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Resume
This paper deals with the simulation verification of balancing systems 
with different numbers of batteries. There is a  simulation model of the 
battery with adjustable inputs and a simulation model of flyback converter. 
These components are interconnected and controlled externally to ensure 
balancing of individual cells. The batteries are connected in series and 
a  flyback converter is connected to each battery. The outputs of these 
inverters are connected to the output of all the batteries. So, one can say 
that this balancing system is designed to lighten the charger. The results of 
the simulations show the voltage, current and State of Charge (SoC) of the 
batteries. Simulation models are presented in diagrams. These models were 
created in the PLECS environment.
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only used for the low-capacity batteries and lead-acid 
batteries without control. An active balancing system 
consists of transferring the power from the overcharged 
cell to the entire battery pack or from the battery pack 
to the weakest cell. These methods may be CELL-TO-
PACK, PACK-TO-CELL or CELL-TO-PACK-TO-CELL. 
The passive method has the CELL-TO-ZERO topology. 
The active balancing systems are divided according to 
the energy transfer and storage element used. They are 
divided into capacitor topologies, inductor topologies or 
DC/DC converter topologies. The protective part provides 
protection against overcharging, overdischarging or 
other unwanted conditions. The communication part 
provides communication between other control units, 
for example in an electric vehicle. This communication 
can be, for example, via CAN-BUS or other buses. All 
this is ensured by the battery management system. 
With increasing demands on batteries, this research is 
therefore potential in terms of research and the selection 
of a  suitable topology for an active balancing system 
[1-4].

2	 The battery model

The simulated model of the selected battery is 
shown in Figure 1. The model considers dynamics 
during the battery charging or discharging [1]. The 
individual RC components of the battery equivalent 

1 	 Introduction

This article is motivated by researching the battery 
systems and improving battery performance. Capacity, 
durability and efficiency are essential features, not 
only of battery systems but of many electronic systems, 
as well. This article discusses how to manage and 
protect the energy stored in the battery. The high-
voltage batteries often suffer from being connected in 
series to achieve the higher voltage. This connection 
causes a  disproportionate capacity in the batteries. 
This capacity difference results in overcharging and 
over-discharging the individual battery cells. These 
inequalities arise during the production of those cells. 
Based on this knowledge, the battery management 
system is being examined. This battery management 
has three basic features: monitoring part, protective 
part and communication part. The monitoring part is 
designed to measure voltages, currents and temperature. 
Based on these measured values, the balancing system 
is controlled. The balancing system has the task of 
balancing the voltage levels of the individual cells. 
This avoids overcharging and overdischrging of the 
individual battery cells. The balancing is divided to two 
basic topologies: active balancing and passive balancing. 
The passive balancing system consists of converting the 
excess energy of the individual cells into heat, which is 
generated by the transfer of electric current through 
the shunt resistance. This method is inefficient and is 
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by its main advantages, one of which is galvanic 
isolation of input and output. Another advantage is 
that this flyback converter can be both an up and 
down converter. Based on these properties, a  flyback 
converter was selected for simulation purposes. In the 
first case it was a  flyback converter controlled by the 
input current (Figure 2) and in the second case a flyback 
converter controlled by the voltage of the secondary 
side of the high-frequency transformer (Figure 3). The 
disadvantage of this topology are the high losses in the 
transformer. These losses are compounded by the fact 
that this application is the low voltage one. The flyback 
converter has three base circuits: the primary side with 
the high frequency MOSFET or GaN transistor; the 
secondary side with the power diode or rectifier, while the 
third circuit is the magnetic circuit of the high-frequency 
transformer that provides the power transfer from the 
primary side to the secondary side of the high-frequency 
transformer. The flyback converter works blocking, i.e. 
when the transistor is turned on, energy is stored in 
the transformer core and when the transistor is turned 
off, this energy passes from the transformer core to the 

circuit were determined from the results of laboratory 
battery measurements [1-4]. This battery simulation 
model can calculate the SoC by the Coulomb counting 
method. This is R2C2 equivalent battery model [5-10].

