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Abstract - The main objective of the work is to protect the 
battery cells from abuse and damage. It extends the battery 
life as long as possible and it makes sure the battery is always 
ready to be used. Implementation of active clamp forward 
converter for active cell balancing, Design a new BMS platform 
based on available dedicated integrated circuits and 
microcontrollers targeting fast sampling, high accuracy, low 
consumption and low cost. The BMS topology and active 
forward converter was simulated in Or CAD, TINA software 
and MATLAB Simulink software. The simulation of the active 
forward converter showed that for an input voltage of 40V the 
output voltage was 3.3V, with an efficiency of 90%. The ripple 
in the converter is limited to less than 5%. The BMS topology is 
reviewed and the PCB was printed, then the PCB is tested with 
connecting battery stack for both charging and discharging 
process of active cell balancing. 
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1. INTRODUCTION  
 
The increasing use of lithium-based battery cells in electric 
and hybrid vehicles has presented many challenges in terms 
of system design and safe use of the cells [7]. These 
challenges include the unique characteristics of the battery 
chemistry that requires new technologies for monitoring and 
maintaining the battery cells during use, real time decision 
making based on measured parameters, and optimizing the 
overall system to obtain the maximum performance [8]. 

The balancing of a lithium-based battery system [9-11] has 
one very large benefit. As the batteries are charged and 
discharged their capacity is reduced. The unbalanced 
discharging and charging of cells accelerates the time before 
the cell capacity is diminished to the point of the system 
being no longer useful or decreases the time before failure. 
The equal charging and discharging of the individual cells 
allows the end user to obtain the maximum energy and life 
out of the battery system as a whole, eventually saving cost 
and environmental resources [12-13]. While battery energy 
capacity, weight, and reduced harm to the environment are 
continually being improved, the technology is still slower 
progressing than the technology using the batteries as an 
energy source. Therefore, the utilization of the present 
battery technology is of great importance. 

The output power requirement of the proposed converter is 
100W. 3.13V to 3.46V and 30A are the full load converter 
output voltage and current specifications. An input voltage 
range is specified for the stable operation of the proposed 
topology. The minimum input voltage supplied to the 
converter is 39.6V. The maximum input voltage allowed for 
the stable operation is 52.8V. The maximum duty ratio for 
the converter operation is 0.6. UCC2897A PWM controller is 
used. In the BMS system the PWM signals were given to the 
both primary and secondary side switches from the 
EMB1499Q IC. The signals to the dc-dc converter IC were 
from EMB1428 which is controlled by the microcontroller. 

1.1 Li-ion battery 
 
An electric battery is a device consisting of one or more 
electrochemical cells with external connections provided to 
power electrical devices such as flashlights, smartphones, and 
electric cars. When a battery is supplying electric power, its 
positive terminal is the cathode and its negative terminal is 
the anode. The terminal marked negative is the source of 
electrons that will flow through an external electric circuit to 
the positive terminal. Battery cells are connected in series 
and parallel configuration to obtain required output voltage 
and current from battery pack. The parameters that are to be 
considered while choosing batteries are battery capacity 
(Ah), battery voltage, battery charging and discharging rate, 
efficiency, power density, cost and lifecycle. This provides the 
comparison of various parameters of different batteries for 
electric vehicle.  

Lithium is the lightest metal with the greatest 
electrochemical potential and the largest energy density per 
weight of all metals found in nature. Using lithium as the 
anode, rechargeable batteries could provide high voltage, 
excellent capacity and a remarkably high-energy density. 
However, lithium is inherently unstable, especially during 
charging. Therefore, lithium ions have replaced lithium 
metals in many applications because they are safer than 
lithium metals with only slightly lower energy density. 
Nevertheless, certain precautions should be made during 
charging and discharging.  

1.2 Active Cell Balancing 
 
In Passive cell balancing the excess charge was not made 
used of, hence it is deemed to be inefficient. Whereas in 
active balancing the excess charge form one cell is 
transferred to another cell of low charge to equalize them. 
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This is achieved by utilizing charge storing elements like 
Capacitors and Inductors. There are many methods to 
perform Active cell balancing lets discuss the commonly 
used ones. 
 
