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ABSTRACT 

The  regenerative  braking  can  improve  energy  usage  efficiency and can prolong the driving distance of  electric  vehicles. A 

creative regenerative braking system is presented in my project. The regenerative braking system adapts to brushless dc motor . 

The electrical  drive  system  recovers  the  braking  force  and  it’s  given  to  brushless DC motor  to generate  electric  energy. 

This energy is fed back to the battery. The regenerative braking of electric vehicles can increase the driving range up to 15% with 

respect to electric vehicles without regenerative braking system. However regenerative braking does not operate all time. The 

fuzzy logic controller can be used for decision making process to select either mechanical braking or regenerative braking of 

electric vehicle because regenerative braking can’t be used under all situations. This project presents the simulation results by 

analysing the battery state of charge, braking force, and dc bus current under the environment of MATLAB and Simulink.      

Keywords—Brushless dc (BLDC) motor, fuzzy control, proportional integral derivative (PID) control, regenerative braking 

system (RBS). 

1. INTRODUCTION 

In recent years electric vehicles much attention as an 

alternative to internal combustion engine.Which is affected to 

the environmental and emission of greenhouse gases. These 

are over come in internal combustion engine. The regenerative 

braking system doesn’t supports for internal combustion 

engine. So that used for the electrical vehicles. The 

regenerative force is given to the front wheel. When the 

braking force is recover this is given to the regenerative 

braking system. It is generated electric energy. That energy 

fed back to the battery. The electric vehicle with the 

regenerative braking system is improving energy efficiency up 

to 20% with respect to electric vehicle without regenerative 

braking. However regenerative braking doesn’t use all the 

time. Example of state of charge of battery is high when act as 

a resistive load. So which life will be decreased.So there 

combination of mechanical braking and regenerative braking 

used by the purpose of safe. 

2. METHODOLOGY 

2.1. BLDC Motors 

The brushless DC motor is mostly suitable for the electric 

vehicles because of high power densities, high efficiency, 

high speed ranges, and low maintenance. The brushless DC 

motor is type of permanent magnet synchronous motor. In 

BLDC motor, permanent magnets are set off on the rotor, 

with the armature windings being fixed with a laminated 

steel core on the stator. Rotation is initiated and maintained 

by sequentially energy opposite pairs of pole windings. 
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               Fig-1: H-bridge inverter circuit 

1.1BLDC motor control 

BLDC motor control is the control of the electronic 

commutator (inverter), and the commutation is achieved by 

controlling the order ofconduction on the inverter. A typical H 

bridge is shown in Fig. 3.2. A BLDC motor uses a dc power 

supply. If we want to control a BLDC motor, we have to know 

the position of the rotor which determines commutation. Hall 

Effect sensors are the most common sensor for estimation the 

rotor position.            

 

Fig-2: Regenerative braking with single switch 

The BLDC voltage vector is divided into six segments, which 

is just a one to one correspondence with the Hall signal six 

states, as illustrated in Fig. 3.3.The basic drive circuit for a 

BLDC motor is shown in Fig. 3.2. Each motor lead is 

connected to high and low side switches. The correlation 

between the segment and the switch states is noted by the 

drive circuit firing shown in Fig.3.5. At the same time, each 

phase winding will give off a back EMF, the back EMF of 

their respective windings is also shown in Fig. 3.4. A number 

of switching devices can be used in the inverter circuit, but 

MOSFET and IGBT devices are the utmost common in high 

power applications due to their low output impedances. 

1.2 Three Phase Voltage Source Inverter 

The inverter output voltage for the three phasesof the BLDC 

motor. It  comprises  of  two  power  semiconductor  devices  

on  each  phase  leg  appropriate  pairs  of  MOSFET (<1 to 

<6)  are  driven  based  on the  hall sensors input. Three phases 

are commutated for every 120 degree. As sensors are the 

direct feedback of the rotor position synchronization between 

stator and rotor flux is achieved. 

1.3 Hysteresis Band Pulse Width Modulation 

The Hysteresis current controller to the generation of the 

switching signals for the inverter. Hysteresis band PWM is 

basically a quick feedback current control method of PWM 

where the actual current continually tracks the command 

current within hysteresis band. As current increased upper 

band limit the upper switch is off and lower switch is on. As 

the current increased lower band limit upper switch is on and 

lower switch is off like this control of the other phase going 

on. 

