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Abstract 
Conventionally, the speed control manipulate of Doubly-Fed Induction Motor (DFIM) has 

been developed primarily which is based on traditional Proportional-Plus-Integral (PI) 

controller due to its simple construction and implementation. The steady-state error 

minimization, overshoot removal and disturbance rejection are not possible in which the 

benefits of PI controller are chosen through trial and errors approach. The steady-state error 

and disturbance rejection may be viable, if the benefits of Proportional-Plus-Integral 

controller are chosen through right on the poles. But the overshoot elimination is not possible 

where the Proportional-Plus-Integral based controller is designed. In this paper, Integral-

Plus-Proportional (IP) controller is proposed to design for speed control of the Doubly-Fed 

Induction Motor. The Integral-Plus-Proportional controller is well suited to minimize the 

overshoot problem that is arisen in Proportional-Plus-Integral controller. The performance of 

proposed Integral-Plus-Proportional controller for speed control of Doubly-Fed Induction 

Motor system has been analyzed and investigated through the simulation works. The outcomes 

of simulation works are illustrated to show the effectiveness of recommend Integral-Plus-

Proportional controller in comparison with traditional Proportional-Plus-Integral controller. 

The proposed Integral-Plus-Proportional controller shows the much better performance over 

Proportional-Plus-Integral controller in phrases of minimization of overshoot. 
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INTRODUCTION 
Known seeing that 1899 [1], the doubly fed 
induction motor (DFIM) is a wound rotor 

asynchronous machine provided through the 
stator and the rotor from two external supply 

voltages. This machine is very desirable for 
variable speed functions such as the electric 

automobile and the production of electrical 
energy [2–4]. Consequently, it covers all 

energy ranges. Obviously, the requested 
variable speed area and the preferred 

performances rely on the utility sorts [5–7]. 
The use of DFIM affords the chance to 

modulate energy drift into and out of the rotor 

winding in order to have, at the same time, a 
variable velocity in the characterized super–

synchronous or sub–synchronous modes in 
motor or in generator regimes. Two modes can 

be related to slip energy recovery: sub–
synchronous motoring and super–synchronous 

generating operations. In general, while the 

rotor is fed through a cycloconverter, the 
energy range can obtain the MW order which 

provides the dimension of energy frequently 
reserved to the synchronous machine [7–10]. 

The DFIM has some awesome benefits in 
contrast to the traditional squirrel-cage 

machine. The DFIM can be controlled from 
the stator or rotor via more than a few viable 

combinations. The drawback of two used 
converters for stator and rotor offering can be 

compensated through the quality control 
performances of the powered systems. Indeed, 

the enter instructions are carried out with the 

aid of skill of four particular stages of 
manipulate freedom relative to the squirrel 

cage induction machine where it’s manipulate 
appears quite simple. The flux orientation 

strategy can transform the non-linear and 
coupled DFIM-mathematical mannequin into a 

linear model leading to one captivating 
solution for producing or motoring operations 
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[10–14]. It is known that the motor driven 
systems account for about 65% of the 

electricity fed on in the world. Implementing 
excessive efficiency motor driven systems, or 

enhancing current ones, ought to save over 
200 billion kWh of electrical energy per year. 

This trouble has emerged as very important, 

specifically following the economic crisis due 
to the amplify in oil prices as such, innovative 

energy saving technologies are appearing and 
creating swiftly in this century [15–18]. In this 

framework, the DFIM continues to be of 
extremely good pastime owing to the 

beginning of the thinking of double flux 
orientation [19, 20]. 

 

Several techniques of control are used to 

control the induction motor amongst which the 

vector control or area orientation manipulate 

that permits a decoupling between the torque 

and the flux, in order to achieve an impartial 

control of torque and the flux like DC motors. 

Therefore, decoupling the control scheme is 

required via compensation of the coupling 

effect between d-axis and q-axis current 

dynamics. With the field orientation control 

(FOC) method, induction machine drives are 

turning into a major candidate in high-

performance movement manipulate 

applications, where servo quality operation is 

required. Fast transient response is made 

viable with the aid of decoupled torque and 

flux control. The most broadly used control 

technique is possibly the proportional integral 

control (PI). It is effortless to design and 

implement, however it has problem in dealing 

with parameter variations, and load 

disturbances. 

