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 The use of rechargeable batteries for electrical energy storage requires a 

voltage balancing system. The voltage balancing system requires monitoring 

in the use of rechargeable batteries so that they can be utilized properly and 

can improve the electrical energy storage system. In this research, a 

monitored lead acid battery voltage balancing system was designed so that 

the management of the battery voltage balance level and the storage of 

electrical energy in rechargeable batteries can be stored and used optimally. 

In this research a series of lead acid battery voltage detection and power 

dissipation circuits were designed. The power dissipation circuit uses the 

controlled shunt resistor method which is used when the voltage of the lead 

acid battery being charged exceeds the maximum voltage. This method is 

easy to implement and can display the value of the lead acid battery voltage 

and other parameters, so that it can be monitored by the user. The results 

obtained show that the average voltage error for batteries 1 and 2 is 0.09% 

and 0.3% respectively. The power dissipation circuit can dissipate lead acid 

battery power above the reference voltage VREF=±7 V, with a balanced 

voltage of 6.8 V at 140 minutes and 160 minutes. 
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1. INTRODUCTION 

One of the media used for electrical energy storage systems is a battery [1]. Batteries that are 

assembled in large quantities have been used in many electronic systems, such as robotics, renewable energy 

systems, energy storage in the storage grid, and electric energy-based vehicles [2]. There are two types of 

batteries, namely: non-rechargeable batteries and rechargeable batteries [3]. One of the rechargeable batteries 

is a lead acid battery [4]. Lead acid battery is a battery with a lattice made of lead alloy, which has a 

relatively affordable price and has been widely applied [5]. Lead acid batteries in general have advantages, 

such as: cheap and easy to manufacture; low cost per watt-hour; self discharge low (lowest among other 

rechargeable batteries); high specific power (can produce high output current); good performance at both low 

and high temperatures [6]. Lead acid batteries in general have disadvantages, such as: specific energy low 

(low ratio between battery weight and energy produced); long charging; must be stored in a charging state to 

avoid sulfation; limited cycle life (about 500-2000 cycles); for flooded type lead acid batteries need to be 

filled with water and limited for portable use (due to the electrolyte in the form of liquid; not environmentally 

friendly [7], [8]. 

The lead acid battery in series on the charging stack, the charge connected to the anode of the power 

supply, will charge first. At the time of charging, there are usually 2 points that can be achieved, namely 
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charging the lead acid battery fully in a short time and maintaining battery capacity by increasing the lead 

acid battery capacity during self-discharge of the lead acid battery with a constant voltage when the lead acid 

battery is fully charged [9]. In a good technique for charging lead acid batteries, there are generally several 

stages of charging lead acid batteries. If there is a large imbalance between the total charge between the 

batteries, it will reduce the total capacity, increase the risk of one battery being overcharged and increase the 

risk of the other battery undercharging and reduce the performance of using the battery [10]. Thus it is 

necessary to have a battery voltage balancing system. 

Lead acid batteries use lead (Pb) as the negative electrode, lead dioxide (PbO2) as the positive 

electrode, sulfuric acid (H2SO4) as the electrolyte, and a separator which is used to separate the positive and 

negative electrodes through a porous membrane to prevent short circuits [11]. The electrodes on a lead acid 

battery are made of a lead alloy. For the composition of negative electrodes, electrolytes, and positive 

electrodes when full charge, when discharge, and when full discharge on a lead acid battery. A battery 

balancing system is needed for certain reasons, namely battery safety from overcharging, battery life, battery 

charging that is not full, and energy usage from the battery stack [12]. Battery safety from overcharging is 

needed to prevent the battery from risking battery voltage leakage until the battery burns out. The risk of the 

battery not being fully charged or called undercharging can be reduced which can reduce the storage capacity 

of the electric charge. Battery life can be longer, because it prevents overcharging and overdischarging. The 

use of energy from the battery stack can be used optimally if using a battery balancing system [13]. One of 

the reasons for using a battery balancing system is battery life. 

