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Abstract 

Rail track inspection, repairing, and maintenance are the critical requirements to prolong the service life of the rail track and 

to ensure the safety, reliability, and smooth running of trains. Usually, handcars, railway speeders, push trolleys, motor trolleys 

are used by railway service personnel for the inspection and maintenance of railway tracks. These maintenance vehicles are 

propelled by human power or by internal combustion engines or pushed by service personnel to carry heavy freight to long 

distances for maintenance purposes. The maintenance vehicles that are human-powered cause a huge burden to maintenance 

workers since human labour is used to propel the vehicle and the Internal combustion engine-powered maintenance vehicle is 

responsible for the emission of greenhouse gases and air pollution hence causes huge environmental impact. Also, most of 

these vehicles do not provide any protection from harsh natural adversity like scorching heat or rain causing huge discomfort 

to the maintenance workers. In the present study, considering the modern-day demand for Electric vehicles (EVs), we have 

developed an environmentally safe and sustainable hybrid-electric railway rail car design and model, that will reduce the 

emission of greenhouse gases and air pollution and also these vehicles reduce the burden and discomfort experienced by the 

railway maintenance workers. The Hybrid electric railway rail car is designed to propel by both an electrically powered motor 

drive system and a human-powered chain drive system. The vehicle design adopts shelf bicycle and electric vehicle technology, 

which work together to create a lightweight vehicle. The vehicle design has provisions for engagement and disengagement of 

a trolley at the rear side of the vehicle for carrying freight. In addition, the vehicle is designed to provide enough protection to 

the railway maintenance workers against harsh natural adversity like scorching sun and rain. The vehicle is designed and 

modeled using Solid works 2020 software and FEA analyses are performed on the different components of the vehicle using 

ANSYS 16.2 software.               
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1 .Introduction 
The demand for cleaner, green, and sustainable technology is increasing very rapidly because of the increased air pollution 

and the emission of toxic and greenhouse gases produced by using internal combustion engines. In urban cities, 30% to 85% 

of the overall man-made emission of air pollutants are caused by motor vehicles [2]. Increasing global warming, climate 

change, poor urban air quality, and dependence on insecure oil sources escalate the need for alternate safe technologies [1] [6]. 

Opting for an electrical vehicle instead of an internal combustion engine will help to reduce air pollution and other 

environmental impacts [3]. The main advantage of using an electric motor is its ability to provide high torque over a wide 

range of rpm hence does not require a multi-gear transmission system whereas IC engines start operating from idle speed, the 

power increase with increasing rpm [4] [5]. Mostly railway track maintenance vehicle is powered by either internal combustion 

engine or uses human power for its motion. It is clear from the modern-day demand for sustainable and green technology, 

railways would move away from IC engines to Electric vehicles (EV). The hybrid-electric rail car developed in the present 

study is integrated with cleaner and environmentally safe technologies to meet the modern-day demand and provide ease of 

working to the railway maintenance workers.  

This study aims to design and model a hybrid electric rail car considering environmental safety and sustainability and to 

perform calculations and evaluation on different design parameters involving technical, transmission, electrical, and braking 

specification of the vehicle. Also to perform FEA analyses on different components of the vehicle to analyze the safety and 

reliability of the vehicle

2. Design  

2.1 Material selection 

Material selection plays a major role in the designing process 

because the durability, reliability, and safety of the vehicle 

depend on it. Considering the vast available market choices of 

different materials, AISI 1018 mild carbon steel is chosen for the 

following reason.[7] [8] 

 It offers excellent weldability, improved machining 

characteristics, and Brinell hardness. 

 It offers higher mechanical properties with a good balance 

between strength, toughness, and ductility. 

Table 2.1.Properties of material 

Parameter  AISI 1018 

Tensile strength  440 MPa 

Yield strength  370 MPa 

Poisson ratio 0.290 

Strength to weight ratio 55-70 

Modulus of elasticity  205 GPa 

%  Elongation 15 
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2.2 Three dimensional design of vehicle 

Solid works 2020 was used to design the CAD modal of the vehicle. 

