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Abstract
n this paper author modelled a novel propulsion system for plug
in electric vehicles starting from Lithium ion battery to drive
train, it also include a controller and a Brush Dc Motor. While
modelling this propulsion system the author used a High Boost Converter which gives quite a high boost to input voltage thus with the
help of a High Boost converter the author tried to reduces number of
batteries in an electric vehicle since a High Boost converter amplifies
a small input voltage to quite a high output voltage, thus this system
reduces the number of batteries in an electric vehicle. Reducing number of batteries will decrease the overall weight of the electric vehicle
and will also provide more space for passengers in the vehicle. Less
weight vehicles gives more miles per charge as compared to heavy
vehicles. This propulsion system is also low cost and simple in design
as it uses a Brush Dc Motor since brush dc motor and its controller
are low cost and the controller design for Brush Dc Motor is also easy
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and simple. This propulsion system uses high quality power semiconductors which has minimum losses and are thermally protected
and the number of circuit elements used is also very less which gives
this propulsion system additional advantage from road shocks. IC
555 Timer is used in this propulsion system, IC 555 Timer ICs are
the most widely used and stable ICs and they are easily available, so
there is no road block like non-availability of electronic components
in designing this propulsion system. This propulsion system can use
all 5 types of brush dc motors. The main focus is to model a power
train of an electric vehicle in traffic congestion scenario where more
than 50 vehicles are present and the driver has to maintain a fix distance with the cars which are in its immediate front and back and to
vary speed and acceleration of its car nonlinearly according to traffic demand so as to avoid any collision with neighboring front and
back cars. A traffic congestion scenario with more than 50 vehicles
is considered to calculate variable acceleration and velocity of electric vehicle, the braking rate of the driver is also considered since in
such traffic congestion use of brake by the driver will be quite high.
To make the result more accurate the author has taken 10 different
velocity and acceleration values at 10 different time interval and for
each time interval the author has calculated the power of the motor
and finally taken the average of all 10 values to calculate more accurate value of power of a motor. The author also used a variable gear
drive train since a variable gear drive train offers more energy efficiency, high acceleration , more top up speed . All type of opposing
forces and losses like gravity force, air drag, rotational inertia, gear
losses has been considered to model the power train of the electric
vehicle in the paper.

Keywords
Electric vehicles, Brush DC motor, Controller, Drive train, Torque, Power,
Resistance forces, Gear loss.

Introduction
Electric vehicles technology is advancing and becoming popular with [2] every
passing year. People either buying electric vehicles or they are converting [14, 16]
their existing petrol vehicles into electric vehicles Still researcher around the
globe is finding difficulties in finding solution of existing problem in electric
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vehicles like cost and miles per charge . Lot of research has been done in past
to reduce the cost and increase the miles per charge of the electric vehicles.
The author tries another and a novel way to solve both these problems in
electric vehicles through a novel propulsion system describe in this paper. This
propulsion system not only reduces cost with the help of brush DC motor [1, 3, 4]
and its controller but also reduces cost by reducing number of batteries as this
propulsion system can give high output voltage with small input voltage so we
need fewer batteries and using fewer batteries also reduces the weight of the
vehicle and light weight vehicles gives more miles per charge as compared to
heavy vehicles. The power of a motor is calculated under city traffic conditions.
Considering a complex city traffic scenario [29, 30, 31] the main thing to observe
is that the velocity and acceleration are not constant and keep on changing
non-linearly, this can be concluded by various urban drive cycles. Calculating
power of a motor for electric vehicles under city traffic and dynamic conditions
is quite complex and challenging. Most people assume steady state conditions
and other linear and simple scenario to calculate power of a motor for electric
vehicles. This paper tries to dig deep on all possible scenarios while calculating
power of a motor for electric vehicles under city traffic condition. All the
necessary calculations of calculating power of the motor and gear loss are done
in MATLAB [17, 18, 19, 20].

