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Abstract: The modelling and simulation of the batteries are the subjects of this study. It requires using MATLAB to understand
the mathematical link between the battery input, output, and simulator parameters. Currently, we observe an increase in interest
in the power system from entities like electric utilities, energy service providers, auto manufacturers, etc. This paper
demonstrates how to simulate charging or discharging using Simulink and MATLAB. Since its development over the past
century, electricity has become the most adaptable and common type of energy used worldwide. With the help of batteries, we
may store electrical energy in the form of chemical energy, which can later be used to produce electricity once more.
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L. INTRODUCTION
This project uses MATLAB/Simulink to create a very simple model to determine how batteries charge and discharge. to browse
between requirements, designs, generated code, and tests. To create links with drag and drop. To annotate diagrams with
requirements context. Changes are beneficial as well.
It determines the implementation and verification status when related requirements, designs, or tests take place in accordance with
the specifications.
In the battery system model and simulate algorithm is using Simulink and Stateflow including:
1) Tracking voltage and current
2) State of Charge (SOC) estimation
3) Supervisory reasoning
4) Power input and output restrictions for overcharge and discharge defence, etc.The accompanying areas show the proposed
battery model's battery parameterized technique and strategy, which are the outcomes of exhaustive battery portrayal tests.

II. PRINCIPLE AND STRUCTURE OF BATTERY CHARGING / DISCHARGING CHARACTERISTICS
The first step in creating and parameterizing an analogous circuit that depicts battery behaviour is to create an accurate battery
model. utilising Data from measured lithium-ion, nickel-metal hydride, or lead-acid batteries, along with MATLAB and an
estimating technique. as a result of the high specific energy densities of lithium-ion batteries, high energy densities, and long cycling
lives, we use them in this project. Current pulses for charging and discharging are utilised to parameterize. MATLAB may be used
to create mathematical models for predicting and optimising the behaviour of complex systems. Following steps are considered for
the model development are:
1) Create models utilising approaches for data fitting and first-principles modelling.
2) Determine the variables that improve system performance.
3) Create specialised post-processing procedures when simulating models
4) Create reports that detail model development and simulation findings.

II1. STATE OF CHARGE (SOC)
State of charge refers to a battery's level of charge in relation to its capacity. SOC, which stands for state of charge, is a crucial
metric for the control strategy. The charging and draining of the battery are shown by the SOC characteristics, depending on the
level or range. When the voltage is high, the battery is fully charged, and when it drops to its lowest level, the battery is discharged.
The two most popular and straightforward ways for determining a battery's SOC are (a) the OCV approach and (b) the coulomb
counting method. SOC Calculation for the battery model:
SOC(t)=Qt/ Qn
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SOC is the most important battery parameters and A battery's SOC is calculated as the difference between its current capacity (Qt)
and nominal capacity (Qn). The manufacturer provides the nominal capacity (Qn), which represents maximum value of charge that
can be stored in the battery. Capacity was considered as a function of current and to determine the effect of capacity on the current
of the battery cell. Then the calculation of SOC is

1 t
-_—— I(t)dt
O Cnfo()

Where, Cn is the starting SOC is 0 and capacity I is the current SOC.

Soc = SocC

Iv. BATTERY CAPACITY
The energy stored in a battery is called a battery capacity. It is measured in amp hours, watt hours, or kilowatts hours (AH, WH,
KWH). One of the battery parameters is BATTERY CAPACITY. AN EXAMPLE WILL HELP US TO EXPLAIN:
Let us have a voltage vb, and flowing current is ib. then the energy is
[ vB.IB.DT= Energy capacity in Wh or
[ m.pr= Charge capacity in Ah

lp
R
— L+

}___

« If ib is positive, it is charging the battery by flowing into a positive terminal. The computed energy will then be used for charging.
1 t
s0C=50c| -—| I(t)dt

0 nJo

i

o If current ib is flowing out of the terminal and is going in the opposite direction, this means there has been an energy discharge.
The quantity of energy a battery can store or discharge to a load is hence known as its capacity. The battery's actual capacity can be
determined by its Wh capacity or energy capacity. If vb is constant, then Wh can be calculated using charge capacity (C) or ah.
Therefore, the Charge Capacity (C) or Ah battery is most frequently used for business purposes. By discharging a fully charged
battery through an applied load at a constant current rate, the capacity of a battery is determined.