Charge Shuttles (Flying Capacitors) 

This method utilizes capacitors to transfer charge from 
high voltage cell to low voltage cell. The capacitor is 
connected through SPDT switches initially the switch 
connects the capacitor to the high voltage cell and once the 
capacitor is charged the switch connects it to the low voltage 
cell so that the charge from the capacitor flows into the cell. 
Since the charge is shuttling between the cells this method is 
called as charge shuttles. The below Figure 1 shows the 
charge shuttles. 

 
Figure 1 Active cell balancing 

 

2. Battery Management Systems (BMS) 
 
There are different types of BMSs that are used to avoid 
battery failures. The most common type is a battery 
monitoring system that records the key operational 
parameters such as voltage, current and the internal 
temperature of the battery along with the ambient 
temperature during charging and discharging. The system 
provides inputs to the protection devices so that the 
monitoring circuits could generate alarms and even 
disconnect the battery from the load or charger if any of the 
parameters exceed the values set by the safety zone. 
 
The battery is the only power source in pure electric vehicles. 
Therefore, the BMS in this type of application should include 
battery monitoring and protection systems, a system that 
keeps the battery ready to deliver full power as it is necessary 
and a system that can extend the life of the battery. The BMS 
should include systems that control the charging regime and 
those that manage thermal issues. 
 
In a vehicle, the BMS is part of a complex and fast-acting 
power management system. In addition, it must interface 
with other on-board systems such as the motor controller, 
the climate controller, the communications bus, the safety 
system and the vehicle controller. 
 
External charger is connected to the battery by contactor 
and it is control by battery control unit. Loads like ECU 
engine and controller are connected to the battery by DC/DC 
converter to give sufficient supply required to that by using 
contactor. BMS control the current, temperature and voltage 

in each cell in the battery. Cell: The basic electrochemical 
unit used to generate electrical energy from stored chemical 
energy or to store electrical energy in the form of chemical 
energy. A cell consists of two electrodes in a container filled 
with an electrolyte. Two or more cells connected in an 
appropriate series/parallel arrangement to obtain the 
required operating voltage and capacity for a certain load. 
The term battery is also frequently used for single cells. This 
terminology will also be adopted in this thesis, except at that 
time of distinction between cells and batteries is needed. A 
good example is a battery pack, which consists of several 
cells connected in series and/or parallel. BMS Block Diagram 
is shown in Figure 2. 

 
Figure 2 BMS Block Diagram 

 

3. Active clamp forward converter operation 
 
The low side active clamp circuit employed forward 
converter is as shown in Figure 3 The switch M2 and 
capacitor C1 form the low side clamp circuit [21]. This circuit 
absorbs the surge energy and performs core reset completely 
with reduced voltage stress across the primary switch M1. 
The energy transfer to the secondary winding occurs 
throughout the power transfer mode. The stored energy in 
the primary winding is transferred to the capacitor C1 during 
the reset time. The clamp switch in high side configuration is 
the N channel device. High side clamp circuit is preferred for 
the converter applications requiring the lowest voltage 
stress. More component choices are available for high side 
clamp since the N channel device is used. The clamp switch in 
low side configuration is a P channel device [24]. 

 

Figure 3 Active clamp forward converter 
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Mode 1: t0-t1 

During this state shown in Figure 4 power is transferred to 
the secondary as the main switch, QMAIN, is conducting and, 
under the right conditions, has just turned on. The primary 
current is flowing through the channel resistance of QMAIN 
and is made up of the transformer magnetizing current plus 
the reflected secondary current. On the secondary side, the 
forward synchronous rectifier, QF, is on and carrying the full 
load current. In the previous state, the load current was in the 
synchronous rectifier, QR, which is turning off as QF is being 
turned on so they are both subjected to some turn-on loss.  

    

Figure 4 t0 to t1 Power Transfer Interval 

Mode 2: t1-t2 

This is the resonant state shown in Figure 5 that occurs 
within each switching cycle. During this state QMAIN has 
turned off under ZVS and the primary current remains 
continuous as it first charges up the drain to source 
capacitors of QMAIN and discharges the drain to source 
capacitor of QAUX. Then it is diverted through the body 
diode, DAUX, of the clamp switch, QAUX. Because of the 
direction of the primary current flowing through DAUX, 
QAUX must be a P-channel MOSFET (body-diode pointing 
down) for low-side active clamp applications. Since the 
secondary load current is freewheeling, there is no reflected 
primary current, so the only current flowing through DAUX is 
the transformer magnetizing current. Therefore the body-
diode conduction loss of QAUX is minimal and the conditions 
are set for QAUX to turn on under ZVS. The delay time 
between QMAIN turn-off and QAUX turn-on, also known as 
the resonant period, distinguishes the active clamp from 
other single ended transformer reset methodologies. On the 
secondary side, the voltage across the secondary winding has 
collapsed as it reflects the primary side voltage. This should 
result in a near zero voltage transition of the current into the 
body diode of QR as the winding reverses voltage polarity.  

