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ABSTRACT

The broad adoption of electric vehicles can have a substantial effect on urban air quality, national
energy independence, and international trade balance. The main technological component for the
creation of viable electric vehicles is an efficient battery. This paper presents an improved and easy-
to-use battery dynamic model where the type of battery used in this work is the first Ni-MH battery
popular in electric vehicles. The battery model that was presented in this paper is a model that is
already available in the Matlab library, but it has been explained during charge and discharge
process and its outputs are obtained in an easier way for the readers, as the battery was a simple
Ni-MH battery ,whose four main outputs were Battery voltage, state of charge SOC, motor speed
and motor armature current signal.
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INTRODUCTION

Electric vehicles are becoming increasingly popular as a mode of road transportation. Some experts
predict that by 2030, electric vehicles will account for an average of 25 percent of all vehicles on
the world's roads [1]. According to the same forecast, a large majority of the remaining vehicles will
feature hybrid propulsion systems, which typically include an electric motor in addition to an
internal combustion engine. Internal combustion engines are still being developed; nonetheless, it is
evident that the electric drive will replace the internal combustion engine in automotive applications
[2] over the course of decades. The primary benefit of replacing combustion engine propulsion in
the automotive industry with electric drive is the elimination of harmful gas emissions at the point
of usage. In a broader perspective, it is important to consider not only the ways of producing
electricity for vehicle use [3] and energy and emissivity-related aspects of production processes [4],
but also the recycling of waste electric vehicle components [3]. Particular consideration should be
given to energy storage systems that primarily utilize electrochemical batteries.

In the first electric automobiles, lead-acid batteries were utilized [5]. In the years that followed,
nickel-cadmium batteries were also utilized; however, their usage of hazardous cadmium has led to
their elimination from automotive uses. Similar to Ni-Cd batteries, nickel-metal-hydride batteries
have begun to be employed in automobile applications [6]. These were used, among other places, in
the renowned second-generation GM EV1 electric vehicle. They have not yet been widely used in
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vehicles with solely electric drive mechanisms for numerous reasons. Some authors believe that a
fuel lobby is obstructing the development of NiMH batteries with large capacity [7]. However, it
should be noted that the energy density of nickel-metal-hydride batteries is lower than that of Li-ion
batteries, which are undergoing rapid development, and thus one kWh of stored energy is
significantly more expensive. Information from the research and development sector regarding the
development of NiMH batteries with exceptionally high performance predicts an expansion of this
technology's application in electric vehicles. [8]. However, NiMH batteries have found widespread
application in hybrid automobiles as a mature, problem-free technology. Energy storage systems in
modern automobiles with pure electric drives are often comprised of a variety of lithium-ion
batteries. Engineers want to develop batteries with a high specific energy and specific power, an
increased number of work cycles, and a decrease in production costs.

Technical description of the Ni-MH Battery

A Nickel-Metal Hydride (NiMH) battery system is an energy storage system based on
electrochemical charge/discharge reactions between a positive electrode (cathode) containing nickel
oxide-hydroxide as the active material and a negative electrode (anode) consisting of a hydrogen-
absorbing alloy.

The electrodes are separated by a permeable membrane that permits electron and ionic movement
between them and are immersed in an electrolyte consisting of aqueous potassium hydroxide that
does not experience major changes during operation. Figure 1 illustrates the charging principle for
NiMH batteries.
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Figure 1 Illustration of charging principal of NiMH.

The primary components of a Ni-MH battery are the elementary cell, which consists of an assembly
of electrodes, electrolyte, and separators, and the positive and negative plates. Battery systems
consisting of a huge assembly of cells or modules with a control system, and Power Conversion
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System (PCS).
The following Ni-MH battery design types are available:

A distinctive intermetallic compound for the negative electrode, Variable electrode thickness based
on the power/energy ratio various cell sizes ranging from 1 Ah to 200 Ah. Cylindrical (small cells)
or prismatic (big cells) cell morphologies, and According to size and function, various battery
systems exist: fixed or moving. Figure 2 shows one of famous design of Ni-MH batteries.

Figure 2 One of the designs available for Ni-MH battery.

State of the art and Future developments

In the realm of compact rechargeable batteries, the NiMH technology formerly supplanted the Ni-
Cd technology, but is now being supplanted by the Li-lon technology. The Ni-MH technology is the
current standard for hybrid vehicles, however Li-lon technology is projected to replace it in the near
future. NiMH technology complements Ni-Cd technology on the industrial battery market when
improved performance and no maintenance are required.

Several large Ni-MH systems for grid purposes have been developed: Recycling technology and
collecting circuits are operational and developed.

Other technologies, such as Li-ion, compete with the NiMH technology. There are no anticipated
future breakthroughs for this technology.

