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░ ABSTRACT- The current energy side of the battery is indicating in a percentage level is called state of charge (SOC). 

Nickel-metal hydride and lithium-ion batteries are a type of rechargeable battery. The chemical response at the positive electrode in 

nickel-metal hydride (NiMH) batteries is like that in nickel-cadmium (NiCd) batteries, as both use nickel oxide hydroxide NiO(OH). 

However, while NiCd cells use cadmium, NiMH batteries feature a hydrogen-absorbing alloy in their negative electrodes. NiMH 

batteries provide two to three times the capacity and a significantly higher energy density compared to NiCd batteries of the same 

size. The research was mainly focused on the aspect of SoC of Ni-MH and Lion batteries with operation of an electric vehicle with 

total weights of 600 kg was investigated using mat lab Simulink. 
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░ 1. INTRODUCTION   
Electric vehicles are ahead popularity as a preferred mode of 

transportation. Experts anticipate that by 2030, electric vehicles 

may make up approximately 25% of all vehicles globally [1]. In 

E vehicles, the engine operates using fuel, while the motor is 

energized by a battery [2]. Repeated overcharging of a NiMH 

battery can cause the development of small crystals on the 

electrodes, which diminishes their ability to fully charge and 

leads to lower voltage. Conversely, undercharging can degrade 

the battery's performance, while overcharging can shorten its 

lifespan. To mitigate these problems, our cost-effective Battery 

Management System (BMS) prevents overcharging and 

protects against potential damage. Lithium-ion batteries, 

frequently used in electric bikes, provide consistent 

performance and high output. They are lighter, more compact, 

and more costly compared to traditional lead-acid batteries. 

Lithium-ion batteries is their capability for rapid charging and 

slow discharging, which enables quick vehicle recharges and 

extended usage. They also function well at elevated 

temperatures. With their lightweight construction and superior 

power-to-weight ratio, lithium-ion batteries typically deliver 

better performance compared to lead-acid batteries and some 

other options.  
 

The primary objective of the research work was to assess the 

energy consumption of a vehicle fitted with a battery pack and 

to explore how the vehicle's overall weight influences its energy 

usage. An Edrv+ is denoted as energy drawn from the battery 

when vehicle in operating is given by the equation (1): 
 

𝐸𝑑𝑟𝑣+ = ∫ 𝑉. 𝐼 𝑑𝑡,
𝑡1

𝑡0
                                                                         (1) 

 

When the current I greater than 0 
 

The Edrv- is denoted as the energy delivered to the battery when 

regenerative braking was occurred in the vehicle resolute by the 

equation (2): 
 

𝐸𝑑𝑟𝑣− = ∫ 𝑉. 𝐼 𝑑𝑡,
𝑡1

𝑡0

                                                                     (2) 

 

When the current I lesser than 0 
 

The total energy is calculated by using equation (3): 
 

Edrv=𝐸𝑑𝑟𝑣+ +𝐸𝑑𝑟𝑣−                                                                            (3) 
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Despite technological progress, many countries still lack 

effective recycling systems for BEVs. Moreover, the 

widespread use of BEVs and other electrical devices results in 

considerable energy consumption, potentially increasing CO2 

emissions, particularly in areas without access to renewable 

energy sources [4]. Integrating regenerative braking technology 

into electric vehicle designs can notably improve their energy 

efficiency [5,6]. However, their widespread use is limited by 

issues such as high costs, potential overheating risks, and a 

finite lifespan. Nickel-metal-hydride batteries, when employed 

in hybrid propulsion systems and maintained within a state of 

charge (SOC) range of about 30-70%, demonstrate exceptional 

durability, often lasting more than 10 years [9]. The electrolyte 

concentration profiles in NiMH batteries display a steady 

increase throughout the discharge cycle, without significant 

fluctuations. This consistent behavior is attributed to reduced 

concentration polarization caused by electrolyte transport 

limitations. It has been observed that the losses in NiMH 

batteries are larger and remain constant during operation. In 

contrast, Li-ion batteries exhibit less variation in losses. The 

concentration of the electrolyte has a direct impact on the 

overpotential losses that occur during both the charging and 

discharging phases [10]. This study aims to present an overview 

of recent developments in lithium-ion (Li-ion), lead-acid, and 

nickel metal hydride (NiMH) batteries used in electric vehicles 

(EVs). The research focuses on enhancing battery performance 

in terms of energy and power density, safety, and cost. Different 

approaches from the literature have been analyzed and 

compared to highlight advancements in these areas [11]. 
 

