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Basic technical requirements for a lead-acid cell

in HEV/EV applications

Energy density 35-40 Wh/kg
Specific cnergy 60-75 Wh/L
Power density 150-200 W/kg
Round-trip encray cf ficiency 70-90%
Sclf-discharge rate 5-15%/month
Cycle durability 500-800 cycles
Nominal ccll voltage ~2.1V

‘ll

Basic technical requirements for an NiMH cell in

HEV/EV applications
Energy density 60-80 Whikg ,
Specific cnergy 160-200 Wh/L
Power density 240-300 W/kg
Round-trip energy efficiency 75-95%
Self-discharge rate 10-20%/month
Cycle durability 800-1000 cycles
Nominal cell voltage ~1.2V "
7 Basic 1echnical requirements for a Li-ion cell in HEV/EV applications
S pecs B—-TCQW - I_'{i'.u'('.. ) '_'_I{.I.:‘.\-"apphca:ion EV ;m
Encrgy density (1C rate at 25 °C) |  WWL | 70-200 350550
Specific encrgy (1C rate at25°C) | Whikg | 50-100 | 150-230
Power density (lOsccond, at50%SOCand | WL '7000—9000 ‘ 2000000
Spcclﬁc power (10 second, at 50% SOC and Wheg | 10004500 1000-3000
25 °C) ,
Round-tsip encrgy efficicncy (1C rate at 25 °C) 92-97% 94-98%
Scif-discharge rate (a1 50% SOCand 25°C) | <S%/month <3%/month
-1 ~
Power/Encrgy (P/E) ratio (at 50% SOC and hr =30 i
Lo L) - 20001000 1500-3000
Cyclc durability cycles cycles
. v -3.75 ~3.75
Nominal ccll voltage
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Characierisucs of common Liioa ©

Moderate safety (oxygen release)

55 | ‘ st Pt ey
3 T T R I S 2 =3 SR 2 T N SO Qe i
-~ - T Wy T T - = * -"_x"a--:r': "1'_‘-:‘:4.’1.1::1 {;\,:::{}‘11_-\- Sl E ToDEhw
Saactare | Compotnd -~ S T N e ISty
R A e et~ = i (\ e L_rf[_:"; -3 iﬁ"u\f'. g‘;. |- coerey
B " ‘.,_ & - [ - - : 5 Js T
~ i 3 il “ L 5 $. - 1 AT, ) - ? % _1'1.".""':
— : S = ; —*i o
; § 42 b 12014 320-570
’Iavend | LiCoO; (LCO) 2. 4 : __
‘ C-180 | 610-£60
Lavered | LiNizMny4Coia &(\"\{0 | 40 | 160180 | 610860
| . . : IR _-:h-} -:"1-.‘-\ ‘—-':.r‘\
ln'lfefﬁﬂ mjﬁc%w‘\m& ("\C:\‘} - a . :!‘-O._._ = : ; 130200 = O
: 4 i "‘1—’0 { ‘,!':C“'_:L'Lf
-Spmd L!-\{Iho.: (LLIO) i 41 l {
| ' | .47 | 100120 | 460520
7Spme] | LiMn; sNiasQ IMN) - i 47 { i ;
| i 3. 30-170 | $20-580
|Olivine | LiFea Mo sPO, (LFP) i 34 | 150-170 | 520580
L]
Advaniases and disadvaniages of commen Li-ion batteries with different cathoda
matenals
F Coomoand Advaniages- i D;-:;—-ﬁ:re::la_-;-:__t B T
‘ LN 2Mn; =Co;50- High eneroy capecity Hich costof N1 and Co
1 (N0 Slow reaction with electrolytes Potential resource mitations
Ready SOC estimation Poor high rate perfermance

LiNipsCog 1cAln0s0s
ONCA)

Slow reaction with electrolyies
High energy capacity

High operating voliage
Excellent high rate pufonnancc

High cost of NI and Co
Potential resourcs
Poor safety

¢ hmatzs tion

' LiMn.O: (IMO)