 

In order to improve the overall performance of 

PI controller of extraordinary electrical motors 

IP has been designed in [22–25]. In this paper, 

the speed control of DFIM based on IP control 

scheme is proposed considering it can 

effortlessly design and implement. The 

proposed IP controller is capable to overcome 

the steady state error and overshoot issues and 

to reject the disturbance. The overall 

performance of speed control based on the 

proposed IP controller is investigated by using 

simulation results, which had been carried out 

through Matlab/Simulink software. From the 

simulation works, it is observed that the IP 

controller gives higher performance through 

ability of overshoot and steady-state error. 

 

DYNAMIC MODELING OF DOUBLY 

FED INDUCTION MOTOR 
Figure 1 shows the typical configuration of 

overall control system of DFIM. Two inverters 

are used to transmit current from dc source to 

the stator winding and the rotor windings. The 

switching action of inverters is performed 

based on the injecting the controllable voltage 

in to the stator and the rotor to obtain the 

desired voltage with desired frequency of both 

stator and rotor for variable speed operation.

 

 
Fig. 1: Overall Block Diagram of DFIM Drive System. 
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Fig. 2: Complex Synchronously Rotating dq-Axes Reference Frame Equivalent Circuit of DFIM. 

 

Though the two inverters share the same dc 

bus, they can be operated separately, meaning 

that both stator and rotor windings can be 

controlled independently.  

 
Figure 2 shows the equivalent circuit diagram 
of a DFIM in complex vector form in a 
synchronously rotating dq-axes reference 
frame. 

 
In this Figure 2 subscripts “s” and “r” refer to 
the stator and rotor windings variable, 
respectively. vs= vsd+jvsq and vr= vrd+jvrq are the 
stator and rotor voltage vectors; is= isd+jisq and 
ir= ird+jirq denotes stator and rotor current 
vectors; Rs and Rr are the stator and rotor 
resistance; Lm, Lsl, Lrl are the magnetizing, 
stator leakage and rotor leakage inductances, 

respectively; s= sd +jsqand r= rd +jrq 

are the stator and rotor flux vectors; s is the 
stator winding electrical angular velocity and 

ris the rotor winding electrical angular 
velocity. 

 
Using the fundamental laws of ohm’s law and 
faraday’s law, the expressions of stator and 
rotor voltages with the currents and fluxes in 
synchronously rotating frame can be given as 
follows [21]: 

sqssdsdssd piRv  
  (1) 

sdssqsqssq piRv  
  (2) 

rqrrdrdrrd piRv  
  (3) 

rdrrqrqrrq piRv  
  (4) 

rdmsdssd iLiL 
   (5) 

rqmsqssq iLiL 
   (6) 

sdmrdrrd iLiL 
   (7) 

sqmrqrrq iLiL 
   (8) 

In the above equations subscripts d and q are 

represented for d-axis quantities and q-axis 

quantities, respectively, and p is represented 

d/dt. 

 

The electromagnetic torque and the 

mechanical dynamics can be given by: 

 rqsdrdsqte iiKT  
   (9) 

m m

e m m m

n n

J B
T p T

P P
       (10) 

where,  n m

t

m

P L
K

L
, Jm is inertia, Bm is friction 

coefficient and Pn is the number of pole pair. 

 

Using the above equations (1) to (10), the 

state-space equations of a DFIM can be 

written as follows: 
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VECTOR CONTROL OF DFIM 

A vector controlled doubly fed induction 

machine is a captivating solution for excessive 

limited speed range electric powered force and 

era application, it consists in guiding an 

electromagnetic flux of the DFIM along the 

axis d or q [5]. In this paper, we select the 

direction of reference (d, q) in accordance to 

the direct stator flux vectorsd, so the model of 

steady-state DFIM will be simplified as 

follows: 

sqssdIssdV R 
   (16) 

sdssqIssqV R 
   (17) 

rqrrdIrrdV R 
   (18) 

rdrrqIrrqV R 
   (19) 

where,
r s

    

 

The magnetization of machine is certain by 

way of the rotor direct current, so the stator 

current in the d axis is taken to zero (isd = 0). 

