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Abstract
Internal combustion engine vehicles are the most produced and sold vehicles on the market. In recent years, interest
in electric vehicles has begun to increase, especially due to the environmental problems. In the near future, it is
estimated that gasoline and diesel vehicles will be completely electric vehicles. For this reason, many studies have
been conducted on electric vehicles. Particularly the change of the engine parts, the turning of the internal
combustion part to the electric motor, and the design of these motors has become an important parameter. In order
to improve the performances of electric vehicles, the batteries of electric motors have been improved. In this study,
a simulation was carried out to conversion 1.3 JTD and 1.3 Multijet motors to electric vehicles and the
performances of these forms are evaluated by comparing the motor power, torque, and speed of the two vehicles.
It was tried to predict what kind of changes will be achieved by conversion these two cars into electrical forms.
PID controllers were used for inspecting components. In the study including detailed calculations, the program
named AVL Cruise was used. The findings have shown that the quality of the new electric vehicle equipment used
instead of the internal combustion engine can also affect results. The graphs from electric vehicles were explained
and compared in detail. It was observed that there may be significant differences in the efficiency of the vehicles
as a result of the conversion of the internal combustion engine to the electric motor. This made the biggest
difference between the two vehicles. Since there is no data related to the sale prices of vehicles in the case of the
conversion internal combustion vehicles to electric vehicles, comparisons were performed only on equipment. The

latest price information of the vehicles has not been discussed.
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1. Introduction

The first Electric Vehicle (EV) in Turkey was ordered by
Aldiilhamit Han to the company named as Messrs Immisch
& Co, and it was specially designed for Aldiilhamit Han by
two engineers. On the front of it, two close small wheels
were used instead of a single large one and get patented by
the company. The vehicle had a motor at 20 A, 48V, and 1
horsepower [1].

Despite the interest on EV's between 1920 and 1960 had
been reduced [2, 3] it was understood that Internal Com-
bustion Engines (ICE) caused air pollution by releasing the
exhaust gases to the atmosphere, and thus people began to
produce the EV's again to prevent air pollution [3, 4].

When it is considered that the maximum efficiency is 35%
in ICE vehicles, the energy loss occurs in the compression
of the fuel and the friction of the pistones, and some of it
spread as a heat to the environment [5]. However, the elec-
tric vehicles provide up to 80% energy savings due to the
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high efficiency of their electric engines [6]. In terms of per-
formance and comfort, electric vehicles can easily compete
with ICE vehicles [7].

A lot of parameters are used in the conversions of electric
vehicles, and in some cases the differantial is lifted and four
Parmanent Magnet Synchronous Motor (PMSM) wheels to
each wheel are placed, and the effect of the system on cur-
rent is analysed at the beginning of the vehicles torque [8].
The efficiency, power and speed of the engine were ana-
lysed and compared with New European Driving Cycle
(NEDC) and China Typical Urban Cycle by determining all
of the motor drive parameters and battery power of the all-
electric vehicles [9]. By comparing Japan 08 Driving Cycle
and NEDC cycles, the motor efficiency, engine power,
speed, and fuel efficiency of the electric vehicle were cal-
culated and compared in both hibrid electric vehicle and the
all-electric vehicle [10]. The engine speeds, torques, and
powers are compared by performing the simulation of ICE
vehicle and hibrid electric vehicles with supercapacitors
connected to the electric motor [11].
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In the study, 1.3 JTD and 1.3 Multijet ICE vehicle models
were converted to the all-electric vehicle, the simulations
of these models were performed, and the speeds, mechani-
cal powers, and torques of the electric vehicles after the
conversion were compared. 1.3 JTD and 1.3 Multijet elec-
tric vehicles had the electrical power with the values in cur-
rent-voltage curve, and when these vehicles were analysed
in the NEDC cycle, the electric power and efficiency of the
electric motor and the electric power and power loss of the
battery were investigated. PID controllers were used to the
regulation and control of all these systems. The simulation
was carried out with the AVL Cruise program.
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2. Materials and Methods

The ICE vehicles were converted to the all-electric vehicles
by modifying on 1.3 JTD and 1.3 Multijet models found in
the AVL Cruise. The basic structure of an electric car model
is shown in Figure 1. The reason for choosing these two
models was that these models have not been converted to

electric vehicles yet.
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The mathematical equations belonging to the vehicles were
given between Equation (1) and Equation (12). In these for-
mulas, important values such as powers, efficiency and
torque that would be obtanied from the motors were calcu-
lated.

