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Abstract- This paper describes bidirectional DC-DC
converter fed separately excited dc motor for EV application.
Battery fed electric vehicles (BFEVS) is required to function in
three different modes namely: normal (steady-state) mode,
acceleration mode and braking (regenerative) mode. During
acceleration and normal modes the power flow is from battery
to motor whereas during braking or regenerative mode the
kinetic energy of the motor is converted into electrical energy
and fed back to battery. This paper explain the Performance
analysis and Result of DC-DC converter fed drive for electric
vehicle system. Also shows the simulation of model.

Keywords- DC-DC converter, dc motor, MATLAB
I. INTRODUCTION

Recently dc-dc converters are widely researched and
developed for various applications. In case of the battery fed
electric vehicles (BFEVs), electric energy flows between
motor and battery side. For achieving zero emission, the
vehicle can be powered only by batteries or other electrical
energy sources. Batteries have widely been adopted in ground
vehicles due to their characteristics in terms of high energy
density, compact size, and reliability. The use of a Bi-
directional dc-dc converter fed dc motor drive devoted to
electric vehicles (EVs) application allows a suitable control of
both motoring and regenerative braking operations, and it can
contribute to a significant increase the drive system overall
efficiency. Recently many Bi-directional dc-dc converter
topologies have been reported with soft switching technique to
increase the transfer efficiency. The DC-DC converter is
required to perform mainly two functions: first to match the
battery voltage to the motor rated voltage and second to
control the power flow under steady-state and transient
conditions, so that the drive performance is as per the
requirement. In the present work closed loop operation of bi-
directional dc-dc converter feeding a dc motor and its energy
recovery due to regenerative braking has been demonstrated.
The characteristics of battery operated electric vehicle under
different drive condition are also presented. The effectiveness
of the system is verified through the simulations using
Simulink/ MATLAB.
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1. CONTRIBUTION

1 Development of converter fed PMDC motor Power
Stage Model.

2 Unified Controller during both the modes for the
speed control of the PMDC motor.

3 Controlled regeneration during Braking to charge the
battery.

4 Reduced electromagnetic interference(EMI) due to
the elimination of parasitic ringing in the converter

5 Converter circuit parameter design procedure.

111. SIMULATION AND RESULTS

Closed loop Simulation of the Bidirectional
Converter fed PMDC Motor with the designed values was
done in the MATLAB Simulink. The inductor parasitic
resistance and MOSFET turn-on resistance are not considered
in this case. For the test condition of the proposed drive
topology the following values of the different components of
the converter are considered:

A separately excited DC motor model is used as load to the
bidirectional dc-dc converter. The motor rated at 5 hp, 240 V,

and 1750 rpm

Principal parameters of the bidirectional converter are:

Parameter Value
1e00 uH

CH 470 uF

CL 470 uF

£5W 20Eh=
Battary voltass 48V
Batterv capacity 16Ah
U 8%

Here we are going to consider total two cases of the drive
system
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1 Steady state operation: The reference motor speed is
120rad/sec with a constant torque demand of10Nm,
2 Transient state operation:

A. Case (I) when the speed changes from 60 rad/sec to 120
rad/sec with a constant torque demand of 10 Nm at time
t=5sec

B. Case (llI) regenerative braking mode: the speed changes
from 120 rad/sec to O rad/sec. Torque changes from +10 Nm
to -10 Nm at a step time of 5 sec.

The simulation is carried out for —

Motor speed,

torque,

motor current,

battery state of charge(SOC),

battery voltage,

battery current,

battery power and motorpower

battery energy and motor energy characteristic during
regenerative braking mode.
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I11. STEADY STATE SIMULATION MODEL &
RESULTS

a. Simulation Model (Steady state)

b. Steady state results

Figure 5.2 shows the simulation result of the drive
system at a reference speed of 120rad/sec for a total
simulation time of 10 sec. Motor speed reaches at its steady
state speed of 120 rad/sec at time less than 0.5 sec. Figure 5.3
and5.4 shows the motor torqueand current of the drive
respectively. The battery SOC was initially set at 88%, Figure
5.4 shows the SOC of the battery, when the drive was running
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for 10 sec at a speed of 120rad/sec. Figure 5.6 and 5.7 show
the battery voltage and current under this condition. Figure 5.8
shows the comparison between the battery power and motor
power.
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Fig.5.5: Battery State of charge
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Fig.5.6: Battery voltage.

time

Fig.5.8: Motor and battery power

¢. Step Down Transient Results

Simulations are also performed for the braking
operation when the speed is changed from 120 rad/sec to 100 . : :
rad/sec while the motor torque and current has reverse e
characteristic as shown in Figure 5.16, 5.17 and Figure 5.18
respectively. Figure 5.19 shows the battery SOC during
regenerative braking mode. Figure 5.20 and 5.21 shows the
battery current and voltage respectively. Figure 8(g) shows the
characteristics of motor power and battery power under the
same drive condition.

Fig.5.19: Battery State of Charge

Page | 141 www.ijsart.com



IJSART - Volume 7 Issue 1 — JANUARY 2021

"

T T T T T T T T T
) I— I LIS H— LA (R— HR— [IR— [I—— UA—

' ' ' ' ' 1 ' ' '
L] ST Pussnnnn Lesnanns fonnnane fonnennn beveones fonnnnee Arssannn qesssnns Jevennnen

whossoa Uissuzs U bassset b - ' L I ;

Ll ' ' ' 1 1) 1 1
[ Lisagu baannabensslananlananlaanslaianlians S

Battery _ : { \ i J ' ' i )
Voltagd'P " : " " oo pesssess yesseess Yeesease deennens
| S becssses bescases Pussasus Pescsnce Lasswane Precsnee fesscencqescncese dasscen -

' ' | ' ' 1 ' ] |
| S :. ....... : ....... f ....... e: ....... f ....... J' ....... J‘: ........
zf...... [ L — T— L— [HR— (IO [ — 4
iem—" anomses R L | N— - — Lm— I - I ? V——

i i | i

H . ) [ i

time
Fig.5.20: Battery Voltage
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IV. CONCLUSION

This work demonstrates the performance of a battery
operated hybrid electric vehicle system and it shows
satisfactory performance at different driving condition. This
control technique with Pl controller find suitable for this
electric drive. The performance of the BFEV is verified under
forward motoring mode, regenerative mode and when there is
step change is speed command. It is found that hybrid
electrical vehicle by using PMDC motor drive has better
results in case of voltage, current and torque. The overall cost
and volume of the battery operated electric vehicle is less with
the least number of components used in the system.
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