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1 [List out different types of fuel cells and explain in detail about Proton exchange 10 [CO3 | L2

membrane fuel cell

FUEL CELL TYPES

" " - = + Phosphoric acid fuel cell (PAFC)
PEMFC PAFC AFC MCFC SOFC
* Polymer electrolyte membrane fuel cell (PEMFC)

Polymer Liquid H,PO, Liquid KOH  Maolien + Alkaline fuel cell (AFC'
Electrolyte membrane {immobilized) (immobilized) carbonute Ceramic «  Molten carbonate fuel cell (MCFC}
Charge camier ~ H* e OH" o> o+ + Solid-oxide fuel cell (SOFC)
Operating 8C 200°C 60-220°C 650°C  HO0-1000%C
temperature
Catalyst Platinum Platioum Platinum Nickel  Perovskites

(eeramic)
Cell components Carbon based  Carbon based  Carbon based  Stanless  Coramic based
based

Fuel compatibility  H,, methanol  H, H, H,.CH, H, CH,.CO

They all operate at different
* Temperature ratings
* Incorporate different materials
They have
* Different fuel tolerance
« Different Performance characteristics
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Discuss about modelling of battery (empirical model and Electric circuit 10 |CO3

model).
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Explain in detail about Force velocity characteristics and maximum 10 |CO1 | L2
gradeability.







4 |Write a note on i) Constant FTR level road ii) Velocity Profile iii) Distance 10 |CO1 | L2
transversed iv) Tractive power and energy required
g s I T

function of time.




With the help of circuit diagram and operating characteristics explain the two
quadrant zero voltage transition converter for EV DC motor drives.

10

CO4

L2




MOTORS FOR EVs and HEVs
Motors used in EVs and HEVs usually require
* Frequent starts and stops
* High rates of acceleration/ deceleration
* High torque and low-speed hill climbing
* Low torque and high-speed cruising
* Very wide speed range of operation.

Motor drives

|

EVs and HEVs motor classification

| Commutator | | Commugatorless |
I S NP | 1
Seilf- Separately | churtio M Swilched PM
encited ‘ excited | S |Symehronos| | prushiass | | reluctance | | hybd |
Sl — L % i il
o T = i B o = O
| | | Feld PM Wound-| |Squirel| |Wound-| | PM | __ ]
|Sarios| | Shunt| | oited | | excited | Frow | | cage rotor | | rotor | [Peluctance

DC Motor drives:

* DC motor drives have been widely used in \
applications requiring adjustable speed, good h
speed regulation, and frequent starting, braking
and reversing.

Princiﬁle of Operation:

* When a wire carrying electric current is placed in a
magnetic field, a magnetic force acting on the wire
is produced. The force is perpendicular to the wire
and the magnetic field.

* The magnetic force is proportional to the wire
length, magnitude of the electric current, and the
density of the magnetic field; that is,

F=BIL

* When the wire is shaped into a coil, the magnetic
forces acting on both sides produce a torque, which
is expressed as

T=BiL cos o

where a is the angle between the coil plane and
magnetic field.

.
DC MOTOR DRIVES

* Types of DC Motor
Typically, there are four types of wound-field DC motors, depending

on the mutual interconnection between the field and armature windings. They are
- Separatelv excited
A

Iy Ly oy Ay F,
* Shunt excited —1 ¥ I; P
* Series excited Vi 2 N +, - : b
- ? TV O v,+— | ) —
* Compound excited [ e = -~ 2
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Series - Cumudative compound

STEADY-STATE EQUIVALENT CIRCUIT OF THE ARMATURE OF A DC MOTOR
* The steady-state equivalent circuit of the armature of a DC AANAN—
motor is shown in figure. R,
* The resistor R, is the resistance of the armature circuit. .
=W, E

E = Kying, |

* For separately excited and shunt DC motors, it is equal to the 1
resistance of the armature windings L3
* For the series and compound motors, it is the sum of ‘
armature and series field winding resistances.
V,=E+R|] T=KJl,
* Basic equations of a DC motor are “ b
where I,=V,—E V.—E
= |, is the armature current in Amps R T=K¢ |:T]
* V,is the armature voltage in Volts - a
* ¢ is the flux per pole in Webers E= R¢‘¢"’Jrr K ¢ (K.¢)?

