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s the world makes the transition
Ato cleaner, low-carbon vehicles,
mathematical modeling and
computer simulations are required to
achieve the best vehicle performance
and environmental trad-

eoffs. This book explains
the dynamic modeling,
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(FCVs), and propulsion electric motors
together with their controllers. The au-
thors analyze design principles of series,
parallel, series—parallel, and soft hybrid
electric drive trains, and they explain
design and control principles for plug-in
hybrid electric vehicles, with examples
showing simulation results using the
overall drive train system, not just the
individual components. A good grasp
of such principles is essential for under-
standing the modeling before conducting
research on advanced control methods
for switching power converters [1].
Storage (batteries, supercapacitors,
fuel cells) and regenerative braking, to-
gether with off-road vehicles and their
requirements, are expansively analyzed
and discussed in this third edition. The
book’s concluding chap-
ters cover optimization of
full-size engine HEVs and

simulation, and optimiza- THE BOOK power-trains and include a
tion needed for this new PRESENTS A guide for a multiobjective
transportation paradigm. COMPREHENSIVE optimization toolbox.

The book presents a com- Technical chapters in-
prehensive overview of OVERVIEW OF clude design examples,
technologies and how they TECHNOLOGIES computer simulations, com-
are designed, integrated, AND HOW THEY parisons with available pas-
and controlled. The book ARE DESICNED, senger cars, and case studies
begins with environmental INTEGRATED, AND on optimization using MAT-
issues and transportation CONTROLLED. LAB software available on

history, before continuing

to fundamentals of vehicle

propulsion and braking, theoretical bas-

es of internal combustion engines, and

explanations about vehicle transmission.
Next, the authors explain in a well-

structured, clear, and concise manner,

information about electric vehicles (EVs),

hybrid EVs (HEVs), fuel cell vehicles
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the CRC Press website. The
chapters are as follows:

1) “Environmental Impact and His-
tory of Modern Transportation”
1.1) “Air Pollution”

1.2) “Global Warming”

1.3) “Petroleum Resources”

1.4) “Induced Costs”

1.5) “Importance of Different Trans-
portation Development Strate-
gies to Future Oil Supply”

1.6) “History of EVs”

46 IEEE INDUSTRIAL ELECTRONICS MAGAZINE W DECEMBER 2018

1.7) “History of HEVs”
1.8) “History of Fuel Cell Vehicles”

2) “Fundamentals of Vehicle Propul-
sion and Brake”

2.1) “General Description of Ve-
hicle Movement”

2.2) “Vehicle Resistance”

2.3) “Dynamic Equation”

2.4) “Tire-Ground Adhesion and
Maximum Tractive Effort”

2.5) “Vehicle Performance”

2.6) “Operating Fuel Economy”

2.7) “Brake Performance”

3) “Internal Combustion Engines”
3.1) “Spark Ignition (SI) Engine”
3.2) “Compression Ignition (CI)

Engine”
3.3) “Alternative Fuels and Alter-
native Fuel Engines”

4) “Vehicle Transmission”

4.1) “Power Plant Characteristics”

4.2) “Transmission Characteristics”

4.3) “Manual Gear Transmission
MT)”

4.4) “Automatic Transmission”

4.5) “Continuously Variable Trans-
mission”

4.6) “Infinitely Variable Transmis-
sions (IVT)”

4.7) “Dedicated Hybrid Transmis-
sion (DHT)”

5) “Electric Vehicles”

5.1) “Configurations of Electric
Vehicles”

5.2) “Performance of Electric
Vehicles”

5.3) “Tractive Effort in Normal
Driving”

5.4) “Energy Consumption”

6) “Hybrid Electric Vehicles”

6.1) “Concept of Hybrid Electric
Drivetrains”

6.2) “Architectures of Hybrid Elec-
tric Drivetrains”



7) “Electric Propulsion Systems”

7.1) “DC Motor Drives”

7.2) “Induction Motor Drives”

7.3) “Permanent Magnetic BLDC
Motor Drives”

7.4) “SRM Drives”

8) “Design Principle of Series (Elec-
trical Coupling) Hybrid Electric
Drivetrain”

8.1) “Operation Patterns”

8.2) “Control Strategies”

8.3) “Design Principles of a Series
(Electrical Coupling) Hybrid
Drivetrain”

8.4) “Design Example”

9) “Parallel (Mechanically Coupled)
Hybrid Electric Drivetrain Design”
9.1) “Drivetrain Configuration and

Design Objectives”

9.2) “Control Strategies”

9.3) “Parametric Design of a Drive-
train”

9.4) “Simulations”

10) “Design and Control Methodology
of Series-Parallel (Torque and
Speed Coupling) Hybrid Drivetrain”
10.1) “Drivetrain Configuration”
10.2) “Drivetrain Control Method-

ology”