Mod=rately low cost :
Excellent high rate pedformance

1 _ High operating voluage

No resource limitations
Moderate safety (oxygen release)

an cycle Lif= due to Mn
solubility issus
‘Low energy

capecity

LiFes sMng sPO; (LFP) |

Moderately low cost

Excellent high rate performance

No resource limitations

Very slow reaction with electrolyte
Excellent safety (no oxygen relcase)

Low operating voltage
Low energy density
Low power density

Very challenged for SOC
estimaton

-
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Flywheel

Flywheel Energy Storage Systems (FESS) employ kinetic energy
storcd. in a rotating mass with very low frictional losses.
Electric energy input accelerates the mass to speed via an integrated motor-
generator.  The energyis  discharged by drawing the

ener down
kinetic energy using the same motor-generator.

FESS use electric energy input which is stored in the form of
Kinetic energy.

To maintain efficiency, the flywheel system is operated in a vacuum to
reduce drag. The flywheel is connected to a motor-generator that interacts
with the utility grid through advanced power electronics.

The Flywheel has 3 main functions. The first is to maintain a rotating mass
(inertia) to assist the engine rotationand provide a more consistent
delivery of torque during running. The second is to provide a ring gear for
the starter motor to engage on.

'Fly wheel Energy storage device""]
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Flywheels are now made of a carbon fiber composite which has a high
tensile strength and can store much more energy. The amount of energy
stored in the flywheel is a function of the square of its rotational speed and
its mass, so higher rotational speeds are desirable.

FESS use electric energy input which is stored in the form of kinetic
energy. Kinetic energy can be described as “energy of motion,” in this case
the motion of a spinning mass, called a rotor. The rotor spins in a nearly
frictionless enclosure.

When short-term backup power is required because utility power fluctuates
or is lost, the inertia allows the rotor to continue spinning and the resulting
Kkinetic energy is converted to electricity.

Most modemn high-speed flywheel energy storage systems consist of a
massive rotating cylinder (a nim attached to a shaft) that is supported on a
stator — the stationary part of an electric generator — by magnetically
levitated beanngs.

To maintain efficiency, the flywheel system is operated in a vacuum 1
reduce drag. The fiywheel is connected to a motor-generator that interacts
with the utility grid through advanced power electronics components.

Some of the key advantages of flywheel energy storage are low
maintenance, long life (some flywheels are capable of well over 100,000
full depth of discharge cycles and the newest configurations are capable of
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L. Rotating mass made of fiber glass resins or polymer materials with a
high strength-to-weight ratio

A mass that operates in a vacuum to minimize acrodynamic drag
. Mass that rotates at high frequency, and

W

Air or magnetic suppression bearing technology to accommodate high
rotational speed. Advanced FESS operate at a rotational frequency in
excess of 100,000 RPM with tip speeds in excess of 1000 m/s.

Additionally, they have several advantages over chemical energy storage,

They have high energy density and substantial durability which allows
them to be cycled frequently with no impact to performance.

They also have very fast response and ramp rates. In fact, they can go from
full discharge to full charge within a few seconds or less,

FESS are increasingly important to high power, relatively low energy
applications. They are especially attractive for applications requiring

frequent cycling given that they incur limited life reduction if used
extensively

FESS are especially well-suited to several applications including electric
service power quality and reliability, ride-through while gen-sets start-up
for longer term backup, area regulation, fast area regulation and frequency
response. '

FESS may also be valuable as a subsystem in hybrid vehicles that stop and

~ start frequently as a component of track-side or on-board regenerative
~ braking systems,

