REGENERATIVE BRAKING MONITORING
SYSTEM OF ELECTRIC VEHICLE
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Abstract—Electric vehicles is in rapid development. The
energy commonly used as a driving force for electric vehicles
comes from batteries. The development of electric vehicle
technology is currently concentrated on efforts to charge the
battery used by utilizing the power wasted when braking
electrically. The gearbox and final drive are installed as a
mechanical transmission system for electric vehicles to increase
the torque of the BLDC motor as the main driving force of the
vehicle. The regenerative process occurs when the Kelly-KBL
motor controller electric braking feature is activated. For this
reason, Arduino Mega and LabVIEW software are used to
observe the current and voltage of lead acid batteries with
voltage 48 V and capacity 225 Ah (C20). In addition, a 2 kW
BLDC motor RPM was also observed in the electric braking
monitoring system. From the results of monitoring and data
collection, the vehicle traveled a distance of 36.06 m in 68 s
time intervals with an average speed of 16.8 m / s. The average
torque value when electric braking on a BLDC motor supplies
154 Nm, while the average torque of the vehicle is 996.99 Nm.
The average regenerative power of the wheels is 17.07 kW,
while the average mechanical power of the wheels is 13.67 kW.
Coulometric state of charge (SOC) shows an increase in
battery capacity of 4.27% and 99.97% voltage SOC at the
beginning of the activation of the electric brake pedal.
Maximum battery power movement when charging, 2.25 kW is
caused by the activation of the electric brake pedal. Whereas
when using a maximum of 1.52 kW. The application of electric
braking has a power consumption efficiency of 0.042%. and
charging power charging 18.97%.

Keywords— Electric vehicles, electric braking, regenerative,
Arduino Mega, BLDC motor, kontroler Kelly-KBL, LabVIEW,
lead acid batteries, power, torque, state of charge (SOC), power

efficiency.

I. INTRODUCTION

Electric vehicles are a transportation with alternative
fuels that have been popular since the early 20th century. The
development of alternative fuel vehicle technology is
currently concentrated on efforts to regenerate fuel (electric
power) stored in batteries [8, p.299]. Electric vehicles
implement an electric braking system that is used to
regenerate battery power by utilizing the Back-EMF BLDC
motor.

The electric brake pedal will provide an input signal of
0V -5V to the Kelly-KBL motor controller. The input signal
becomes a trigger controller to output the braking current
from the battery to the motor. The BLDC motor switches the
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function into the generator concerned with the Back-EMF
braking current generated at each stator winding with a
sinusoidal voltage signal [8]. The Back-EMF from the stator
will flow through the motor controller to charge the lead acid
batteries [7, 11].

Regenerative braking monitoring system is designed
using two different devices. LabVIEW software version
2017 functions to calculate, display and store data in the
form of documents. LabVIEW is used because it has an
interactive display and is easy to program. Arduino Mega
hardware functions to retrieve and process data sourced from
the output signals of sensors installed in each digital or
analog pin. Both devices are integrated with serial
communication on the user's personal laptop. The data
generated is the basis of the analysis relating to electric
braking of electric vehicles to regenerate battery power.

The monitoring system will make it easier for users to
find out the vehicle safety. Safeguards in the form of battery
disconnection and replacement of fuse components with
higher values can be performed by the user if the current and
voltage displayed are higher than the specified limits in the
motor and battery controller specifications. The analysis of
efficiency using electric brakes to regenerate battery power is
calculated from input on rear wheel devided by output on
battery.

II. METHOD

A. Electric Vehicle

Electric vehicles use batteries as the main power source
so the distance depends on the capacity of the battery. The
lowest distance that can be traveled by electric vehicles
according to the New European Driving Cycle (NEDC) is
85-528 km, while the power consumption is between 117-
268 Wh/km [3, p.1]. The distance is influenced by
conditions, driving style, road conditions, climate, vehicle
system configuration, battery type and usage life [4].

On the other hand, electric vehicles have their own
advantages in terms of simplicity of construction, operation
and comfort. This type of vehicle is also free emissions with
a relatively low noise level, making it environmentally
friendly. Electric propulsion provides instant high
electromagnetic torque, even at low speeds [4, p.4]. These
advantages and limitations make electric vehicles only
suitable for use in residential areas or amusement parks.
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Electric vehicles have a combination of devices that
support vehicle operation [4, p.2]. These devices can be
classified into two systems, namely electrical systems and
mechanical transmission systems. The systems are
integrated, which could be seen in Fig. 1.
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Fig. 1. Electric vehicle system configuration [2, p.100]

Electrical system consists of various components which
are divided into several subsystems, which are presented in
Table 1.