Battery
The batteries used in this propulsion system are lithium ion batteries since
lithium ion batteries [11] has certain advantages as compared to lead acid
batteries, some of the advantages are mention below:
1. Higher voltage in Lithium Ion over Lead Acid,
2. Greater Energy Density per unit Weight, Volume
3. Lighter / smaller providing more portability, less storage
4. Space, could even eliminate storage boxes
5. Tolerates Higher Temp and no Air Conditioning required
6. Faster recharge time
7. Higher turnaround charge efficiency
8. More Discharge Cycles
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9. Deeper Discharge Tolerance
10. State of health and state of charge can be readily and
11. Remotely monitored
12. Longer time between service
13. Li-Ion batteries average replacement time is 5-7 years while
14. Lead Acid batteries replacement time is 1.5 - 2 years
This propulsion system uses a high boost converter which is capable to give
high output voltage with small input voltage so the amount of batteries require
in such propulsion system will be less and thus we require less number of lithium
ion battery thus the cost of entire propulsion system will be less and it also
neutralizes high cost of lithium ion batteries.

Controller
The controller consists of an IC 555 Timer and High Boost converter [6, 7]. The
output voltage which goes to motor through High Boost converter depends on
duty ratio and duty ratio can be varied through IC 555 Timer circuit by varying
one of the resistances which connected to the brakes of the electric car. Entire
method is explained in detail. The main reason of using IC 555 Timer is its
stability, cheap cost and easy availability. This method of controlling DC Motor
speed is cost affective. Refer figure 1, 555 Timer is used as an astable circuit.
Astable 555 Timer produces a square wave output with transitions between low
(0 V) and high (+ V1) as shown in figure 1. The output is continuously changing
between low and high. During TON the capacitor will charge through Ra and
a high pulse with amplitude (V1) is generated, during TOF F the capacitor
discharges through Rb generating low pulse.
TON = 0.69 ∗ Ra ∗ C4

(1)

TOF F = 0.69 ∗ Rb ∗ C4

(2)

TS = TON + TOF F

(3)

TON = DTs

(4)

TOF F = (1 − D)Ts

(5)

DutyRatio(D) =

TON
(TON + TOF F )
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Figure 1: IC 555 Timer Circuit

DutyRatio(D) =

Ra
(Ra + Rb)

(7)

TOF F is fixed while TON can be varied by varying resistance of potentiometer

Figure 2: Output through IC 555 Timer

Ra. To achieve variable duty cycle a diode is added in parallel with Rb as
shown in the figure 2. This bypasses Rb during the charging part of the cycle so
that TON depends only on Ra and C4. Figure 3 shows a High Boost converter,
its working is as follows:

During time DTs or TON
Here S1 and S4 are ON and S3 and S2 are OFF. The voltage across L1 is given
as:
VL1 = Vinput + VC1
(8)
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The inductor stores energy during this time. During this time, the capacitor C1
reverses bias diode D2 and forward bias D1.The voltage across L2 is given as:
VL2 = VC1 Voutput

(9)

During time (1 − D) Ts or TOF F
In this case S1 and S4 are turned OFF and S3 and S2 are ON. The energy in
the inductor L1 charges up the capacitor C1 through the diodes S3 and S2.
The voltage across L1 is given as:
VL1 = Vinput VC1

(10)

During the time, the current in L2 through D2 transferring energy from L2 to
C2. The diode D1 is reverse-biased during this time and is therefore OFF. The
voltage across L2 is given as:
VL2 = −Voutput

(11)

Applying the volt-second balance rule for L1:
(Vinput + VC1 )TON + (Vinput VC1 )TOF F = 0
Vinput
1 − 2D
Applying the volt-second balance rule for L2,
VC1 =

(12)
(13)

(VC1 Voutput )TON + (−Voutput )TOF F = 0

(14)

Voutput = VC1 D

(15)

The following input-output relationship results:
Voutput =

Vinput D
1 − 2D

(16)

Ioutput D
(17)
1 − 2D
The above relation clearly shows that we can get high amplification in input
voltage using a High Boost converter [21, 6]. The IC 555 Timer output is fed
to switches S1 and S4 of High Boost Converter. During TON when a high pulse
from IC 555 Timer is giving to S1 and S4, S1 and S4 will be in ON state while
during TOF F a low pulse from IC 555 Timer is giving to S1 and S4, S1 and
Iinput =
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Figure 3: High Boost Converter

S3 will be in ON state while S1 and S4 will be in OFF state. In the given
circuit the Duty Ratio can be varied by varying TON and TON can be varied by
varying resistance of potentiometer Ra which is connected to brake of electric
car. Thus resistance of Potentiometer can be varied by movement of brake. The
voltage is varied to vary the speed of the motor while the current is varied to
vary the torque of the motor. In this propulsion system as the voltage increases
the speed of the motor increases while the current decreases, decreasing the
torque of the motor.