Many battery charging systems use a battery voltage balancing system, with varying features and 

prices [14]. If the voltage between the batteries is balanced, then the charge of each battery does not occur 

overcharging and undercharging and equalizing the electric charge between the batteries arranged in series so 

that the capacitance between the batteries does not occur imbalance [15]. In general, there are two methods of 

battery balancing, namely the passive voltage balancer method and the active voltage balancer method [16]. 

The passive voltage balancer method is a balancing method that dissipates the power of each battery if the 

charge on the battery is fully charged or the charge on one battery is greater than another battery in a battery 

series circuit using a dissipation resistor component or a shunt resistor [17], [18]. There are two types of 

passive voltage balancer circuits, namely: fixed shunt resistor circuits and controlled shunt resistor circuits 

[19]. While the active voltage balancer method is a battery voltage balancing method that distributes voltage 

from one battery with a higher voltage to a battery with a lower voltage [17]. The advantages of the passive 

voltage balancer method are: cost-effective, easy to implement [20], while the drawbacks of the passive 

voltage balancer method are: less effective in balancing battery voltage [20]. The advantages of the active 

voltage balancer method, namely: increasing system runtime, being more effective in balancing battery 

voltage, shorter charging time, less heat generated when balancing battery voltage, while the drawbacks of 

the passive voltage balancer method are: circuit complexity is more complicated [21]. 

In this research, the method used for battery balancing is the passive voltage balancer method, the 

type of controlled shunting resistor circuit. In this research, design and manufacture of a lead acid battery 

voltage balancing system that can be monitored using a voltage divider circuit to detect the voltage of each 

battery. In the lead acid battery voltage balancing system, it will use a direct current (DC) voltage input with 

the output load being a DC load. After designing the device with a voltage balancer system, it is hoped that 

the tool can balance the voltage between lead acid batteries where the charging voltage and several other 

parameters can be monitored. In this research, the balancer system was designed with a balance voltage of 

6.8 V. 

 

 

2. METHOD 

2.1.  Passsive battery balancing system 

In this research, the method used for battery balancing is the passive voltage balancer method with 

the type of controlled shunting resistor circuit. The difference between a fixed shunt resistor circuit and a 

controlled shunt resistor circuit can be seen in Figure 1. In a controlled shunt resistor circuit, the battery stack 

with the dissipation resistor is not connected continuously. In a controlled shunt resistor circuit, between the 

battery stack and the dissipation resistor there is a switch (usually a relay or transistor) which is controlled by 

the controller to set when the battery stack is connected or not connected to the dissipation resistor. There are 

2 modes in the controlled shunt resistor circuit, namely: continuous mode and detection mode [22]. In 

continuous mode, all switches are controlled by the same on/off signal [23]. In detection mode, when an 

unbalanced state between the batteries in the battery stack is detected, the controller will select which switch 

to connect to the battery. 

Based on the Figure 1(a), the battery stack is connected to a dissipation resistor when the battery is 

neither fully charged nor fully charged. Furthermore, in Figure 1(b), if the battery capacity is fully charged, 

then the excess input voltage will automatically be dissipated in the dissipation resistor whose resistance has 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 13, No. 2, April 2024: 724-733 

726 

been adjusted. The power dissipation on the dissipation resistor will last until the capacity of all batteries is 

balancing. This circuit can only be used on battery types that are tolerant of overcharge conditions, such as 

lead acid and nickel based battery types. The advantages of a fixed shunt resistor circuit, namely: cheap, easy 

to implement, do not require a large place, and easy to control [2]. While the disadvantages of the fixed shunt 

resistor circuit are: less effective (due to power dissipation on the dissipation resistor) [2]. 