TABLE L. COMPONENTS IN ELECTRICAL SYSTEMS

Electrical System Electrical Components

6V 225 Ah 20 h lead acid battery (8

Power source subsystem battery in series configuration)
Safety contactor
Kelly-KBL motor controller
Acceleration pedal
Control subsystem Mechanical brake

Electric brake
Forward-neutral-backward control
2 kW outrunner BLDC with hall
effect sensor

Arduino Mega

Voltage sensor

Current sensor

RPM sensor

Lighting

12V battery

Turn signal

Brake light
Steering Wheel

Electric propulsion subsystem

Monitoring subsystem

Accessories subsystem

5V voltage regulator

Transmission using a chain and prime mover inrunner
BLDC motor in electric vehicles was implemented by Kukuh
Baharudin in 2018 [7]. At present the transmission system is
replaced with the gearbox transmission system and the
BLDC outrunner motor as the prime mover. This electric
vehicle applies a rear wheel drive system, so the gearbox is
placed behind the wvehicle, just above the axle. The
mechanical transmission system of electric vehicles is
presented in Table 2.

Differential gear - 2,35
Rear wheel - -

Final Drive

In Fig. 2, electric vehicles have been developed by the
Mechanical Engineering Diploma since 2017, followed by a
group of students from the Electrical Engineering which is
focused on the electrical parts of vehicles including batteries
and electric motors.

Fig. 2. Electric vehicle

The weight and size of the electric vehicles are in Table 3
as follows.

TABLE III. WEIGHT AND SIZE
Vehicle Weight Vehicle Size

Description Unit Description Unit
Battery pack +158.4 kg Height 1,68 m
Chassis £300 kg Width 1,33 m
Gearbox +35 kg Wheel diameter 0,48 m
Wheel +166,6 kg
Two passenger | + 140 kg
Sum Total + 800 kg

B. Monitoring System

Monitoring is broadly defined as the cycle of collecting,
reviewing, analyzing, evaluating and acting based on stored
data. Regenerative braking monitoring system on LabVIEW
and Arduino Mega was developed as an additional system to
monitor the voltage, current, and RPM from battery to
BLDC motors. In Fig. 1 monitoring subsystem, LabVIEW is
used as software and Arduino Mega is used as hardware.

The software LabVIEW is an user interface that could
display in the form of graphs and save all data from
hardware. Data saving features will make it easier for users
to do mechanical and regenerative power analysis of electric
vehicles. There is an interface menu to display a warning
message that is useful for taking safety precautions in the
event of an excess battery voltage. The interface menu could
be seen in Fig. 3.

TABLE II. COMPONENTS IN MECHANICAL TRANSMISSION SYSTEMS
Mechafnc'al - Gear Rasio | Coefficient
Transmission Transmission Type .
(A:B) Rasio (k)

System
Chain 2,25:1 2,25

Gearbox Single speed gear 1:2 0,5
Chain 1:2,14 0,48
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Fig. 3. Monitoring system on LabVIEW interface

The hardware Arduino Mega is an microcontroller that
connected to sensors for reading voltage and current battery
value, also the RPM speed of BLDC motor. Sensors are
needed for monitoring and analysis activities, which is a
device that is needed to receive and respond to signals [6,
p-1]. The schematic of Arduino Mega with sensors could be
seen in Fig. 4.
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Fig. 4. Subsystem monitoring schematic Arduino Mega with sensors

The voltage sensor uses a voltage divider resistor and a
capacitor. The voltage divider resistor functions to reduce the
voltage of the lead acid battery so that it can be measured by
Arduino Mega. For DC voltages with relatively low
frequencies, the voltage divider circuit is quite accurate,
where the frequency response over a wide range is fast
enough. Voltage divider resistors need capacitive elements to
compensate for load capacitance, the device used is a
capacitor.

ACS758 is a device for measuring AC or DC currents by
contact, while WCS1500 is not contact. Both devices are
commonly used for close loop control, where ACS758 and
WCS1500 will provide feedback signals in the form of
steady state errors. In the regenerative braking monitoring
system of electric vehicles, the two sensor devices are used
to measure the amount of current in the lead acid batteries
and the three-phase BLDC motor controller.

