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Abstract To simulate an electric vehicle drive with an induction motor, a frequency converter is needed. This 

combination of motor and converter led to many possible characteristics. In this paper, the run-up characteristics 

of induction motor loaded by the electric vehicle are obtained through the wide variation of speed. 
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Introduction 

The three-phase induction motor is used widely in the modern ac drive system, that has simple structure, low 

price, good durability and smooth capacity, as well as being maintained easily [1]. 

Recently, attention has been given back to electric vehicles has been given more attention after 100 years. 

Combustion engines in addition to electric motors powered the first modern vehicles in the last century 

unexpectedly. Electric vehicles quickly disappeared mainly as a result of the poor performance of the battery 

and the low cost of gasoline at that time. The increasing concern of the reduction of fossil fuel, and the 

significantly improved battery performance, has brought electric vehicles back [1-4]. 

An electric motor can propel a vehicle by changing electrical energy into mechanical energy. Electric motors 

have various advantages over combustion engines according to conversion efficiency, power density, and low-

speed torque characteristics. Furthermore, electric motors can change mechanical energy back to electrical 

energy when it operates in braking mode. Such characteristics of electric motors make electric drive more 

powerful, more energy efficient, and more compact.  

The need for comparing polyphases induction motor (IM) control methods has appeared for quite some time. 

Some methods, such as field-oriented control (FOC), were introduced in the late 1970s, while others, such as 

direct torque control (DTC), were developed in the mid-1980s. A bustle of different controllers was introduced 

in the late 1980s till today.  

This was because variable frequency drives have become popular since the advent of power electronics in the 

1960s. The use of the bipolar junction transistor (BJT) and then the field effect transistor (FET) have played a 

role in the conversion between different types of power sources. The use of power electronics has enabled the 

control of a motor’s frequency that has got rid of the need to start and run motors from line frequency [2].  

The fact that there are so many different types and variations of controllers, resulted in the need to divide the 

groups of controllers into application specific groups; a few of these groups include: hybrid electric vehicles 

(HEVs) or electric vehicles (EVs); motor drives for industrial processes; general industrial uses as pumps, 

compressors, and air conditioning units; and finally household appliances as washing machines the bulk of this 

work will attempt to survey the existing literature in addition to compiling relevant results and then compare and 

contrast four different motor controllers.  
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This paper attempts to group control algorithms with their corresponding applications and to give them a 

specific performance status, such as “high-performance” or “low-performance” by use of different operational 

metrics: one example is a parameter sensitivity analysis of each algorithm. DTC and IFOC will be studied in 

depth [5-12].  

 

Mathematical Model of Three-Phase Induction Motor 

Some of the important steady-state performance features of a polyphase induction motor are the variation of 

current, speed, and losses as the load-torque requirements change, and the starting and maximum torque. 

Performance calculations can be made from the corresponding circuit [12-14].  

Calculations can be made on a per-phase basis, with the assumption that balanced operation of the machine. 

Total quantities can be obtained through using a proper multiplying factor. The equivalent circuit of (Fig. 1) is 

usually employed for the analysis. The core losses, most of which occur in the stator, in addition to friction, 

wind age and stray-load losses are included in efficiency calculations 

 
Figure 1: Phase equivalent circuit of Induction Machine 

In Fig.1, the stator phase current 𝐼1is calculated by 

I1 =
V1

ZT
            (1)    

Where:                                                                              

ZT =   RT
2 + XT

2 
2

            (2)                                     

RT = R21 + R1            (3) 
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            (13) 

RZm =  
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            (14) 

AZm =  Rm
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The motor input power factor (PF) is 

PF =
RT

ZT
                    (16) 

The motor input power (P1) is 

P1 = 3 ∗ V ∗ I1 ∗ PF             (17) 
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The rotor phase e.m.f. referred to stator (E2) is  

E2 = I1 ∗ Z2S                   (18) 

Where: 

Z2S =    R2S
2 + X2S

2 
2

             (19) 

The stator magnetising current (Im) is 

Im =
E2

Xm
                 (20) 

The rotor phase current referred to stator (I2) is 

I2 =
E2

Z2S
             (21) 

The motor torque (T) is 

T =
9.554∗P2

N
          (22) 

The motor output power (P2) is 

P2 = 3 ∗ I2
2 ∗ R2 ∗

 1−S 

S
                (23) 

The motor efficiency (η) is 

η= P2 /P1            (24) 

where: 

𝑅1 = stator phase resistance 

𝑅¯
2 = rotor phase resistance referred to stator. 

𝑅𝑚   = iron loss phase resistance. 

𝑋1 = stator phase leakage reactance.  

𝑋¯
2 = rotor phase leakage reactance at standstill referred to stator. 

𝑋𝑚= phase magnetizing reactance. 

𝐼1= stator phase current. 

I2= rotor phase current referred to stator. 

𝐼0= no load phase current 

𝐼𝑚 = phase magnetizing current. 

𝐸1 = Stator phase e.m.f.  

