stator power and d-axis rotor current is non-linear. In 

order to analyze the control performance of power loop, a small 

signal model based on (11) should be built. In this section, the 

small signal model of the direct power magnitude control loop is 

deduced. The dynamic performance of coupling control and 

decoupling control are compared based on this model. 

Furthermore, the harmonic currents and torque ripple which are 

caused by distorted stator voltage are analyzed and the 

improved direct resonant control is introduced to mitigate 

torque ripple and harmonic currents. 

A. Performance of direct power magnitude control  

As can be seen from (11), the stator power is related with both 

d-axis rotor current and angle η, which is not linear. The 

relationship between the stator active power and d-axis rotor 

current and angle η can be expressed by the derivative as, 

coss m

s

rd s

P L

I L






U                             (18) 

 sin cos sins m m

s rd rq s r

s s

P L L
I I

L L
  




    


U U I  (19) 

where rI  is the magnitude of rotor current.  

As can be seen from (9), the angle η is determined by d-axis 

rotor current and stator power. The effect of rotor current and 

stator power on the angle η can also be obtained by the partial 

derivative as,  

2 2

rq

rd rd rq

I

I I I

 


 
                            (20) 

 
2

2

s ms

s
s s ms

I

P P I

 


 

U

U
                       (21) 

where Ims is equal to s sLU . 

Under the steady-state, assuming the stator power is Ps0, 

d-axis rotor current is Ird0 and the three angles are γ0, δ0, η0, 

respectively. Thus, the block diagram of power loop control can 

be deduced as Fig. 10. Since the rotor current control loop is 

much faster than the power control loop, the rotor current 

control loop is equivalent as a unity block.  

+

-
1

Rotor current control loop
*

sP sP
PI +

+

2 2

0

rq

rd rq
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


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+
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s

s
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L
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0sinm

s r

s
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 U I

 
2

2

0

s ms

s s ms

I

P I





U

U

 
Fig. 10. Transfer function block diagram of power control loop. 

Based on the relationship between the three angles, the 

transfer function block diagram of power control loop can be 

simplified as Fig. 11.  

+

-

*

sP sP
PI +

+

0

0cosm rd

s

s r

L I

L
U

I

 
2

0sin

 
Fig. 11. Simplified block diagram of power control loop. 

As can be seen from Fig. 11, the open loop transfer function 

can be expressed as,  

    0

0

cos

cos

m

open PI s

s

L
G s G s

L




 U                (22) 

As can be seen from the open loop transfer function, if 
0cos  

is equal to 
0cos , which means angle η is zero and this 

condition is just equal as stator voltage orientation control. If  

0cos  is bigger than 
0cos , the coupling control has a better 

dynamic performance than decoupling control with same PI 

parameters. For a given stator power, δ0 is a constant value 

which can be acquired by (8). The maximum value of 
0cos  is 

1, which means γ0 is equal to zero. This is just the rotor current 

orientation control. It proves that the rotor current orientation 

control has the fastest dynamic performance among all the 

decoupling control methods.  
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Fig. 12. Step response of stator power with different Irq. 

According to the transfer function block diagram shown in 

Fig. 10, the step response of stator power with different Irq is 

shown in Fig. 12. At the beginning, the power reference is 0.5 pu 
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which is a steady-state operation. At 0.1s, the power reference 

changes to 1 pu, the dynamic performance is different with 

different q-axis rotor current. When Irq=0, the power response is 

most quick since the d-axis rotor current is higher than the active 

current. When Irq=±1/Lm, the power response is the same, 

which are also near the response of decoupling control since the 

q-axis rotor current is almost the same with true exciting 

current. Thus, the performance of power magnitude control is 

almost the same as decoupling control when Irq=-1/Lm. 

B. Effectiveness of direct resonant control    

As discussed before, only the fundamental current and 

average power are analyzed in Section V(A). The torque ripple 

and harmonic current are not analyzed and the strategy for 

torque ripple mitigation in the coupling control should be 

studied. In the decoupling control method, direct resonant 

control is a simple and effective method in mitigating torque 

ripple and harmonic currents [21]. However, whether the direct 

resonant control is still applicable in the coupling control should 

be analyzed.   

Since the main harmonic component in the stator voltage is 

5th and 7th order harmonic, only the 6th order harmonic current 

and torque ripple are considered. When considering the 6th 

order harmonic current in both stator and rotor current in the 

synchronous d-q frame, the torque in (4) can be rewritten as, 

      0 6 0 6 0 6 0 6=e m rd rd sq sq rq rq sd sdT L I I I I I I I I       (23) 

where Ird0, Irq0, Isd0, Isq0 represent the rotor and stator fundament 

current in d-q axis, Ird6, Irq6, Isd6, Isq6 represent the rotor and 

stator harmonic current in d-q axis. 