Scanned with CamScanner



Wz g Speed Flyutne s
(Fw) o FES)
« W accummanlotoys MQ‘MB}T?M R > W\o.xfi‘,&v
o Corapsil Ry wieel Conpled woitln o
NSt —gen & ?%Peo?a,Q brackeJa QJB(TM Magek J
SR Lnside & /Qme\,@s?w% qk‘\/.@\tjhwwm
TRt %Aw C’:J(/QA:Y\Q Cs«,‘:&&\:\j’ OS&,Q loseo &
kewo ), 00,000 Cycdeg) |
- Bt Brangsy grocoge W Gapecil [untals
Ong ‘Mﬁ/.@xmo\ :
- Setetoa Lowees %uo{zm Koustnced ane
'@'\LW\M A alsu X Zeokw _
v DnSronbameous %‘Cﬁmoa 25/, 5 oyl
eRciency dorops % 187 i Shows &=
L5/, aklin o Aoy - S0 ,ch\ZE—QP\M(SE‘W&S,Q_
it A FES b Riefmie wokr (proedeonalde
C Testellodon tanded & be heany 4 e
pyrESCopic focGes 0y Wra FWW one At Connte
9 Conn BB Gom OV (ot WK Comn pa th A

Scanned with CamScanner



lakively Ligek wecge Canvoon - Abeed
Hoyustneed -

Ll 500 ¥pn -

‘ Hi\re, /Qg;u %&wgfj 5 \NDS/(,\ %; P.,U\ffﬂ)
Lorg Cycke Life) ot @mnsrsyy £ffrC00 %)
Guicle fetharge , Wambenance [~ee, Cs3E
efecine S IR %K\zw&bqﬂ ;

- Rokabine Fw &teres Cnoy win ke ineds e

i 1 T R e R .

Wirare —‘-S_F- w\omeu}:ob Do a "Zp\’\"\“\:ﬁm
VgF aN\-&vaﬂvx \Iﬂﬁvec:ka %AFN \;M“Q‘A/Qec
T difyreldt b dimectAy he meckani-
—Cal evirgy ghced wn a v B P»m;xf)
 a Vel Witk Corinvd Vool adfe Thaso
= 300 COVT) & widke gean yakio Vanialon
- e | J

Scanned with CamScanner



EY\QMa\a, Elroveel W Py < 3_,: -
o< (~obaling SF—CQD(DL
» B Lgelewergns Fv Ao dh e dercgucat
= ‘Pwpexxﬁ»g A Iieve Tomaent o) fmﬁ&@};)
LeTIN Ui T prass /QVF@\WE Ve -

Povoen Lovpen 0 FW C-PF)

Scanned with CamScanner



.M\W_\\AYA vobeflomed Spead G
- /g"\'?i“i”{s'\cﬂ,\/\,‘rﬁj “nCyease U A Torwog e

-

Scanned with CamScanner



\Ovu‘(‘ /Q. ‘1\'\\ k}&o\ \9\3 E(.’ XC‘Q\.\—‘\;\ |—€ /(th—._,Q\ﬁ\ W
C8) oy Tme makons A constt e FW.

* NAKimuan Bonedy TN G’b Fevinoeol ~L() (T
M“C&P«Q Arone \\A SN __%__\ '2\,,{'34. -
S c{cu,,.‘t;' n) )\»‘W—EL..‘-\:O MadA
3 D_L\L \£\ T\’\Q Q(t_\!:.b\\_c_, ]\L Aﬂuu)wta
%_ ‘% \’\,Q_GKL\CQ tc—\c_ LSO C{'“B‘\\D\,\.\.uc‘

X el ¢ Lees e FW Can e

\M\ A~ O \f\.\ -'\V(:j VC\ C.\,L\.\\\\-(_D\ jr-

Wl AnC..