The current and voltage in the stator are then 

in phase: Vsq = Vs and Isq = Is. In this case we 

acquire a unity power factor at the stator, so 

the stator reactive electricity is zero i.e. Qs= 0. 

Vector control consists in orienting the stator 

flux. Thus, it results the constraints given 

below in (20). The stator flux is oriented on 

the q axis. 

 

0

sd

sq

s
 



 


 

    (20) 

 

Using the constraints of vector control of Eq. 

(15), the developed torque of Eq. (9) can 

simply be written as follows: 


e n s sq

T P I     (21) 

 

According to the previous mathematical 

derivations, the reference for stator currents 

and rotor currents can be obtained. Based on 

the vector control strategy these references are 

summarized in Table 1. 

Table 1: Control Strategy to the DFIM Model. 

Objectives References 
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DESIGN OF CONTROLLER SYSTEM 
In order to design the current controllers, we 

have the following expressions by rearranging 

the Eqs. (1) to (4): 

csdvsdsdsdssds CuiRipL 
  (22) 

csqvsqsqsqssqs CuiRipL 
  (23) 

crdvrdrdrdrrdr CuiRipL 
  (24) 

crqvrqrqurqrrqr CiRipL 
  (25) 

 

The decoupling compensation terms Csd, Csq, 

Crd, and Crq, and the intermediate voltages usd, 

usq, urd, and urq, in Eq. (17–20) are given as 

follows: 

rqr
r
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sL
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rdrsds
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(30) 

m

sd sd rd
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L

L
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m

sq sq rq

r

L

L
 u v v     (32) 

m

rd rd sd

s

L

L
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m

rq rq sq

s

L

L
 u v v     (34) 

 

With the constraints of vector control of Eq. 

(15), the mechanical dynamics of Eq. (10) 

with Eq. (16) can be written as follows: 
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m n n

m m e m

m m m

B P P
p T T

J J J
      (35) 

 

It is evident from Eq. (29) that the speed of a 

DFIM can be control by controlling the 

electromagnetic torque of DFIM. Then the 

reference for stator q-axis current can be 

generated from the reference of 

electromagnetic torque which is the output of 

speed controller. Using Eqs. (17–20) and s-

domain of Laplace transformation, the open-

loop transfer function for four different current 

controllers can be given as follows: 

s

sd sq
s

s

B

A
 


T T    (36) 

r

rd rq
s

r

B

A
 


T T    (37) 

Considering the load torque Tm as a step 

function the open-loop transfer function for 

speed controller from Eq. (29) is obtained as 

follows: 

B
T

s A










    (38) 

 

In Eqs. (30) to (32)
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Fig. 3: Block Diagram of Stator Current 

Controller. (a) d-axis current controller, (b) q-

axis current controller 

 

 
Fig. 4: Block Diagram of Rotor Current 

Controller. (a) d-axis Current Controller, (b) 

q-axis Current Controller 

 

 
Fig. 5: Block Diagram of Speed Controller of 

a DFIM. 

 

To obtain the d-axis and q-axis stator and rotor 

voltage with the implementation of vector 

control and based on the Eqs. (17) to (28), the 

block diagrams of stator and rotor current 

controllers are shown in Figures 3 and 4. 

Similarly, the speed controller based on PI and 

the calculation procedure of reference stator q-

axis current is shown in Figure 5. 

 

The generic form of open-loop transfer 

function Eqs. (30–32) for speed and currents 

controllers can be written as follows: 

o

B
G

s A



   (39) 

 

The transfer function of PI controller and IP 

controller are given as follows: 

( ) ( )e
 

   
 

I

PI P

K
G s K s

s
   (40) 

( ) ( ) ( )e s a I

IP P

K
G s K s

s
   (41) 

where, e(s) = r(s)-a(s), a(s) is actual value, r(s) 

is reference value, KP is proportional gain and 

KI is the integral gain. 
 

