What are EVs?

EVs (Electric Vehicles ), are vehicles that are
powered by an electric motor instead of an internal
combustion engine (ICE).

Electricity <=> Combustible fuel

Major auto manufacturers are producing high-
performance EVs in a wide range of styles and sizes,
including passenger cars, mini-vans, sport utility
vehicles and pickup trucks.

EVs today come as small as bicycles and motor
scooter and as big as buses.

EVs
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EVs

The five main operating components of EVs :
— Energy System: Batteries
— Power System: Motors

— Drive System
— Charger System
— Auxiliary System

Battery

Lead-Acid (Pb-acid)

Nickel cadmium (NiCd)

Nickel metal hydride (NiIMH, 4% & & )
Lithium-Ton (Li-ion, 4235+ T )
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Lead-Acid (Pb-A)

The cell has one plate made of lead and another plate made of lead
dioxide, with a strong sulfuric acid electrolyte in which the plates
are immersed.

Lead combines with SO4 (sulfate) to create PbSO4 (lead sulfate),
plus one electron.

Lead dioxide, hydrogen ions and SO4 ions, plus electrons from the
lead plate, create PbSO4 and water on the lead dioxide plate.

As the battery discharges, both plates build up PbSO4 and water
builds up in the acid. The characteristic voltage is about 2 volts per
cell, so by combining six cells you get a 12-volt battery.

By applying a current to the battery at the right voltage, lead and
lead dioxide form again on the plates.




Battery

* Lead-Acid (Pb-A) batteries are being used in first EVs.

-Have been significantly improved with a number of
innovations —higher power and longer life.

-The advantage of proven performance and relatively low
cost.

* Nickel-Metal Hydride (NiMh) batteries are another
popular option.

-Commonly used in laptop computers and other small
applications.

-A greater driving range, but are still expensive because
large-scale production is only now being started.

Battery

* Lithium-Ion (Li-ion) batteries—the main choice for

high-performance portable electronics like video
camcorders and laptop computers, are now being “up-
sized” for use in electric vehicles.

- Li-ion batteries offer longer range, are relatively

lightweight and have a long life cycle. But their cost is
extremely high.

* Nickel-cadmium (NiCd) batteries, a popular choice for

EVs sold in Europe.

 Other options being tested or developed for use in future

commercial EVs include zinc-air, lithium polymer and
sodium-nickel chloride batteries.

Battery
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Battery

(1) Lead-Acid (Pb-acid)
(2) Nickel cadmium (NiCd)
(3) Nickel metal hydride (NiMH, 4% & T )

Characteristics of batteries:

* Specific energy (Wh/kg)

» Specific power (W/kg),

* Specific cost ($/kWh)

* Cycle life (cycles to 80% depth of discharge)
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Battery

» Specific energy affects the number of batteries, and

hence the mass of batteries

Most important factor for EVs — It determines their
total range. Not as critical for HEVs.

NiMH batteries currently have the most energy per
unit mass of the three battery chemistries, and in the
future, are projected to maintain a specific energy of
over 2 times that of lead-acid and NiCd batteries.

Battery Specific Power
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Battery

The most important parameter measuring electrical
energy storage requirements for hybrid electric
vehicles — to provide the power for acceleration and
hill climbs.

High specific power batteries are critical to success of
HEVs.

In the future, it is anticipated that bi-polar lead-acid
batteries will have twice the specific power of both
NiCd and NIMH batteries.




Battery Specific Cost Battery

current
 Specific cost is the cost per unit energy (kWh) of
($/kWh) | S
@ battery. Related to the economic viability of the
w ? battery.
“ 1T
e et Lo e * Lead-acid have the lowest $75 with bi-polar batteries.

(longest and most fully developed battery technology)

potential

¢ Nicd and NiMh batteries are 4 to 5 times more
expensive than lead- acid.

Battery Cycle-Life Battery

current » The cycle life is a measure of how long the battery
(Cycles) | will last before it needs to be replaced.

* Pb-acid batteries have historically had a relatively
short life.
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* NiCd and NiMH have 3-4 times the cycle life of lead-
acid.

potential

 Future bi-polar lead-acid batteries may eventually
have comparable life to other two technologies.