&W{

= Sa FV\' “ba,w- PMBL:DC_ SR

M M i\}“ﬂ‘\”f'b

\Ru\ ‘-Ak f
J;nccna, W W @
G‘aTGSCD?‘ o . ’r&mt \ QAN Y wm
3. Wt gAaLULn V.Q.\\\C,QQ \b\ N o o \..,,\4; e
B o Ayt line wach feiw wi
‘ M"\ﬁ = “Z\'-T] . \M\\\\D\ \\\"3(\&\ Cau.t.&\\\a
C e usnieg e mpn(‘t«\mg Aevene dlannage K veheele

\ \m S
N D e QW WIAN Tl Con Woe Yedances
k\m?ﬁaﬂa §r‘ \N\\.\,Q‘r[‘\é., .ﬁm\.\ﬁ mmoc \‘L\u

Scanned with CamScanner



S T Pt s I L et L e A D T B B e e e

. Thoub Can e Yedumled)
Wwhean Uk wo MR
Wumﬁa%, %wﬂ& FW/S
GM 283 \FW—- oL
Do v Ao & o
an TAQ oPPc‘%:t@_ A\*m@
2 vk Lol be fReovite
'Z&O) .

Fw = Sp &gy \o & \5‘3\”\““/?22 Hprach

Powaer

elactronics TV
i \

e \
e mp Y \,
g |

heel Electric Stator
. machine
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Cell Reactlon

; Charye Speclfle
g‘mﬂ S o= ' ::J:“hmm Bnergy
(Whikg)
slic aqreons solution
Arive oy rb PhO,+ 21,80, + ' & 2SO+ 2H,0 170
Alkaline aqueous solution |
NiOOH Cd 2NIQOH +2H,0+Cd & 2NH(OF)+ Cd (O, 217
NiOOH Fe 2NIOOH +2H,0+I'e & 2NI(OH),+ Pe(OH), 267
NiOOH Zn 2NIOOH +2H,0+Zn & INI(OH)y+ Zn(OH), a4t
NiOOH H, 2NIOOH +H, & 2NI(OH), 387
MnOy Zn 2MNnO2+H,0+Zn & IMnOOH +Zn0 .31/’_
0, Al 4A1+6H,0+30, o AAIOH), 2815
O, Fe 2Fe+2H,0+0, & 2Fe(OH), 764
O, Zn 2Zn+2H,0+ 0, & 2Zn(OH), 8858
:::w Zn Zn+Dr, < Znlr, 436
a, Zn Zn+Cl, ¢ ZnCl, 833
(VO,),S0, VSO, | (V0,),50,+2HVSO, & 2VOS0,+V4(SO)), 14
+2H,S0, +21,0
it
gmm . Na 2Na+35 o> Na,5, 7?0
NiCl, Na 2Na+NiCl, & 2NaCl 790
FeS, LIAL 4LIA1+FeS, & 2L, S +4Al+Fe 650
Organic lithiwm
u,é?O, Li-C LiyenCetLin _,,_,,,COO, ¢ Li,Co+Li,.,CoO, J200

Scanned with CamScanner




F

Gratus of Battery Systems for Automotive Applications 5 L

[— Specific| Peak Ener Cycle Self- .Cost

system Energy | Power Ef[ic‘i;cyncy Li);e Discharge (USS/kWh)
(Whikg) | (W/kg) | (%) (% per 48 h’?

Acidic aqueous solulion

Lead/acid 35-50 | 150400 | >80 500-1000 | 0.6 120-150

Alkaline aqueons solution

Nickel/cadmium 50-60 | 80-150 | 75 800 1 250-350

Nickel /iron 50-60 80-150 |75 1500-2000| 3 200400

Nickel/zinc 55-75 | 170-260 | 65 300 1.6 100-300

Nickel/metal hydride |70-95 | 200-300 | 70 750-1200H 6 200-350

Aluminum/aif 200-300 | 160 <50 7 4 7

tron/air 80-120 | 90 60 500+ ? 50

Zinc/air 100-220 | 30-80 | 60 600+ ? 90-120

Flow

Zinc/bromine 70-85 90-110 | 65-70 500-2000 | ? 200-250

Vanadium redox 20-30 110 75-85 — — 400-450

Molten salt

Sodium /sulfur 150-240 | 230 80 800+ 0 250-450

Sodium/nickel 90-120 | 130-160 | 80 1200+ 1 230-345

chloride

Lithium/iron 100-130 | 150-250 | 80 1000+ ? 110

sulfide (FeS)