Combining the open-loop transfer function and 

controller transfer function the closed-loop 

transfer function can be written as follows: 

(a) 

(b) 

(b) 

(a) 
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Considering two poles1 and 2(and they are 

chosen as 1= 2) in the left-half of complex 

plane the gain of PI and IP controller can be 

calculated as follows: 

1

2

1

2

I
K






 





P

A
K

B

B

   (44) 

 

It has been seen from these closed-loop 

transfer function of Eq. (36) for PI controller 

that a zero is placed in the left-half plane. The 

overshoot problem of PI controller is raised 

due to the zero and the overshoot is increased 

as the proportional gain increased. On the 

other hand, the zero of PI controller can be 

eliminated by changing the structure which 

becomes as IP controller. The overshoot 

problem can be minimized by using IP 

controller instead of PI controller. 

 

SIMULATION AND RESULT 
At first the modeling of DFIM is done by 

using Eqs. (11–15) have been developed in 

Matlab/Simulink software. The used DFIM 

rating and parameters are given in Appendix. 

The controller of DFIM with vector control 

strategy based on PI controller as shown in 

Figures 3–5 and IP controller has been 

performed for step change of speed to perform 

simulation works for IP controller, just the PI 

controller of Figures 3–5 replaced by IP 

controller. In the simulation works, the gains 

are chosen same values for both PI controller 

and IP controller. The pole for speed controller 

is chosen 50 and for the four current 

controllers the value of pole is chosen of 500. 

Since the poles of closed-loop system are 

placed in the left-half plane, the controller 

performance is stable under the variation of 

load torque. 

 

Figures 6 and 7 show the transient 

performance of speed control system of a 

DFIM based on the designed PI controller and 

IP controller. In simulation work, the variation 

of reference speed has been considered as 

follows: (i) the speed step-up from 0 rpm to 

600 rpm at starting condition i.e. t=0 s, the 

speed step-up from 600 rpm to 1200 rpm at t 

=2 s, the speed step-down from 1200 rpm to 

600 rpm at t =4 s, the speed step-down from 

600 rpm to 0 rpm at t =2 s, the speed step-

down from 600 rpm to 0 rpm at t =6 s. 

 
Figure 6(a) and Figure 7(a) shows the 
performance of speed for PI controller and IP 
controller. The performance of both controllers 
is almost similar at steady-state conditions. 
But it is clear from these figures that the 
overshoot problem is totally vanished in the 
performance of IP controller. Figure 6(b) and 
Figure 7(b) evident that the stator d-axis 
current remaining zero at steady state 
condition and very small change in transient 
condition. From these Figures, it has been seen 
that the variations of stator current based on IP 
controller at transient condition is better as 
compared with that of PI controller. Figure 
6(c) and Figure 7(c) shows that the stator d-
axis flux is remaining constant which is the 
requirement of vector control strategy. Figure 
6(d) and Figure 7(d) shows the performance of 
electromagnetic torque with applied load 
torque. Since the overshoot is occurred in PI 
controller the change of electromagnetic 
torque is larger as compared with the same 
performance in case of IP controller. 

 

CONCLUSION 
This paper presents the design of an IP 

controller for speed control of a DFIM. The 

simulation outcomes got on a DFIM the usage 

of the IP controller are presented in this paper. 

The overall performance of IP controllers used 

to be compared with that of traditional PI 

controlled system. From the comparative 

simulation outcomes of each IP and PI 

controllers, it can be concluded that the two 

controller’s performances under steady-state 

condition are almost same. The most necessary 

advantage to reduce the overshoot can be 

obtained by the use of the proposed IP 

controller. The two controllers against system 

parameters variant are also verified. It is 

evident from the simulation outcomes that the 

performance of each IP and PI is almost 

similar when the parameters are varied. 
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Constructionally, there is little difference 

between PI and IP controllers and each 

implementation will be easy and simpler for 

that reason the use of IP controller can be 

more preferable than PI controller for practical 

application. 

 

 
Fig. 6: Transient Performance of Speed Controller Based on PI. 

 

 
Fig. 7: Transient Performance of Speed Controller Based on IP. 
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APPENDIX 
The DFIM ratings and parameters are given as 

follows: 
Ratings 75 kW, 2 pole, 1500 rpm 

Parameters Rs =35.52 m, Rr = 20.92 m, Ls = 

15.45 mH, Lr = 15.45 mH, Lm = 15.1 

mH, 

Jm = 0.001 Kg-m
2
, Bm = 0.07 N/(rad/s) 
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