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Abstract— Electric cars (EVs) are becoming more and more commonplace in comparison to conventional vehicles that are fueled by fossil fuels.
The increased cost of an EV's acquisition, however, may continue to be a significant barrier for the industry. Consumers for a variety of factors,
including less carbon emissions, improved performance, and more, prefer electric cars. The sustainability of energy production over the long run
depends on environmental awareness and a commitment to renewable energy sources. A recent study found that for every 1% growth in
renewable energy sources, demand for electric vehicles will increase by 2—6%. Electric vehicles (EVs) can offer new possibility for supplying
regulation services and a variety of consumption alternatives by changing the recharging power at a certain time interval. In this paper, modeling
electric cars serves as the main topic. To simulate the performance of an Evoelectric "AF-130" Permanent Magnet Synchronous Motor, a
Rinehart Motion Systems AC motor controller called the "PM100DZ" will be utilized. With the use of this information, researchers were able to
comprehend permanent-magnet motor drives better. In this work, the PMSM and vector control Simscape blocks will be verified. Last but not
least, parameter estimation was employed to make adjustments to the thermal and dynamic motor models. The discrepancy between datasheet
values and simulated data was still present, and its cause was looked into.
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I.INTRODUCTION

Traditional fossil-fuel vehicles are losing ground to electric vehicles (EVs), which are becoming more popular around the world.
But because batteries are so expensive, the price of an EV may remain the biggest obstacle to its adoption in the marketplace. Due
to their zero carbon emissions and greater performance, electric vehicles have become increasingly popular with consumers. For
the future of our energy supply, we need consumers who care about the environment and who have a positive outlook on
renewable energy. An increase in renewable energy of just one percent is expected to bring in a 2-6 percent increase in EV
demand. This chapter focuses on charging stations for electric vehicles (EVs), as well as the increasing use of distributed
generators in the grid. Photovoltaic (PV) energy sources and battery storage technologies are described in detail. Lastly, the
chapter wraps up by providing an overview of the proposed system's high-level design and a summary of the information in the
following chapters.

As fossil fuels become increasingly scarce and greenhouse gas emissions must be reduced, a large amount of research has been
done on electric vehicles (EVs) [1]. Although it has a substantial impact on EV development, the desire of consumers to switch
from traditional internal combustion engine vehicles to EVs. EV demand forecasting relies heavily on the willingness of
consumers to purchase electric vehicles. A key problem for electric vehicles (EVS) is the time it takes to charge. [2] Aiming to
explore new methods for speeding up EV charging, this dissertation focuses on developing new techniques to reduce charging
time. Fig. 1.1 shows an illustration of the three charge levels being studied and developed in the United States. [3] Electric
vehicles are categorised into charging levels based on their power charging rates.

It is possible to charge EVs overnight using level | charging, which involves plugging them into a convenient power outlet (120 V)
for long periods of slow charging (1.5-2.5 kW). Long driving cycles necessitate a lot of recharging, and level-1 charging isn't a
good fit because of its lengthy charging time. Distribution transformers, which are not allowed to rest in a large grid system with a
large number of linked electric vehicles, are overburdened by long nighttime charging hours. Because Level-I1 charging requires a
240 V outlet, it is commonly used as the primary charging method in both private and public facilities. At this charging level,
which provides power ranging from 4 - 6.6 kW over the course of three to six hours, depleted electric vehicle batteries can be
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recharged. The time it takes to charge at this level is the main drawback. Level Il charging is further hindered by voltage sags and
significant power losses in an electrical grid system with a high penetration rate of this charging technique. In order to counteract
the negative consequences of level-ll charge [5], control and coordination at level Il are needed, but this will involve the
installation of an extensive communication infrastructure. Both levels | and Il require single phase power sources with onboard
car chargers. Off-board chargers and three-phase power systems are used in level 111 fast charging (50-75 kW). By utilising fast
charging stations, electric vehicles can be fully charged in under 30 minutes. Rapid EV charging stations in urban and suburban
regions are also needed to alleviate range anxiety [6—7] concerns. A significant amount of stress is placed on the electrical grid
while charging at high rates for level-111 in a short period of time [8-9].

