
AIUB JOURNAL OF SCIENCE AND ENGINEERING 
ISSN: 1608 – 3679 (print) 2520 – 4890 (Online) 

 

AJSE Vol:17, Issue:2, pp 43 – 50  © AJSE P a g e  | 43 

Published in AJSE, Vol:17, Issue: 02 

Received on 11th April 2018 

Revised on 6th June 2018 

Accepted on 1st July 2018 

 

Design and Simulation DFIM Driven Electrical 

Vehicles Based on IP Controller 
 

 Abstract-The environment friendly blessings of Electrical 

Vehicles (EV), human beings are becoming extra involved in the 

use of them alternatively than the usage of mechanical 

differentials. In electrical vehicles distinct sorts of electrical 

machines are used among them DFIM is used in this work. The 

challenging work is to design of a controller as the output of the 

motor has to match with vehicle input. So, far, most of the 

mentioned works have utilized Proportional-Integral (PI) 

controllers as the speed control. But, the negative aspects of PI 

controller are properly known, as its design depends on the 

specific motor parameters and the overall performance is sensitive 

to system disturbances. The fundamental goal of this paper is to 

replace the conventional PI controller by means of an IP 

controller which is successful of dealing with exceedingly non-

linear DFIM motor for high performance application in Electrical 

Vehicle. The effectiveness of designed IP controller of an 

electrical differential for an EV system is evaluated through 

Matlab/Simulink software. In simulation work different road 

conditions for EV are considered. After the simulation the 

designed controller is found to be strong for the speed control 

application of Electrical Vehicle. 
 

Key words: ⎯ Electrical Vehicle; Doubly Fed Induction Motor; 

FOC; IP Controller; PI Controller. 

 

 

I. INTRODUCTION 

 Since the early years of industrialization, the researchers 

were faced with "how to control the electric machines at 

variable speed." Electric drives require high performance, 

increased reliability, and reduced cost. Among these 

machines is doubly fed induction machine (DFIM) [1-3] is an 

asynchronous machine with wound rotor which can be 

supplied at the same time by the stator and the rotor with 

external source voltages [4]. It was first studied to be used as 

a high-speed motor. The many benefits of this machine are: 

reduced manufacturing cost, relatively simple construction, 

higher speed and do not require ongoing maintenance. In 

recent decades, the advances in technology of power 

electronics and microcomputer, different applications of 

DFIM became possible. Their interest lies mainly in the 

speed control options with and without mechanical sensors as 

well as the regimes in either motor or generator operations 

with flux control powers for hypo and hyper-synchronous 

features [5]. The DFIM is essentially nonlinear, due to the 

coupling between the flux and the electromagnetic torque. 

The vector control or field orientation control allows a 

decoupling between the torque and the flux [6] [7]. With the 

field orientation control (FOC) method, induction machine 

drives are becoming a major candidate in high-performance 

motion control applications, where servo quality operation is 

required. 

The task comes to researchers on how to manipulate DFIM 

successfully due to its robustness and non-linearity 

characteristic. Initially fixed gain PI controllers had been 

employed by researchers as speed controller of DFIM drive 

system due to the fact of their simplicity [5, 6, and 7]. 

However, it is very challenging to decide suitable PI 

controller parameters in controlling complex non-linear, 

incompletely modeled or uncertain systems since the speed 

and the torque of the motor usually change depends on 

terrain and traffic condition traveled by electric vehicle. 

Besides, this PI controller will showcase poor transient 

response thus it’s no longer appropriate for this application 

due to complexity of this system [8]. IP controllers provide 

many benefits as their design do not need the actual 

mathematical model of the system and theoretically they are 

capable of managing any non-linearity of arbitrary 

complexity [9]. Besides they showcase superb dynamic 

response. Among the various controllers, IP controller is the 

simplest and better in terms of response time, insensitivity to 

parameter and load variations [9], [10]. Sinusoidal Pulse 

Width Modulation is used with IP Controller to keep the 

output voltage at the rated voltage and to have better 

performance. 

The paper is organized as follows: In section II mathematical 

model of the DFIM is presented. In section III, we begin with 

the DFIM oriented model in view of the vector control; IP 

controller is presented in section IV and gives the design 

procedure of the proposed controller with the simulation 

results given in section V. Finally, some conclusions are 

drawn in section VI. 

II. DYNAMIC MODELING OF DOUBLY FED 

INDUCTION MOTOR 

Fig. 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. 
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Fig. 1. Overall Block diagram of DFIM Drive System. 

 

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.  

Fig. 2 Shows the equivalent circuit diagram of a DFIM in 

complex vector form in a synchronously rotating dq-axes 

reference frame. 

 
Fig. 2. Complex synchronously rotating dq-axes reference 

frame equivalent circuit of DFIM. 