The Comparison of NiMH and Lion batteries are shown in table 

1. 
 

░ Table 1. Parameters of Ni-MH and Lion battery [12] 
 

Parameters Ni-MH battery Lion battery 

Cost Moderate High 

complex battery 

management system 

Not Required Required 

Safety Fuse protection is 

enough 

Required 

Protection Circuits 

Recycling of waste 

batteries 

Easy Not easy 

Discharge Lower SoC Higher SoC 

 

░ 2. DESIGN SPECIFICATION OF E 

VEHICLE USING MAT LAB 

SIMULINK 
As known, it is evident that knowing the electric loading of the 

stator is necessary for the magnetic field analysis to simplify the 

mathematical analysis, the height of the stator coils is assumed 

to be negligibly small and the distributed stator winding is 

replaced by a current sheet carrying the stator electric loading. 

Usually, the excitation system which produces the rotating 

magnetic field is consisting of poly-phase windings. Each phase 

windings for disc motor are embedded in radial direction in slots 

of a laminated iron core of one stator side. Thus, both stator 

electric loadings and the corresponding flux density waves are 

the specification of electric vehicles which is used in the 

Simulink as mentioned in the figure 1. The longitudinal driver 

controls acceleration based on the braking command, using both 

reference and feedback velocity. The control type of 

longitudinal driver is PI and the reference and feedback unit is 

mentioning Km/Hr. The limitation of the simulation model is 

1000 sec, the signal will linearly increase, remain constant for 

next 200 sec and decrease linearly for rest of the time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Block Diagram of Electric Vehicle based on MATLAB/ 

Simulink 
 

The parameter setting in the PWM frequency is 50 Hz and the 

Simulation mode is averaged. The input voltage for duty cycle 

0% and 100% is maintained 0 and 1 V respectively and the 

output voltage amplitude is 1V as shown in table 2. This block 

creates a Pulse-Width Modulated (PWM) voltage across the 

PWM and REF ports. The output voltage is zero when the pulse 

is low, and is equal to the Output voltage amplitude parameter 

when high.  
 

░ Table 2. Parameter settings for controlled Pulse-Width 

Modulated (PWM) in MAT LAB Simulink 
 

PWM 
PWM Frequency 50 Hz 

Simulation Mode Averaged 

Input  

Input voltage for duty 

cycle 0% 

0  

Input voltage for duty 

cycle 100% 

1 V 

Output  
Output voltage amplitude: 1 V 

 

In H-bridge, the simulation mode power supply should be 

maintained as internal and regenerative braking depends on 

REV flag and current sign. The Enable threshold voltage, 

Reverse threshold voltage, Braking threshold voltage should be 

fixed as 0.0001 V as indicated in table 3. In output voltage 

amplitude is 50 V,0.1 and 0.05 ohms is maintained for bridge 

resistance and freewheeling diode resistance respectively. The 

freewheeling diode off state conductance value is 1 e-6 S.  

Longitudinal 

Driver 
PWM 

Controller 

H 

Bridge 

Motor Electric 

Vehicle  

Distance 

Battery 

SoC 

https://www.ijeer.forexjournal.co.in/
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░ Table 3. Parameter settings for H Bridge in MATLAB/ 

Simulink 
 

Simulation 

Mode & Load 

Assumption 

Power supply Int 

Simulation Mode  Avg 

Regenerative braking: Depends on 

Current sign and 

REV flag. 

Load current 

characteristics: 

Smooth 

Input 

Threshold 

Enable threshold voltage: 

0.0001 V Reverse threshold voltage: 

Braking threshold voltage: 

PWM signal amplitude: 1 

 

The Vehicle Body weight is 600 Kgs and the number of wheels 

in axle is, the Horizontal distance from CG to front axle and rear 

axle is fixed as 1.4 and 1.6 m respectively. The density of air 

and drag coefficient is 1.18 Kg/m3 and 0.25, the frontal area of 

the vehicle is 2 m2 as shown in the table 4. 
 

