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ABSTRACT 

One of the most hazardous and challenging problems facing today is pollution and depriving of fossil fuels. 

In order to curb these uncertainties many new innovations are in play, one such invention is, electric vehicle. The 

study comprises of the methods involved in calculation of torque and capacity of the motor to drive an electric 

vehicle, and its simulation in mat lab. 
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1. INTRODUCTION 

An electric car is more advisable than an ordinary car because, it runs on renewable energy and causes no 

pollution.  An electric car run’s by using the electrical energy stored in batteries or another energy storage device. 

Electric cars became popular in the mid 90’s until advances in internal combustion engine technology and mass 

production of cheaper gasoline vehicles led to a decline in the use of electric drive vehicle. But the energy crisis 

which occurred in the 70’s  brought a short-lived interest in electric cars, and also to stay un affected by the  oncoming 

crisis of petroleum a new  interest in the manufacturing of these electric cars took place, the main motto behind the 

production of these electric car invention is to be prepared for the unusual Uncertainties which we are going to face 

in the future duly by the scarcity of  non-renewable resources and also the global pollution that is being caused by 

the fuel run automobiles. Another reason for the invention is need for improvement in Development. The internal 

combustion engines can be effectively replaced by the Help of this electric vehicle. D.C motor has high torque and 

low volume so, it has high industry applications. This study helps in the calculation of motor capacity and torque of 

an electric vehicle and its simulation by mat lab. Simulation helps in obtaining the final result i.e.; output torque that 

can be achieved by the given parameters. Simulation is more helpful because the required output can be easily 

determined by just varying the parameters than repeating the whole process with new values. 

2. METHODOLOGY 

Motor Torque calculation: To determine the maximum torque required the following factors must be taken into 

account. 

i. Force due to rolling resistance. (𝑭𝑹) 

ii. Grade resistance. (𝑮𝑹) 

iii. Force due to acceleration (𝑭𝑨) 

 
Fig.1. Free Body Diagram 

Calculation of Force due to rolling resistance: The opposing force due to friction between the wheels of a vehicle 

and surface is known as rolling friction. The material of the tyres and roughness of the surface determines the 

coefficient of rolling friction, which varies the rolling friction. It can be calculated as: 

𝐹𝑅=W* 𝜇 𝑅  

𝐹𝑅-force due to rolling resistance; W-total weight of the passengers (including passengers); 𝜇 𝑅— coefficient 

of rolling friction.      

Table.1. Coefficient of friction on different surfaces 

Contact Surface  𝝁 𝑹 

Concrete surface (good/fair/poor) 0.010/0.015/0.020 

Asphalt (good/fair/poor)  0.012/0.017/0.022 

Macadam (good/fair/poor) 0.015/0.022/0.037 

Snow/dirt 0.025/0.037 

Mud (firm/medium/smooth) 0.037/0.090/0.150 

Grass (firm/soft) 0.055/0.075 

Sand (firm/soft/dune) 0.060/0.150/0.300 
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Calculation of grade resistance: The gravitational force which tends to pull a vehicle backwards when it tends to 

move in an inclined path     

𝐺𝑅= w*sin (Θ) 

Calculation of force due to acceleration: FA=m*a 

M=w/g (mass of vehicle) 

Finding the total tractive force: The total force required to move a vehicle in desired way which is calculated by 

summing up of grade resistance, acceleration force, force due to friction. 

TF = ( 𝐹𝑅+𝐺𝑅 + 𝐹𝐴) 

Total Torque required (τ): τ=Friction factor* Tractive force * Radius of the wheel 

Friction factor that account for frictional losses between Bearings, axles etc. 

Maximum torque that can be transmitted by the wheels: τ𝑚𝑎𝑥=(𝜇𝑠*w*f*r)/2 

τ𝑚𝑎𝑥 = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑡𝑜𝑟𝑞𝑢𝑒; 𝜇𝑠 =Coefficient of static friction; r   radius of drive wheel; w = weight of 

the vehicle. 