 

In this figure subscripts “s” and “r” refer to the stator & 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 +jsq and r= rd +jrq are the stator and rotor flux 

vectors; s is the stator winding electrical angular velocity 

and r 
is 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 [11-15]: 
 

sqssdsdssd piRv  −+=              (2.1) 

sdssqsqssq piRv  ++=              (2.2) 

rqrrdrdrrd piRv  −+=              (2.3)  

rdrrqrqrrq piRv  ++=              (2.4) 

rdmsdssd iLiL +=
              (2.5) 

rqmsqssq iLiL +=
                           (2.6) 

sdmrdrrd iLiL +=
              (2.7) 

sqmrqrrq iLiL +=

                       
               (2.8) 

 

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  −=             (2.9) 
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K = , Jm is inertia, Bm is friction coefficient 

and Pn is the number of pole pair. 

Using the above Eqs. (2.1) to (2.10), the state-space 

equations of a DFIM can be written as follows: 
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The Matlab/Simulink model of DFIM has been developed 

using Eqs. (2.11) to (2.15). 

 

 

III. 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 [12, 

13]. In this paper, we select the direction of reference (d, q) 

in accordance to the direct stator flux vector sd, so the 

model of steady-state DFIM will be simplified as follows: 

 

sqssdIssdV R −=
                                   

(3.1) 

sdssqIssqV R +=              (3.2) 

rqrrdIrrdV R −=
                                   

(3.3) 

rdrrqIrrqV R +=              (3.4) 

where,  −= sr  

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 
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flux. Thus, it results the constraints given below in Eq. (3.5). 

The stator flux is oriented on the q axis. 







=

=

0sq

sd s




             (3.5) 

Using the constraints of vector control of Eq. (3.5), the 

developed torque of Eq. (2.9) can simply be written as 

follows: 

sqsne IPT =               (3.6) 

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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IV. ELECTRICAL VEHICLES MECHANICAL 

DYNAMICS 

 

Aerodynamics Force and Torque 

The aerodynamics force which is due to the friction of the 

vehicle body, moving through the air is given by: 

2

2

1
hdfairaero vCAF =          (4.1) 

The aerodynamics torque is: 

whdfairwaeroaero RvCARFT 2

2

1
==         (4.2) 

 
Rolling force 

The rolling resistance is primarily due to the traction of the 

tire on the road. Friction in bearing and the gearing systems 

also play their part. The rolling resistance is appositely 

constant, depend on vehicle speed. It is proportional to 

vehicle weight the equation is. 

vtireroll MgfFF ==           (4.3) 

 
The rolling torque is: 

wvwtirewrolltireroll RMgfRFRFTT ==== (4.4) 

 
Hill Climbing or Slope Force 

The force needed to drive the vehicle up a slope is the most 

straightforward to find it is simply the component of the 

vehicle weight that acts along the slop. The climbing or slope 

force can be given as: 

sinMgFF climbslope ==          (4.5) 

 
The slope torque is: 

sinwwclimb

wslopeclimbslope

MgRRF

RFTT

==

==
         (4.6) 

 
Total Force 

Total vehicle or resistance force is: 

walasloperollaeroresv FFFFFFF +++++==

                       (4.7) 

Fla and Fwa will be negative if the vehicle is slowing down 

and the Fslope is negative if it is going downhill. 

 
V. MODELING OF ELECTRONIC VEHICLE 

DIFFERENTIAL 

 

The Ackerman Principle 

A simplified, trigonometry-based Ackerman steering model 

was used in this paper. There are three main assumptions in 

this analysis: (i) the front wheels are considered passive 

wheels so that the velocity path defined by the rear wheels 

can be perfectly tracked by the front wheels; (ii) since the 

rear wheels have no slip action, the velocity of the wheels are 

represented as a function of their radius; and (iii) the vehicle 

rotation speed is half of the differential speed between the 

two traction rear wheels. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 3. Vehicle structure in a turn. 

 

Fig. 3  shows the vehicle structure when taking a turn, where 

Lω represents the wheelbase, δ is the steering angle, dω is the 

distance between the wheels of the same axle, and ωR and L 

are the angular speeds of the right and left wheel drives, 

respectively. 

As shown in Fig. 3, the linear speed of each wheel drive is 

expressed as a function of the vehicle speed and the radius of 

the curve, which are derived through Eqs. (5.1) and (5.2) and 

given by:  

R
d

Rv vLvL   =







+=

2
           (5.1) 

R
d
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−=

2
           (5.2) 

 
The radius of the curve depends on the wheelbase and 

steering angle () expressed by: 




tan

L
R =              (5.3) 

Substituting Eq. (5.3) in Eqs. (5.1) and (5.2), we obtain the 

angular speed in each wheel drive given by: 
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=            (5.5) 

 
The difference between the angular speeds of the wheel 

drives is expressed by Eq. (5.6). The signal of the steering 

angle indicates the curve direction and is derived using Eq. 