Figure 1. The electric vehicle model

The engine power (P) was calculated by using Equation

(1):
2%mT*n

P=Tx ¢))

Here, T is tork and » is speed.

The electric power was calculated with Equation (2) as fol-
lows

Pop =V =1 2
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Here, V' is voltage and [ is current.

The efficiency was
_ effective power  Pegs

3)

total power Poum

The power loss was calculated as

Pross = Poum — Peff €))

A real tork of power transfer was calculated as:
)

Mey,ae = Mem — OpmnomPem,out

The following calculation was used for asynchronous ma-
chines:

Mgy (Tgm)
=1+ BEM,REm (Tem
= Tem Mgy (Tem,) (6)
(Power transfer was off)
Mgy = MEM,drag (¢EM/ (pEM,max)z (7)

Iron losses must be taken into consideration for asynchro-
nous machines. Power transfer was (if £>0);

MEM = kMEM,max,mot (8)
Otherwise, Mgy = (‘k)MEM,max,gen
The electric power:

Pemet = Pemmec + Pemloss €))

Praioss consist of the iron loss, the cupper loss and the loss
according to the friction. It turns completely into heat.
Power transfer is

Pemmech = ®em Mem (10)
The maximum torque was defined using the following
power loss:

Rin = 1/ Xgpen (11)
Iem = Pemer / Uemmer (12)
Here, the characteristic maps and curves (Mgy) are shown
as inertia moment (0 gas;nom), drag torque (Mem,arag), Magnet
induction temperature coefficient (Bemres), Maximum
torque-motor (Meamax,mor), Maximum torque-generator
(MEM max,gen), power loss (P ioss), maximum angular speed
(PEMmax)> actual electric power (Prue), net voltage
(Ugmner), current (Igu), temperature (Try), layout tempera-
ture (Tguz), specific heat transition Lgym, torque Mgy
(TEgy) abd loss of power Ry, [12].

3. Simulations
The vehicles with 1.3 JTD and 1.3 Multijet motors were
converted to the electric vehicles, and the simulations were
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performed. The performances of these two vehicles were
investigated by using the same type of electric motor and
battery. System has an inverter in eDrive block. The gear
changes according to the number of speed.
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3.11.3JTDEV
The converted form of the vehicle with 1.3 JTD motor to
electric vehicle is shown in Figure 2.
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Figure 2. 1.3 JTD electric vehicle model

Lithium ion type battery was used in the model. The volt-
age had a minumum value of 220 V and maximum of 420
V. The electric motor used as an asynchronous motor had a
voltage of 320 V, inertia moment of 1.0 e*kgm?, and rota-
tion speed of the electric machine varied between 500 rpm
and 7500 rpm and accordingly the efficiency varied be-
tween 65 and 93%. When the load status of the vehicle is
empty, half and full, the distance of the center of gravity
was 930.5 mm and the gross weight was 1700 kg.

3.2 1.3 Multijet EV

The converted form of the vehicle with 1.3 Multijet motor
to electric vehicle is shown Figure 3. Lithium ion type bat-
tery was used in the model. The voltage had a minumum
value of 220 V and maximum of 420 V. The electric motor
used as an asynchronous motor had a voltage of 320 V, in-
ertia moment of 1.0 e*kgm?, and rotation speed of the elec-
tric machine varied between 500 rpm and 7500 rpm and
accordingly the efficiency varied between 65 and 93%.
When the load status of the vehicle is empty, half and full,
the distance of the center of gravity was 850 mm and the
gross weight was 1520 kg.
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Figure 3. 1.3 Multijet electric vehicle model