The device for identifying infrared light is called the
photodiode infrared (IR-Photodiode) sensor which is
available in the form of modules. The sensor is placed next
to the BLDC motor with a distance of about 3 cm.

C. Mathematical Equations

Equations are statements that express the equations of
two mathematical expressions. Equations have the equal
sign, right-side expressions and left-side expressions.

Mathematical equations are used to analyze data stored by
the monitoring system.

The first equation is to get revolutions per minute (RPM)
value. RPM describes the movement of a BLDC motor that
moves at a constant speed in a circle of radius » in the Tppr
period as the time interval required for one full rotation of a
BLDC motor as shown in Fig. 5 [10, p.92]. The
mathematical equation used for the calculation of RPM is
expressed as the following [9].

My = [PPR X 60[}00]}‘"[}:;; (1)

PPR is calculated if the IR-Photodiode sensor is passed
by the white part of the rotating motor shaft, 7, is the time
function millis (ms) of Arduino Mega minus oldtime as the
final time of PPR calculation. The value of 60000 is the
conversion of millisecond units to minutes.

BLDC Motor

Finer
n

Fig. 5. BLDC motor RPM

Based on Fig. 5, the conversion of RPM to linear velocity
(m/s) the following equation is used [2, p.1].

Vtr = Mty X (2 X7 X 1) /60 2)
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Fig. 6. Torque and speed flow diagram in gearbox

In Fig. 6, speed and torque will change when
accelerating. Gearbox in Table 2 has a coefficient of gear
rasio, where in chain 1 there is an r; as gear A with input
speed originating from motor speed v,,,. Gear A connected to
pinion r; as gear B using a chain producing output speed v,,,;
by the following equation.

Vour:1 = kl X Viner (3)

On the single speed gear section there is a Z; as gear A
with input torque and input speed originating from the v,,,;.
Z, rotation is in the opposite direction with Z, as pinion gear
B, produces a output speed v,,;; by the following equation.

Foupn = ‘;:’_’ X Fautt (4)

On the chain 2, in which there are r; as gear A and r; as
gear B. r; has input speed coming from a single speed gear
output speed v,,.2. 7 is a pinion gear with output speed v, as
final output speed of gearbox to axle and wheels (final
drive). The equation for v, as follows.
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Vg = RZ X Vouta (5)

In Table 2, the chain 2 chain in the gearbox provides
speed v, to differential gear as v, with a differential ratio (k).
The differential gear speed v, is obtained by the following
equation.

vy = kg X Q)

If the electric vehicle going straight, the differential gear
speed v, will be halved evenly towards the right wheel and
left wheel with the following equation.

B S Vil = Wr = Udfrg (7

Force F causes acceleration of the mechanical component
on vehicle. Based on Newton's second law, the force on a
vehicle can be calculated by multiplying the weight of the
vehicle m (in Table 3) by acceleration a with the following
equation [1, p.142].

F=mxa (3)
Then, to calculate the average acceleration can be done
with the following equation [1, p.18].

a= dvfdt )]

The rotating force of a BLDC motor creates mechanical
torque affected by the radius of the BLDC motor or wheel r
in the following equation [12, p.7].

T=rxF (10)

Mechanical torque produced by the BLDC motor will be
affected by the gearbox and final drive, so r is equal to gear
rasio coefficient k. Thus, the equation as follows.

T=kxF (11)

To calculate the ratio of displacement or distance used
the following equation in the form of infinite integrals (or
antiderivatives) in both segments in the equation as follows
[1, p.25].

ldsy = [, dt (12)

The next equation is converting hall effect signals from
the ACS758 and WCS1500 sensors to current value. The
mathematical equation to calculate the amount of current is
as follows [5].

Vpp = ((maxValue — minValue) x 5) /1024

(13)
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Then,

Tpaer = ((Vpp/2) % 1000) fsensitivity X g5 (14)
The voltage value based on the voltage divider sensor is
calculated using the following mathematical equation.

Viare = Veenavar X (5/1024) X Vegip (15)

After get the amount of current and voltage by sensors,
the important parameter for lead acid batteries analysis is
State-of-Charge (SOC). SOC could be defined as the ratio of
remaining capacity to fully charged capacity in hour unit.
Changes to SOC are stated with equation as follows [8,
p.302].