(5.4). 

vvRvL
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          (5.7) 

 
When the vehicle arrives at the start of a curve, the driver 

applies a steering angle on the wheels. The electronic 

differential, however, acts immediately on the two motors, 

reducing the speed of the inner wheel and increasing the 

speed of the outer wheel. The driving wheel angular speeds 

are given by: 

2





+= *
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Meanwhile, the speed references of the two motors are given 

by: 

*
vLg

*
rL N  =            (5.10) 

*
vRg

*
rR N  =           (5.11) 

 

VI. DESIGN OF CONTROLLER SYSTEM 

 
In order to design the current controllers, we have the 

following expressions by rearranging the Eqs. (2.11) to 

(2.13): 

csdvsdsdsdssds CuiRipL =−=+
        

 (6.1) 

csqvsqsqsqssqs CuiRipL =−=+
 
         (6.2) 

crdvrdrdrdrrdr CuiRipL =−=+
        

 (6.3) 

crqvrqrqurqrrqr CiRipL =−=+            (6.4) 

The decoupling compensation terms Csd, Csq, Crd, and Crq, 

and the intermediate voltages usd, usq, urd, and urq, in Eqs. 

(6.1) to (6.4) are given as follows: 
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With the constraints of vector control of Eq. (3.5), the 

mechanical dynamics of Eq. (2.10) with Eq. (2.9) can be 

written as follows: 
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It is evident from Eq. (6.14) 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. (6.1) to (6.4) and s-domain of Laplace 

transformation, the open-loop transfer function for four 

different current controllers can be given as follows: 
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Considering the load torque Tm as a step function the open-

loop transfer function for speed controller from Eq. (6.14) is 

obtained as follows: 
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(a) d-axis current controller 

 

 

 
(b) q-axis current controller 
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Fig. 4. Block diagram of stator current controller. 

 

 
(a) d-axis current controller 

 

 
(b) q-axis current controller 

 

Fig.  5. Block diagram of rotor current controller. 

 

 

 
 

Fig. 6. 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. 

(6.1) to (6.13), the block diagrams of stator and rotor current 

controllers are shown in Fig. 4 and Fig. 5. Similarly, the 

speed controller based on PI and the calculation procedure of 

reference stator q-axis current is shown in Fig. 6. 
The generic form of open-loop transfer function Eqs. (6.15) 

to (6.17) for speed and currents controllers can be written as 

follows: 
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B
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=              (6.18) 

The transfer function of PI controller and IP controller are 

given as follows: 
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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: 
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Considering two poles 1 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: 
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          (6.23) 

It has been seen from thee closed-loop transfer function of 

Eq. (6.21) 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. 

 

 

VII. SIMULATION & RESULT 

 

Tables 2 and 3 show the parameters of DFIM which used in 

the simulation test. The simulation has been carried out using 

Matlab/ Simulink and IP Toolbox. From the Graphs we can 

see when car will turn left then the right side speed will be 

increased and for left side it will be vice versa. When the car 

will go to up hills it will increase its torque and for down 

wards the torque will be decreased. 

 

          Table 2: Rating and Parameters of the Vehicle 

Rw Wheel radius 0.32 m 

Η Total transmission efficiency 98% 

M Vehicle mass 1300 Kg 

Cd Aerodynamic coefficient 0.32 

A Vehicle frontal are 2.6 m2 

fr Vehicle friction coefficient 0.01 

Lw Distance between two wheels 

and axes 

2.5 m 

Dw Distance between the back 

and the front wheel 

1.5 

 

 

      Table 3: Ratings and Parameters of the DFIM 

Stator resistance, 𝑅𝑠 35.52 m,   

Rotor  resistance,  𝑅r 20.92 m,   

Rated speed,  Nm 1500 rpm 

Motor moment of inertia,  J 0.001 Kg-m2 

Bm  0.07 N/(rad/s) 

Stator inductance, 𝐿s 15.45 mH 

Roto inductance, 𝐿r 15.45 mH 

Mechanical  inductance Lm  15.1 mH 

𝑉𝑑𝑐 400V 

 

 

Case of Left and Right Slope (up-hill and down-hill) 

Situations: 

In this simulation the following situations are considered: 

(i) The vehicle start at t = 0 and its speed up by pressing the 

accelerator. 

(ii)  at t = 2 s it is consider that the vehicle should moves to 

uphill side within angle of β= 10o. 

(iii) at t = 4 s it is consider that the vehicle should follow the 

normal condition so β = 0o. 
(iv) at t = 6 s it is consider that the vehicle should moves to 

down side within angle of β = −10o. 