NiMH Batteries description and simulation

This section of paper shows a 200 \Wolt, 6.5 Ampere Ni-MH battery model during charge and
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discharge process.

Discharging or charging is always occurring inside a battery at any given time. The electrolyte
solution contains charged ions, made up of sulphate and hydrogen. The sulphate ions are negatively
charged, while the hydrogen ions have a positive charge.

In addition to the electron flow within the battery as it discharges, the ratio of sulphuric acid to
water in the electrolyte solution is also changing to more water and less acid. A chemical by-product
of this process is lead sulphate that coats the battery plates within each cell reducing its surface area.

Charging a battery reverses the chemical process that occurred during discharge. The sulphate and
hydrogen ions switch places. The electrical energy used to charge a battery is converted back to
chemical energy and stored inside the battery. Battery chargers, including alternators and
generators, produce a higher voltage than the battery’s open circuit voltage.

There are two important variables to know when talking about battery manufacturing and modeling
SOC (state of charge) and SOH (state of health). Understanding and monitoring cells’ states, at a
particular point in time, is often needed in battery development in order to optimize their use.

We may want to better understand the State-of-Charge (SOC) and State-of-Health (SOH) of the
battery. These parameters are important because they are directly related to battery performance.

State-of-health (SOH) and State-of-Charge (SOC) are key quality indicators as they provide very
useful data needed for the optimization of the Battery Management System (BMS).

The state of charge of a battery describes the difference between a fully charged battery and the
same battery in use. It is associated with the remaining quantity of electricity available in the cell.

It is defined as the ratio of the remaining charge in the battery, divided by the maximum charge that
can be delivered by the battery. It is expressed as a percentage as below.

SOC/%=100(Qo+Q)/Qmax
=S0OCo/%+100(Q/Qmax)
Where:
Qo/mAh= Initial charge of the battery.

Q/mAh= the quantity of electricity delivered by or supplied to, the battery. It follows the convention
of the current: it is negative during the discharge and positive during the charge.

Qmax/mAh= the maximum charge that can be stored in the battery.

SOCo/%= the initial state-of-charge (SOC/%) of the battery.

e If the battery is new: Qmax=C; and Qo= 0.5Qmax generally. C" is the rated capacity of the
battery as given by the manufacturer.
e If the battery is fully charged: Qo= Qmax and SOCo=100%.

The state-of-health (SOH) of a battery describes the difference between a battery being studied and
a fresh battery and considers cell aging.
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It is defined as the ratio of the maximum battery charge to its rated capacity. It is expressed as a
percentage as seen below.

SOH/%=100(Qmax/Cr)
Where:
Qmax/mAh= the maximum charge available of the battery.
Cr=the rated capacity.

To clarify the difference between the state-of-health SOH and the State-of-Charge (SOC), see the
following figure 3. The evolution of the discharge capacity and the State of Health (SOH) during
long-term cycling of the cell are illustrated.
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Figure 3 Aged battery cell discharge capacity with SOH and SOC evolutions with the number of
cycles.

In this work, The Ni-MH Battery is connected to a constant load of 50 Amps as shown in the
Simulink model which illustrated in figure 4. The DC machine is connected in parallel with the load
and operates at no load torque. When the State-Of-Charge (SOC) of the battery goes under forty
percent a negative load torque of 200 N.m is applied to the machine so it acts as a generator to
recharge the battery. When the SOC goes over eighty percent, the load torque is removed so only
the battery supplies the 50 amps load.
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Figure 4 Model description of Ni-MH Battery.

The DC machine is started using battery power at t = zero s. The velocity accelerates to 120 rad/s.
The battery is also depleted by the 50 amps of steady DC demand. At t = 280 seconds, the SOC falls
below 40 percent. A mechanical torque of -200 Nm is applied to the machine, causing it to function
as a generator and generate 100 amps of current. Therefore, 50 amps are allocated to the load and
50 amps are allocated to battery recharging. At time t = 500 s, the SOC exceeds 80 percent. The
mechanical torque has been released, and the machine is now free to run. In addition, the cycle

begins again.

Battery voltage, SOC, Motor speed and Motor current signals are available at the output of the
block as shown in the following four figures.
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Figure 5 the Battery voltage.
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Figure 8 Motor current signal.
CONCLUSION

In the light-duty electric car, the newly designed, lightweight energy storage technology based on
NiMH batteries has accomplished its purpose. The vehicle's drivetrain functions adequately. The
evaluation of Ni-MH batteries for electric vehicles, the presumptive objective of the work, has been
attained. Some important details related to the battery such as the working principle and a general
description of the battery have been clarified, in addition to explaining two important parameters,
the first is the state of charge (SOC) and the second is the state of health (SOH). At the end of the
work, curves representing the outputs of the system studied for the batteries were presented. These
outputs are battery voltage, SOC, motor speed and motor current signals.
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