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Department of Mechanical Engineering of ACSCE has organized
an International webinar on 17™ August at 11AM on topic of “Introduction to
Automotive Electrification” to be presented by resource person Mr. Dayanand
Rao, Lead Engineer, Jaguar Land Rover, UK.

Resource person having 14+ years of experience in Transportation Design
(Automotive industry) . Started his career as a trainee in a design service company
and currently working at Jaguar and Land rover as lead engineer. All his work
experience is within Tata group and also fortunate to work in field of automotive
electrification from past 10 years. He is expertise in Sheet metal forming, injection

molding, Vehicle packaging, GD&T, design and development of BIW components.
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Automotive Electrification - Brush up on the Basic

In a symmetric three-phase power supply system, three conductors each carry an alternating current of the same frequd
amplitude relative to a common reference, but with a phase difference of one third of a cycle between each.

The common reference is usually connected to ground and often to a current-carrying conductor called the neutral.
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Due to the phase difference, the voltage on any conductor reaches its peak at one third of a cycle after one of the ather conductors and
one third of a cycle before the remaining conductor, This phase delay gives constant power transfer to a balanced linear load.

Constant power transfer and cancelling phase currents are possible with any number (greater than one) of phases,
However, two phases results in a less smooth (pulsating) current to the load (making smoocth power transfel g
more than three phases complicates infrastructure unnecessarily.




Automotive Electrification —Battery
Battery does not store electric current but it stores energy in the form of chemical energy which can be converted back to electrical
energy when required.
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Automotive Electrification —-Battery sub system

Battery module

Cells arrangement: Series:
| = 1200 mAh
V=15V 1=1200mAh V=3V

Thermal management: battery cells temperature need to be controlled with in creation
range to get best performance and to operate it safely.
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Automotive Electrification—Electrical drive unit (EDU)
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In an asynchronous, or induction, motor, the rotor is pulled into a spin, ik S by s
constantly trying to “catch up” with the rotating magnetic field created
by the stator. This type of electric car motor is known for its high power
output and is a common motor in vehicles.
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Automotive Electrification —Electrical drive unit (EDU)

Types of EDU :
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Asynchronous motor :
In an asynchronous, or induction, motor, the rotor is pulled into a spin,
constantly trying to “catch up” with the rotating magnetic field created
by the stator. This type of electric car motor is known for its high power
output and is a common motor in vehicles.
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Automotive Electrification —Electrical drive unit (EDU)
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Asynchronous motor :
In an asynchronous, or induction, motor, the rotor is pulled into a spin,
constantly trying to “catch up” with the rotating magnetic field created
by the stator. This type of electric car motor is known for its high power
output and is a common motor in vehicles.
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Automotive Electrification —Electrical drive unit (EDU)

Synchronous Motor:
In a synchronous motor, on the other hand, the rotor turns at the same speed as the magnetic field. This provides high torque at low speed,
making it ideal for urban driving. Another advantage is its size: a synchronous electric car motor can be compact and low weight,




Automotive Electrification —Electrical drive unit (EDU)

Synchronous Motor:
In a synchronous motor, on the other hand, the rotor turns at the same speed as the magnetic field. This provides high torque at low speed,
making it ideal for urban driving. Another advantage is its size: a synchronous electric car motor can be compact and low weight,
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Automotive Electrification —Electrical drive unit (EDU)

Main difference between Synchronous and Asynchronous motor

1.5ynchronous motor is a machine whose rotor speed and the speed of the stator magnetic field is equal. Asynchronous motor is a
machine whase rotor rotates at the speed less than the stator magnetic field speed.

2.5ynchronous motor requires an additional DC power source to initially rotate the rotor near to the synchronous speed.
Asynchronous motor does not require any additional starting source.

3.The Speed of the Synchronous motor does not depend on the variation in the load. It is constant. The Speed of the Asynchronous
motor decreases with the increasing load.

4.Change in applied voltage does not affect the torque of the synchronous motor, whereas it affect the torgue of the Asynchronous
motor.

5.With permanent magnets on Synchronous can act like alternator to generate electricity during regenerative braking.




Automotive Electrification — Inverter

Inverter

An inverter is a device that converts DC power to the AC power used in an electric vehicle motaor. The inverter can change the speed at
which the motor rotates by adjusting the frequency of the alternating current. It can also increase or decrease the power or torque of the
motar by adjusting the amplitude of the signal.

Simplified Inverter Circuit
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Automotive Electrification — Inverter

Inverter
An inverter is a device that converts DC power td n electric vehicle motor. The inverter can change the speed at
which the motor rotates by adjusting the frequency of the alternating current, It can also increase or decrease the power or torque of the
motor by adjusting the amplitude of the signal.

Simplified Inverter Circuit HOW Inverters Work
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Automotive Electrification — Inverter

An insulated-gate bipolar transistor is a three-terminal power semiconductor device primarily used as an electronic switch, came to combine
high efficiency and fast switching.

controller will send a signal to each IGBT telling it when to open and close. These IGBT's are paired together
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Automotive Electrification — Charger and wire less charging systemn
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Using two-way communication between the charger and car, the correct charging current is set based on the maximum current the charger
can provide as well as the maximum current the car can receive.
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Automotive Electrification — Hybrid Series
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Advantages

Efficient and optimized power-plant
Possibilities for modular power-plant
Optimized drive line

Long lifetime

Mature technology

Fast response

Capable of attaining zero emission
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Automotive Electrification — Hybrid Series
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Advantages

Efficient and optimized power-plant
Possibilities for modular power-plant
Optimized drive line

Long lifetime

Mature technology

Fast response

Capable of attaining zero emission
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Limitations

# large traction drive system
» Requirement of proper algorithms
» Multiple energy conversion steps
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Autornotive Electrification — Hybrid Parallel

Advantages
# Capable of attaining zero emission
HV BATTERY = # Economic gain
» More flexibility

- INVERTER Limitations
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Automotive Electrification — Hybrid Parallel - Series Power split planetary gear system
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Automotive Electrification — Hybrid Parallel - Series

Power split planetary gear system
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Automotive Electrification — Hybrid Parallel - Series

Power split planetary gear system
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Autormotive Electrification —sustainability and Life cycle
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