Organic/lithium 4

Lithium-ion 80-130 | 200-300 | >95 1000+ 0.7 200

Wﬂo selfdischarge, but some energy loss by cooling.

e

Scanned with CamScanner



F\—&Q;Q, CQ,JQ.‘Q:_

| 2 T @h\QJ\ﬁ'\D fz @Kiéko\.}kfé\,; (?) Ca‘n\\I\Q,\AX‘T::(mon
| (j‘u\.Q_,,Q): VG A VS PRI 6N \La%y\o\&,m\j N OAA B({Q,Lz,.ce,a\ a9,
oW m\.\cue_n\ Alve c,k“/Q«.uj w\;/\k'f)

elockiclyy wam & el C L.
. AN orTdalow vstve o Guanmken 2 e
e o cBrione pelueun 06.,\1&& O x ok wi e ;
s,
A5, 2o = o "

@A@ﬁmkmwMQ%ﬁij
o x i didatxew o Y\ﬁgz‘d&“’e il
A Clatoteat Wwé'%&ﬁoaq S
C o Fuelcdd (FC) owrod e, o o aakh
eQockiointe ore WNQ"O\ WQ\
Sa faak e gl patun T e

ok a et
- T s ol - el WilR oRry3e

' Conrot
\"5&’98 poan VSN e QWC\W\T Ausazn -

Scanned with CamScanner



.Hﬁ&\%@w@wowwme& v

tre Wdrogen (e

s BRe @focbro—

&

o W Wwgdnogenn dlomas - Tra paaees Trae
s 5wl i Elveit:

©

Proton exchange membrane fuel cell

Hydrogen luel Is channeled through field llow plates to
the anode on ona side of the fuel cell, while oxidant 2
(oxygen or alr) is channeled to the cathode on the other

side of the cell.

©

Althe anode, a
platinum catalyst
causes the hydrogen
lo splil into positive
hydrogen lons
(protons) and
negatively charged
electrons.

\ Backing layers

Hydrogan /\

Hydrogen /i
|2l

flow fisld

(negalive)

Cathoda
(positive)

Polyimer
aloclrolylo
mombrane

/ Oxidant

Oxidant  (low field

The polymer electrolyte R
o membrane (PEM) allows >
only the positively
charged ions to pass
through it to the cathede.
The negatively charged
alectrans must travel
along an external circuit
lo the cathode, creating
an electrical current. )

Al tha cathado, Lhe electrons S)\
and positively charged

hydrogen lons combine with

oxygen to form water, which

flows out of the cell, - A
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1: acceleralor pedal; 2: brake pedal; 3: vehicle controller; 4: fuel cell system; 5: peaking
power sound; 6: electronic interface; 7: motor controller; 8: traction motor; 9: transmission:
10: wheels. (1): traction command signal; (2): braking command signal; (3): energy signai
of paaking power sour; (4): fuel cell power signal; (5): electronic interface control signal;

{€): motor control signal; (7): speed
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Itra capacitors
4

o An Ultra Capacitor, also known as a Super Capacitor, or electrochemical
capacitor, is a device for storing electrical energy which is growing rapidly in

popularity.
e DrDavid Eisenbergand Prof Gadi Rothenbergof the University of

Amsterdam's Van 't Hoff Institute for Molecular Sciences have invented a new
type of super capacitor material with a host of potential applications in electronics,

transportation and energy storage

—_— ")

Super Capacitors are electric storage devices which can be recharged very
quickly and release a large amount of power. In the automotive market they
cannot yet compete with Li-ion batteries in terms of energy content, but their

capacity is improving every year.

