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[ What is an Electric Drives

| |

*» “Systems employed for motion control are
called drives”

¢ “Drives employing electric motors are known
as electrical drives”

| |

¢ To control the speed and torque of the electric
motors

Applications of electric drives

Electric Vehicles
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Introduction: Electric Drives
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Introduction to Electric Vehicles

» An Electric Vehicles (EVs), uses one or more electric
motors or traction motors for propulsion.

An EVs may be powered through a collector system by
electricity from off-vehicle sources, or may be self-
contained with a battery, solar panels or a generator to

>

convert fuel to electricity

» A Hybrid Electric Vehicles (HEVs) combines any two
power (energy) sources.

» Possible combinations include diesel/electric,
gasoline/fly wheel, and fuel cell (FC)/battery.

» Typically, one energy source is storage, and the other is
conversion of a fuel to energy.



Schematic Layout of EVs and HEVs
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Components of Electric Vehicles [1]
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1. C. C. Chan, “The State of the Art of Electric and Hybrid Vehicles.” Proc. IEEE 2002, 90, 247-275, 2002.



Electric Machines in EVs are Expected to be [1]

High Power, High Rated Torque, High Starting

Torque, High Efficiency

—L Wide Speed Range, High Overload Capacity

Fast Dynamic Response, Good Flux Weakening

4[_ Capability at High Speed

—L Reliability, Robustness, Reasonable Cost

—[ Low Noise and Small Size
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Classifications of PM Motors

Phsv;se | Phase 2 Ph

(b)

Fig. 1. The three-phase stator winding of PM motors: (a) distribution winding and (b)
concentrated winding.

(a) (b)
Fig. 2. Pictorial view of a stator of PM motors: (a) distributed winding (PMSM) and (b) concentrated
winding (BLDC).
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Brushless Type
DC Motor Layout
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Fig. 3. Block diagram of PM Motor Drive
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Fig. 4. Pictorial view of PM Motor Drive
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[ Basic about Switched Reluctance Motor (SRM)

» The switched reluctance motor (SRM) 1i1s an electric motor that runs
by reluctance torque. Unlike common brushed DC motor types, power 1s delivered
to windings in the stator (case) rather than the rotor. Switched Reluctance Motor (SRM)
1s also known as Variable Reluctance Motor.

» Due to higher efficiency, magnet-less operation, and simple mechanical structure, SRM
becomes the most preferable electric motor for latest electric vehicle applications.

» A recently advanced version of SR technology has been used to power Tesla Model 3
electric car and claimed a significant increase in range (efficiency) compared to the
induction motor used in Model S.

https://www.aarohies.com/construction-and-working-principle-
of-switched-reluctance-motor-srm/


https://www.tesla.com/model3

E Working Principle of SRM }

» This motor works on the principle of
variable reluctance.

» This means, the rotor always tries to
align along the lowest reluctance
path.

» As we know that magnetic flux have
a tendency to flow through lowest
reluctance path, therefore rotor
always tends to align along the
minimum reluctance path.

https://www.aarohies.com/construction-and-working-principle-
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3 Phase
winding Stator
P/
Stator
Aluminium
L sheet Permanent
(conductor) magnets Stator
Shaft
Windings
Ib
Fig. 8. IM Fig. 9. PMSM/BLDC Motor Fig. 10. SRM
Stator: Three phase winding Stator: Three phase winding Stator: Three phase winding
Rotor: Aluminium sheet/Bar Rotor: Permanent Magnets Rotor: piece of (laminated) steel
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Torque Speed Characteristic of IM, PM and SRM
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Fig. 11. Induction Motor (IM) Fig. 12. Permanent Magnet (PM) Fig. 13. Switched Reluctance Motor (SRM)



Advantages and Disadvantages of Induction Motors

Sr. No. Advantages Disadvantages
1 High max. speed, high range of field Small torque density
weaking
2 Low current at no load and part load Higher weight
operation
3 Robust design High current at constant torque
No hazardous material High power losses in the rotor
5 Low production cost Bigger volume

It 1s used by Tesla Model S, Tesla Model X, Toyota RAV4, GM EV1 [2]

2. Available [online]: https://electricvehicles.in/advantages-disadvantages-of-diff-types-of-evs-motors/



Advantages and Disadvantages of DC Motors

Sr. No. Advantages Disadvantages
1 Ease of control due to linearity Brush wear that leads to high
maintance
2 Capability for independent torque and Low maximum speed

flux control

3 Established manufacturing technology EMI due to commutator action

It 1s used by the Fiat Panda Elettra [2].



Advantages and Disadvantages of PM Motors

Sr. No. Advantages Disadvantages
1 High torque density High cost due to rare earth magnets on the
rotor
2 High continuous torque Efforts 1n field weakening necessary
3 High efficiency High induced voltage when operating as a
generator
4 Low power losses Safety aspects of hazardous material
5 Wide range of constant power = Identification of the rotor position necessary

BLDC: This type of motor is used in the Toyota Prius (2005) [2]
PMSM: Toyota Prius, Nissan Leaf, Soul EV
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Advantages of SRM

It does not require an external ventilation system as the stator and rotor slots projected.
The airflow maintained between the slots.