2. VEHICLE SUBSYSTEM 

The motor produced electromechanical torque is fed into the 

vehicle subsystem to propel the vehicle. The vehicle 

demonstrates used is the TNO Delft tyre sim mechanics 

vehicle model. This demonstrates has a central body and four 

tire subsystems. The tire subsystems are constructed based on 

Prof. Pacekja’s famous magic formula for describing tires. 

Tires have a dimension of 205/60 R15. The road surface is dry 

asphalt, and the surface 1was offered coefficient of friction. 

The Delft tyre demonstrate helped in keeping a watch on the 

variation of longitudinal slip, wheel lock can occur. A wheel 

lock is undesirable because it would prevent regeneration and 

destabilize the vehicle. 

 

          Fig-3: Structure of the control strategy system. 

2.1Driver Subsystem 

The driver block delivers to desired drive torque 

and the desired brake torque through the activation of the 
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accelerator and brake pedal, correspondingly. If the driver 

needed to accelerate the vehicle, he depresses the accelerator. 

Depending on the equal amount of depression of the 

accelerator pedal, a corresponding driver torque request is sent 

to the vehicle through difference powertrain systems such as 

the battery and motor demonstrate. When the brake pedal is 

pressed by the regeneration starts. Once the brake pedal is 

depressed, in accordance with the position of the brake pedal, 

a corresponding fraction of brake torque is applied. Then, the 

brake torque due to the regenerative brake control is divided 

into regenerative braking and friction braking. The amount of 

mechanical energy consumed by a vehicle when driving a 

prespecified driving pattern mainly depends on three factors 

these are aerodynamic friction losses, the rolling friction 

losses, and the energy dissipated in the brakes. The initial 

equation that describes the longitudinal dynamics of a road 

vehicle has the following form 

           Mv

     

  
= Ft(t)-[Fa(t)+Fr(t)+Fg(t)]    ………………. (1)         

Dynamics of a road vehicle has the following form 

        Mv(dv(t))/dt = Ft(t)-[Fa(t)+Fr(t)+Fg(t)]…………… (2) 

Where Mv is the vehicle mass (in kilograms), 

v is the speed of the vehicle (in meters per square second) 

Fa is the aerodynamic friction (in newtons)  

Fr is the rolling friction (in newton’s) and 

Fg is the force caused by gravity when driving on 

nonhorizontal roads (in newton’s). 

The prime mover minus is generated force that like to the 

traction force Ft. Which is used to accelerate the rotating 

inside part of the vehicle and then minus all friction losses in 

the powertrain. 

2.2 Aerodynamic Friction Losses 

The vehicle to be a prisms body with a frontal area Af is 

simplifying to the aerodynamic resistance force Fa is 

approximated. The stagnation pressure is multiplied was force 

caused  by an aerodynamic drag coefficient Cd to model the 

actual flow conditions. 

                           Fa =
 

 
 aAfCdV

2   ………………………..(3) 

Here, v isthe vehicle speed (in meters per square second) 

ρa is the ambient air density (in kilograms per cubic meter).  

The parameter Cd is the coefficient of drag estimated using 

computational fluid dynamics programs in wind tunnels. To 

estimate the mechanical energy, it is required to drive a 

characteristically test cycle, and this parameter may be 

assumed to be constant. 

2.2 Rolling Friction Losses 

The rolling friction is modeled as 

                           Fr =crmvg cos (α)……………………... (4) 

Where  

mv is the vehicle mass, 

g is the acceleration, 

Cr is the rolling friction coefficient,  

α is the slope angle. 

The rolling friction coefficient Cr depends on many factors. 

The most important influencing quantities are speed of the 

vehicle v, tire pressure p, and road. 

surface conditions. For many applications, particularly when 

the speed of the vehicle remains measured, the rolling friction 

coefficient Cr may be assumed to be constant. 