* R, is the resistance of the armature circuit in ohms T= V- @,
* w,, is the speed of the armature in rad/sec R, R, )
* Tis the torque developed by the motor in Nm

» W icrnnetant




various choices of electric propulsion for EV consideration.

FUNCTIONAL BLOCK DIAGRAM OF A TYPICAL ELECTRIC PROPULSION
SYSTEM

Energy storage
| +
Y Y :
Electric controlier |4 .-‘ Power converner }4 - -I Electric motor J" : n‘:{:";’":::iﬁ:[
Software Hardware Devices Topology CAD Type |
- 4

VVVF K processor IGBT Chopper FEM 1| oc
FOC | controller MOSFET Inverter EM ™M ( )
MARC DsP GTO PWM Force saM .
sTC Transputer MCT Resonant Thermal PMSM
vsSCc - B . BJT Graphics PMBM
NNC = N N | PMHM
Fuzzy

'With the help of block diagram and XY and aff frame plots, explain field- 10 |[CO4 | L2
oriented control of Induction motor drive.

INDUCTION MOTOR DRIVES

* Commutator less motor drives offer a number of advantages over conventional DC
commutator motor drives for the electric propulsion of EVs and HEVs.

* At present, induction motor drives are the mature technology among commutator less
motor drives. Compared with DC motor drives, the AC induction motor drive has
additional advantages such as

LIGHTWEIGHT NATURE
*  SMALL VOLUME
LOW COST
HIGH EFFICIENCY.
which are particularly important for EV and HEV applications.

* There are two types of induction motors, namely, wound-rotor and squirrel cage motors.

* Because of the high cost, need for maintenance, and lack of sturdiness, wound-rotor
induction motors are less attractive

* squirrel-cage motors are preferred for electric propulsion in EVs and HEVs.

|

INDUCTION MOTOR DRIVES I [

The single-motor configuration of the inverter e
induction motor drive has been widely adopted for
& Current Voltage
commercial EVs.
Position
The single-motor configuration uses only one

IM and one PWM inverter, which can minimize the ¢,mmand — Controller Sensors

corresponding size, weight, and cost. However, it

needs a differential to adjust the relative speeds of

the driving wheels for cornering. Basic configuration of induction motor drive

In addition, it employs a fixed gear (FG) to Wheel
reduce the motor speed to match with the wheel

speed.

Differential
It should be noted that the high-speed

design of IMs is widely adopted for EV propulsion

because this design favors the reduction of machine Wheel

size and weight, which are crucial factors for EVs. ) i — e e

Single-motor configuration of induction motor drive for EVs
Explain the functional block diagram of an EV propulsion and hence discuss the 10 |[CO4 | L2




ELECTRIC PROPULSION SYSTEM

Electric propulsion system consists of
* ELECTRIC MOTORS
The electric motor converts the electric energy into mechanical energy to propel the
vehicle, or, vice versa, to enable regenerative braking and/or to generate electricity for the
purpose of charging the onboard energy storage.

* POWER CONVERTERS

Power converter is used to supply the electric motor with proper voltage and
current.

* ELECTRONIC CONTROLLERS

The electronic controller commands the power converter by providing control signals
to it, and then controls the operation of the electric motor to produce proper torque and
speed, according to the command from the drive.

e
ELECTRIC PROPULSION SYSTEM

The Electronic controller used in EVs and HEVs has three functional units

The SENSOR which is used to translate measurable quantities such as current,
voltage, temperature, speed, torque, and flux into electric signals through the interface
circuitry. These signals are conditioned to the appropriate level before being fed into the
PROCESSOR.

INTERFACE CIRCUITRY amplifies the processor output signals and generates the
switching signals to drive power semiconductor devices of the power converter.

Factors to be considered while choosing an Electric propulsion systems for EVs
and HEVs

Driver expectation
* Acceleration
* Maximum speed
* Climbing capability
* Braking
*Range

|
CHOICE OF ELECTRIC PROPULSION SYSTEMS FOR EVs AND HEVs

Vehicle constraints
*Vebhicle type
*Vehicle Weight and Volume
* Payload.

The energy source
* Batteries
* Fuel cells
* Ultracapacitors
* Flywheels
* Hybrid sources

CI CCI

HOD