Motor
This propulsion system uses a permanent magnet Brush DC Motor. Figure 4
shows the characteristics of permanent magnet Brush DC Motor [3].

Variable Acceleration
The acceleration of the vehicle can be calculated by equations 18, 19 and 20.
X(β) =

Y
− Z(β)2
β

(18)

746 ∗ Hp
(19)
M
D ∗ A ∗ CD
Z=
(20)
M
where, X is the variable acceleration of the vehicle, Y is the constant, Z is also a
constant, β is the variable velocity of the vehicle, M is the mass of the vehicle and
Y =

Vikas Gupta
Modelling of a Power Train for Plug-in Electric Vehicles

Page 7 of 17

HCTL Open Int. J. of Technology Innovations and Research (IJTIR)
Special Edition on Advanced Technique of Estimation Applications in
Electrical Engineering, June 2013
e-ISSN: 2321-1814
ISBN (Print): 978-1-62776-478-0

Figure 4: Characteristics of Permanent Brush DC Motor

A is the frontal area of the vehicle, D is the density of the air, CD is the air drag.
To calculate the variable acceleration from above equations first the variable
velocity is calculated, for calculating variable velocity we use intelligent driver
model. The intelligent driver model [25, 26, 27, 28, 29, 30, 31] is defined by
equations as shown below:
dβ
β
γ
= X ∗ (1 − ( )4 − ( )2 )
dt
β0
γ1

(21)

where,
γ = γ0 + βS +

β∆β
2(XN )1/2

(22)

In the equations 21 and 22, γ0 is the minimum distance kept between stand
still in a traffic jam, β0 is the velocity of the vehicle in free traffic, N is the
braking deceleration and ∆β is the variation or fluctuation in the velocity.
All the values will dependent on a particular city traffic condition. The acceleration in terms of velocity defined in equation 18 is put in equation 21 and the
equation 21 is integrated, after calculating the net velocity we can calculate the
variable acceleration. The value of both variable velocity and acceleration can
be matched with standard value given in some urban cycles shown in figure 3, 4
and 5. The velocity and acceleration is calculated for all 50 vehicles.
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Drive Train
The figure 5 shows a block diagram of variable gear drive train used in the
propulsion system of electric vehicle. The figure 6 shows the various forces
considered in calculating the power of a motor. The various resistance forces

Figure 5: Drive train of an electric vehicle

Figure 6: Road load force components

as shown in figure 6 are:
1. Rotational inertia
2. Gravity force
3. Aerodynamic drag
4. Rolling resistance
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Rotational Inertia
The torque loss due to inertia [15] of rotating parts are calculated in equation 23.
Cnet = Cinitial − Iµ

(23)

Where, Cinitial - initially torque given by the motor, I is the moment of inertia
of motor and µ is the angular acceleration of the motor.
Gear ratio amplifies the torque but again the torque is decreased by the inertia
losses due to gear and shafts. So net torque delivered to drive shaft will be
equal to as shown in equation 24.
Cnet1 = (Cnet − I1 µ1 )α1

(24)

Where, Cnet1 is the torque left after transmission losses and I1 is the moment
of inertia of transmission and α is the gear ratio.
Torque delivered at axle is reduced by the inertia present at drive shaft but
amplified by final drive ratio. Torque delivered at axle is shown in equation 25.
Cnet2 = (Cnet1 − I2 µ2 )α2

(25)

Where, I2 and µ2 are the moment of inertia of drive shaft and rotational inertia
of the wheels.
The relation between rotational accelerations of the motor, transmission, and
driveline and gear ratios is shown in equation 26.
I = I1 α1 = I1 I2 α2

(26)

The above equations 23 to 26 can be combined to calculate the rotational inertia,
which is also known as mass factor and its value, is taken as 1.1.

Gravity Force
Gravity force is given as
M gsinA.

