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How does a gas car work?
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How do electric cars work?
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BEV diagram

• Substantially fewer 
moving components in 
an EV

• Charge port replaces 
fueling valve and 
battery replaces gas 
tank

• No combustion 
byproducts with a 
battery = no tailpipe!
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Vehicle weight: batteries are heavy!
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Safety and Weight

• A by-product of heavier 
vehicles is an “increase” 
in safety (heavier 
vehicles tend to lead to 
less fatalities and 
reduction in morbidity)

• Not so straightforward… 
differential in vehicle 
weight is what matters!
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From a mechanical standpoint, EVs 
are extraordinarily simple
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How motors work

• Faraday’s law of induction (Faraday’s Law):
• An electric current produces a magnetic field

• And conversely: a magnetic field can produce 
an electric current

• Sending a current through a coil can 
produce magnetic fields that cause the coil 
to rotate in the presence of an external 
magnetic field (motor)

• The exact opposite can also occur: if you 
spin the coil, an electric current will be 
induced (generator)
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AC versus DC power

• Direct Current does not 
fluctuate and can be 
produced from sources such 
as batteries

• Imagine the current like 
water coming continuously 
from a water tower

• Alternating current fluctuates 
due to the spinning 
operation of generators

• Imagine the current like 
water coming in phases as 
from a hand pump
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DC Motors

• Two types of DC motors:
• Brushed: internally commutated 

motors powered by direct current. 
Charge and polarity of brushes 
control direction and speed

• Brushless (BLDC): higher 
efficiency, similar in construction 
without the brushes. Magnets 
mounted around the rotor

• DC motors typically have better 
speed control and output range.

• Employed by EVs such as the 
Nissan Leaf and Chevrolet Bolt.
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AC Motors

• Two types of AC motors:
• Synchronous: rotate at same 

frequency as supply current

• Induction: current to turn rotor 
created by EM-induction from 
stator

• Typically have higher power 
output and efficiency

• Tesla uses advanced form of 
induction motors
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IPM-SynRM electric motor (Tesla)

• Motor technology has 
vastly improved over 
the last decade

• Permanent magnet 
motors are more 
efficient and have 
higher torque

• Tesla’s configuration 
has slots cut into the 
rotor to reduce eddy 
currents and back 
EMF
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AC versus DC for EVs = Alternating Current (AC)

= Direct Current (DC)

= Converter
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Regenerative braking

• A generator is simply a motor in reverse.  Kinetic energy goes 
from the wheels to power the generator which translate motion 
into electricity to charge the battery.
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ICV vs EV torque
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What is torque?

• Torque describes the 
force subjected to the 
drive shaft 
(expressed as Force 
x Distance)

• Oftentimes described 
as the “jerkiness” of 
the vehicle (think of 
the sensation of 
being pushed into 
your seat)
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Engine torque versus torque at the 
wheels
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Torque, horsepower, and RPM
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Torque comparison between gas and 
electric cars

• Gasoline engines need some time to 
increase their torque due to the time it 
takes for pistons to go through their 
thermodynamic cycle and due to 
inherent losses such as friction

• Electric vehicles have full access to 
their motor torque at 0 speed, typically 
leading to faster initial acceleration



27

PHEV diagram

• Plug-in hybrids must 
contain the 
technologies of both 
ICVs and BEVs

• Due to size limitations, 
PHEVs are generally 
much shorter in 
electric range (<50 
miles)
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PHEV configurations

• Series – engine can only power the battery, not the drivetrain

• Parallel – engine can only power the drivetrain, not the battery

• Series-parallel – engine can power both the battery and drivetrain
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Range Extender (series example)

• Some versions of the BMW i3 (Rex, for range extender) 
contained an engine that powered a generator to charge the 
battery
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Chevrolet Volt Planetary Gear
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Powertrain technology will continue 
to improve!
• Tons of room for improvements across the drivetrain:

• Innovations in the motor—more power and higher efficiency

• Control systems to improve efficiency

• Battery attributes that may decrease weight, increase in energy and 
power density

• The last decade has already led to many innovations, this will 
continue as more automakers increase their EV portfolios