3.3 PID Controller

PID controllers are the most widely used controllers in in-
dustry. They consist of proportioanal-integral-derivative
components. By adjusting these coefficients, it is tried to
reduce the error value to the lowest one. The proportional,
integral and derivative coefficients are determined by tak-
ing into consideration such as the rise time, settlement time
and maximum overshot of the system [13]. The basic equa-
tion of the controller output is:

K
U(s)=KP+?+KD.sE(S) (13)

Here, Kp, Ki, Kp are proportional, integral and derivative
coefficients, respectively [14, 15]. The PID controller was
used to set and control the motor parameters. PID controller
parameters were found by try and test. It controls the car
speed. Proportional parameter is 10 and integral parameter
is 0.0001.

4. Results

When analysed the performance graph in Figure 4 of 1.3 JTD
model after the conversion to the electric vehicle, after the ve-
hicle started, the electric motor reached the highest torque at
0,083 s.

This value then remained stable for a while and decrased.
The torque was read as 240 Nm from the graph. When the
torque of the electric motor was the highest, the speed of
the motor increased from 2560.18 1/min to 2999.57 1/min
and the mechanical power increased from 64.34 kW to
75.39 kW. When the maximum speed of the motor was
3806,31 1/min, the power of the motor was 75.29 kW.
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Figure 4. The torque, power, and speed of the electric mo-
tor of the 1.3 JTD electric vehicle over time

The torque and the motor speed respectively were selected
values between 15.61 Nm<T<240 Nm and 2526.61
1/min<n<3806.31 1/min. When these values were placed in
the Equation (1), the following result was obtained:

P=228.085*((2*n*3153.36)/60)= 72.32 kW
Here, the torque and the rotation speed were read as 228.09
Nm and 3153.36 1/min, respectively.

According to the NEDC, when the 1.3 JTD electric vehicle
was tested, the speed of the vehicle engine appeared as Fig-
ure 5. In this cycle, the speed, acceleration, and speed in
travelling at constant speed of the vehicle were seen. It was
observed that as the speed of the vehicle increased, the me-
chanical strenght increased, and the power decreased as the
vehicle slowed down.
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Figure 5. The speed and mechanical strenght of the 1.3 JTD
electric vehicle engine in the NEDC cycle

The variations of current and voltage with time belonging
to the same vehicle are shown in Figure 6.
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Figure 6. The current and voltage of the 1.3 JTD electric
vehicle engine

In Figure 7, the electrical power and efficiency of the vehi-
cle were compared. As in the ICE vehicles, the efficiency
was very high in electric vehicles due to the some of the
power obtained did not turn into heat and there was no great
difference between electrical power and mechanical power.
The efficiency of the vehicle was 85% and the electrical
power was 19.73 kW. The remaining power loss of 15% has
shown that electric vehicles are quite good compared to the
efficiency of the vehicles with internal combustion motor.
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Figure 7. The electrical power and efficiency of the 1.3
JTD electric vehicle engine in the NEDC cycle
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The voltage and current values were between
276.17<V<345.07 and 15.82<I<303, respectively. When
the values in these ranges were substituted in Equation (2),
the following result was obtained;

Pa=345.05 V*15.83 A=5.46 kW

Py was between 5.46 kW and 83.76 kW and P, Was be-
tween 1.33 kW and 8.51 kW. The values were placed in
Equation (4), the following result was obtanied;

Per=5.46 kW-1.33 kW=4.13 kW
These values were substituted in Equation (3) the following
result was obtained;

N=Peii/Poum =4.13 kW/5.46 kW=%75.6
The graph of the current voltage values of the electric motor
is as follows.
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The electrical power and power loss of the battery of the
electric vehicle are shown in Figure 8. Since the electric
motors will use the power in the battery, the electrical
power is taken as negative and the losses are taken as posi-
tive. Also, the portions where the electrical power is posi-

tive are the moments when the vehicle stops.
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Figure 8. The electrical power and power loss of the battery
of the 1.3 JTD electric vehicle over time in NEDC cycle