The electric supply sector has evolved around the main premise of centralised generating since its inception. As shown in Fig. 1.2,
electrical power is supplied from enormous power plants via lengthy transmission lines and a massive distribution network to
consumers in this centralised system.

A number of breakthroughs began to disrupt the fundamentals of electrical grid operating a few decades ago, resulting in the rise
of DGs. Due to modern technologies and advancements in the power electronics and smart grid domains, the ambitious targets of
increasing DG deployment rates into the electrical pool are possible. In addition, new legislation and policies promoting
distributed generation and net metering are constantly being issued. The type of energy used to feed the deployed DG sources on
the demand side, on the other hand, is a critical aspect in the DGs concept's economic feasibility in today's electrical distribution
market.

Residential

Fig. 1.1. Conventional centralized electric grid structure [12]

Solar energy is regarded as one of the most effective resources that has gained a lot of interest due to its widespread availability
and long-term viability. The use of PV panels is the most popular application for solar energy. PV panels are widely used because
of its unique ability to convert solar energy directly into electrical energy without the use of mechanical auxiliary equipment. PV
panels can thus be used in a variety of power generation applications, ranging from low-power home uses to megawatt-scale PV
power plants.

In comparison to independent PV installations, grid-connected

The ambient temperature and solar insolation levels have a significant impact on PV power generation. As a result, PV electricity
has a day-to-day discontinuity as well as an intermittent character that can occur across small time intervals (minutes to hours). As
a result, connecting the PV panels directly to the load without any additional systems has a negative impact on the linked electrical
loads' performance.

Solar energy storage systems can help to stabilise the output power of solar energy. Energy storage devices, such as batteries, are
advised to be integrated with PV sources in this research in order to maintain a constant power supply to linked loads regardless of
PV source power fluctuations [13]. Furthermore, the grid integration of the hybrid PV-battery system allows for a greater degree
of demand deregulation, which is a critical aspect in obtaining lower operating costs while achieving higher performance.

The objective of this research is to provide a detailed analysis of electric vehicle motor characteristics analysis of performance
parameters. This project intends to model the performance of Evoelectric ‘AF-130" Permanent Magnet Synchronous Motor which
is controlled using a Rinehart motion systems- AC motor Controller- ‘PM100DZ’.

For this research, we started with analysis of the motor and the controller which helped in providing values of various variables in
modelling and simulation related to Permanent-Magnet Motor Drives. It also helped to understand the modelling of the PMSM
and to validate the existing Simscape blocks for modelling PMSM and vector control.Due to time constrains the modelling of the

cooling system wassimplified to a basic convective heat transfer model. The Dynamic motor model and thermal model were them
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fine-tuned with Parameter estimation using available experimental data. There were still some variation between the experimental
and simulated data which was explored to find the cause for the variation.

Il. PROPSOED METHODOLOGY
The AF-130 electric motor is a three-phase PMSM motor that uses proprietary axial flux technology. The motor controller
converts the DC power from the vehicle Energy Storage System to the 3-phase AC required by the motor. The PM100DZ uses the
Vector control technology for controlling the torque output of the motor.

Torque (Nm)

Speed (rpm)

Table 1.1 (Description of Protection Scheme- Vehicle)

Fig 1.2 Torque-Speed Characteristics of PMSM Motor

Table 1.2 (Specifications of Motor Used in Proposed
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Parameters Specifications Simulation)
Short Circuit Protection Yes Parameters Specifications
Hardware Over-current Protection Yes Type PM  Synchronous -Axial
Vehicle System Power 9.. 16vDC (12v Flux
Systems) Maximum Speed 8000 rpm
Operating Temperature Range - | -40+80°C Nominal Torque 145 Nm
coolant water — no derating Peak Torque (for up | 250Nm
Isolation - High-Voltage to Low- | 1000Vrms to 60s)
Voltage Peak Torque (for up | 350Nm
Isolation — High-Voltage to Case 1000Vrms to 20s)
Isolation — Low-Voltage to Case 50V Nominal Output | 121.47 kW
Operating Temperature Range - | -40..+105°C Power
coolant water — derated output power Peak Output Power | 209.43 kW
Non-Operating Temperature -40 .. +115°C (for up to 60s)
Storage Temperature -55 .. +105°C Peak Output Power | 293.21 kW
Coolant Type 50/50 EGW (for up to 203.)
Torque Density 11.5Nm/kg