ASOC = Iypee JQ Ui p) dit (16)

Charging or discharging occurs during the time interval
in certain voltage besides current. This means that a fully
charged battery has 100% SOC and an empty battery has 0%
SOC [8, p.302]. When discharging the positive battery
current and when charging a negative battery current. Thus,
the battery SOC can be calculated with the initial value of
Vminand final value 7, in the following equation.

50C =100 x (""Emt: - me)"’(_"’max - Vr‘;fﬂ] (17)
For electric vehicles, power capacity is considered more
important than coulometric capacity (Ah) [8, p.302], because
it is directly related to dynamic vehicle operation. V,,, is a
voltage symbol and [, is a current symbol at the battery
terminal. Battery power can be expressed with the following

mathematical equation [2, p.302].

Poare = Voarr X ipare (18)

Mechanical power is different from battery power,
affected by mechanical components on electric vehicles.
Power in a mechanical component of a vehicle with the
following equation [1, p.156].

P=Fxv (19)

With the calculation of battery power and mechanical
power, regenerative braking can be observed by the change
in mechanical power from the wheel rotation as input to
electric power on battery power as output for reuse to
accelerate. In which could be shown in Fig. 7.
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Fig. 7. Power flow diagram on electric vehicles

Power losses during discharging and charging the battery
appear in the form of mechanical losses. Therefore, battery
efficiency during discharging and charging can be calculated
at a certain point of electric braking (decceleration) as the
ratio of wheel power as input to battery power as output.
Battery efficiency when discharging is calculated by the
following equation.

Ndizcharaing = P dr‘sh:mﬁ‘rgosrr dizharae (20)

and battery efficiency when charging is calculated by the
following equation.

lcharaing = Foare cravas/Pv charge (21)

The battery is estimated to have high discharging
efficiency with high SOC and high charging efficiency with
low SOC. Therefore, the Kelly-KBL controller unit must
control the battery SOC in its middle range to improve
operating efficiency and reduce the temperature rise caused
by power losses.

III. DATA ANALYIS

The data generated by the monitoring system are battery
voltage, battery current and motor RPM. One way to analyze
data is to look for a constant value or average value.
Calculated by dividing the accumulated data by the amount
of data (number of data samples). This chapter is an analysis
of data based on the following mathematical equation.

A. Analysis of Gearbox and Final Drive Effects

The installation of the gearbox and final drive causes
changes in speed and torque. Changes that occur is decrease
or increase in the value of the speed and torque flowing from
the BLDC motor to the wheels as in Fig. 6 about the flow of
speed and torque of vehicles. The speed value is obtained
from (2), then recalculated with the coefficients listed in
Table 2. The change in speed can be seen in figure as
follows.
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Fig. 8. Speed change on the gearbox

From Fig. 8, the BLDC motor speed is smaller than chain
1 (Viuer < Vourz)- Chain speed 1 is greater than single speed gear
(Vour1 = Vourz)- Single speed gear speed is greater than chain 2
Vourz = Vg)~

Final drive consists of differential gear and wheels as
shown in Fig. 1. The speeds of the two mechanical
components are obtained from (6) and (7). The speed of the
final drive is shown in figure as follows.
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Fig. 9. Change in speed on the final drive

The differential gear speeds are distributed to the right
wheel and the left wheel, so the speeds on both wheels are
the same, referred to as v,. From Fig. 9, the differential gear
speed is greater than the wheel speed (V; > 7).

Based on the data shown in Fig. 8 and 9, the average v,,,
is 25.41 m/s, while the average v, is 16.8 m/s. Thus, the
installation of the gearbox as a mechanical transmission
system for electric vehicles causes a decrease in the speed of
the BLDC motor.

The torque is obtained from (10) and (11), the radius of
the BLDC motor and the wheel of the vehicle are the same.
But the gear radius is assumed to be equal to the gear ratio
coefficient in the gearbox and final drive. The results of the
torque calculation are shown in figure as follows.
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Fig. 10. Torque change on the gearbox

Fig. 10 shows that the torque of a BLDC motor is smaller
than chain 1 ( 7, <=£ T,,;). Chain 1 torque is greater than

single speed gear (£ 7,,; > £ T,.). Single speed gear torque
is greater than chain 2 (£ T, > £ Ty).