Functions blocks consist of calculation functions 
identified based on [11-13]:

. . . .U e u u1 031 3 685 0 2156 0 1178u
1

35 3=- + + -- ,	 (1)

. .R e0 3208 0 0745. u
1

29 14= +- ,	 (2)

. .C e752 9 703 6. u
1

13 51=- +- ,	 (3)

. .R e6 603 0 4984u
2

155= +- ,	 (4)

.C e6 056 4475. u
2

27 12=- +- .	 (5)

3	 The flyback converter

The topologies best suited for battery applications 
include the flyback converter topology. This is determined 

Figure 1 Equivalent battery scheme

Figure 2 Model of the flyback converter controlled by the primary side current
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for the four-cell balancing system, the ratio is (2/21). 
Those ratios take into account the switching frequency 
of the MOSFET transistor and the saturation of the 
transformer core. Those values were calculated according 
to [18]. Thus, the output voltage in the balancing system 
will be twice the maximum voltage of one cell. Similarly, 
in a 4-cell balancing system, the output voltage will be 
four times the maximum cell voltage. Thermal power 
(blue) and magnetic circuit (brown) are simulated in 
this model, as well. Since it was intended to ensure 
the realistic behavior of simulation experiments, those 
flyback converters were implemented in a  single block 
of the balancing system for the simple representation of 
the simulation block diagram. [19-20]

secondary side of the transformer and to the output. 
This is especially true for high-frequency transformer of 
the flyback converter.  Therefore, this topology has the 
great transformer requirements, mainly core saturation 
or thermal management [14-17].

In the PLECS environment, two simulation models 
of the flyback converter were created. One flyback 
converter is controlled by the primary side current value 
(Figure 2) and the other flyback converter is controlled 
by the secondary side voltage value (Figure 3). This 
model considers a  replacement battery model at the 
primary side input. This is a voltage of 3-4 V DC. The 
output voltage is set by the transformer ratio. For the 
two-cell balancing system, this is a  (3/15) ratio, while 

Figure 3 Model of thef lyback converter controlled by the secondary side voltage

Figure 4 Simulation model of the BMS with 2 cells
Figure 5 Waveforms of voltage [V], current [A]  

and state of charge [-] in terms of time [s]
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via the flyback, thus charging both CELL1 and CELL2. 
After 8.2 seconds, the SoC reaches the same values and 
both flyback converters begin to switch. In this graph 
one can also see that one current is positive and one 
negative. This is caused by the current flow direction 
from and to the individual cells. When the current is 
positive, the cell discharges and when it is negative, the 
cell charges.

5	 Balancing system with four cells

In contrast to the previous case, this system has the 
double number of batteries, as well as the double number 
of the flyback converters. This is a 4-battery system. As 
in the previous case, the flyback input of the inverters 
is connected to individual batteries and the output is 
connected to the entire battery. This determines that the 
inverter output must be four times the maximum voltage 
value of one battery. As in the previous case, the flyback 
block contains a  trigger input, which is signaled by the 
evaluation part. This evaluation section aims to determine 
which cell has the highest SoC value. It determines which 
flyback converter will be started accordingly. This flyback 
converter transfers power from the strongest cell to the 
entire battery. This balancing system topology is CELL-
TO-PACK. The flyback converter parameters for the 4-cell 
balancing systems are shown in Table 2 [21].

In the first experiment with a  4-cell balancing 
system (Figure 6), the flyback converters were used 
that were correct according to the input current value. 
Initially, the SoC values of the batteries were around 
25-40 %. Figure 7 shows the SoC waveforms, voltage 
and current of each cell in the flyback controlled to the 
input current value (Figure 2). This value can be seen 
in the current waveform, where the current is in the 40 
A range. This is exactly the value to which these flyback 
converters are regulated. This value means that the 
course of the SoC and voltage balancing is constant. In 
34 seconds, all the cells are balanced. Another feature 
that is needed to design a balancing system is efficiency. 
This value can be seen in the decrease in the SoC value 
after all the cells are balanced. At a  current control 
value of 40 A, one can see in Figures 7 and 8 that both 
the cell is discharged and charged at the same time, 
so the value of 40 A, to which the flyback converter is 
set, this value will be lower by the secondary current 

4	 Balancing system with two cells

As shown in Figure 4, the two-cell balancing system 
consists of the two battery models, two flyback converters 
and an evaluation circuit. Two constants enter the 
batteries: the battery capacity and the initial State of 
Charge (SoC). The flyback converters are connected by 
the primary side to a  single cell and by the secondary 
side to the entire battery. Therefore, the secondary 
voltage value is twice as high for a  two-cell balancing 
system. The evaluation section simply compares where 
the SoC value is greater and, based on that evaluation, 
a flyback converter is triggered for the cell where the SoC 
value is greater. In this way, the excess energy passes 
from the cell to the entire battery. This is the CELL-TO-
PACK topology. The flyback converter parameters for the 
2-cell balancing systems are shown in Table 1 [21].