░ Table 4. Parameter settings for Vehicle body in MAT 

LAB/Simulink 
 

Main 

Mass: 600 Kgs 

No of wheels in axle: 2 

Horizontal distance from CG to 

front axle and rear axle: 

1.4 and 1.6 m 

CG height from ground level 0.5 m 

Gravity 9.81 m/s2 

Drag 

Front area: 2 m2 

Coefficient of Drag 0.25 

Density of Air 1.18 Kg/m3 

 

The Tire rolling radius is 0.3 m, Static and Kinetic friction 

coefficient is 0.90 and 0.70 respectively. The traction velocity 

and engagement force are 0.1 m/s and 10 N, the tire is slipping 

at initial condition as specified in table 5. Represents a model 

of a tire parameterized with static and kinetic friction 

coefficients. When the static friction limit is exceeded, the tire 

loses traction and begins to slip. The kinetic friction coefficient 

determines the ability of the tire to transmit torque when 

slipping. The kinetic friction coefficient is fixed or a function of 

the current slip. The tire regains traction when the magnitude of 

the relative velocity between the tire and ground is less than the 

traction velocity tolerance parameter. 
 

░ Table 5. Parameter settings for Vehicle tire in MATLAB/ 

Simulink 
 

Main 

Rolling radius: 0.3 m 

Static and Kinetic 

friction coefficient: 

0.90 and 0.70 

Advanced 

Traction velocity and 

Engagement force: 

0.1 m/s and 10 N 

Initial traction state: Tire is initially 

slipping 

 

This model provides a generic framework for various common 

battery types. It allows for the specification of temperature and 

aging effects (due to cycling) for Lithium-Ion and Nickel-

Metal-Hydride batteries, as detailed in table 6. Nominal voltage 

(V) and Rated capacity (Ah) is 50 V ,50Ah respectively. The 

Response time of Battery is 30 s and Initial SoC is 100% as 

detailed in table 7. 
 

░ Table 6. Parameter settings for Vehicle Battery in MAT 

LAB Simulink 
 

Nominal voltage (V) and Rated 

capacity (Ah) 

50V and 50Ah 

Initial SoC  100 % 

Response time of Battery 30 s 

 

This DC motor model captures both electrical and torque 

characteristics, assuming no loss of electromagnetic energy. 

Consequently, the back-emf and torque constants are 

numerically identical in international standard units. The field 

type of the motor is permanent magnet and model of the motor 

is rated load and speed, the armature inductance is 12µH.The 

No-load speed and Rated speed (at rated load) are 14000 RPM 

and 12000 RPM respectively. The supply voltage and capacity 

of the motor is 50V and 50KW as detailed in table 7. 
 

░ Table 7. Parameter settings for DC Motor in MATLAB/ 

Simulink 
 

Electrical Torque 

Type of Field PM 

Model  By rated Load as 

well as Speed 

inductance 

(Armature): 

12 *10-6 H 

No-load speed and 

Rated speed (at rated 

load) 

14000 RPM and 

12000 RPM 

Power 50 KW 

DC supply voltage: 50 V 

 

░ 3. RESULTS AND DISCUSSION 
State of Charge (SoC) reflects the amount of energy that can be 

extracted from a battery. It plays a crucial role in avoiding both 

over-discharge and over-charge situations, thereby helping to 

maintain the battery's health and reduce aging effects [15]. 

Classifying these methods is challenging because many 

approaches integrate two or more techniques and incorporate 

various heuristic or deterministic mathematical tools [16]. In 

this research the SoC analysis of nickel–metal hydride battery 

and Lithium Ion Battery in Electric Vehicle. First make a signal 

builder in a Mat Lab Simulink signal which will linearly 

increase between 0 to 400 seconds and next 200 seconds speed 

would be 100 Km/Hr. The remaining seconds speed would be 

decreases from 50 Km/Hr to zero and the signal builder is 

connected to longitudinal driver velocity reference as an input, 

the signal wave form is shown in figure 2. 

https://www.ijeer.forexjournal.co.in/
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Figure 2. Input signal of velocity reference in longitudinal driver 

block 
 

The actual and reference speed calculate the following things, 

first one is the actual speed is based on signal builder and trying 

to follow the reference speed and the reference speed is that 

approximately 50 Km/hr in actual speed from graph as shown 

in figure 3. 

