
Despite the rapid increase in the use of batteries but the existence of limited battery models also inadequate and 
very complex models developed by chemists is the lack of useful models a significant matter. This lack of electrical 
models consistent with the operation of the circuits and forming diagrams posing an obstacle [1]. Determination of 
the modeling and simulation of the electrical system capacity is very important for optimum component selection. 
In this context, the battery equivalent circuit models were studied to determine the parameters of the model. 
Electrical analysis and simulation studies are done with model that is easy to operate and has reliable accurate 
results. Instead of establishing costly laboratory devices simulating battery easily under different operating 
conditions and calculation of parameters necessary to use such as short-circuit current of the battery allows 
analysis of constant power output at different times. This kind of studies requires knowledge and many years of 
teamwork [2]. The battery management system described in this article aims to optimize the use of the battery, 
making the whole system more reliable, durable and cost effective.  

Introduction 

Over DC supply of 7A (1C), also AC supply was used for f=10 Hz, I=1 A. As a result the maximum current changes 
between 6 - 8 A. Different frequencies such as f=50, 100 Hz were also tested and the results are taken in an excel 
table. For the low charge currents (0,6C (2,1A) or 0,3C (4,2A)), battery test workbench had no confidence in 
accuracy due to used MOSFETs in DC-DC converter which were suitable for 8A of charging and discharging. After 
the terminal voltage of the battery reaches its upper limits the discharge starts automatically and again when the 
voltage falls down to a minimum value starts to charge the battery again. The temperature of battery was 
measured using Pt100 as 36,006 ˚C, the temperature of MOSFET as 39,045 ˚C. In literature, high-rate discharges 
(>4A), medium-rate discharges (around 1A) and low–rate discharges (<0.2A) are described. Under 1C (7A) test 
conditions, the battery was charged approximately 150 % of capacity. The entire tests are performed with constant 
current (CC) method due to simple, inexpensive equipment.  

 Specific gravity measurement used to determine state of health (SOH) and the SOC of the battery will 
be able to give more accurate results when used in conjunction with the voltage parameter in this 
regard.  

 There are differences between actual experiments with the model stems from the system's operating 
conditions. Results reveal that the margin of error between the actual experiment.  In the simulation 
for the relaxation moments we couldn’t observe any increase as it in reality.  

 The experiments performed have shown, the discharging depth is thought to be increased with 
increasing temperature in the battery decreases the battery voltage exponentially as shown in the 
figures. 

Conclusion 

Material and Methods 

Results and Discussions 

Using proper software, the analog signals such as voltage, current, temperature were collected and 
monitored. MOSFET–based converter for charging, buck converter for discharging was used. The battery 
used in the experiment is a 12 V, 7.0 Ah valve regulated sealed lead-acid battery which is used in about 70% 
of the telecommunication batteries and in about 80% of the uninterrupted power source (UPS) 
applications. As indicated before, a full battery cell voltage is 2.12V. It seems very similar to that as shown 
in the figures battery is discharged. However, a certain amount of time for relaxation time in the open 
circuit voltage of our battery rises in the tests. It is seen that the model is inadequate in terms of moments 
of relaxation. As can be seen from the charging period maximum value of temperature increase is 
observed in the transition to direct discharge period.  
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Battery Third Degree Equivalent 

Circuit Model 

Here is the battery cell that 
represents just one cell of a battery. 
Figure comprises electrical 
components which are specially 
designed and developed for the 
lead acid battery systems. All of the 
component parameters are subject 
to particular empirically determined 
constants and equations. Main 
branch voltage source (Em) is a 
function of temperature and state 
of charge.  

 Em=Em0-KE(273+𝜃)(1-SOC); 
 Where, 𝜃 is electrolyte temperature in 0C, KE is constant and Em0 open circuit voltage at fully charged state.       

The thermal model defined is the most important component in the simulation. Temperatures should be 
identified Kelvin in the model.  

 Changing the direction of the current due to charge-discharge process, thermal behavior of the MOSFET in DC-DC 
converter is observed and shown in figure 4 with the red line (Temperature1 (°C)). Switching of charging status directly 
increases the temperature. The average temperature increases depending on the use of battery. The experiments 
have proven that the battery internal temperature (Temperature2 (°C)) did not change significantly from the ambient 
temperature during charge, discharge and relaxation process. 
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 Simulation of each cycle consists of charging, relaxation and discharging steps. Charging is carried out at 
constant current until the cutoff voltage for charge is reached. It is then followed by discharge at a 
constant current until the cut-off voltage for discharge is reached. During the simulation of cycling 
performance, the model is solved repeatedly maintaining all parameters at constant values. The solution 
of the model equations is carried out using the MATLAB-Simscape.  

 All the components are assumed to be a function of (SOC) of the battery. The aimed model might be 
used for computer simulation of battery behavior under different operating conditions, state-of-charge 
estimation, battery monitoring. The use of the third order model is complicated because proposed 
equations contain several parameters which have to be identified. This identification might be simplified 
by taking the parameters as constant. 

Figure 1. Battery Third Degree Equivalent Circuit Model  Figure 2. Battery equivalent circuit model  

Figure 3. Equivalent model with electrical components 

Figure 4. Charging, discharging and relaxation experiment with 1C (7A) Figure 5. The ¼ of battery terminal voltage 1C (7A) 

Figure 6. The experiment and obtained graphs 1C (7A) Figure 7. Battery voltage, temperature and charge-discharge curves for 1C (7A) 

Figure 8. Battery terminal voltage Figure 9. Battery charge capacitiy 

Figure 10. Matlab/Simscape model  

Figure 11. Battery internal temperature distribution Figure 12. Matlab/Simscape simultaion results 
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