 

 

 

 

  

  

 

 

 

 

 

                                                                                                                                                                                       

Table 2.2. Technical Specification of the Railcar 

      Design specification of the operator compartment 

Parameters  value 

Operator compartment dimensions 

Total length  2.1 m 

Track width  1.6 m 

Total Height  1.5 m 

Ground clearance  0.37m 

Wheelbase  1.8 m 

Wheel diameter 0.4 m 

Shaft diameter  40 mm 

Shaft thickness 4 mm 

Transmission  

No of teeth on driver sprocket (T1) 22 

No of teeth on driven sprocket (T2) 54 

Braking  

Master cylinder bore 17.05 mm 

The outer diameter of the brake rotor(D) 170 mm 

The inner diameter of the brake rotor(d) 40 mm 

 

 

 

 

 

 

 

Table 2.3. Design specification of the trolley 

Parameters  value 

Trolley dimensions 

Total length  2.1 m 

Track width  1.6 m 

Total height 0.5 m 

Ground clearance  0.37m 

Wheelbase  1.8 m 

Wheel diameter 0.4 m 

Shaft diameter 40 mm 

Shaft thickness 4 mm 

 

Table 2.4. The supposed weight distribution of the vehicle 

Operator compartment 

Weight of operator  80 kg 

Weight of motor and its components 10 kg 

Weight of battery 10 kg 

Weight of the frame and other components 100 kg 

Trolley  

Weight of the   frame and other components 50 kg 

Supposed payload in trolley  250 kg 

Total weight of the vehicle 500 kg 

Fig 2.1. Isometric view of the vehicle assembly 

Fig 2.4. Isometric view of the vehicle assembly without roof 
Fig 2.3. Front view of the vehicle assembly 

Fig 2.2. Side view of the vehicle assembly 
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3. Analysis 

Finite element analysis (FEA) is performed on different components of the vehicle by using ANSYS 16.2 software to 

understand how the vehicle reacts to the real-life forces thereby recognizing the physical effects on the vehicle through which 

safety and reliability of the vehicle can be ensured. 

3.1 Chassis Analysis of the Operator Compartment  

 Chassis of the operator compartment – chassis-1 

Considering the weight of the operator, weight of the electrical component, and weight of the roof, an average force of acting 

on the chassis is assumed to be 1000 N and FEA is performed on the chassis 

  Table 3.1. Design specification of the chassis-1 

Parameters   

Cross-section of the side member  Square 

Cross-section of the horizontal member circular 

Side member dimension 60 mm * 60 mm 

Side member thickness 2 mm 

Cross-member diameter 32 mm 

Cross-member thickness  2 mm 

Material  AISI 1018 

  

  

 

                                                     

 

 

 

 

Table 3.2. Analysis results of the chassis-1 

Parameters  Max value Min value 

Maximum structural deformation 1.9262 mm 0 mm 

Maximum equivalent stress 53.364 MPa 2.2082e-7 MPa 

The factor of safety analysis 15 4.68 

The factor of safety analysis shows the maximum value of the factor of safety of the Chassis is 15 and the minimum value of 

the factory of safety of the Chassis is 4.68, which ensures that the design is safe and reliable. 

 

3.1 Chassis Analysis for Trolley 

 Chassis of the Trolley– chassis-2 

Considering the average load that should be transported by the trolley for maintenance purpose, the force acting on the 

chassis is assumed to be 2000 N and FEA is performed on the chassis 

  

Fig 3.1. CAD model of the chassis-1 

Fig 3.2. Boundary condition chassis-1 Fig 3.3. Deformation analysis of the chassis-1 

Fig 3.4. Stress analysis of the chassis-1 Fig 3.5. Factor of safety analysis of the chassis-1 

http://www.jetir.org/


© 2021 JETIR May 2021, Volume 8, Issue 5                                                              www.jetir.org (ISSN-2349-5162) 

JETIR2105230 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b811 
 

  Table 3.3. Design specification of the chassis-2   

Parameters   

Cross-section of the side member  Square 

Cross-section of the horizontal member circular 

Side member dimension 60 mm * 60 mm 

Side member thickness 2mm 

Cross-member diameter 32 mm 

Cross-member thickness  2 mm 

Material  AISI 1018 

  

  

 

                                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.4. Analysis result of the chassis-2 

Parameters  Max value Min value 

maximum structural deformation  0.9785mm 0 mm 

maximum equivalent stress 3.9062e7 Pa 410.89 Pa 

The factor of safety analysis 15 6.40 

 

The factor of safety analysis shows the maximum value of the factor of safety of the Chassis is 15 and the minimum value of 

the factory of safety of the Chassis is 6.40, which ensures that the design is safe and reliable. 