The results of the described balancing method are 
shown in the graph in Figure 5. This graph shows the 
three values that are the most important for monitoring 
the balancing systems. Those values are the state of 
charge, voltage and current (Figure 5) of each cell. For 
the high simulation requirements, especially for time, 
battery capacity values are only 1 Ah. This value is 
a fraction of the real value of the battery capacity. This 
was done to ensure that the simulation time is not an 
unnecessarily long. The monitored values would have 
the same courses, but they would be simulated faster 
[20-21].

Figure 5 shows the SoC balancing waveform. Here 
one can see that the initial SoC CELL1 is 30 % and the 
SoC CELL2 is 25 %. In this course, one can see how the 
energy from CELL1 recharges CELL2. This works for 
up to 8.2 seconds. At 8.2 seconds, the SoC values get 
to a  similar value. This ensures that the SoC values 
are kept at the same value. Thus, the balancing system 
has proven to work properly. However, one can see that 
the SoC value has a  slight decrease. This decrease is 
caused by the efficiency of the flyback converters. This 
efficiency at such a low voltage is proportional to the size 
of the flyback converter current. From the given results 
one can say that there is no condition after which an 
unwanted condition may occur, such as under-voltage or 
over-voltage.

Figure 5 also shows the waveforms of balancing 
currents that compensate for the differences in the SoC 
on the cells. Here one can see how the CELL1 discharges 

Table 1 The flyback converter parameters for the 2-cell balancing system

parameter value

input voltage range 3 - 4 V

output voltage 8 V

output nominal current 9 A

output nominal power 75 W

switching frequency 100 kHz

required efficiency 80 %
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currents of individual cells. Here one can see that all 
the cells are balanced in as little as 36 seconds. This 
is mainly due to the magnitude of the current, which 
reaches a peak value of nearly 50 A and the RMS value 
of nearly 35 A [11].

6 	 Conclusions

The balancing systems were simulated in this paper. 
In the first case, the 2 cells were balanced, which had 
capacities of 1 Ah and SoC of 25 % and 30 % respectively. 
The capacity was so small only for simulation requirements 
that the simulation was not so high in the real time. As 

of the flyback converter, which charges the entire 
battery. Therefore, the current range on the graphs is 
40 A. If one increases this value, the efficiency would 
drop rapidly at this low voltage. Therefore, it is very 
important to select the value to which these flyback 
converters will be regulated, in this input current 
control method. This is a  disadvantage of the flyback 
converter application [11].

The basis of the balancing system and its control is 
also the same as in the previous 4-cell balancing system. 
The difference is in the control of the flyback converter. 
The flyback converters are controlled according to the 
output voltage value (Figure 3). Figure 8 shows the 
simulation results and SoC waveforms, voltages and 

Figure 6 Simulation model of the BMS system with 4 cells

Figure 7 Voltage [V], current [A], state of charge [-] 
balancing waveform for the 4 cell battery system  

in terms of time [s]

Figure 8 Voltage [V], current [A], state of charge [-] 
balancing waveform for the 4 cell battery system in time [s]
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are determined on a similar SoC value, the longer it takes 
to balance the next cell. Therefore, this balancing method 
is not very suitable for batteries with 8 or more cells.

These simulations were performed due to the skew 
control of the balancing system and the course of the 
measured values. Here, it was found that this control is 
appropriately chosen for both cases. Simulation courses 
prove it. Further, one can say that the characteristics 
of the battery replacement scheme and the flyback 
converter are similar to those of the real applications.
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one see in the results of this simulation, the balancing  
system works.

In the second case, 4 cells were balanced. However, 
the cell capacities were 1 Ah and SoC at 25-40% SoC. 
The resulting times are therefore as low as these 
cell capacities were also low. This was set due to 
the simulation requirements. The main difference in 
the balancing time of the 4-cell system is in the way 
of management. In the first case, when the flyback 
was controlled to the value of the input current, the 
balancing system immediately took an input current 
of 30 A. In the second case, when the flyback was 
controlled to the value of the output voltage, the flyback 
regulators of the converter had a longer response. As one 
can see in Figure 8, the current value reaches 30 A in up 
to 3 seconds. As a result, this mode is 2 seconds slower 
than in the case of a flyback converter controlled to the 
value of the input current.

This method of control consists of finding the 
maximum value of the SoC. As a  result, the more cells 

Table 2 The flyback converter parameters for the 4-cell balancing system

parameter value

input voltage range 3 - 4 V

output voltage 16 V

output nominal current 7 A

output nominal power 120 W

switching frequency 100 kHz

required efficiency 70 %
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