Figure 3. Actual and reference speed of the Vehicle 
 

 
Figure 4. SoC of Lithium Ion Battery 

 

The figure 4 shows the State of Charge for the Lithium-Ion 

battery, up to 400 seconds the battery is discharged non linearly 

and 400-600 seconds the battery is discharged linearly, after 600 

seconds the battery is having 50 percentage of charge then 

slowly increase the charge and discharge based on the feedback 

system of the vehicle. 

Figure 5. SoC of Nickel–Metal Hydride battery 

The figure 5 shows the SoC for the NiMH battery, up to 400 

seconds the battery is discharged non linearly and 400-600 

seconds the battery is discharged linearly as same like Lithium-

Ion battery, after 600 seconds the battery is discharged 45 

percentage of charge at 600 seconds. In Lithium-Ion battery 

drained 50 percentage at 600 seconds whereas nickel–metal 

hydride battery drained 45 percentage only at same interval and 

charge store in the battery is 55 percentage. 

Figure 6. Simulink Model of Lithium Battery SoC and Distance 

Travel by the Vehicle 
 

The Simulink model has run for 1000 seconds in Mat Lab 

software, the SoC percentage is 49.68 %, approximately 50 % 

discharged and the distance travelled by the vehicle is 13.84 

Kilo meter per 1000 seconds as shown figure 6. Here, the same 

current which will flow from battery to motor during 

acceleration and during breaking action current will flow from 

motor to battery.  
 

In MATLAB, when studying battery performance, the scope 

typically displays data related to the battery's charge status.  

 
Figure 7. Simulink Model of Nickel–Metal Hydride Battery SoC and 

Distance Travel by the Vehicle 

 

The Simulink model of Nickel–Metal Hydride Battery has run 

same as lithium-Ion model, in NMH battery still having a 

charge of 53.44 percentage (approximately 54%) and only 46 

percentage discharged during the period of 1000 Seconds as 

shown in figure 7. The acceleration and breaking are same as 

Lithium-Ion Battery model. The distance travelled by the 

vehicle is 13.81 Kilometer per 1000 seconds while using the 

Nickel–Metal Hydride Battery and almost travel a distance 

equal to the Lithium-Ion Battery. In the figure 8, the distance 

travelled by the electric vehicle is almost equal and the 

https://www.ijeer.forexjournal.co.in/
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discharge of lithium-ion battery is less than Nickel–Metal 

Hydride battery. 
  

Figure 8. Comparison Chart of Nickel–Metal Hydride and Lithium-

Ion Battery’s SoC and Distance Travel by the Vehicle 

 

░ 4. CONCLUSION 
In this study, Ni–MH batteries are manufactured in large 

quantities, with global annual production exceeding 1 billion 

cells for portable power uses. Simulation estimates indicate that 

in Lithium-Ion Battery travelled 13.84 KM for 1000 seconds, 

calculating per hour is 49.8 KM/Hour and discharge the battery 

is 50 percentage. In Ni–MH battery travelled 13.81 Km per 

1000 seconds that is 49.72 KM/Hour almost equal distance 

covered by using Lithium-Ion Battery at same time the 

discharge level is 46 percentage only. Lithium batteries are 

expensive, need complex protection circuits, are challenging to 

recycle, and have higher state of charge (SoC) levels. In 

contrast, Ni–MH batteries are more affordable, require only a 

simple fuse for protection, are easier to recycle, and operate at 

lower SoC levels. The study concludes that Ni-MH batteries are 

better suited for high current rate discharges compared to Li-ion 

batteries. The effects of SOC and current rates on energy 

efficiency under pulse current rates were analyzed. For both 

battery types, energy efficiency shows slight variations with 

SOC but declines significantly as current rates increase.  
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