 

3.3 Analysis of Knuckle Joint 

The operator compartment and trolley of the vehicle are connected using a knuckle joint. The knuckle joint is chosen because 

of its ability to bear large tensile forces and good mechanical rigidity and the knuckle joint could be easily assembled and 

disassembled. Considering the design requirements force of 2000 N and 5000 N is assigned as the boundary conditions as 

shown in Fig 3.12 

     

Table 3.5. Analysis result of the knuckle joint  

Parameters  Max value Min value 

maximum structural deformation 0.007363mm 0 mm 

maximum equivalent stress 11.914 MPa 4.017e-7 MPa 

The factor of safety analysis 15 15 

Fig 3.6. CAD model of the chassis-2 

Fig 3.7. boundary condition chassis-2 Fig 3.8. deformation analysis of the chassis-2 

Fig 3.9. stress analysis of the chassis-2 Fig 3.10. factor of safety analysis of the chassis-2 

Fig 3.11. CAD model of the knuckle joint 
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The factor of safety analysis shows the maximum value and the minimum value of the factory of safety of the knuckle joint is 

15, which ensures that the design is super safe and reliable. 

 

3.4 Analysis of the Shaft 

Considering the design conditions for the successful manoeuver of the vehicle, a moment of 130 Nm is applied on the shaft 

and FEA is performed. 

 

                                              

The deformation analysis shows the maximum structural deformation is 7.6168e-5 mm and the produced on the idler shaft 

minimum structural deformation produced on the shaft is 0 mm.  The factor of safety analysis shows the maximum value and 

the minimum value of the factory of safety of the shaft is 15 which ensures that the design is safe and reliable 

 

 

 

Fig 3.18. deformation analysis of the shaft 

Fig 3.12. boundary conditions of the  knuckle joint Fig 3.13. deformation analysis of the knuckle joint 

Fig 3.14. stress analysis of the knuckle joint Fig 3.15. factor of safety analysis of the knuckle joint 

Fig 3.16. boundary conditions of the shaft Fig 3.17. deformation analysis of the shaft 
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4. Transmission 
 

The transmission system in vehicles enables the transmission of power from one part to another part of the vehicle. The 

transmission system enables manipulation of the torque, power, and speed from a rotating power source to the other mechanical 

devices by using gear and gear trains. 

Transmission goals 

 To create a hybrid power transmission system consisting of the power transmission from the electric motor to the rear 

shaft by gearbox consisting of the single-speed transmission system and power transmission by the human-powered drive 

train arrangement to the front shaft of the vehicle. 

 The hybrid power transmission system should provide required torque of high magnitude to overcome initial drive 

conditions. 

 The transmission system should ensure the smooth working of the motor and draw uniform power from batteries. 

 The transmission system should ensure to propel the vehicle with required velocity conditions. 

 

4.1 Maximum Torque Requirements 

The maximum torque is the amount of initial torque required at 

the drive wheel to overcome the resistance offered by the vehicle. 

The required torque will be provided by the motor to the drive 

wheel through a shaft to overcome the resistance force offered by 

the vehicle [9] [4]. The values presented in the table 4.1.are 

supposed, considering the facts from [12] [13].    

Different factors that offer resistance force to a moving vehicle. 

 Grade resistance 

 Aerodynamic drag 

 Rolling resistance  

 

Grade resistance (Gr) 

Grade resistance is the resistance force acting on the vehicle while moving on an inclined surface. Since railroad vehicle is 

moving on a flat surface, grade angle is considered as zero hence the grade resistance is neglected. 

 

 Aerodynamic drag 

 Aerodynamic drag is the resistance force offered by air on a moving vehicle in the opposite direction of motion. 

                      Ad = 0.5 * ρ * Cd * (Vv – Va)2 * A 

                                      = 0.5 * 1.23 * 0.8 * 8.332 * 2.25 

= 76.87 N 
 

Rolling resistance 

Rolling resistance is the resistance force produced by the rolling action between the wheels and the moving surface. 