BT
—— 7 Tl e nqu (7]
—8—WWhezl Tarcus 1

40300 4

ek U e

S0 i .
‘o L kH ol i 40 k1) ED T Hiy
Tirre s}

Fig. 11. Torque change on the final drive
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Fig. 11 also shows the same torque movement
characteristics as Fig. 10. The differential gear torque is
evenly distributed to the right wheel and left wheel.
Therefore, the differential gear torque to give rotation to the
wheels has greater value (£ 7, <+ T,).

The resulting torque graph is very dynamic due to the
operation of the electric brakes. It can be seen that the torque
is positive and negative. When the electric brake is active,
negative torque will slow down the speed of the wheel. The
analysis of torque rotational direction is relative because gear
rotation varies for forward and reverse vehicle conditions, in
the other hand regenerative brake is happened in discrete
time.

Based on the data shown in Fig. 10 and 11, the average
BLDC T, is 154 Nm, while the average T, vehicle is
996.99 Nm. Thus, the installation of the gearbox as a
mechanical transmission system for electric vehicles causes
an increase in BLDC motor torque.

B. Vehicle Speed and Acceleration Analysis

BLDC motor RPM data generated by the regenerative
braking monitoring system is useful in calculating the
distance, speed and mechanical acceleration of electric
vehicles. To calculate the vehicle's mileage, the speed data is
reprocessed to get the value of the wheel speed after going
through the gearbox and final drive. Distance achieved
during data collection is calculated based on (12).

When the acceleration changes with a positive value, the
vehicle is said to experience acceleration [1, p.19]. If the
vehicle acceleration changes with a negative value, then the
vehicle is said to experience deceleration. The results of

calculating the distance, speed and acceleration or
decceleration of the vehicle are shown in figure as follows.
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Fig. 12. Distance, speed and acceleration of electric vehicles

From Fig. 12, the speed and distance have the same
value. Electric vehicles travel a distance of 36.06 m in 68 s
time intervals. Electric vehicles drove with an average speed
0f 16.86 m/s durlng data collectlon The average acceleration
at a certain time t is 1.04 m/s The average deceleration at a
particular time t is 1.73 m/s’.

Electric vehicle slowdown is affected by negative value
torque when the electric braking takes place. In other words,
the current flowed by the controller is opposite to the wheel
torque. Thus, the electric brake to slow down the speed of the
vehicle is functioning.

C. Vehicle Force and Power Analysis

Force is an important factor in the analysis of vehicle
torque and power. The force is calculated by (8), influenced
by the weight of the vehicle in Table 3 and the acceleration
or deceleration in each gearbox and final drive component.
Torque analysis in Fig. 10 and 11 has been done with the
force affected by the BLDC motor radius and gear ratio
coefficient. The results of the force calculation on the
gearbox are shown in figure as follows.
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Fig. 13. Force change on the gearbox

In Fig. 13, the BLDC motor force is smaller than chain 1
(£ Fr < £ F,,). Chain force 1 is greater than single speed
gear (= F,,;; > £ F,,.»). Single speed gear force is greater than
chain 2 (£ F,; > £ Fy).
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Fig. 14. Force change on the final drive

Fig. 14 shows the force affected by vehicle acceleration.
The differential gear force is larger than the wheel force (+
T,>+T,). The average force of a BLDC motor is 641.89 N,
while the average force of a vehicle's wheels is 401.65 N.
The decrease in force is influenced by the acceleration of
each gearbox and final drive component.

Mechanical power is calculated by (19), based on the
force and speed of each gearbox and final drive component.
The results of the force calculation are shown in figure as
follows.

Journal of Electrical, Electronic, Information, and Communication Technology (JEEICT) 6

Vol. 1 No. 1, October 2019, Pages 1-8



Pawear (kK

e A T T
Time (5]

Fig. 15. Power change on the gearbox

In Fig. 15, BLDC motor power is smaller than chain 1 (=
P, <+ P,,). Chain power 1 is greater than single speed
gear (+ P,,; >+ P,,;). Single speed gear power is greater
than chain 2 (£ P, > £ P,).
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Fig. 16. Power changes on the final drive

Fig. 16 shows the amount of power that is affected by
vehicle acceleration. The differential gear power is greater
than the wheel power (£ P, < + P,). The average power of a
BLDC motor is 15.57 kW, while the average power of a
vehicle's wheels is 5.98 kW. The increase in power value is
influenced by the speed of each gearbox and final drive
component.