Coolant Flow Rate 8-12 LPM Power Density 2.6kWikg
Coolant Pressure Drop |(:)>.|\2/|100 bar for Peak Efficiency 95.10%

XX -
Maximum Coolant Pressure (above | 1.4 bar Coolant Medium Water/_Gchol (50/50)
ambient) Coolant Flow Rate > 8l/min
Operating Shock (I1SO 16750-3, Test | 500 m/s2 (50g) Dimensions 110 mm (L) x 300 mm
42.22) (D)at 30.5 kg
Operating Vibration (ISO 16750-3, | 27.8 m/s2
4.1.2.4 Test IV) (3grms)
Environmental Protection Class IP6KI9K
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The PMSM and SM both have similar stator and wound rotor respectively, the induced currents in the rotor of PMSM are
negligible and both produce similar back EMF. Hence the mathematical model of a PMSM is similar to that of the wound rotor.
Therefore, the d-q equations of the PMSM are:

Vg = Rig +plg + wsdq (1.1) Vg = Rig + pAg + ws14(1.2)
Where,
/111 = Lqiq ld = Ldid + )'af

vg and vq are g and d axis voltage, iq and ig are g and d axis stator current, ig and iq are the d, q axis stator currents, Lq and Lg, are
the d, q axis inductances, Aq and Aq, are the d, q axis stator flux linkages, while R and ws, are the stator resistance and inverter
frequency, respectively. A iS the flux linkage due to the rotor magnets linking the stator. The electric torque is

T, = 3P[Aafiq+(:d—Lq)idiq] (1.3)
And the equation of motor dynamics is

T, =T, + Bw, + Jpw,(1.4)

P is the number of pole pairs, T is the load torque, B is the damping coefficient, , is the rotor speed, and J is the moment of
inertia.

Simscape comes with a general model of the PMSM machines here are a few details about the Simscape PMSM block:

The Permanent Magnet Synchronous Machine block operates in either generator or motor mode. The mode of operation is
dictated by the sign of the mechanical torque (positive for motor mode, negative for generator mode).

The block has the options to opt for either sinusoidal or Trapezoidal flux since Pragasen Pillay and Ramu Krishnan have assumed
a sinusoidal flux we will be going with that option. The equations driving this block are:

d . 1 R, . L .

Eld = Evd - ald + ip(l)mlq(l!f_))

d. 1 R . L . Apwm . -

Sl = avq - Elq + ipa)mld - z;j: (1.6) Te = 1.5p[Aiq + (Ld — Lq)idiq] 1.7)

Here, Lq, Lq are g and d axis inductances, R is Resistance of the stator windings.iq, iq are g and d axis currents. vg, vq are g and d
axis voltages. om is Angular velocity of the rotor. A is Amplitude of the flux induced by the permanent magnets of the rotor in the
stator phases. p is Number of pole pairs and T. is Electromagnetic torque

And the dynamic motor equation

d 1 da
Ewr = 7(Te - Tf - me - Tm ) (18) 59 = Wy (19)

Where J is combined Inertia and rotor load, F is viscous friction, 0 is rotor angle position wm is Angular velocity of the rotor, Ty is
shaft mechanical torque and Ty is shaft static friction Torque.

Comparing the two models we can see that the core concept behind the model in the research paper and the model in the simscape
is same although the assumption in the paper referred are more and hence we conclude we can use the PMSM block and we can
use a simplier version by neglecting some variables.