10.3) “Drivetrain Parameters

Design”

10.4) “Simulation of an Example
Vehicle”

11) “Design and Control Principles of
Plug-In Hybrid Electric Vehicles”
11.1) “Statistics of Daily Driving

Distance”

11.2) “Energy Management Strat-

egy”

11.3) “Energy Storage Design”

12) “Mild Hybrid Electric Drivetrain
Design”

12.1) “Energy Consumed in Brak-

ing and Transmission”

12.2) “Parallel Mild Hybrid Elec-

tric Drivetrain”

12.3) “Series—Parallel Mild Hybrid

Electric Drivetrain”

13) “Peaking Power Sources and En-
ergy Storages”

13.1) “Electrochemical Batteries”

13.2) “Ultracapacitors”

13.3) “Ultra-High-Speed Flywheels”

13.4) “Hybridization of Energy

Storages”

14) “Fundamentals of Regenerative

Braking”

14.1) “Braking Energy Consumed
in Urban Driving”

14.2) “Braking Energy versus Ve-
hicle Speed”

14.3) “Braking Energy versus Brak-
ing Power”

14.4) “Braking Power versus Ve-
hicle Speed”

14.5) “Braking Energy versus Ve-
hicle Deceleration Rate”

14.6) “Braking Energy on Front
and Rear Axles”

14.7) “Brake System of EV, HEV,
and FCV”

15) “Fuel Cells”

15.1) “Operating Principles of Fuel
Cells”

15.2) “Electrode Potential and
Current-Voltage Curve”

15.3) “Fuel and Oxidant Consump-
tion”

15.4) “Fuel Cell System Character-
istics”

15.5) “Fuel Cell Technologies”

15.6) “Fuel Supply”

15.7) “Non-Hydrogen Fuel Cells”

16) “Fuel Cell Hybrid Electric Drive-
train Design”

16.1) “Configuration”
16.2) “Control Strategy”
16.3) “Parametric Design”
16.4) “Design Example”

17) “Design of Series Hybrid Drivetrain

for Off-Road Vehicles”

17.1) “Motion Resistance”

17.2) “Tracked Series Hybrid Vehi-
cle Drivetrain Architecture”

17.3) “Parametric Design of the
Drivetrain”

174) “Engine/Generator Power
Design”

17.5) “Power and Energy Design of
Energy Storage”
18) “Design of Full-Size Engine HEV
with Optimal Hybridization Ratio”
18.1) “Design Philosophy of Full-
Size Engine HEV”

18.2) “Optimal Hybridization Ratio”

18.3) “10-25 kW Electrical Drive
Packages”

18.4) “Comparison with Commercial-
ly Available Passenger Cars”

19) “Power Train Optimization”

19.1) “Power Train Modeling Tech-
niques”

19.2) “Defining Performance Cri-
teria”

19.3) “Power Train Simulation
Methods”

19.4) “Modular Power Train Struc-
ture”

19.5) “Optimization Problem”

19.6) “Case Studies: Optimization
of Power Train Topology and
Component Sizing”

20) “User Guide for the Multiobjective

Optimization Toolbox”

20.1) “About the Software”

20.2) “Software Structure”

20.3) “Capabilities and Limita-
tions of the Software.”

References are listed in each chap-
ter. The appendix includes a technical
overview of the Toyota Prius. Other
elements of the book are the table of
contents, preface, acknowledgments,
author biographies, and index.

The authors are known around the
world as specialists in power electron-
ics; motor drives; hybrid vehicles and
their control systems; architecture,
modeling, and design of electric and
hybrid electric drive trains; energy
management and power-train control;
mechatronic systems; and sustainable
energy engineering.

Dr. Mehrdad Ehsani, IEEE Life Fel-
low, is the Robert M. Kennedy professor
of electrical engineering at Texas A&M
University, where he is the director of
the Advanced Vehicle Systems Research
Program and the Power Electronics and
Motor Drives Laboratory. Dr. Yimin Gao
is a senior research associate in the
Advanced Vehicle Systems Research
Program at Texas A&M University. Dr.
Stefano Longo, IEEE Senior Member, is
an associate professor in automotive
control and optimization and the course
director for the master of science de-
gree in automotive mechatronics at
Cranfield University, United Kingdom,
and honorary research associate at Im-
perial College London. Dr. Kambiz M.
Ebrahimi, a member of the American
Society of Mechanical Engineers and
the Society of Automotive Engineers,
is professor of advanced propulsion in
the Aeronautical and Automotive Engi-
neering Department at Loughborough
University, United Kingdom.