V. MODELLING AND SIMULATION OF BATTERY
Understanding The input and output characteristics of the battery and the simulator must be modelled mathematically in order to
simulate the battery. An under-control voltage source based on the actual state of charge (SOC) is used in this instance. Modelling
and simulation are essential for determining capacity and choosing the best components for an electrical system. They are also
crucial for designing batteries and approximating battery performance. The idea of collecting parameters from manufacturer
discharge characteristics is included in the description of battery modelling. This quality provides a quick, accurate, and practical
solution that is good for batteries. Echarge=f1(it, i*, Exp, Batt Type) and Edischarge=f2(it, i*, Exp, Batt Type) are the general
models for charge and discharge.
Whereas its functions are e-charge and e-discharge (Extracted)
To design a battery management system (BMS), you must first create a high-fidelity battery model. To enable a BMS to estimate
critical battery properties, such as the battery state of charge and state of health, a trustworthy estimation approach must be utilised
in conjunction with an accurate battery model. In other words, a battery model is a set of mathematical equations that describe what
actually occurs inside a battery.
In layman's terms, as indicated in the image, the battery and battery model should provide the same voltage profile and the error
between the two signals should be near to zero if the same current profile is applied to both. The model is able to forecast the
behaviour of the battery in a way that if we applied an estimator, we can predict critical parameters such as the battery SOH and
remaining useful life.
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VL SIMULATION OF BATTERY MODEL
In MATLAB/Simulink, a battery simulation model is built that includes a cell parameters module for a lookup during charging and
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VIIL. IDENTIFICATION OF THE DYNAMIC PARAMETERS
We must assess the battery's remaining charge in this project so that we can accurately describe it. On the other hand, we can assert
that we must be aware of the battery's behaviour when it is fully charged, halfway charged (i.e., 50% state of charge), or fully
discharged. Create a model now to track and attempt to comprehend battery behaviour. In the fundamentals, we are aware of the
current's sign. If it is positive, charging is occurring, and negative, discharging. Now we use Mathwork to mimic it.
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VIII. RESULT

= o 52
F A
=SOC (%)= @ [F¥ Trace Selection LIS
- | 3 I i iz | ——
sl ol i — e
| =
v ax
45.03] ] ¥ ¥ Cursor Measurements
' > Settings
: ¥ Meas s
45.02[— H | Measurement
! Time Value
45.01[— + L = 11 2.500 4.503e+01
! 2 7 500
45| i i ‘ ‘ : | — AT 50005  AY
i | 2
1/AT 200.000 mHz

<Current (A)> AY 7 AT
T

ey

3

4 | ' | ' 4 | 4 | —

<Volage (V)=

T I GI 1 I i I [ HE — e wr]

Running Sampio bazed |T=7.431

ENG
IN

1119
03-05-2023

@ » o

IX. FUTURE SCOPE
Studies show that people are constantly looking for methods to improve with new ideas and take on new challenges.
Future challenges include a pacemaker battery charging model using MATLAB/Simulink and wireless power transmission.
Additionally, Japan is still researching sodium-ion batteries while also studying a new kind of battery that will be available soon.

X. CONCLUSION
This research utilises MATLAB-Simulink to demonstrate the parameterization of the battery's charging and discharging behaviour.
The inquiry of the dynamic characteristics of lithium-ion batteries was aided by this report. The lithium-ion battery cell's capacity,
open-circuit voltage (OCV), and internal resistance were studied at a range of load currents and states of charge (SOCs). The model
covers all the parameters and can be improved and used in future study in accordance with the various loads or requirements.
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