               Rr = Gw * Crr * 9.8* cos (θ) 

  = 500*.002*9.8*cos (0) 

= 9.8 N 

 

Total resistance force 

 

Total resistance force (fr) = Rr + Ad + Gr 

                                                     = 9.8+76.87 +0 

                                         = 86.67 N 

Maximum Required torque on drive wheel  

Required torque =  fr * r * Rf 

                                              = 136.6 * 0.2 *1.1 

                                    = 19.06 Nm

Table 4.1. Supposed specification for the vehicle transmission 

Parameters value 

Motor capacity 1 Kw 

Rated RPM (Nmax) 3500 

Motor Torque 4.5 Nm 

Gross vehicle weight(Gw) 500 Kg 

Maximum velocity (Vv) 8.33 m/s or 40 kmph 

Coefficient of rolling resistance 0.002 

Grade angle  0 

The radius of the wheel(r) 0.2 m 

Resistance factor (Rf) 1.1 

Density of air (ρ) 1.23 

Drag co- efficient (Cd) 0.8 

Frontal Area of vehicle(A) 2.25 m² 

Resistance factor( Rf )  1.1 
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4.2 Transmission assembly  

The main motive in designing the vehicle with a hybrid 

transmission system is to decrease the human effort as minimum 

as possible and also to provide with dual drive source feature for 

the operator hence in case of any malfunction of motor, the driver 

could use pedals to drive the vehicle. 

The hybrid transmission system also helps the motor to overcome 

the high initial torque requirements since additional torque could 

be given by the operator through the pedal drive if necessary. This 

could reduce the high effort produced by the electric motor at 

initial working conditions thereby increasing motor life. 

 

4.3 Human-powered drive train (transmission on the front shaft) 

In the human-powered pedal-driven transmission system the power is transmitted from the sprocket to the front shaft of the 

vehicle before transmitting to the main wheel. Drive train design allows the operator to provide pedaling action using his legs 

to produce enough torque to drive the vehicle [10] 

Chain drive 

Chain drive is used for the transmission of power for both human-powered drive train and motor-driven drive train. Chain 

drive is used because it is reliable and the cost of maintenance is low and vastly used in transmission. 

Gear ratio  

Number of teeth on driver sprocket (T1) = 22 

Number of teeth on driven sprocket (T2) = 54 

 

Gear ratio = T2 /T1 

                 = 54/22 

                 = 2.45 

The average torque that a human could generate on a human-powered drive train could vary between 50 Nm- 100 Nm on 

average. Hence, the drive train design with a ratio of 2.45 will provide the necessary torque to move the vehicle. 

 

 

4.4 Motor powered drive train (transmission on the rear shaft)  

The electric motor-driven transmission system transmits power from the electric motor to the rear shaft through a gearbox 

consisting of a single-speed transmission system. 

ig = Maximum overall transmission ratio 

Rated motor torque = 4.5 Nm 

Required torque = 19.06 Nm 

 

ig  = 
Required torque 

motor torque
  

ig =
19.06

4.5
 

ig = 4.23 

ig~ 5 

The motor is integrated with a single-speed transmission system as 

shown in Fig 4.2 with a gear ratio of 5 to manipulate the torque, power, 

and speed requirements of the rear shaft for the successful maneuver of 

the vehicle. The motor and gearbox system is connected to the rear shaft 

through a chain drive.    

 

 

 

 

 

Fig 4.3. gear box exploded view 

Fig 4.2. deformation analysis of the chassis-1 

Fig 4.1. deformation analysis of the chassis-1 
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5. Electrical system 

5.1 Motor selection 

Considering the vast available market choices of different kinds of electric 

motor, Brushless DC Motor (BLDC) is chosen because of its following 

advantages. 

 Large mechanical work is produced at a smaller size and less weight of 

the motor. 

 Maximum rpm is produced at lower RPM and the working efficiency of 

the motor is about 95% 

 Works with DC hence without the use of inverter battery power can be consumed. 

 The noise produced by the motor is negligible

 

 

5.2 Battery selection 

 

Considering the vast available market choices of different kinds of batteries, lithium-ion batteries are chosen because of their 

following advantages. [11] 

 Lithium-ion batteries are rechargeable and possess higher energy density, longer charge retention, higher voltage capacity, 

and better efficiency than other batteries. 

 Lithium-ion batteries possess longer battery life, easy and fast charging capacities with fewer maintenance requirements. 

 The lithium-ion battery is safer and has fewer environmental impacts than other battery types. 

Battery calculation 

Current required to run 1000W, 48V motor 

Current = power/voltage 

             = 1000/48 

             = 20.83 amp 

Considering the standby time of the battery as 1.5 hours with 80% 

efficiency 

Required watt hour = power * standby time * efficiency  

                                = 1000 * 1.5 * 0.80 

                                = 1875 watt hours 

 

Required battery discharge = required watt hour / voltage 

                                            = 1875 / 48 

                                            = 39.06 Ah 

Considering the calculation 48 V, 40 Ah lithium-ion battery is required. 