The rotor does not have winding since therefore no need to keep the carbon brush and
slip ring assembly.

Since the absence of a permanent magnet, such motors are available at a cheaper price.
A simple three or two-phase pulse generator 1s enough to drive the motor.

The direction of the motor can be reversed by changing the phase sequence.

Self-starting and does not require external arrangements.

Starting torque can be very high without excessive inrush currents.

High Fault Tolerance.

Phase losses do not affect motor operations.

10 High torque/inertia ratio.
11. High starting torque can be achieved.

https://www.aarohies.com/construction-and-working-principle-
of-switched-reluctance-motor-srm/



Disadvantages of SRM

. Creates Torque ripple at high-speed operation.
. The external rotor position sensor 1s required.
. Noise level 1s high.

. At a higher speed, the motor generates harmonics, to reduce this, we need
to 1nstall larger size capacitors.

. Since the absence of a Permanent Magnet, the motor has to designed to
carry a high iput current. It increases the converter kKVA requirement.

https://www.aarohies.com/construction-and-working-principle-
of-switched-reluctance-motor-srm/



Traction Motor Specifications [3]

Model Year Mobor Feak Power Peak Torgue MMax Speed Poles FPeak Specific Peak Power
Type KWp MN.m RPM Power kW/kg Density kW/L
Roadster 2008 M 215 370 14,000 4 4.05 -
Tesla Sa0 2013 In 225 430 14,800 4 - -
Model 3 2017 M 192 410 18,000 B - -
Prius 2004 PM 50 400 G000 8 1.1 3
Prius 2010 PM 60 207 13,500 8 1.6 4.8
Prius 2017 M 53 163 157 000 3 1.7 3.35
Accord 2006 PM 12 136 G000 16 0.53 2.83
Accord 2014 PM 124 - 14,000 8 2.9 2.93
Spark 2014 PM 105 540 4500 12 - -
Volt 2016 PM 111 370 12,000 12 - -
Baolt 2017 Pia 150 360 BEE10 3 - -
Leaf 2012 PM B0 280 10,390 8 1.4 4.2
Leaf 2017 PM B0 280 10,390 8 1.4 4.2
Camry 2007 Pia 70 270 14,000 3 1.7 5.9
Camry 2013 PM 70 270 14,000 8 1.7 59
Lexus 2008 PM 110 300 10,230 8 2.5 6.6
Sonata 2011 PM 30 205 G000 16 1.1 3.0
BMARW i3 2016 M 125 250 11,400 12 3 " I |
10-06-2021 3. Agamloh, E.; von Jouanne, A.; Yokochi, A. An Overview of Electric Machine Trends in Modern Electric ;3

Vehicles. Machines 2020, 8, 20, pp. 1-16, 2020.
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Impacts of EVs

|

[ Impacts on Power Grid
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4. Grunditz, E.A.Thiringer, T. “Performance Analysis of Current BEVs Based on a Comprehensive Review of
6/10/2021 Specifications,” IEEE Trans. Transp. Electr. 2016, 2, 270-289.
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Social problems Technological Problems Economic Problems

—{ Social acceptance J > Limited range [ High price ]
s N
. ) R Long charging
L Insufﬁ(:ler.lt charging g period
stations - J
»  Safety problems

5. F. U. Noor, S. Padmanaban,L. M. Popa, M. N. Mollah and E. Hossain, “A Comprehensive Study of Key Electric Vehicle (EV)
6/10/2021  Components, Technologies, Challenges, Impacts, and Future Direction of Development,” Energies 2017, 10, 1217, pp. 1-84, 2017. 26



Tentative Solutions of Current Limitations of EVs [5]

Probable solution

Limited range Better energy source and energy management
technology
Long charging period Better charging technology
Safety problems Advanced manufacturing scheme and build quality
Insufficient charging stations Placement of sufficient stations capable of

providing services to all kinds of vehicles

High price Mass production, advanced technology,
government incentives
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Factor Foot Race
Recharging Weight of charger, durability, cost, recycling, size,
charging time
Hybrid EV Battery, durability, weight and cost
Hydrogen fuel cell Cost, hydrogen production, infrastructure, storage,

durability and reliability

Auxiliary power unit

Size, cost, weight, durability, safety, reliability, cooling
and efficiency

6/10/2021
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Vehicles to Grid (V2G)

Batter Charging
Technologies

Batter Battery
Technologies

Wireless Power
Transfer

Overhead Power
Supply
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. Reduce Mass ‘
\
Decrease material and manufacturing costs ‘

Improving the Hardware ‘

Battery — alternatives to/maximizing the nickel-metal
hydride currently in use
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Thank vou for vour attention
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The future really is in our hands!
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