When investigated the performance graph after the conver-
sion of 1.3 Multijet model to the electric vehicle, after the
vehicle started, the electric motor reached the highest
torque at 0.083 s in Figure 9.
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Figure 9. The torque, power and speed over time of the
electic motors of the 1.3 Multijet electric vehicle model

This value then remained stable for a while and decrased.
The torque was read as 240 Nm from the graph. When the
torque of the electric motor was the highest, the speed of
the motor increased from 2393.38 1/min to 2992.13 1/min
and the mechanical power increased from 60,15 kW to 75.2
kW. When the maximum speed of the motor was 3550.34
1/min, the power of the motor was 75.16 kW.

The torque and the motor speed respectively were selected
values between 16.7 Nm<T<240 Nm and 2361.77
1/min<n<3550.34 1/min. When these values were placed in
the Equation (1), the following result was obtained:

P=232.04*((2*1*3100.75)/60)= 75.35 kW
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According to the NEDC, when the 1.3 Multijet electric ve-
hicle was tested, the speed of the vehicle engine appeared
as Figure 10. In this cycle, the speed, acceleration, and
speed in travelling at constant speed of the vehicle were
seen. It was observed that as the speed of the vehicle in-
creased, the mechanical strenght increased, and the power
decreased as the vehicle slowed down.
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Figure 10. The speed and mechanical strenght of the 1.3
Multijet electric vehicle engine in the NEDC cycle

When evaluated the electrical power and efficiency data re-
lated to the operating performance of the vehicle, the effi-
ciency was very high because of few losses would obtained
from the power. Furthermore, when evaluated the mechan-
ical power and the electrical power in Figure 11, there was
no significant difference between them.
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Figure 11. The electrical power and efficiency of the 1.3
Multijet electric vehicle engine in the NEDC cycle

The voltage and current values were between
274.18<V<343.61 and 15.72<1<305.92, respectively.
When the values were placed in Equation (2), the following
result was obtained;

Pex=277.86 V*293.65 A=81.59 kW

Py was between 5.4 kW and 83.7 kW and Py, was be-
tween 1.27 kW and 8.54 kW. The values were placed in
Equation (4), the following result was obtanied;
P.;=82.73-7.56=75.17 kW
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When these values were substituted in Equation (3) the ef-
ficiency was calculated as
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1= Pei/Poum=75.17 kW/82.73 kW=90,8%

The graph of the current voltage values of the electric motor
is as follows. The electric power of the electric motor was
solved as given in Equation (2).
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Figure 12. 1.3 The current and voltage of Multijet electric
vehicle motor

The electrical power and power loss of the battery of the
electric vehicle are shown in Figure 13. The electrical
power of 19.57 kW obtained with the efficiency of 87% and
the remaining power loss of 13% makes this vehicle more
useful than the 1.3 JTD electric vehicle.
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Figure 13. The electrical power and power loss of the bat-
tery of the 1.3 Multijet electric vehicle over time in NEDC

cycle
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5. Discussion

After the simulation of 1.3 JTD and 1.3 Multijet EVs, the
highest torque values were the same because of the same
electric motor were used for both vehicles, but the speed of
the 1.3 Multijet EV model were higher than that of the other
in terms of motor power. Therefore, when considered the
power of the vehicles, the power of 1.3 Multijet EV was
more increased than that of 1.3 JTD EV. When the EV mod-
els were simulated in the NEDC cycle, the data obtained
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from the current-voltage curve were used to find the elec-
tric power, and the mechanical power data was similar for
both vehicles. When the efficiency of both vehicles was
compared, the efficiency of 1.3 Multijet EV was 90.8%
while the efficiency of 1.3 JTD EV was 75.6%. The results
were obtained by using specific parameters related to the ve-
hicles. As the vehicles will evolve or more parameters are con-
trolled, the results may change. Furthermore, the costs of the
vehicles have not evaluated in the present study.
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