 

Figure 5 t1 to t2: Resonant Interval 

Mode 3: t2-t3 

This is the active clamp state shown in Figure 6, the 
transformer primary is reset. Although the schematic of 
Figure 3.5 shows an immediate reversal of the primary 
current, the transition from positive to negative current flow 
is actually smooth and had really begun during the previous 
state as the magnetizing current had reached its maximum 
positive peak value. On the primary side, QAUX is now fully 
turned-on as the difference between the input voltage, VIN, 
and the clamp capacitor voltage is now applied across the 
transformer primary. QAUX is subject to minimal conduction 
loss as only the magnetizing current is flowing through the 
channel resistance. Conversely, on the secondary side, QR is 
carrying the full load current through its channel resistance 
and is experiencing high conduction loss. 

   

Figure 6 t2 to t3: Active Clamp Reset Interval 

Mode 4: t3-t4  

During this state QAUX has turned off under ZVS and the 
magnetizing current starts to decrease the voltage on the 
drain to source parasitic capacitor of the QAUX and QMAIN 
FETs resulting in a voltage decrease on the QMAIN drain to 
source capacitance and a negative voltage increase on the 
drain to source capacitance of QAUX. This change in voltage 
results in a decrease in voltage across the primary winding 
and the change in voltage is reflected to the secondary. 
Changing the secondary voltage requires current to change 
the drain to source capacitance of QF and the gate 
capacitances of both QF and QR. This results in the primary 
side magnetizing current being diverted to the secondary to 
alter the voltage on the gate to source capacitances of the 
secondary switches and slows the rate of change of voltage 
on QMAIN. In this mode, primary voltage Vp remains zero. At 
the secondary side, the intrinsic diodes of the forward and 
freewheeling switches S3 and S4 are forward biased as 
shown in Figure 7. 

 

Figure 7 t3 to t4: Qaux "OFF" to Qmain "ON" 
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4. Design of active clamp forward converter 
 
The design of the main transformer is as follows: - 
Calculation of the total output power of the converter                                      

=                                       
Where, Pout1 is the required output power 
Pbias is required power for PWM-ICs and OPAMP circuits 
Pout is the total output power the transformer is designed 
for 

=                              
  = 3.3×30 = 100 W 

=                                               
= 12×0.1 = 1.2 W 

Calculation of input pulsating current and primary current 
Input pulsating current   
                                                             

Ip=                          
   = 104.2 ÷ (0.9×36×0.6)= 5.36A 

Average primary current =                                             
                                      = 104.2 ÷ (0.9×36) 
                                      = 3.216 

Calculation of area product:-The power transformer's size is 
calculated by the Area product method [3]. The area product 
is calculated before the transformer core selection. 
Ap = Ac. Aw                                                         
Where, Ac: Core cross section area, Aw: Window area 
Ap: Area product        =                                                          
Where, 
Pout: Output Power  
Kw: Window Factor. 
Fsw : Switching Frequency  
Bm: Flux Density (Tesla) 
J: Current Density (Amp/  ) 
Dmax: Maximum Duty Cycle 
Kw, Bm & J are used for the optimum design of the 
transformer. The optimum design is finally decided by the 
small size & lower power dissipation of the transformer. 
Optimized values of Kw, Bm & J are used in the design. 
Normally, Window Factor (Kw) varies from 0.3 to 0.5. Flux 
Density (Bm) depends on the core material. It varies from 
0.12 to 0.2. Current Density varies from 3Amp/  to 
6Amp/   [3]. The chosen values for the design are as 
follows: Flux density, Bm=0.12T; Current density, J= 6 
A/mm2; Window factor, Kw = 0.4. 
Substituting the values into equation (4.8), calculated area 
product is, 