 

5.3Controller  

 

Table 5.3. Controller specifications 

Parameter  Value 

Rated voltage 48 V 

Rated current 28 A 

Rated power 1000 W 

 

The controller used in electric vehicles is an electronic device that 

manipulates and controls the speed and acceleration of the vehicle by the throttle action of the operator. The controllers work 

between the batteries and motor and manipulate the voltage and current output from the battery according to the throttle action. 

6. Braking  
 A brake is a mechanical device that is used for slowing or stopping by obstructing the motion and absorbing the energy of a 

moving vehicle. The braking of the vehicle is achieved through a single disc brake mounted on the rear shaft. The vehicle has 

a single hydraulic system and the brakes are actuated by the pedal force. Cables are not used because the pedals directly actuate 

the master cylinder, and the other braking components are mounted on other members of the vehicle. [12] 

 

 

Table 5.1. Motor specifications 

Parameter value 

Power  1000W 

Voltage 48 V 

Rated RPM 3500  

Rated torque 4.5 Nm 

Weight  7 kg 

Table 5.2. Battery specification 

Parameter value 

Type Lithium-ion  

Output voltage 48 V 

Required discharge 40 Ah 

Working hours 1.5 

Weight 10 Kg 

Fig 5.1. CAD model of controller 
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6.1 Design specification 

 

 DOT 3 brake fluid is used because of its high availability, cheap cost with a 

dry boiling point of 205℃ and wet boiling point of 140℃. 

 Flexible and metallic brake lines are used to withstand the braking forces. 

 Floating type caliper is used because it light and cheap. 

 Cross-drilled disc rotor is used because of its availability, cost, high density, 

moderate specific heat, good heat dissipation and low wear rate. 

 A brake pad with a friction coefficient of 0.4 is used   

 

Braking calculation 

 

Pedal ratio = 8:1 

Master cylinder bore = 17.05 mm 

Outer diameter of the brake rotor (D) = 170 mm 

Inner diameter of the brake rotor (d) = 40mm 

 

Table 6.1. Braking Parameters and  Specifications 

 Parameters 

Fbp Force on the brake pedal 

Fd Force by driver 

Pr pedal ratio 

pmc Master cylinder pressure 

r1 Cylinder bore 

r2 Caliper bore radius 

Amc Area of the master cylinder 

Acal Area of caliper 

pcal pressure transmitted to the caliper 

μ1 Co-efficient of friction between brake pad and disc 

μ2 Coefficient of friction between rail and wheel 

fcal Force on caliper 

fclamp Clamp force generated by caliper 

T The torque required for braking 

R Radius of wheel 

ρ Density of air 

Cd Drag coefficient 

V Maximum velocity 

A Frontal Area of vehicle 

ad Deceleration of vehicle 

Mv Mass of the vehicle 

SD stopping distance 

 

Forces on brake pedal 

Fbp = Fd * Pr  

                  = 40 * 9.81 * 8 

             = 3139.2 N 

 

(Amc) = π * r12 

                           = 3.14 * 0.017052 

                           = 9.616 * 10-4 m2 

 

pmc =  
Fbp 

Amc
 

                          

                           = 
3139.2

9.616 * 10-4
 

                                                   = 326.45*104 Nm-2 

 

 

 

Forces on Caliper 

Assuming no losses between master cylinder and calipers. 

          pmc = pcal 

 

Acal = π * (0.0165)2    

         = 8.548 * 10-4 m2 

 
No. of piston = 4 

fcal = pcal * Acal 

                                         = 326.45*104 * 8.548 * 10-4 

            = 2790.54 N 

fclamp = fcal * 4 * μ1 

                         = 2790.54 * 4* 0.4 

          = 4464.87 N 
 

Braking torque and forces 

T = fclamp * Reff   

Reff =
(D3 –d3) 

3(D2 –d2)
 

Reff = 0.059 m 

T = 4464.87 * 0.059 

= 263.42Nm 
 

Ftotal = 
T* 4 * μ2

r
 

Ftotal = 263.42/0.2 * 4 * 0.5 

= 2634.27 N 
 

Aerodynamic drag 

Ad = 0.5 * ρ * Cd * v2 * A 

                         = 0.5 * 1.23 * 0.8 * 8.332 * 2.25 

     = 76.87 N 
 

Deceleration 

ad = 
Ftotal + Ad)

 Mv
 

             ad = 
(2634.27+ 76.87) 

500
 

                                    = 5.42 ms-1 

 

Stopping distance 

SD = 
V2 

2 * ad
 

                  = 8.332 /5.42* 2 

     = 6.4 m 

 

Hence, by applying brakes, the vehicle moving at 8.33ms-

1 or 30 Kmph decelerated at a rate of 5.42 ms-2 and stops 

at a distance of 6.4m. 