Since the direct power magnitude control is a coupling 

control method, the rotor and stator fundamental current in d-q 

axis are not zero. The torque expression in (23) can not be 

simplified, the 6th order torque ripple can be expressed as, 

 6 0 6 0 6 0 6 0 6=e m rd sq sq rd rq sd sd rqT L I I I I I I I I         (24) 

When there is no harmonic voltage injected in the rotor side 

to reduce the harmonic current, the harmonic currents in the 

rotor and stator side are almost the same because the mutual 

inductance is equivalent to short circuit for harmonic current 

[13]. Thus, the 6th order torque ripple can be simplified as, 

    6 0 0 6 0 0 6=e m sq rq rd rd sd rqT L I I I I I I            (25) 

The advantage of  the direct resonant control is that only one 

axis is enough for mitigating the torque ripple and the other axis 

can be used for reducing harmonic current [21]. Thus, the direct 

resonant control is also expected to be used in this coupling 

control method. The key principle of the direct resonant control 

is that the coefficient of rotor harmonic current is not zero and 

always is a determinate direction.  

As it can be seen from (25), the two coefficients of d-q axis 

rotor harmonic current are neither zero, which means the torque 

ripple may be mitigated in any axis. However, the d-axis rotor 

current is almost the same with d-axis stator current when it is 

almost stator voltage orientation which can be seen in Fig. 8. 

Therefore, the q-axis rotor harmonic current is not suitable for 

mitigating the torque ripple. On the other hand, the coefficient 

of d-axis rotor harmonic current is always positive and almost 

equal to 1/Lm, which is suitable for mitigating the torque ripple. 

Thus, d-axis is applied for mitigating torque ripple and q-axis is 

applied for mitigating harmonic current.   

The transfer function of the resonant controller used in this 

paper can be expressed as, 

2 2

2
( )

2 (6 )

r c
R

c s

k s
G s

s s



 


 
                    (26) 

where c is the cutoff frequency and kr is the gain of the resonant 

controller.  

The rotor voltage for mitigating torque ripple and harmonic 

currents can be expressed as, 

     0 0R
rdq R e R sqG s T jG s I   U             (27) 

The equation (27) indicates that the harmonic reference for 

torque and q-axis stator are both set as zero.  

Finally, the rotor voltage reference can be expressed as, 
* = +PI R
rdq rdq rdqU U U                                   (28) 

where U
PI 

rdq is the output of the PI controller, U
R 

rdq is the output of 

the direct resonant control.  

V. EXPERIMENTAL VALIDATION 

In order to validate the control strategy proposed in section 

III, a DFIG-based experimental system is developed. The 

schematic diagram of the experimental system is shown in Fig. 

13. The DFIG was driven by a squirrel cage induction motor 

with the control of general inverter. The control strategy of the 

RSC is implemented on the TI DSP TMS320F28335 and the 

switching frequency is 10 kHz with a sampling frequency of 10 

kHz. The parameters of the DFIG are shown in Table I. All the 

waveforms are acquired by a YOKOGAWA DL750 scope. 

DFIG

Diode bridge

RSC

Squirrel-cage 

motor

DC 

Voltage 

source

Connection 

switch

Sampling and 

Signal processing

DSP TMS320F28335

Driver SKHI61

General 

Inverter

Fig. 13. Schematic diagram of the experimental system. 

TABLE I Parameters of the tested DFIG-DC system 

Parameters Value Parameters Value 

Rated power 1.0 kW Rated voltage 110 V 

Rated frequency 50 Hz DC voltage 140 V 

Pole pairs 3 Rs 1.01 Ω 

Rr 0.88 Ω Lm 87.5 mH 

Ls 5.6 mH Lr 5.6 mH 
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Stator current (5 A/div)

Rotor current (5 A/div)

Stator power (1000 W/div)

Torque (5 Nm/div)

Stator frequency (20 Hz/div)

Stator voltage (200 V/div)

Distorted voltage Sinusoidal voltage 

 
Fig. 14.  Experimental results from no output power to 400 W output power. 

Fig. 14 shows the experimental results of DFIG from zero 

output power to 400 W. The stator frequency is set as 50 Hz and 

the rotor speed is 800 rpm. At the beginning, the stator output 

power is set as zero and the q-axis rotor current is -1/Lm, which 

is used to build the stator side voltage. As can be seen from the 

experimental results, the stator voltage and rotor current are 

both sinusoidal when the diode bridge does not conduct without 

any power transmission from stator side. When the stator output 

power is set as 400 W, the diode bridge conducts and stator 

current increases. With the increase of stator output power, the 

stator voltage is gradually distorted, the stator current and rotor 

current both contain low order harmonics which also cause 

torque and power ripples.  

Fig. 15 shows the experimental results of DFIG when the 

stator output power changes from 400 W to 0 W. As can be seen 

from the experimental results, the stator current gradually 

decreases to be zero when the output power reference is zero. 