 =  

=2.366  . 
Requirement of core selection Appropriate core is selected 
having area product value larger than the calculated value of 
the Ap [19]. The specifications of the core selected are as 
follows:  

Core selected: PA0810NL.The selected core has the cross-

sectional area Ac = 136  and window area Aw = 54.139  

 . 
Ap = Ac. Aw 

                = 7.37×103 mm4 

Calculation of primary winding turns 

 =   

                =  = 6 

Calculation of secondary winding turns 

             =      ;     =   = 0.153 

              Ns = 0.153  6 = 1 

Transformer primary winding is wound for 6 turns and the 
secondary winding is wound for 1 turn 
Diameter of wire 

           dn = 0.127 *                                    
                   = 0.3211 

Cross-sectional area of AWG 

             Aw_28 AWG =   d n2 = 0.081 

Primary no of strands =       

                                            
                                            = 26 strands             

 Secondary no of strands= 
 

                                                  

                                             
                                         = 70 strands 
Calculation of winding inductance for nominal AL value 

Primary inductance      Lp = AL * Np2                                       

                                                  = 6680 * 52                                                                                                                        

                                        = 167 uH 

Secondary inductance  Ls = AL * Ns2                                            
                                      = 6680 * 12 
                                      = 60 uH 

Primary winding is wound for 4 turns each turn has 26 
strands. Secondary winding is wound for 1 turns, each turn 
has 70 strands. The primary inductance is equal to 167uH 
and secondary inductance is equal to 60 uH. 
 
Output filter design 
The output filter section consists of an inductor in series for 
current smoothening and capacitor in parallel for a 
reduction in the output ripple voltage. 
Calculation of output inductance 
The maximum ripple content in output current is assumed to 
be 15%. The minimum duty cycle Dmin allowed for the 
converter operation is calculated. 

                                                                                    
= 2.281uH 
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Calculation of Output Capacitance 
                                    

                                
   = 671.642uH 

Calculation of active clamp capacitance, Clamp 
capacitance is calculated for a 20% voltage ripple.                                        

 
           = 24.699nF 
5. SIMULATION RESULTS  
 
The Ziegler-Nichols’ method PI controller is included in the 
feedback path of the converter for the closed-loop operation. 
This voltage is compared with the constant voltage of 3.25V 
in the error amplifier. The compensated value from the error 
amplifier fed to the PI block. The PWM pulses are generated 
and are fed as gating signals to active clamp and main 
MOSFET as shown in Figure 8. 
 

 
Figure 8 Closed-Loop Active Clamp Forward Converter 

 
The conventional forward converter is simulated using 
MATLAB. The output voltage waveform of the conventional 
forward converter is as shown in Figure 9. 

 

Figure 9: Output voltage of conventional converter 
without active clamp. 

An output voltage of 3.3V with a ripple of 0.15 is obtained for 
an input of 40V and 0.6 duty ratio. 

The proposed battery management system (BMS) topology 
is tested and hardware waveforms are obtained using DSO. 
Figure 10 shows the primary side main MOSFET  and, 
secondary side forward MOSFET Qf and freewheeling 
MOSFETS Qr gate waveforms for nominal input voltage and 
full load conditions of 40V. The complementary gate signals 
are generated for forward and freewheeling MOSFET. Figure 
11 shows the Vgs of aux/clamp MOSFET. 

                                                                                   
Figure 10 Vgs of Primary Main MOSFET (pink), Secondary 
Forward MOSFET (blue), Freewheeling MOSFET (yellow). 

 

Figure 11 Vgs of aux/clamp MOSFET. 

6. CONCLUSIONS 

The purpose of this project was to examine an active method 
of battery cell balancing for lithium based battery systems. 
Topologies were reviewed to determine the design for the 
hardware that was ultimately constructed and tested. 
Simulations were also performed as a metric to validate the 
hardware operation. Overall, the active balancing system 
met the goal of being more effective at maintaining the 
system voltage and reducing the time taken to balance the 
cells. The battery cell voltages were sensed and the 
temperatures of the battery cell were sensed. In this work, 
active clamp forward converter was adopted. A high-speed 
PWM controller provides PWM pulses for the switches of the 
converter. Complementary gating signals were provided 
through the EMB1499Q IC. The hardware implementation 
includes converter along with startup, overvoltage and 
under voltage protection circuits 
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