 

 

  
(a) (b) 

  

Figure 1. Types of circuits; (a) fixed shunt resistor circuit and (b) controlled shunt resistor circuit 

 

 

2.2.  Battery voltage balancer system (BVBS) 

In the design of the tool there is a method used in the lead acid battery voltage balancing system is a 

passive voltage balancer using a controlled shunting resistor [24]. In this method, a shunt resistor component 

or a dissipation resistor is used for power dissipation when the battery is fully charged. Batteries when fully 

charged will not experience overcharge and batteries that are not fully charged can continue to be charged 

until the electrical charge between the batteries is almost equal [25]. Voltage sensors are used to detect which 

batteries need charging so that under voltage does not occur [26]. The block diagram of the working principle 

of the tool, it can be seen in Figure 2. 

 

 

 
 

Figure 2. Battery voltage balancer design block diagram 

 

 

As can be seen in Figure 2, the actuator used is a power dissipation circuit. The plant used is a lead 

acid battery and the sensor used is a voltage sensor. The database is used to receive or send data between 

controllers. The input used is the reference voltage and the voltage difference between the lead acid batteries 

that have been programmed by the user. In the BVBS, the sensor will detect the plant voltage, namely the 

lead acid battery. The detection data of each voltage sensor will be sent to the database. The voltage sensor 

detection data will be compared with the reference value. The results of the comparison of these values will 

later turn on or turn off the lead acid battery power dissipation process. The resulting output is dissipated 

excess battery power, the voltage between the batteries is balanced according to the reference voltage, the 
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data on the website database and the data is displayed on the liquid crystal display (LCD), so that it can be 

monitored by the user. 

 

2.3.  Programming algorithm for battery voltage balancer system 

The design of system programming algorithms uses flow diagrams. The system programming 

algorithm flow diagram can be seen in Figure 3. Based on Figure 3, the system starts from the input charging 

voltage (VCHG). In stage 1, the microcontroller unit (MCU) displays the parameters via the LCD. Next, the 

MCU is connected to the database, then detects the original lead acid (VA) battery voltage (VA MCU1 is 

voltage B1 and VA MCU2 is voltage B2). The MCU sends VA to the database, then retrieves the voltage 

detected by another MCU (VL) from the database (VL MCU1 is voltage B2 and VL MCU2 is voltage B1 from 

the database). Both MCU’s display VA and VL via LCD. Checks whether VA>VREF or VA>VRANGE, where 

VREF is the upper limit reference voltage VA and VRANGE is the maximum difference between VA and VL. If 

yes, then the power dissipation circuit is on. If the argument is not, then return to stage 1. The charging 

system uses an input voltage above ±13.6-13.8 V, because the control voltage value of 1 battery cell is  

±2.3-2.35 V [27]. For control current values of ±0.675 A or smaller [28]. VREF is ±7 V, to prevent over 

voltage on the battery. 
 

 

   
 

Figure 3. Second flow diagram of system programming algorithm 

 

 

2.4.  Wiring system of battery voltage balancer system 

In the charging system, the input voltage is above ±13.6-13.8 V, because the control voltage value 

of 1 cell battery is ±2.3-2.35 V [29]. For the value of the control current is ±0.675 A or less [30]. VREF worth 

±7 V, to prevent battery overvoltage. The wiring system between devices can use 3 systems. The first wiring 

system can be seen in Figure 4.  

In Figure 4, the MCU uses an external battery power supply. While in Figure 4, the MCU uses a 

USB power supply. The mark (→) indicates the connection between devices using a cable and the mark (---›) 

indicates the connection between devices wirelessly. The MCU must not use a USB power supply and an 
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external battery or a USB power supply and a voltage source at the same time, so that the MCU does not get 

excessive input voltage. 

 

 

 
 

Figure 4. Wiring system 

 

 

2.5. Hardware design of battery voltage balancer system 

Hardware design includes voltage detection circuit, power dissipation circuit, switching circuit for 