Electrical energy is stored in Super Capacitors via two storage principles, static
double-layer capacitance and electrochemical pseudo capacitance; and the
distribution of the two types of capacitance depends on the material and structure

of the electrodes.

Ultra Capacitors also have two metal plates, but they are coated with a sponge-
like, porous material known as activated carbon. And they're immersed in an
electrolyte made of positive and negative ions dissolved in a solvent. This then

causes each electrode to attract ions of the opposite charge.

 The small separation between electrodes permitted by this structure lead to much
higher energy storage density than a normal capacitor. The double sided coated
electrodes are made from graphite carbon in the form of activated conductive

carbon, carbon nanotubes or carbon gels.

A porous paper membrane called a separator keeps the electrodes apart but allows
positive ion to pass through while blocking the larger electrons.
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the ultra capacitors solder tabs,
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The double Tayer construetion of the carbon electrodes and separator may be very

thin but thcir‘cﬂ‘ccn'vc qurfice aren into (he thousands of meters squared when
“potled up together.
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Then in order 1o increase the capacitance of an ultra-capacitor, it is obvious that to
increase the contact surface area, A (in m®) without increasing the capacitors
physical size, or use a special type of electrolyte to increase the available positive
ions to increase conductivity.

Then ultra-capacitors make excellent energy storage devices because of their
~high values of capacitance up into the hundreds of farads, due to the very small
distance (d) or separation of their plates and the electrodes high surface
area (A) for the formation on the surface of a layer of electrolytic ions forming 2
double layer. This construction effectively creates two capa;:itors, one at each
carbon electrode, giving the ultra capacitor the secondary name of “double layer
capacitor” forming two capacitors in series.

However, the problem with this small size is that the voltage across the capacitor

| rcan only be very low as the rated voltage of the ultra-capacitor cell is determined
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qainly by the decomposition voltage of the electrolyte. Then a typical capacitor
cell has a working voltage of between 1 to 3 volts, depending on the electrolyte
used, which can limit the amount of electrical energy it can store.

. In order to store charge at a reasonable voltage ultra capacitors have to be
connected 1n series. Unlike electrolytic and electrostatic capacitors, ultra-
capacitors are characterized by their low terminal voltage. In order to increase their
rated terminal voltage to tens of volts, ultra capacitor cells must be connected in

series, or in parallel to achieve higher capacitance values. 6x2 UCs placements is
shown below
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* AnUltra Capacitor (UC) is an electrochemical device consisting of two porous
- electrodes, usually made up of activated carbon immersed in an electrolyte
Solution that stores charge electrostatically. This arrangemeflt effe;tlvely creates
Iwo capacitors, one at each carbon electrode, connected in series.
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capacitor, causing high ESR and eventually end-of-]ife.

Sometimes called an Ultm Capacitor (UC), a Super Capacitor (SC) - like a battory
- is 2 means to store and release electricity. But rather than ‘sml‘"‘% t"“‘-“‘f‘l}' mn the
form of chemicals, super capacitors store electricity in a static state, making them
better at apidly charging and discharging energy.

Super Capacitor (SC) is often misunderstood: it is not a battery replacement to
store long-term energy. It, for example, the charge and discharge times are more
than &0 secends, use a battery: if shorter, then the SC becomes economical.

Super Capacitors are used in applications requiring many rapid charge/discharge
cyvcles, mther than long-term compact energy storage - in automobiles, buses,
trains, cranes and elevators, where they are used for regenerative braking, short-
ISrm energy storage, or burst-mode power delivery.

A Super Capacitor's lifetime spans 10 to 20 years, and the capacity might reduce

from 100% to 80% after 10 years or so due to their low equivalent series resistance
(ESR).

SCs provide high power density and high load currents to achieve almost instant
charge in seconds.

SCssull hold some potential uses for Tesla's electric cars. If you have a high
energy battery onboard, then this secondary circuit could be powered by a SC th

at
is very efficient. It will even have an extremely long life cycle.