Vector control is normally used in ac machines to convert them, performance wise, into equivalent separately excited dc
machines which have highly desirable control characteristics. Analysis of literature explains vector control as “a variable-
frequency drive (VFD) control method in which the stator currents of a three-phase AC electric motor are identified as two
orthogonal components that can be visualized with a vector. One component defines the magnetic flux of the motor, the other the
torque. The control system of the drive calculates the corresponding current component references from the flux and torque
references given by the drive's speed control. The rotor flux linkage revolves at rotor speed wr and is positioned away from a
stationary reference by the rotor angular position, given by

phase A

Fig 1.3 Phase Diagram of Vector Control
0, = [w,dt (1.10)
where t is the time. If id is forced to be zero, then
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Ag = Ao (1.11) T, =2t (1.12)

Since the magnetic flux is a constant, the torque is directly proportinal to the g axis current. This is represented as
T, = Kiiq (1.13)

Where

Kt =2t (1.14)

2
Torque equation is similar to that of a seperately excited DC motor.Simscape has a vector control PMSM block which is shown

below

Detailed _3ph i
Taorges™ I
@—b Current
| PR— e regulator
O )
== Gates >_ Angle conversion dg-abe
9;_3_{__. f,=0 4 i Switching |
l'ibc L control | Pyises
= labe |
Vector Controller — >
(FMSM)
Fig 1.4 Design of Vector Control of PMSM Fig 1.5 Subsystem Design of Vector Control of PMSM

This block uses the vector control logic for PMSM and we will be using this to model our complete dynamics. The heat generated
is determined by the difference between the electric power from Battery and the mechanical power generated hence this heat
accounts for heat generated in MCU and motor both. The cooling model has been simplified because of time constrain and
because of having an already complex motor model. The figure below shows a conceptual image of logic. This logic is
implemented using simple convective heat transfer block where heat exchange is taking place

II1.RESULTS

This section discuss step by step simulation process which have been followed in the design and development of controlled
strategies of the designed electric vehicle drive. The simulation has been done to implement complete working Simulink model of
PMSM system along with vector control and heat management system to enable the understanding of performance analysis and
improvement methods.Since many variable for modeling the motor are unknown we will create single value variables for those
parameters so that we can utilize them for parameters estimation. A step by step modeling guide is not needed as most of the
blocks are present in Simscape understanding the functionality and parameter estimation is given focus.Subsystem Soft ECU
receives the signals from HCU and sensors and calculates the desired action to get the required torque. This subsystem is imported
from the provided SOFT MCU model because the provided model in sufficient for our requirements.

Fig 1.6 Simulink Model of Mechanical Characteristic Analysis

This block uses the vector control logic for PMSM and we will be using this to model our complete dynamics. The heat generated
is determined by the difference between the electric power from Battery and the mechanical power generated hence this heat
accounts for heat generated in MCU and motor both.
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Fig 1.7 Motor Control System Fig 1.8 Simulink Model of Complete System

The cooling model has been simplified because of time constrain and because of having an already complex motor model. The
figure below shows a conceptual image of logic. This logic is implemented using simple convective heat transfer block where heat
exchange is taking place.

The pressure drop and the flow rate is provided in the motor specification this can be further altered to get desired cooling
performance. The control of cooling and pumps is handled by HCU.

Tnt =
SminkPS
Conveter |y
m

fig=0
sPs|

Soler
Configraion Ghyeal  watee Thermalmass Ps
tert

enenter

‘conlng water tempratur

Fig 1.9 Design of Cooling Subsystem

The design of measurement system has been done to analyze the performance of the simulated system under operational condition.
The system has been simulated to obtain electrical, mechanical and thermal parameters of the designed vehicle system under
operational condition.

n pitiepi]

Fig 1.10 Design of Measurement System

Initialize the following variables with values somewhere around the values provided. These provided values are final values
obtained after parameter estimation.
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Table 5.1 Important Simulation Parameters