MCU power supply and lead acid battery, display circuit, and circuit packaging. In frame 1 there is a series of 

displays with a 16x2 LCD connected to the I2C module and a trimmer to adjust the brightness of the LCD 

backlight. The I2C module also has a trimmer to adjust the text contrast on the LCD. In frame 2 there is a 

voltage detection circuit with an external resistor to increase the range of detection values, because the MCU 

already has an internal voltage divider circuit. In frame 3 there is a power dissipation circuit with a MOSFET 

as a dissipation switch and a resistor for the lead acid battery power dissipation. The MCU1 and MCU2 power 

dissipation circuits use resistors with a nominal value of 100 Ω with a power rating of 0.5 W which are 

arranged in series-parallel for each of the power dissipation circuits in MCU 1 and MCU 2. In frame 4 there 

is a switching circuit for the MCU power supply and lead acid battery with MOSFET as the MCU digital pin 

switch, DPDT relay as a switch from the power supply to the lead acid battery or from the power supply to 

the MCU, a 7-12 V voltage regulator for the MCU and a 15 V voltage regulator. 

Figure 5(a) is a printed circuit board (PCB) circuit and circuit packaging in Figure 5(b). In  

Figure 5(a) there is a circuit according to the schematic consisting of a voltage detection circuit, power 

distribution as well as an MCU power supply switching circuit and a lead acid battery assembled on one 

PCB, namely PCB-1. In Figure 5(b) is a series packaging using acrylic material with a thickness of 2 mm. 

The circuit pack contains two circuits, namely circuit 1 and circuit 2 packaging. Circuit 1 packaging uses 

PCB-1 circuit and display circuit. In the display circuit there is a separate PCB of the voltage detection 

circuit, the power dissipation circuit, and the switching circuit for the MCU power supply and lead acid 

battery. 

 

 

  
(a) (b) 

  

Figure 5. Hardware design of BVBS; (a) PCB circuit and (b) circuit packaging 
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3. RESULTS AND DISCUSSION 

Before balancing the voltage between the two lead acid batteries, a voltage detection test is carried 

out for both batteries. This test was conducted to determine the detection capability of the voltage sensor. In 

this test using an external resistor connected to the MCU. Tests were carried out on MCU1 and MCU2. Figure 

6 show the boxcharts of measuring battery voltages for battery 1 and battery 2 using MCU1 and MCU2. 

The battery voltage measurements in Figures 6 use the values of DC voltage maximum (VA DCMAX) 

1 V. Based on Figure 6(a), the value of battery 1 in MCU1 mode is 5.72 V, the value of battery mode  

1-MCU2 is 5.69 V, the average value of battery 1-MCU1 around 5.71 V, the average value of battery 1-MCU2 

equal 5.69 V. While the measurement of battery voltage 1 using a multimeter of 6.12 V. Furthermore, based 

on Figure 6(b), the value of battery 2-MCU1 mode is 5.77 V, the value of battery 1-MCU2 mode is 5.76 V, 

the average value of battery 2-MCU1 is 5.77 V, the average value of battery 2-MCU2 is 5.76 V. While the 

results of the measured voltage of battery 2 using a multimeter of 6.19 V. Based on Figure 6, there is an error 

in the value of the average voltage measurement of batteries 1 and 2 using MCU1 against the average voltage 

measurement value using a multimeter >43% and the error value of measuring the average voltage of 

batteries 1 and 2 using MCU2 against the value of measuring the average voltage of batteries 1 and 2 using a 

multimeter >43%, so the values of direct current voltages maximum (V DCmax) need to be changed. After 

several observations have been made to improve sensor accuracy, the values of V DCmax 1 is 1.072 V for 

MCU1, and V DCmax 2 is 1.075 V for MCU2. The graph of the results of the second voltage measurement on 

battery 1 and battery 2 using MCU1 and MCU2 respectively can be seen in Figure 7. 
 

 

  
(a)  (b)  

  

Figure 6. Boxchart of battery using MCU1 and MCU2; (a) first battery and (b) second battery 
 

 

Based on Figure 7(a), the value of battery 1-MCU1 mode=6.11 V, the value of battery  

1-MCU2=6.12 V, the average value of battery 1-MCU1=6.12 V, the average value of battery  

1-MCU2=6.12 V. While the results of measuring battery voltage 1 using a multimeter, amounted to 6.12 V. 