Mechanical power in a wheel can be used as a predictive
value of the power generated for regenerative batteries. The
mechanical negative power of a wheel is an indicator of a
regerative power for charging and the positive power is for
discharging batteries. The mechanical power data is
separated into figure as follows.
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Fig. 17. Regenerative power of a wheel for charging batteries

The regenerative power during electric braking comes
from wheel to the batteries for charging. In Fig. 1, it can be
seen that the wheel is mechanically connected from the
differential gear to BLDC motor, while the connection
between BLDC motor to batteries is electrically. The 17th
sample data increasing significantly from the regenerative
power trend. The value of the 17th sample data is -92.31 kW.
Therefore, it is necessary to calculate the average value of
the regenerative power of a wheel because of the fluctuated

data. So that the average regenerative power from wheel is
obtained 17.07 kW.

The mechanical power during electric braking comes
from batteries to the wheel, named discharging. In Fig. 18,
the 41st sample data shows different values from the
regenerative power trend. The value of the 41st sample data
is 84.23 kW. The average mechanical power on the wheel is
obtained 13.67 kW.
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Fig. 18. Mechanical power of a wheel for discharging batteries

D. Battery Power and State of Charge (SOC) Analysis

State of Charge (SOC) increased capacity of lead acid
batteries (C20 = 225 Ah) during electric braking [8, p.302].
With a capacity Q at constant current i, instead of 11.25 A,
changes in the value of SOC are calculated based on the
equation 16 results as follows.
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Fig. 19. State of Charge (SOC) of lead acid batteries based on current

Fig. 19 shows the movement of SOC in coulometric,
meaning that battery capacity increasing 4.27% at the
beginning of the activation electric brake pedal. SOC moves
dynamically until touched the value of 0% due to the
movement of current entering or exiting the battery to the
controller during electric braking. The Kelly-KBL controller
releases the braking current which slows the wheel
acceleration rate.
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Fig. 20. State of Charge (SOC) of lead acid batteries based on voltage

From Fig. 20, the maximum SOC value of 99.97% is
caused by an increasing battery voltage when the electric
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brake pedal is activated for the first time. SOC affects the
battery charging power during electric braking. SOC moves
down because the battery power is consumed by the BLDC
motor to deccelerates wheel acceleration.
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Fig. 21. Lead acid batteries power change

Fig. 21 shows the movement of battery power with a
maximum charging value of 2.25 kW caused by the
activation of the electric brake pedal. Dynamic moving
power follows the charging and discharging current and
voltage from the battery to the controller to release braking
power which slows the vehicle's speed. The maximum value
of discharging is 1.52 kW. The electric power in a battery
can be classified according to the mechanical negative power
of the wheel is an indicator of the regenerative power for
charging and positive power for battery discharging. Battery
power data is separated into pictures as follows.
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Fig. 22. Lead acid batteries power during charging

Fig. 22 shows the charging data sample of battery power
with a maximum charging value is 2.25 kW in the 3rd
sample data caused by the activation of the electric brake
pedal. The average charging power to batteries is obtained
0.9 kW.
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Fig. 23. Lead acid batteries power during discharging

Fig. 23 shows the discharging data sample of battery
power with a maximum discharging value is 1.52 kW in the
44th. The average power discharging from batteries is
obtained 0.57 kW.
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The efficiency of electric braking can be mathematically
analyzed by the ratio of wheel mechanical power to battery
power (20) when charging and battery power to wheel
mechanical power by (21) when discharging. Power of
battery and wheel for calculated the efficiency is constant. So
the power efficiency when charging is 18.97% and
discharging is 0.042%.

IV. CONCLUSION

The electric brake system have low charging efficiency
and very low discharging efficiency with high State of
Charge (SOC). Vehicles travel a distance of 36.06 m in 68 s
time intervals. Mechanical power value increased by the
speed of each gearbox and final drive component. The
average regenerative power from a vehicle’s wheel is 17.07
kW and average mechanical power to the wheel is obtained
13.67 kW. In the others, the average charging power of
batteries is 0.9 kW and the average power discharging from
batteries is obtained 0.57 kW. The maximum SOC value is
99.97%, caused by an increasing battery voltage when the
electric brake pedal is activated for the first time. Whereas
the power efficiency when charging is 18.97% and
discharging is 0.042%. Therefore, the controller unit could
be re-program to control the battery power during electrical
brake in its middle range to improve operating efficiency and
reduce the temperature rise caused by power losses.
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