(v)  at t = 8 s it is consider that the vehicle should follow the 

normal condition so β = 0o. 
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(vi) at t = 10 s it is consider that the vehicle should stop by 

released the accelerator. 

 
Fig. 7 (a and b) and Fig. 8 (a and b) represents the transient 

simulation results of speed and torque (load and 

electromagnetic torque) for the up-hill and down-hill road 

situation. In this simulation the following situations are 

considered: the vehicle runs in the up-hill condition when the 

slope torque is positive and over all torque is increased and 

the vehicle runs in the down-hill condition when the slope 

torque is negative and over all torque is decreased. Fig. 7 and 

Fig. 8 show 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. 

 

 
(a) Speed response with IP controller 

 
(b) Torque response with IP controller 

 
(c) Speed response with PI controller 

 

 
(d) Torque response with PI controller 

 
Fig. 7: Transient response of left side motor for slop road. 

 

When the vehicle goes to up-hill direction, the load torque 

increased as shown in Fig. 7(a). Due to the increase of load 

torque the speed is falling as shown in Fig. 7(a). The 

response of motors for down-hill condition is just reverse of 

up-hill condition as shown in Fig. 7(a) and Fig. 8(a). In this 

case, the load torque which is considered as disturbance for 

motor is changed drastically. Thus, it can be stated that the 

proposed IP controller performance is robust under the 

variation of disturbances. 

 

 
(a) Speed response with IP controller 

 

 
(b) Torque response with IP controller 

 

 

 

(c) Speed response with PI controller 

 

 

(d) Torque response with PI controller 

 

Fig. 8: Transient response of right side motor for slop road. 
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Case of Left and Right Curved Situations: 

In this simulation the following situations are considered: 

(i) The vehicle start at t = 0 and its speed up by pressing the 

accelerator. 

(ii)  at t = 2 s it is consider that the vehicle should moves to 

right side within angle of δ = 10o. 

(iii) at t = 4 s it is consider that the vehicle should follow the 

normal condition so δ = 0o. 

(iv) at t = 6 s it is consider that the vehicle should moves to 

left side within angle of δ = −10o. 

(v)  at t = 8 s it is consider that the vehicle should follow the 

normal condition so δ = 0o. 

(vi) at t = 10 s it is consider that the vehicle should stop by 

released the accelerator. 

 

Fig. 9 (a and b) and Fig. 10 (a and b) represents the 

transient simulation results of speed and torque (load and 

electromagnetic torque) for the left curved and right curved 

road situation. In this simulation work, the following 

situations are considered: the road will right curve where δ > 

0 and left curved where δ < 0. When the road is right curved 

the speed of left side wheel should be increased and the speed 

of right side wheel should be decreased. To turn the right 

side, it is seen from Fig.  9 (a) and 10 (a), that the speed of 

left side wheel is increased and the speed of right side wheel 

is decreased. 
In the transient moment of change of speed the left side 

motor electromagnetic torque is increased to accelerate as 

shown in Fig. 9(b) and the right side motor electromagnetic 

torque is decreased to decelerate as shown in Fig. 10(b). So, 

it is cleared that the vehicle can properly move right curved 

road by employing the DFIM based designed Electrical 

Vehicle with the help of the proposed IP controller system. 

The reverse scenario is obtained for the left curved road 

situation as shown in Fig. 9 and Fig. 10. These figures show 

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. 

 

(a) Speed response with IP controller 

 

 

(b) Torque response with IP controller 

 

 
 

(c) Speed response with PI controller 

 

 

(d) Torque response with PI controller 

 

Fig. 9: Transient response of left side motor for curved road. 

 

(a) Speed response with IP controller 

 

(b) Torque response with IP controller 

 

 
(c) Speed response with PI controller 
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(d) Torque response with PI controller 

 

Fig.10: Transient response of right side motor for curved 

road. 

VIII. Conclusion 
This paper has discussed about the mathematical model of 

DFIM and design of IP based speed control of an Electrical 

Vehicle. The proposed IP controller is stable under the 

variation of load torque and other parameter of DFIM. In the 

sense of overall performance of IP controllers used to be 

compared with that of traditional PI controlled system. From 

the simulation the comparative 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 positive advantage to reduce the overshoot can be 

obtained by the use of the proposed IP controller. In the case 

of 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. 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. The proposed Controller has a high 

efficiency, high power handling capability and easy to 

implement. 
The simulation results show that the desired speed of a DFIM 

is effectively achieved by using IP controller. This control 

method has improved EV steering, stability and safety issue 

during different trajectory. The controller ensures robustness 

and capability to maintain ideal trajectories for two wheels 

control independently; it also ensures commendable 

disturbance control with no overshoot and steady state error. 

Finally, it can be concluded that the proposed IP based 

controller has good performance for speed control of DFIM. 
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