Battery
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Battery

Example:

A series range-extender hybrid vehicle with a 10 kWh
battery pack. If this vehicle had an energy economy
of 5 miles/kWh, one cycle would provide 50 miles of
operation, and then perhaps another 50 miles form the
range-extender HPU (Hybrid Power Unit).

* When selecting current Pb-acid batteries for this
vehicle (450 cycle life) — the battery pack would
have to be replaced every 45,000 miles, or roughly
every three years.

Battery

The National Electric Vehicle Infrastructure
Working Council (IWC) has established three
charging levels for EVs:

* Level 1 (slow) - Uses a common 120-volt,
three-prong receptacle found in homes and
offices— “convenience charging”

— Charging at any location, but secondary due to the
long charging time

— Level 1 charging will typically take between 8 to
14 hours or more to fully charge a vehicle (~size
of the battery pack).

Battery

* Level 2 (normal) — This is the primary method for
charging an EV and requires special EV supply
equipment to provide charging at 240 volts with a
current of 32-40 amps.

-Level 2 charging usually takes from 4 to 8 hours
depending on how “low” the battery is.

* Level 3 (fast) — This level operates at high voltage
levels and will be able to charge an EV in about 10 to
20 minutes.

-Still under development.




Electric Vehicles EVs
Why do people like driving an EV?

* Quiet, Clean Driving Experience (no “idle” noise)
» High Performance

* Lower Operating Costs

* No Gas Stations

* Environmentally Friendly

* Energy Security
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Hybrid Electric Vehicles

* HEVs are powered by two energy sources — an
energy conversion unit, eg. a combustion engine or
fuel cell, and an energy storage device, eg. batteries
or ultracapacitors.

* HEVs are efficient vehicles that use a small motor
and an electric engine to generate the power to drive
the vehicle. (2-3 times more fuel-efficient than
conventional vehicles)

* Hybrid electric vehicles (HEVs) are offered by
numerous auto manufacturers and are becoming
increasingly more available.
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Advantages of HEVS:

* Regenerative braking capability, which helps minimize the energy
lost when driving.

» Engine is sized to average load, not peak load, which reduces the
weight of the engine.

» Fuel efficiency is greatly increased ,while emissions are greatly
decreased.

* HEVs can be operated using alternative fuels, therefore they need
not be dependent on fossil fuels.

HEV Maintenance and Safety

» Hybrid vehicles need the same general maintenance as conventional
vehicles.

» Today's vehicles come with very solid warranties, which include the
battery packs of the HEVs.

» They undergo the same rigorous testing as conventional vehicles and
must meet all of the same standards for safety.

HEVs

Energy M: Body Chassis Fuel Tank

Powerspit 111€rmal Management Hybrid Power  Traction Motor Energy Storage
Device System Unit Unit




HEVs

HEYV Drivetrain Components
* Electric traction motors/controllers

* Electric energy storage systems, such as batteries and
ultracapacitors

* Fuel systems for hybrid power units

» Hybrid power units such as spark ignition engines,
compression ignition direct injection (diesel) engines,
gas turbines, and fuel cells

e Transmissions

HEVs
HEYV Series Design

» The engine never idles, which reduces vehicle emissions.

» The engine can continuously operate in its most efficient
region.

* The engine drives a generator to run at optimum performance.

* The design allows for a variety of options when mounting the
engine and vehicle components.

Generator Motor/Controlier

Transmission

-

Energy Storage

Power Unit

HEVs

HEYV Parallel Design

+ A smaller engine provides more efficient operation and
therefore better fuel economy without sacrificing acceleration
power.

* Most parallel vehicles do not need a separate generator
because the motor regenerates the batteries.

» Power does not need to be redirected through the batteries and
can therefore be more efficient.

Energy Storage Molor/Controller

HEVs

Hybrid Power Unit (HPU)

» =>An HPU converts fuel into energy

» Spark ignition (SI) engine ~ Diesel engine ~ Gas
turbine engine - Stirling engine...

Electric Energy Storage: batteries, flywheels, an
ultracapacitors..
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HEVs

Batteries
¢ Pros:

— batteries are a relatively mature technology compared to
flywheels and ultracapacitors.

