
This video focuses on physics and technology concepts important in designing and driving Electric Vehicles (including 
series plug-in hybrids). As the second episode in our ECE educational series, it discusses EV operation in terms of the 
voltages and currents used - explaining how those relate to power produced and energy consumed. Topics include 
sources of electric power (AC and DC), the major components in EVs, and actual measurements of current and voltage 
on a typical drive cycle, including negative currents during regenerative braking.

ECE Topics #2   -- Electric Vehicles

Slides downloaded from: https://ecefiles.org/ece-topics/

Companion video at: https://www.youtube.com/watch?v=T4X2I0b-AkA

This material is provided by ecefiles.org for educational use only.

https://ecefiles.org/
https://www.youtube.com/watch?v=T4X2I0b-AkA
https://ecefiles.org/
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Topics in ECE   #2

Electric Vehicles
Voltage, Current, Power, and Energy
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ICE Car    to    (PH)EV



Today’s Topics

• Sources of Electric Power

• Major Components of EVs

• Power vs Energy

• EV Measurements

• References and Future Videos
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Recall:    Power = Voltage x Current

Application Voltage Current Power

Flashlight Bulb 3 V 0.3 A 0.9 W

Red LED 1.8 Volts 0.005 Amps 0.009 Watts (9 mW)

USB Charger 5 V 2 A 10 W

Electric Vehicle

Faster EV ☺

400 V

800 V

200 A

400 A

80 kW  (108 HP)

320 kW (430 HP)

𝑉 𝐼 =
∆𝑊

∆𝑄

∆𝑄

∆𝑡
= 
∆𝑊

∆𝑡
= 𝑃 𝑜𝑟 𝑃 = 𝑉𝐼
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𝑖𝑛 𝑊𝑎𝑡𝑡𝑠

𝑜𝑟 𝑉𝑜𝑙𝑡𝐴𝑚𝑝𝑠



Some Sources of Voltage

Datasheet

Photo Credit: Honda Motor CoECEFILES.ORG 6

AC

AC to DC

conversion

DC AC and DC



Major Components in an EV   (or PHEV here)

Photo Credit: Honda Motor Co (Annotated)
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Pics from: https://global.honda/innovation/technology/automobile/hybrid/i-MMD-

picturebook.html

50V Battery Module

( 1 of  14 )

Power Control Unit (PCU)

Motor-Generators Single-ratio Gearbox

Honda Clarity, EV with Range Extender (a.k.a. PHEV)

(2 sets of seven 50V modules)



Why use such High Voltages?
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+

_
314 V

0.05 𝑂ℎ𝑚𝑠

+

_

304 V

200 A

+

_

10 V

IR drop

200 𝐴𝑚𝑝
Motor draw

• For a given power, as V is increased, 

required I is decreased

• Lower I allows use of smaller wires

• Lower I means less “loss” in wires for a 

given resistance  

• Lower I increases battery lifetime 

𝑃 = 𝑉 𝐼 𝑉𝑑𝑟𝑜𝑝 = 𝐼 𝑅

(80 HP)

Ploss = I 2 R

Recall from Episode 1:

So …



Power vs Energy

𝑷 = 𝑽 𝑰 =
𝑾

𝒕
in WattsPower is work (or energy) per unit time:  

So… energy is power times time: W = (P)(t)   in Watt-seconds
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Or, in general energy is the integral of power over time… 𝑊 = න
𝑡1

𝑡2

𝑃 𝜏 𝑑𝜏

( a.k.a.  Joules )



Power vs Energy

*See also:  https://www.khanacademy.org/science/physics/work-

and-energy/work-and-energy-tutorial/a/what-is-work

Like voltage, the details are a little involved …

Work = force times distance

Energy is the ability to do work* …

Force and energy (work) come in different forms:
Electrical, Chemical, Mechanical, Kinetic, Gravitational, …

EVs are a great case-study !

Energy, or work, is power times time: W = (P)(t)   in Watt-seconds

( or Watt-hours, or kW-hours, etc. )

𝐾𝐸 =
1

2
𝑚 𝑣2

𝑈𝑔 = 𝑚 𝑔 ℎ
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Instrumentation and Measurements
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J1772 Level 1 Charging
OBD-2 Scanner

I, V, and Speed vs Time Measurements



More Measurements
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12V Accessory Power USB Power



References
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https://afdc.energy.gov/vehicles/how-do-all-electric-cars-work https://www.youtube.com/watch?v=ZAG-ttlKDko



Future Videos ?
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THANKS FOR WATCHING !
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