Determining the capacity of the motor: P = 
2𝜋𝑁𝑇

60
  

Where, p=power capacity of the motor; N=rpm of the motor 

N =  
60∗𝑣

𝜋∗𝑑
  

Where, N=rpm of the motor; v=maximum velocity of the car; d=diameter of the wheel 

Deflection produced while transmitting power: This torque produced in the motor is supplied to the wheels 

through axles and drive shafts. If they are subjected to more deflection during transmission, it results in failure. So; 

we have to select a shaft with a particular diameter such that the deflection produced in the shaft should be minimum. 

Θ𝐷= 
583.6∗𝑇∗𝑙

𝑑4∗𝑌
 

Θ𝐷 is angle of deflection in degrees; T is applied torque in inch pounds; L is shaft length in inches; E is 

modulus of elasticity of material; D is shaft diameter in inches.  

To avoid failure, angular deflection of steel shaft should be limited to 0.08 degrees per foot of length.  

Simulation of motor in mat lab: The paper also presents the model construction of a DC machine via mat lab 

Simulink. The purpose of simulation in mat lab is to determine the performance of the motor virtually, which enables    

analysing the behaviour of the motor easily. Input parameters considered for the analysis are given in the table 2. 

Table.2. Inputs given for the simulation 

Armature resistance 0.6 

Armature inductance 0.012 

Field resistance 240 

Field inductance 100 

Field armature mutual inductance 1.8 

Different inputs as per the requirement are given such as, armature current, input voltage, field current etc. 

And the specified block parameters are mentioned to get the final output. Therefore simulation is very much helpful 

in determining the output values of varying torque. This helps us to analyse the behaviour of the motor and its 

characteristics to select a motor for the specific operation required. The following is the specified block diagram of 

a dc machine which can be used both as a motor and a generator. 

 
Fig.2. Block diagram for the simulation 

Then the block parameters are changed as per the requirement and the specified values are given corresponding to 

the operation and simulation is done to get the output. 

Depending on the selected type of winding, the output varies. The type of winding used in this simulation 

can be specified as shown in the fig. 3. 

Mechanical input is also specified in the block parameters. This mechanical input varies depending upon the 

purpose. It may be torque, speed, and mechanical rotational port. New blocks can be designed as per the requirement 

of simulation. 
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Fig.3. Changing of  the block parameters Fig.4. Changing of  block parameters 

 

3. RESULTS AND DISCUSSION 

The above mentioned formulae are used to determine the values of capacity and torque of motor. The 

calculated used as input parameters for simulation of motor in mat lab. 

From the analysis, the specification of motor is obtained as per the input parameters as shown in the table.3. 

Table.3. Output values obtained from simulation 

Speed 40 rpm 

Armature current (Ia) 4amp 

Field current (If) 0.415 

torque 3 N-m 

The variation of output parameters with respect to time as shown in the below figure.5. Desirable values of 

output parameters can be obtained by changing the input.  

 
Fig.5. Output graph from Simulink 

 

4. CONCLUSION 

The study involves the calculation of torque and power capacity of an electric motor and it’s simulation in 

mat lab. From the simulation the specifications of motor were obtained, which will be used in selection of motor for 

the fabrication of electric vehicle. 

We can do this virtually very easily without doing it practically, it saves time and money. 

REFERENCES 

Dommenech A, Domenech T, and Cerbiran J, Introduction to the Study of Rolling Friction, American Association 

of Physics Teachers, Am. J. Phys., 55 (3), 1987. 

Gorst N.J.S, Williamson S.J, Eur Ing P.F Pallett and Clark L.A, Friction In Temporary Works, Technical Report 

071, School of Engineering, University of Birmingham, Birmingham, 2003. 

Pramod Pal, Shubham TM, and Amit Ojha, Simulation of Brushless DC Motor for Performance Analysig using 

MATLAB/SIMULINK Environment, International Journal on Recent and Innovation Trends in Computing and 

Communication, 2 (6), 2014. 

Ramprasath E, Manojkumar P, Veena P, Analysis of direct current motor in lab view, International Journal of 

Computer, Electrical, Automation, Control and Information Engineering,  9 (5), 2015. 

Rony Argueta, The Electric vehicle Technical Report, Santa Barbara College of Engineering University of 

California, 2010. 

 

 

 