Modern Electric, Hybrid Electric, and
Fuel Cell Vehicles, a book of outstanding
value, is ideal for electrical engineers
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wanting to know more about car mechani-
cal dynamics and for mechanical engi-
neers who want to know about electrical
power trains. The book’s wide-ranging
content meets the needs of readers from
beginners to experts and from univer-
sity students in senior elective courses
to practicing professionals. The book is
also a valuable tool for mechatronics engi-
neers, researchers, and others who need
to understand the operation of EVs.

—Fernando A. Silva,
Instituto Superior Técnico, Universi-
dade de Lisboa, Portugal

Reference

[1] J. F. Silva and S. F. Pinto, “Linear and nonlin-
ear control of switching power converters,”
in Power Electronics Handbook, 4th ed., M. H.
Rashid, Ed. Oxford, U.K.: Butterworth-Heine-
mann, 2017, pp. 1141-1220.

Energy Storage: Systems
and Components

ENERGY STORAGE

AND COMPONENTS
red Rufer

By Alfred Rufer,
CRC Press, 2018,
274 pages,
ISBN-13: 978-1-
138-08262-5.

his textbook, by Prof. Emeritus
TAlfred Rufer of the Swiss Fed-
eral Institute of Technology
Lausanne, Switzerland, appears just
when energy magazines are in wide
use in the development of intelligent
networks and of electromobility. This
well-balanced book is easy to under-
stand and contains no unnecessary
theoretical ballast. The book’s ten
chapters are as follows:
1) “Generalities on Energy Storage”
2) “Energy Storage Systems”
3) “Comparative Ratings and Properties”
4) “Electrochemical Energy Storage”
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5) “Energy Storage by Means of

Supercapacitors”

6) “Energy Storage Systems Based on

Compressed Air”

7) “Hydropower and Pumped Stor-
age Facilities”

8) “Flywheel Systems”

9) “Energy Storage Based on Hydrogen”

10) “System Arrangements and Appli-
cations.”

The first chapter, an introduction,
briefly presents the history of energy
storage and gives the physical and tech-
nical definitions used in the book. The
second chapter details the
general types of energy
storage systems in two

(because of nonreversible aging). Also,
this technology is burdened by prob-
lems associated with recycling sensi-
tive materials. By comparison, CAES
systems do not have these disadvantag-
es and, therefore, represent a promising
alternative. Chapter 7 deals with hydro-
power and pumped storage, technolo-
gies in use since ancient times. Basic
principles of operation and modeling are
presented along with a number of exam-
ples using fixed and variable pumping
speeds. The chapter also provides exam-
ples of high-power modern pumped stor-

age arrangements. Chapter

8 includes basic examples

of how flywheel storage sys-

groups: physical systems  THIS WELL- tems are designed.

(hydro-pumped, com- BALANCED Chapter 9 describes hy-
pressed air, flywheels) BOOK IS EASY drogen production and stor-
and electncz?\l systems (5}1- TO UNDERSTAND age as well as converspn
perconductive magnetic from hydrogen to electric-
energy storage systems, AND CONTAINS ity (fuel cells). Chapter 10
supercapacitive systems, NO UNNECESSARY contains an overview and
electrochemical systems, THEORETICAL examples of such storage ar-
flow batteries, fuel cells, BALLAST. rangements as grid compo-

and hydrogen systems).

Chapter 3 discusses
criteria for designing appropriate energy
storage solutions and gives compara-
tive ratings (energy density, power den-
sity, specific power, Ragone chart, and
others). Several examples are provided.
Chapter 4 (50 pages) is extensive and
contains a detailed description of the
operation, basic parameters, and mo-
dels of different types of electrochemi-
cal batteries. It also touches on issues
related to aging and battery manage-
ment systems.

Chapter 5 describes the character-
istics, modeling, and thermal aspects
of energy storage involving superca-
pacitors and includes examples of
applications related to power electron-
ics systems. The author has unique
experience in the design of compressed
air energy storage (CAES), which makes
the succinct analysis of such systems in
Chapter 6 especially valuable. Although
electrochemical energy stores are
common, they have significant draw-
backs, such as limited number of cycles
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nent systems, hybrid power

plants that incorporate pho-
tovoltaic systems, fast battery-charg-
ing technologies, and uninterruptible
power supplies. The book also includes
an appendix that contains a brief de-
scription of the principles of power
electronics and circuits used in energy
storage systems.

Each chapter contains a list of refer-
ences as well as examples and seven
exercises with detailed solutions,
which makes multidisciplinary issues
in energy storage systems easier to un-
derstand and gives the book attributes
of an effective textbook. Therefore, I rec-
ommend the book for students of elec-
trical and energy departments as well
as for practicing engineers employed in
the design of modern distributed and re-
newable energy systems.

—Marian P. Kazmierkowski,
Warsaw University of Technology,
Poland
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