Therefore, the average error value of battery 1–MCU1 and MCU2 against the value of measuring battery 

voltage 1 using a multimeter is 0.1% for MCU1 and 0.1% for MCU2.  

In Figure 7(b), the value of battery 2-MCU1 mode=6.19 V, the value of battery 2-MCU2  

mode=6.19 V, the average value of battery 2-MCU1=6.19 V, the average value of battery 2-MCU2=6.19 V. 

The result of measuring the voltage on the multimeter also shows a value of 6.19 V for battery 2. The 

percentage error of the average voltage of batteries 1 and 2 using MCU 1 against the average voltage 

detection value using a multimeter is 0.09%. Meanwhile, the average error percentage for batteries 1 and 2 

using MCU 2 is 0.3%. After calibrating the voltage sensor measurement to the multimeter, the power 

dissipation circuit is tested. This test is carried out to determine the ability of the power dissipation circuit to 

dissipate battery power. The test uses the reference value=7.1 V on MCU1 and MCU2. The results of the 

power dissipation circuit capability test are tabulated in Table 1. 

Based on Table 1, it can be seen that the dissipation circuit on MCU1 and MCU2 can turn on if it is 

above the reference voltage and not turn on if it is below the reference voltage. After testing the performance 

of the power dissipation circuit running well, a lead acid battery voltage balancer test was carried out. The 

test uses Vref=7.1 V on MCU1 and MCU2. The test also uses the voltage and electric current of the power 

supply to the lead acid battery with values of 13.8 V and 0.5 A, respectively. The test results for balancing 

battery 1 against battery 2 are repeatedly shown in Figures 8 to 10. 
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(a) (b) 

  

Figure 7. Boxchart of battery using MCU1 and MCU2; (a) first battery and (b) second battery 
 

 

Table 1. Power dissipation circuit test results 
No MCU voltage 1 (V) MCU voltage 2 (V) First dissipation circuit (V) Second 1 dissipation circuit (V) 

1 0.965 0.86 OFF OFF 
2 1.955 1.86 OFF OFF 

3 2.905 2.81 OFF OFF 

4 3.845 3.82 OFF OFF 
5 4.8 4.82 OFF OFF 

6 5.74 5.85 OFF OFF 

7 6.69 6.82 ON ON 
8 7.65 7.8 ON ON 

9 8.6 8.81 ON ON 

10 9.55 9.76 ON ON 
11 10.49 10.73 ON ON 

12 11.47 11.81 ON ON 

13 12.35 12.7 ON ON 

 

 

According to Figures 8 to 10, the detection voltage of the two batteries is balanced at 6.8 V during 

the battery voltage balancing test within 140 minutes and 160 minutes. In addition, the power dissipation 

resistor circuit does not heat up to the touch of a finger. So, it can be concluded that the battery balancing 

circuit is functioning properly. 
 

 

 
 

Figure 8. First test results battery voltage balancing 1 and 2 
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Figure 9. Second test results battery voltage balancing 1 and 2 

 

 

 
 

Figure 10. Third test results battery voltage balancing 1 and 2 

 

 

4. CONCLUSION 

The voltage balancing system for 2 lead acid batteries can be monitored with a large balance voltage 

at 6.8 V at a time of 140 minutes for MCU 1 and 160 minutes for MCU 2. System power supply can be via a 

USB power supply with a voltage of 5 V with a current of 1 A or a power supply 300 mAh capacity external 

battery. The system can detect battery voltage using a voltage detection circuit with MCU 1 voltage detection 

errors for battery voltage detection values 1 and 2. The average error percentage of batteries 1 and 2 using 

MCU 1 against the average voltage detection value using a multimeter is 0.09%. Meanwhile, the average 

error percentage for batteries 1 and 2 using MCU 2 is 0.3%. The system can send, receive or display 2 lead 

acid battery voltage data between MCUs using a wifi module arranged in series through a series of displays 

and databases, so that it can be monitored by the user. The system can dissipate excess lead acid battery 

power using a dissipation circuit, if the detected voltage exceeds the reference voltage. 
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