Parameters Value Parameters Value
Ts 1.00E-05 resistance 0.11607
Stator_phase_resistance 0.0490392 fluxByMagnet 0.17491
Armature_inductance 6.32E-04 temp_amb 300
flux_linkage 0.17216 coolant_cp 200.07
Pole_pairs 3 coolant_mass 2.2147
induced_flux 0.17197 hac 9.2743
currenthysteresisband 0.1 hcm 35.286
Snubberresisrance 1.00E+04 htArea 0.2

Ron 7.83E-06 motor_cp 125
Inrt 2.50E-04 radiator_area 2.3951
Damp 4.18E-04 motor_mass 30
battery_Voltage 390.4254

The parameter estimation was done separately for motor dynamics and thermal to improve performance. Due to low Simulation
speed it was very difficult to simulate the test for whole 1288 secs therefore, for testing and simulation a 76 sec of data clip was
taken from the test data and then the result was obtained.
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~ Results
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Fig 5.11 Electrical Parameter Estimation Fig 1.13 Thermal Model Parameter Estimation
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Fig 1.12 Mechanical Model Parameter Estimation Fig1.14 Cooling Analysis
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— Torque Command
— Torque_feedback_measured
_[~  Simulated_Torque

Fig 1.15 Torque Analysis of Proposed System Fig 1.16 Rotor Speed and Electromagnetic Torque

—_—

Motor Temperature

Fig 1.17 Temperature Analysis

When the initial torque command is fired, the motor is unable to meet the torque demand and just provides 20% of the torque
demand. There are two possibilities for this. One, a mistake in setup but it seems unlikely as the later torque demand is
successfully met, another possible reason for this could be that “Damper windings were used to run the machine up to speed on
induction motor action with the machine pulling into synchronism by a combination of the reluctance and synchronous motor
torques provided by the magnet. During the startup, the magnet exerts a braking torque that opposes the induction-motor-type
torque provided by the damper windings.Second abnormality in the data obtained from datasheet and simulation is the
temperature measure at motor the value remains at 0°C for few mili- seconds and then jumps to 225.60C. The initial values might
be due to the response time of the sensor which means that the system was always at 225.6°C. The flow of heat occurs due to the
difference in temperature of the two bodies first. The motor remaining at 225.6°C throughout experiment that means there is a
perfect sync between the coolant flow rate and torque demand and hence all heat produced is taken by the coolant instantaneously.
Which seems highly unlikely which forces the conclusion that there is some mistake in the recorded data although a we have
developed a cooling system which keeps the motor within safe operating temperature range this model can be modified to fit true
data when available.Otherwise model is very close to the actual performance of the motor and is ready to be used as a part of more
complex systems.Although model runs slow the simulation speed can be increased by increasing the step size (Ts) in MATLAB to
suit the requirements although the accuracy would deteriorate with increasing step size. Ts = 1e-5 gives the best results, but the
model is set to Ts = 1e-4 for better speed.This explains the proposed simulation for analysis of several characteristics and figure
of merits of the motor and the parametric evaluation with the datasheet for the validation of simulation as well as analysis of errors.
The proposed simulation is useful for design and modeling of electric vehicle and to understand accurate mathematical model of
the motors and subsidiary elements of the electric vehicle.

VII.CONCLUSION

IThe motor is unable to match the torque demand when the initial torque instruction is issued, and only offers 20% of the torque
need. This could be one of two things. One possibility is that "Damper windings were used to run the machine up to speed on
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induction motor action, with the machine pulling into synchronism by a combination of the reluctance and synchronous motor
torques provided by the magnet." Another possibility is that "Damper windings were used to run the machine up to speed on
induction motor action, with the machine pulling into synchronism by a combination of the reluctance and synchronous motor
torques provided by the magnet during startup, the magnet produces a braking torque that resists the damper windings' induction-
motor-type torque.The second anomaly in the datasheet is the temperature measurement at the motor, which lingers at 0°C for a
few milliseconds before jumping to 225.6°C.Although we have devised a cooling mechanism that keeps the motor within a safe
operating temperature range, this model can be adjusted to reflect genuine data when available, which seems exceedingly unlikely.
Otherwise, the model is quite close to the motor's actual performance and is ready to be employed in more complicated systems.
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