During this dynamic period, both stator voltage and rotor 

current are very stable without any fluctuation, which means 

that this direct power magnitude control method can go through 

zero output power without changing control strategy.  

Stator current (5 A/div)

Rotor current (5 A/div)

Stator frequency (20 Hz/div)

Stator power (1000 W/div)

Torque (5 Nm/div)

Stator voltage (200 V/div)

 
Fig. 15.  Experimental results from 400 W output power to no output power. 

Fig. 16 shows the step response of DFIG when the stator 

active power reference changes from 100 W to 800 W. The 

rotor speed is 800 rpm and the stator frequency is set as 50 Hz.  

The change of stator power has no effect on the stator frequency. 

The stator active power can track the power reference 

accurately in 150 ms without any overshoot since the power 

control loop is just a first order system, which is corresponding 

with the theoretical analysis in part A section IV. 

Stator current (5 A/div)

Rotor current (5 A/div)

Stator power (1000 W/div)

Torque (10 Nm/div)

Stator frequency (20 Hz/div)

Stator voltage (200 V/div)

 
Fig. 16. Step response of power change from 100W to 800W. 

The step response of the stator frequency change from 50 Hz 

to 60 Hz is shown in Fig. 17. The stator power reference is 500 

W. During the change of stator frequency, the stator power has a 

pulsation which is caused by transient stator flux but will come 

to steady state in 60 ms. Compared with other stator frequency 

control method, the stator frequency is direct given without any 

dynamic response which is more stable and robust. 

Stator current (5 A/div)

Rotor current (5 A/div)

Stator power (1000 W/div)

Torque (10 Nm/div)

Stator frequency (20 Hz/div)
50 Hz 60 Hz

Stator voltage (200 V/div)

 
Fig. 17. Step response of stator frequency change from 50 Hz to 60 Hz. 

Fig. 18 shows the steady experimental results of DFIG when 

the stator power reference is 500 W and stator frequency is 50 

Hz. Due to the diode bridge on the stator side, the stator current 

is highly distorted with 5th and 7th order harmonics, which are 

24.6% and 3.9%, respectively. The 300 Hz ripples in the torque 

is 6.5%, which is harmful for the mechanical shaft of DFIG. The 

6th order harmonic in q-axis stator current is also very obvious 

which increases the current loss of the DFIG-DC system.  
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Stator current (5 A/div)

Rotor current (5 A/div)

Stator power (1000 W/div)

Torque (10 Nm/div)

Isq (3 A/div)

Stator voltage (200 V/div)

 
Fig. 18. Steady state experimental results of DFIG-DC system. 

Fig. 19 shows the experimental results of DFIG with direct 

resonant control. The stator power reference and stator 

frequency are the same as Fig. 18. The direct resonant control is 

applied for mitigating the torque ripple and q-axis stator 

harmonic current. As can be seen from this figure, the ripples in 

torque and q-axis stator current have been greatly reduced, 

which validates the effectiveness of direct resonant control in 

this coupling control method. However, the stator current is not 

so sinusoidal as [21] because it is not a ideal voltage orientation 

method, which may cause more harmonic currents in mitigating 

the torque ripple. The performance of torque ripple mitigation is 

the same with other decoupling control methods. 

Stator voltage (200 V/div)

Stator current (5 A/div)

Rotor current (5 A/div)

Stator power (1000 W/div)

Torque (10 Nm/div)

Isq (3 A/div)

 
Fig. 19. Experimental results of DFIG with direct resonant control. 

VI. CONCLUSION 

A novel direct power magnitude control method for 

DFIG-DC system is proposed based on a given stator frequency 

and angle of synchronous d-q frame. The d-axis rotor current is 

used to regulate the stator power and the q-axis rotor current is 

used to generate stator voltage. In this way, the control strategy 

is able to go through from no output power to rated output 

power without changing the control strategy. The effect of 

different q-axis rotor current is investigated and it is proved that 

the dynamic performance of coupling control is better than the 

decoupling control by the small signal analysis. Since the stator 

power control loop is a first order system, the dynamic 

performance can be designed fast without any overshoot. 

Furthermore, the direct resonant control for reducing the torque 

ripple and harmonic current can still be applied in the power 

magnitude control. Thus, the efficiency can be improved by 

reducing the harmonic current losses. In conclusion, both the 

fundamental and harmonic current regulation are effective 

through the power magnitude control, which is a highly stable 

and robust control method for DFIG-DC system.  

In this paper, the dc voltage is assumed constant and the 

DFIG is working as a power source. However, the dc voltage is 

not constant in some case. Thus, the control strategy for 

stand-alone DFIG-DC system should also be investigated in the 

future work, which can go through both the grid-connected and 

standalone condition. 
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