2.3 Uphill Driving Force 

The gravity was induced force when driving on a 

nonhorizontal road is conservative and considerably 

influences the vehicle behavior. In this project, this force will 

be modeled by 

                         Fg =mvgsin(  …………………………..(5) 

2.4 Brake Strategy Subsystem 

The control system structure is shown in Figure 3.1. , We can 

find  the driver’s required braking force, through the pedal 

sensor. According to the distribution of braking force among 

front and rear wheels,when the front braking force and the rear 

braking force can be determined, respectively. According to 

the fuzzy logic controller, we can find the value of the 

regenerative braking force. At last, the regenerative braking 

force is translated into braking current through 

The braking current Icom is proportional to the regenerative 

braking force Freg, and k1 is the scale factor. 

                                     ……………………………. (6) 
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The braking current Icom is proportional to the regenerative 

braking force Freg, and k1 is the scale factor. 

 

3 DISTRIBUTION OF THE BRAKING FORCE 

In regenerative braking system of EVs, the braking force is 

mainly the wheel braking force Ffront and rear wheel braking 

force is Frear. For the front wheel drive EVs, the front wheel 

braking force is composed of two parts front wheel frictional 

braking force and regenerative braking force. Therefore, brake 

force distribution refers to total braking force ΣF in the 

allocation of front and rear wheels, rear-wheel friction, and 

regenerative braking force distribution and coordination 

issues. A braking force distribution of the front and rear 

wheels of the EVs in the ideal case is given 

Fxb2 = 
 

 
 
  

  
√  2+4hgl fxb1/Mg)-(Mgb/hg+2Fxb1)] ………(7) 

             

         Fig- 4: EV front and rear force distribution 

In m is the quality of the EV, b is the centroid of the EV to the 

rear axle centerline distance (in meters), hg is the height of the 

centroid of the EV, and L is the distance between the front and 

rear axles of the EV (in meters). In Fig. 3.4, z is the braking 

strength, which is defined as z = dv/dt/g, where v is the speed 

of the electric vehicles and g is the acceleration of gravity. The 

front and rear-wheel braking force allocation strategy of the 

EVs is as follows when z < 0.1, the total braking force ΣF is 

all borne by the drive wheel, and the front wheel is not 

involved in the braking of the vehicle. When 0.1 < z < 0.7, the 

electromechanical composite brake is a braking force 

allocated. According to, it can be learned that, when the 

electric vehicle wheel of front and rear are locked, the ideal 

braking force distribution curve I is shown in Fig.5 

3.1Fuzzy Controller 

Speeds of the vehicle and the driver’s brake force command 

have large impacts on braking safety. Battery limitations that 

as battery capacity and the maximum permissible charging 

current play important roles in protecting them from damage. 

The capacity of the batteries can be obtained from the battery 

SOC. The maximum allowable charging current is a function 

of Q , T , SOC, and SOH. I = f(Q, T, SOC, SOH). SOH is hard 

to be evaluated and play limited roles in calculating the 

maximum allowable charging current. Therefore, we only take 

SOC and battery temperature into consideration here. The 

relationships between the important factors and the 

regenerative braking force are discussed in the following 

sections. The fuzzy logic controller  type is a sugeno function. 

Therefore, we prefer the concourse of the ratio that the 

regenerative braking force took in the total braking force is Mf 

= {Mf0, Mf1, Mf2,Mf3, Mf4, Mf5, Mf6, Mf7, Mf8, Mf9, 

Mf10} = (0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0). 

3.1.1Rules 

The control rules are the core of the whole fuzzy logic 

controller. The control model uses the form of three inputs and 

one output arrangement: IF premise 1, premise 2, premise 3 

and premise 4 THEN conclusions its fuzzy rules can be seen 

in Table. 

Speed SOC Ffront MF 

  L  L  L  2 

  L  L  M  1 

  L  L  H  0  

  L  M  L  4 

  L  M  M  2 

  L  M  H  3 

  L  H  L  3 

  L  H  M  1 

  L  H  H  1 

 H  L  L  5 

  H  L  L  5 

 H  M  M  4  

 H  H  H  10 

 H  L  L  9 

 H  M  M  8 

 H  H  H  5 

 H  L  L  3 

 H  M  M  1 

 H  H  H  9 

            Table 1 fuzzy rules 
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3.2 PID Controller 

In a PID control used primarily to ensure a constant brake 

torque, different braking force values will give different pulse 

width modulations. The PID control can quickly adjust the 

desired PWM in order to maintain braking torque constantly. 