(27)

Rolling Resistance
The rolling resistance is calculated by equation 28.
(Dr (D2 V + D3 ) ∗ M gCosA)
1000
where Dr , D2 and D3 are rolling coefficient of resistance.
Rr =
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Aerodynamic Drag
The aerodynamic drag is given as shown in equation 29.
1
DA =
2ρV ∗ CD ∗ Area

(29)

where, ρ is the air density, Area is the frontal area of vehicle and CD is the
aerodynamic drag coefficient.
Some of the values used to calculate to calculate these values are shown in
Table 1.
Table 1: Values of various parameters used

M

1000 Kg

CD

0.3

r

0.28m

Dr

1(Concrete Pavement)

D1

0.0472

D2

0.0328(Radial Tyres)

ρ

1.19Kg/m3

η

0.8 or 0.9

sinA

0.0665

Gear ratios

1.12, 1.67, 2.73, 4.6, 5.75

Gear Losses
The Gear losses three types of components:
1. Oil churing losses,
2. Air windage losses and
3. Mechanical losses which mainly consists of sliding losses and rolling losses.
Oil churing losses
The churing loss [22] is defined by the equation 30.
Pchuring =

1
∗ Cm ∗ ρ ∗ ω ∗ S m ∗ r 3
2
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Where, Sm is surface area in contact with the gear, Cm is 20/Re where Re is
Reynolds number and its value is < 2000, r is the gear pitch radius and ρ is
lubricant density.
Air Windage losses
The air windage [23] losses is defined by the equation 31.
Pwindage =

1
∗ Ct ∗ ρ ∗ ω 3 ∗ r 5
2

(31)

with With Ct = Cf + Cl
Cf = 2.301 ∗

((3.10)5 )4.5
1
((3.10)5 )4.8
+
0.1011
∗
[
−
]
r5
Re0.2
r5

(32)

Z
b
1 + 2(1 + x) 4
∗( )∗[
] ∗ (1 − cosθ) ∗ (1 + cosθ)3
(33)
4
r
z
Where,  is the coefficient for obstacles 0.5 for no obstacles, x is profile shift
π
1
1
coefficient, θ is
∗(
−
)
z−2
αP
αA
αP and αA are pressure angle at pitch point and at tooth tip.
C1 =  ∗

Sliding losses
Sliding losses [24] is defined by the equation 34. (Rolling losses are quite small
so they are neglected).
Σµ(k) ∗ F (N, K) ∗ V (N, K)

(34)

With k: teeth whom come in contact .
ΣF (N, K) ∗ V (N, K) = Pi ∗ π ∗

i+1
∗ (1 − (A) + (1)2 + (2)2 ) (35)
z1 ∗ i ∗ cosβ

With Pi is input power, A profile contact ratio and 1 , 2 are tip contact ratio.
Fbt
µ(k) = 0.048 ∗ ( b ∗ ρredc ) ∗ ηoil ∗ Ra ∗ X1
V Σc

(36)

Where, Fbt is tangential force at the base circle, Ra is arithmetic mean roughness, Xl is lubricant factor, VΣc : sum speed at operating pitch circle and ρredc
is reduced radius of curvature at pitch point.
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Figure 7: FTP-75 test driving cycle established by the EPA

Total gear loss is equal to sum of churing loss + windage loss+ sliding loss.
The figure 7, describe a urban drive cycle. This is a standard drive cycle
and recorded in day to day normal traffic conditions: The table 1 and figure 7
shows various values of different components and the drive cycle considered to
calculate the total power of Brush DC Motor.

Results
Considering all the parameters and components as shown in table 1, the total
power of a Brush DC Motor ranges from 10 KW to 15 KW. The output of the
controller is shown in table 2.

Conclusion
This paper shows a novel propulsion system for a plug in electric vehicles. The
input voltage used is 35 Volt to generate a power excess of 10 KW at the output
thus this propulsion help reducing number of batteries, thus reduces the overall
weight of the electric vehicle and gives more space to passenger as the space
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Table 2: Results

Vinput
(in Volts)

Iinput
(in Amp)

Duty Ratio
(D)

Voutput
(in Volts)

Ioutput
(in Amp)

35

300

0.46

201.25

52.17

35

300

0.47

274.16

38.31

35

300

0.48

420

25

generally get reduce in electric vehicles since a lot of space is covered by the
batteries. Light weight vehicle gives more miles per charge as compared to
heavy vehicles. This system uses a Brush Dc Motor with variable gear drive
train. The cost of this system is less and its design is also simple. Some body
looking for a lost cost and simple design propulsion for plug in electric vehicle
this is the ideal choice. The variable gear drive train gives more acceleration,
top up speed and more energy efficiency. This propulsion system can be used in
a four seater plug in electric car. Entire propulsion system is shown in figure 8.

Figure 8: Novel Propulsion system for plug in Electric vehicles
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