 

Fig 6.1.CAD model of the brake 

pads 
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Conclusion 
The Hybrid Electric Railway railcar design is developed 

considering the modern-day demand for electric vehicles 

that are environmentally safe and sustainable and to 

decrease the burden and discomfort faced by the railway 

maintenance workers. The design was developed with a 

prime focus on simplicity in design, safety, elevated 

performance, easy maintenance, eco-friendliness, and 

cost-effectiveness. The main aim of this work is to 

understand the real-life circumstances that should be dealt 

with while fabrication and manufacturing the vehicle. The 

analysis performed on the different components of the 

vehicle ensures the safety and reliability of the vehicle. 

Other design parameters evaluated in this work will help 

us to effectively choose the transmission system, electrical 

components, and braking system required to effectively 

manoeuver the vehicle. 

  

References 

[1]Thomas, C. S. (2009). Transportation options in a 

carbon-constrained world: Hybrids, plug-in hybrids, 

biofuels, fuel cell electric vehicles, and battery electric 

vehicles. International Journal of hydrogen energy, 34(23), 

9279-9296. 

[2]Faiz, A. (1993). Automotive emissions in developing 

countries-relative implications for global warming, 

acidification and urban air quality. Transportation 

Research Part A: Policy and Practice, 27(3), 167-186. 

[3] Ahmad, I., & Dewan, K. K. (2007). Electric vehicle: a 

futuristic approach to reduce pollution (A case study of 

Delhi). World Review of Intermodal Transportation 

Research, 1(3), 300-31. 

[4]Rodrigues, C. D. P. (2018). Design of a high-speed 

transmission for an electric vehicle. 

[5]Kavitha, C., Ashok, S. D., Ashok, B., Usman, K. M., 

Sirohi, S., Singh, S., ... & Kanish, T. C. (2018). Automatic 

Gear Shifting Mechanism for a Sequential Transmission 

System for an Electric Vehicle. [6]Materials Today: 

Proceedings, 5(5), 11442-11451. 

Van Mierlo, J., Maggetto, G., & Lataire, P. (2006). Which 

energy source for road transport in the future? A 

comparison of battery, hybrid and fuel cell vehicles. 

Energy conversion and management, 47(17), 2748-2760 

[7]Badaruddin, M., Wardono, H., Supriadi, H., & Salimor, 

M. (2020). Experimental investigation of mechanical 

properties of cold-drawn AISI 1018 steel at high-

temperature steady-state conditions. Journal of Materials 

Research and Technology, 9(2), 1893-1904 

[8]Chawla, V., Bhargava, P., & Verma, S. (2021). Design, 

stimulation and fabrication of chassis of an FSAE female 

driven vehicle. Materials Today: Proceedings, 43, 36-41 

[9]Chauhan, S. (2015). Motor torque calculations for 

electric vehicle. International journal of scientific & 

technology research, 4(8), 126-127. 

[10]Troedsson, I., & Vedmar, L. (2001). A dynamic 

analysis of the oscillations in a chain drive. J. Mech. Des., 

123(3), 395-401. 

[11]Yoshio, M., Brodd, R. J., & Kozawa, A. (2009). 

Lithium-ion batteries (Vol. 1, pp. 2-3). New York: 

Springer 

[12]. Singh, K. (1982). Automobile Engineering (Vol. 1). 

Standard Publishers Distributors. 

[13]Ehsani, M., Gao, Y., Longo, S., & Ebrahimi, K. 

(2018). Modern electric, hybrid electric, and fuel cell 

vehicles. CRC press. 

[14]Grunditz, E. (2016). Design and assessment of battery 

electric vehicle powertrain, with respect to performance, 

energy consumption and electric motor thermal capability. 

Chalmers University of Technology. 

 

 

 

  

 

 

 

 

          

 

 

 

 

 

http://www.jetir.org/