A constant electrical braking torque can be fulfilled during the 

fuzzy inference. When the fuzzy reasoning is slower than PID 

control, The PID controller is a braking torque can be real 

time controlled 

4 Battery Subsystem 

The power request from the driver block after 

translating through the brake control strategy subsystem 

reaches the battery subsystem. Here, the positive power 

discharges the battery, and the negative power charges the 

battery. The battery is demonstrated as a look up table with the 

battery characteristics of a lithium ion (ESS Li7) battery from 

ADVISOR 3.0. Rapidly assessing the performance and fuel 

economy of conventional, electric, hybrid, and fuel cell 

vehicles. The user can receive datasheets, make changes to 

vehicle and component specifications, and run them on 

various test conditions. The battery is set with an initial SOC 

of 90%. When the positive power is fed in, it enables the 

discharge block.The discharge block depending on the SOC 

level, we obtain the maximum module voltage  can be 

supplied, from the plot draw of SOC versus voltage of the 

battery module. This module voltage is then multiplied with a 

number of cells in series to attain the battery pack voltage. 

Then, from the power demand and the maximum possible 

voltage at that SOC, we calculate the current this can be 

supplied to the motor. This current is limited by the maximum 

amount of current that the motor can handle. When a negative 

power is fed in, the charge block becomes enabled. In the 

charge block depending on the SOC level and as explained 

previously, we calculate the maximum possible battery 

voltage and current this can be fed into the battery. This 

current is again limited by the maximum current capability of 

the generator. When the power request is zero, the vehicle 

comes to rest or when the braking power is too low to generate 

a significant current, the battery inactive block is enabled. No 

current is withdrawn or put back during this phase. 

The following equations explain the battery’s soc at discharge 

and charge. 

At discharge  

 

             
  ∫   (    )

    

  
       ………….. (8) 

At charge 

                                
  ∫   

  

  
     ……….….. (9) 

 Where 

SOCdis is the electric discharge quantity at discharge mode 

SOCchg is quantity of the battery charge 

Qmis the battery capacity 

ηA(ia, τ) is the battery efficiency 

In the braking process on a flat road, the vehicle’s kinetic 

energy and regenerative electrical energy are calculated by the 

following 

   
∑    

∑    
(9) 

  With kinetic energy 

     ∑
 

 
    

    
   ………………... (10) 

And electrical energy 

     ∫       
     

   
       ………… (11) 

Where 

Ekis the battery voltage 

I (t) is the battery current 

R (t) is the charging resistance 

V1 is the initial velocity  

V2 is the final velocity 

 

                 SIMULATION AND RESULT 

Under the environmental of MATLAB and 

Simulink, the regenerative braking system modeled was 

performed. The simulation results and test are represented as 

follows. 

 

 

       Parameter        Value 

 Nominal voltage           72 

 Speed          3000 

 Current           200 

 Rated power            7 
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Table 2 Motor specification 

There was used fuzzy logic controller by the decision making 

process that’s like either mechanical braking or regenerative 

braking. The braking force convert into the actual current, this 

was comparing to the reference current value. When occur 

some error this is given to the PID controller, which was 

maintaining constant braking force to the BLDC motor.  

          

               Fig-5: simulation diagram of RBS 

The regenerative braking force was given to the front wheel 

through regenerative braking system, when the regenerative 

braking system is fed to the brushless dc motor, which was 

acted as a motor and run at 3000 rated speed. 

 

           

                          Fig- 6:  BLDC motor speed 

                             CONCLUSION 

The braking force is distributed for the front and rear wheels 

which is connected through the fuzzy controller. This decides 

either regenerative braking or physical braking of front wheel 

in according to state of charge, vehicle speed and braking 

force. As from the results we can see that the regenerative 

braking system works together with physical brake for the 

reasons are the regenerative braking torque is not large enough 

to cover the required braking torque. The results also clearly 

states that the regenerative braking can’t be used for many 

reasons such as either the high state of charge or temperature 

of the battery to decrease the battery life.     
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