— Pb-A batteries are fairly inexpensive and are economical today.
— Have no moving parts
— Have a higher specific energy than flywheels and ultracapacitors

» Cons:
— new battery technologies such as Li-ion may be still too
expensive commercially viable today.

— Most batteries have a shorter life than that of the vehicle they
would be put into, necessitating battery replacement

HEVs

Flywheels

Flywheels store energy mechanically. To absorb energy, the
flywheel converts electrical energy to kinetic energy (using a built-
in motor), making the flywheel’s high-strength rotor spin faster.

To deliver energy, some of the kinetic energy stored in the rotor is
converted to electrical energy using the motor in reverse (as a
generator), slowing the rotor down.

Pros: Flywheels store energy very efficiently ( high turn-around
efficiency) and have the potential for very high specific power
compared with batteries.

Cons: (1) Current flywheels have a low specific energy. (2) Safety
concerns: the possibility of high speed rotor breaking loosing. (3)
Less mature technology. High cost.

HEVs

Flywheels Physics Background

 The equation for the kinetic energy stored in a (1/2)*I*®?, where I is
the moment of inertia (ability of an object to resist changes in its
rotational velocity) and o is the rotational velocity. — I or ® 1

* ® 71— centrifugal forces (~ Mw’r )1 & tensile stresses 1

* A high density rim stores more energy than a low density one, but also
experiences higher stresses. A low density rim can spin faster than a
high density rim before experiencing failure.

« Kinetic energy ~ I & ®>— the optimum flywheel will be made of a
strong material with low density ( high tensile strength to density ratio)

10



HEVs

Ultracapacitors (electric double-layer capacitor )

 Ultracapacitors store electrical energy by accumulating and
separating unlike charges. To discharge the ultracapacitors, a
load is applied between the two terminals so that charge can
flow through it.

» Compared to conventional electrolytic capacitors, the energy
density is typically on the order of hundreds of times greater.
In comparison with conventional batteries or fuel cells, EDLCs
also have a much higher power density

* Pros: Ultracapacitors have no moving parts and a very long
cycle life. Very high specific power. The ability to capture
large amounts of energy from regenerative braking at high
power rates.

» Cons: Ultracapacitors have low specific energy and are less
mature technology than batteries.

HEVs

Materials of Ultracapacitors

» Current trends—higher energy densities will be achievable
with a carbon composite electrode using an organic electrolyte
rather than with carbon/metal fiber composite electrode
devices with an aqueous electrolyte.

Ultracapacitors Performance

» Excellent cycle life

* High cycle efficiency compared with chemical batteries

» Their voltage is directly proportional to their state-of-charge
(the measure of how much energy is left)

* One of the keys to successfully developing ultracapacitors for
vehicle applications is the development of interface electronics
to allow the ultracapacitor to optimally load-level the batteries.

HEVs
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HEVs

Engine: Highly efficient .
76-hp VVT-I gas engine Toyota Prius
Power Split Device:
Electronically controlled
continuously variable
transmission (ECVT)
Generator

Electric Motor: 500V
motor with over 50%
more power than prior
generation

Traction Battery:
Compact durable nickel-
metal hydride battery
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HEVs

Low speed: From initial acceleration to low speeds, power is
provided by Prius’ quiet electric motor using energy supplied
by the battery. Whenever supply is low, Prius automatically
recharges the battery using the gas engine to power generator.

Heavy acceleration: Prius delivers smooth, seamless power as
the power split device manages input from the gas engine and
electric motor. Additional energy is supplied by the battery.

Highway cruising: For exceptional highway performance, Prius’
gas engine power the wheels and electric motor via the
generator. As with low-speed driving, battery recharging may
also occur — the key to why Prius never needs plugging-in.

Deceleration/Braking: Prius’ electric motor becomes a
generator converting otherwise wasted kinetic energy into
electricity for the battery. For sudden stops, Prius’
conventional brakes are also applied.

At a stop: Prius’ gas engine shuts off to prevent idling and

conserve fuel, as the electric motor stands silently ready for
action.
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