𝑉1 = Input phase voltage. 

S = slip 

 

Simulation Results 

During the variation of inverter frequency, the voltage will be varied by the classical relation (V/f = constant 

and V = constant) as shown Fig. (2). 

When the motor load is high at low speeds, the motor voltage will be boosted to higher values up to the base 

frequency Fig. (2). Also, the motor voltage will be increased after the base frequency (50 Hz) tell a value of 30 

% of rated voltage at100 Hz as shown in Fig. (2). this operation is to make the motor able to drive the vehicle up 

to the double frequency. 

 
Figure 2: Variation of motor voltage with frequency. 
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Fig. (3) Shows the variation of motor torque during the run-up at different frequencies. Also, the vehicle load 

torque is varied with speed as shown. Due to the voltage boost at low frequencies, the motor maximum torque is 

nearly constant, so the vehicle acceleration will be high. 

With voltage boost at high frequency, the motor can drive the high torque load. With voltage boost at high and 

low frequencies, the total iron and copper losses still near the same value at full load with base frequency (50 

Hz). 

 
Figure 3: Variation of motor torque with speed, at voltage boost of 10% at low frequency and voltage boost of 

30% at 100Hz 

Fig. (4) Shows the torque-speed characteristic of motor during the run-up at different frequencies without 

voltage boosting low frequency and higher frequency. During the variation of inverter frequency, the voltage 

will be varied by the classical relation V/f = constant. From this figure, it is clear that the torque at low and high 

frequency is low and this could be a problem for loads which require a high starting torque as shown Fig. (4). 

 
Figure (4): Variation motor torque without voltage boosting Low frequency and higher frequency. 

 
Figure 5: The variation motor torque with low frequency is V / F = constant and high frequency the voltage 

boosted by 30% at 100Hz. 
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Fig. (5) Shows the variation of motor torque during the run-up at different frequencies. During the variation of 

inverter frequency, the voltage will be varied by the classical relation V/f  = constant at low frequencies, Also, 

the motor voltage will be increased after the base frequency (50 Hz) tell a value of 30 % of rated voltage at 100 

Hz as shown in Fig. (5).  

Fig. (6) Shows the motor current versus speed (N) at different frequencies. During the variation of inverter 

frequency, the voltage will be varied by the classical relation V/f = constant at low frequencies, Also, the motor 

voltage will be increased after the base frequency (50 Hz) tell a value of 30 % of rated voltage at 100 Hz, the 

motor start current  is higher values at the base frequency (50 HZ) . 

 
Figure 6: The variation motor current with low frequency is V / F = constant and high frequency the voltage 

boosted by 30% at 100 Hz. 

Fig. (7) Shows the variation motor input power during the run-up at different frequencies. During the variation 

of inverter frequency, the voltage will be varied by the classical relation V/f = constant at low frequency, Also, 

the motor voltage will be increased after the base frequency (50 Hz) tell a value of 30 % of rated voltage at 100 

Hz. From the figure, it can be noted that the motor maximum input power is nearly constant. 

 
Figure 7: Motor input power (Pin) versus speed (N) for various frequencies 

 
Figure 8: Output power (Po) versus speed (N) for various frequencies 
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Fig. (8) shows the output power-speed curve of motor for different values of frequencies. The plot depicts that 

as the speed is increased, the output power increases. Due to the voltage boost at high frequencies, the motor 

maximum output power is nearly constant, so the vehicle acceleration will be high. 

Fig. (9) Shows the variation of motor efficiency during the run-up at different frequencies. During the variation 

of inverter frequency, the voltage will be varied by the classical relation V/f = constant at low frequency, Also, 

the motor voltage will be increased after the base frequency (50 Hz) tell a value of 30 % of rated voltage at 100 

Hz,  This operation  makes the motor efficiency Very good as shown in Fig. (9). 

 
Figure 9: The efficiency (η) versus speed (N) for various frequencies. 

Fig. (10) shows the Power factor (PF) versus speed (N) at different frequencies. From this figure, it can be note 

that the full load PF slight increases with increasing frequency over the rated value. 

 
Figure 10: The Power factor (PF) versus speed (N) for various frequencies 

Fig. (11) shows the power losses versus speed for different values of frequencies. From the graph, it is observed 

that as the speed is increased, the power losses decrease.  Also when the voltage boost at high and low 

frequencies, the total iron and copper losses still near the same value at full load with base frequency (50 Hz). 

 
Figure 11: The Power losses (Plosses) versus speed (N) for various frequencies 
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Conclusion 

This paper presents, the simulate an electric vehicle drive with an induction motor, this combination of motor 

and converter led to many very good characteristics at the run-up of induction motor loaded by the electric 

vehicle are obtained through the  variation of speed. The simulation results versus speed for different values of 

frequencies. From the graph, it is observed that as the speed is increased, the power losses decrease.  Also when 

the voltage boost at high and low frequencies, the total iron and copper losses still near the same value at full 

load with base frequency (50 Hz). 
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