All-electric vehicle power trains employ two distinct
storage devices to satisfy the needs of the

capacitors, the latter also sometimes bej
electrochemical capacitors.

types of electric energy
design. These are batteries and super
ng referred to as ultra capacitors or

The energy density of SCs pale against lithium ion batteries, the technolog

. : y
typically used today in phones and laptops. For that y

. = : _ purpose, SCs can replace
batteries entirely on hybrid buses, while all-electric buses require fewer batteries.

PowerStor SCs have a longer lifetime than secondary batteries, but their lifetime is
not infinite. Over many years, the SC will dry out, similar to an electrolytic
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EEPESCN ELECTRICAL AND HYBRID VEHICLES

Unit - I: Introduction
Conventional Vehicles: Basics of vehicle performance, vehicle power source characterization,
transmission characteristics, mathematical models to describe vehicle performance.

Unit-11: Hybrid Vehicles

Introduction to Hybrid Electric Vehicles: History of hybrid and electric vehicles, social and
environmental importance of hybrid and electric vehicles, impact of modern drive-trains on energy
supplies.
Hybrid Electric Drive-trains: Basic concept of hybrid traction, introduction to various hybrid drive-
train topologies, power flow control in hybrid drive-train topologies, fuel efficiency analysis.

Unit - H11: Electric Trains

Electric Drive-trains: Basic concept of electric traction, introduction to various electric drive-
train topologies, power flow control in electric drive-train topologies, fuel efficiency analysis. Electric
Propulsion unit: Introduction to electric components used in hybrid and electric vehicles,
Configuration and control of DC Motor drives, Configuration and control of Induction Motor drives,
configuration and control of Permanent Magnet Motor drives, Configuration and control of Switch
Reluctance Motor drives, drive system efficiency.

Unit - IV: Energy Storage

Energy Storage: Introduction to Energy Storage Requirements in Hybrid and Electric
Vehicles, Battery based energy storage and its analysis, Fuel Cell based energy storage and its
analysis, Super Capacitor based energy storage and its analysis, Flywheel based energy storage and its
analysis, Hybridization of different energy storage devices. Sizing the drive system: Matching the
electric machine and the internal combustion engine (ICE), Sizing the propulsion motor, sizing the
power electronics, selecting the energy storage technology, Communications, supporting subsystems

Unit - V: Energy Management Strategies

Energy Management Strategies: Introduction to energy management strategies used in hybrid
and electric vehicles, classification of different energy management strategies, comparison of different
energy management strategies, implementation issues of energy management strategies. Case Studies:
Design of a Hybrid Electric Vehicle (HEV), Design of a Battery Electric Vehicle (BEV).

Text / References:

1. C. Mi, M. A. Masrur and D. W. Gao, “Hybrid Electric Vehicles: Principles and Applications
with Practical Perspectives”, John Wiley & Sons,2011.

2. S. Onori, L. Serrao and G. Rizzoni, “Hybrid Electric Vehicles: Energy Management Strategies”,
Springer,2015.

3. M. Ehsani, Y. Gao, S. E. Gay and A. Emadi, “Modern Electric, Hybrid Electric, and Fuel Cell
Vehicles: Fundamentals, Theory, and Design”, CRC Press,2004.

4, T. Denton, “Electric and Hybrid Vehicles”, Routledge,2016.

5. A.K.Babu, "Electric & Hybrid Vehicles", Khanna Publishers, New Delhi 2019

6. Anupam Singh, "Electric Vehicles: And the end of ICE Age", Adhyyan Books, New Delhi
2019.




EEPEG605 ELECTRICAL AND HYBRID VEHICLES

Course Objectives:

e To understand the fundamental concepts, principles, analysis and design of hybrid
and electric vehicles.

e To acquire knowledge on the social and environmental importance, basic concepts
and configuration of hybrid EV and electric driven train.

e To study various types of electric machines and energy storage devices used in
hybrid and electric drive and to study the configuration and control of various
electrical machines.

e To learn in detail about the Energy Storage Requirements in Hybrid and Electric
Vehicles apart from the communication and supporting subsystems used.

e To understand the design of different energy management strategies,
implementation issues in hybrid electric vehicle and battery electric vehicle.

Unit - I: Introduction

Conventional Vehicles: Basics of wvehicle performance, vehicle power source
characterization, transmission characteristics, mathematical models to describe vehicle
performance.

Unit-11: Hybrid Vehicles

Introduction to Hybrid Electric Vehicles: History of hybrid and electric vehicles,
social and environmental importance of hybrid and electric vehicles, impact of modern drive-
trains on energy supplies.

Hybrid Electric Drive-trains: Basic concept of hybrid traction, introduction to various hybrid
drive- train topologies, power flow control in hybrid drive-train topologies, fuel efficiency
analysis.

Unit - 111: Electric Trains

Electric Drive-trains: Basic concept of electric traction, introduction to various
electric drive-train topologies, power flow control in electric drive-train topologies, fuel
efficiency analysis. Electric Propulsion unit: Introduction to electric components used in
hybrid and electric vehicles, Configuration and control of DC Motor drives, Configuration
and control of Induction Motor drives, configuration and control of Permanent Magnet Motor
drives, Configuration and control of Switch Reluctance Motor drives, drive system
efficiency.




Unit - IV: Energy Storage

Energy Storage: Introduction to Energy Storage Requirements in Hybrid and Electric
Vehicles, Battery based energy storage and its analysis, Fuel Cell based energy storage and
its analysis, Super Capacitor based energy storage and its analysis, Flywheel based energy
storage and its analysis, Hybridization of different energy storage devices. Sizing the drive
system: Matching the electric machine and the internal combustion engine (ICE), Sizing the
propulsion motor, sizing the power electronics, selecting the energy storage technology,
Communications, supporting subsystems

Unit - V: Energy Management Strategies

Energy Management Strategies: Introduction to energy management strategies used in
hybrid and electric vehicles, classification of different energy management strategies,
comparison of different energy management strategies, implementation issues of energy
management strategies. Case Studies: Design of a Hybrid Electric Vehicle (HEV), Design of
a Battery Electric Vehicle (BEV).

Text / References:

1.C. Mi, M. A. Masrur and D. W. Gao, “Hybrid Electric Vehicles: Principles and
Applications with Practical Perspectives”, John Wiley & Sons,2011.

2. S. Onori, L. Serrao and G. Rizzoni, “Hybrid Electric Vehicles: Energy Management
Strategies”, Springer,2015.

3. M. Ehsani, Y. Gao, S. E. Gay and A. Emadi, “Modern Electric, Hybrid Electric, and
Fuel Cell Vehicles: Fundamentals, Theory, and Design”, CRC Press,2004.

4. T. Denton, “Electric and Hybrid Vehicles”, Routledge,2016.

5. A.K.Babu, "Electric & Hybrid Vehicles", Khanna Publishers, New Delhi 2020

6. Anupam Singh, "Electric Vehicles: And the end of ICE Age", Adhyyan Books, New
Delhi 2020.

Course Outcomes:

At the end of this course, students will demonstrate the ability to
1. Understand the models to describe hybrid vehicles and their performance.
2. ldentify the different possible strategies in hybridization of EV.
3. Know the various topologies of electric drive and its control.
4. Familiarize the different strategies related to energy storage systems.
5. Gain knowledge about different energy management strategies adopted for EV.



Mapping with Program Outcomes

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | PO12 | PSO1 | PSO2 | PSO3
Co1 3 2 3 1 2 3
CO2 3 2 2 2 2 2 2 2 2 2
(S{OX] 3 2 8 2 2 1 2 2 2
CO4 3 2 2 2 2 2 2 2 2 2 3
CO5 3 3 2 3 2 2 2 3 2 2 3




