ECE Topics #2 - Electric Vehicles

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

Companion video at: https://www.youtube.com/watch2v=T4X2I|0b-AkA

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

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.

I, V, and Speed vs Time Measurements

L Power vs Energy

—

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

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

Force and energy (work) come in different forms: = .

Like voltage, the details are a little involved ...
Work = force times distance at i
. e KE = -mv*
Energy is the ability to do work™® ... — Ll 5 2

Electrical, Chemical, Mechanical, Kinetic, Gravitational, ... =
EVs are a great case-study !

*See also: hitp:
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Topics in ECE  #2

Electric Vehicles
Voltage, Current, Power, and Energy
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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:

Flashlight Bulb
Red LED
USB Charger

Electric Vehicle
Faster EV ©

| S—

Power = Voltage x Current

P or QZ VD in Watts

3V
1.8 Volts
5V

400 V
800 V

0.3 A
0.005 Amps
2 A

200 A
400 A

0.9 W
0.009 Watts (9 mW)
10 W

80 kW (108 HP)
320 kW (430 HP)

or VoltAmps



Some Sources of Voltage

AC and DC

Lithium lon

NCR18650B

Features & Benefits Specifications Dimensions

AC to DC
conversion

17 kWh, 350 V Battery

181 HP (135 kW) Electric Motor + Generator
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Major Components in an EV  (or PHEV here)

50V Battery Module Power Control Unit (PCU)
(10of 14) g

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

7 Gallon Gas Tank

103 HP (77 kW) 1.5L Gas Engine

Motor-Generators

17 kWh, 350 V Battery
(2 sets of seven 50V modules)

181 HP (135 kW) Electric Motor + Generator

Photo Credit: Honda Motor Co (Annotated)

Pics from: https://global.honda/innovation /technology /automobile /hybrid /i-MMD-
picturebook.html
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Why use such High Voltages?

200 A .
| Recall from Episode 1:
P=VI Vdrop=1R P, ,=1?%R
" So ...
SO 0.05 Ohms . .
IR drop » For agiven power, as V Is increased,
1 - required | is decreased
Sl * Lower | allows use of smaller wires
200 Amp  Lower I means less “loss” in wires for a
Motor draw given resistance

(80 HP) « Lower | increases battery lifetime
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Power vs Energy

_ ey w
Power Is work (or energy) per unit time: @ VI=—"in WD

So... energy 1s power times time: W = (P)(t) in Watt-seconds

( a.k.a. Joules)

Lty
Or, in general energy is the integral of power over time... W = J P(7) dt
t1
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Power vs Energy

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

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

Like voltage, the details are a little involved ...

Work = force times distance
Energy 1s the ability to do work™ ...

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

EVs are a great case-study !

*See also: https://www.khanacademy.org/science /physics /work- / 2
and-energy /work-and-energy-tutorial /a /what-is-work ‘. L

m
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Instrumentation and Measurements

J1772 Level 1 Charging , V, and Speed vs Time Measurements
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More Measurements

12V Accessory Power USB Power
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How Do All-Electric Cars Work?

Electric Traction Motor
Power Electronics Controller

N
N

DC/DC Converter

Thermal System (cooling) ./

have an el
Il outlet or ct

References

™ Traction Battery Pack

Charge Port

Transmission

Onboard Charger

Battery (auxiliary)

Key Components of an All-Electric Car

Battery (all-electric auxiliary): In an
electric drive vehicle, the auxiliary battery
provides electricity to p vehicle

E ri

Charge port: The charge port allows the
vehicle to connect to an external power
supply in order to charge the traction battery
pack

DC/DC converter: This device converts
higher-voltage DC power from the traction
battery pack to the lower-voltage DC power
needed to run ver a and
recharge the auxiliary battery.

ECEFILES.ORG

Electric traction motor: Using power from
the traction battery pack, this motor drives
the vehi

motor erators that perform

and regeneration functions

traction battery. It also communicates with
the charging equipment and monitors
battery characteristics such as voltage,
current, temperature, and state of charge
while charging the pack

the speed of the electric traction motor and
the torque it produces.

afde energy.gov

Thermal system (cooling): This system

maintains a proper operating temperature

range of the engine, electric motor, power
nd other components.

Traction battery pack: Stores electricity for
ric traction motor.

sion (electric): The tran:
transfe pa
traction motor to drive the wheels

COMPARE WITH

https://afdc.energy.gov/vehicles/how-do-all-electric-cars-work

D YouTube

Automotive
MegawattKs

]

Shock replacement and ride
quality in 1992 ¢4 Corvette

Corvette 1992 C4 Window A-
Pillar Windshield Weatherstrip

1992 C4 Corvette Driver Door
Weatherstrip Replacement
IAC Idle Air Control valve
replacement in 1992 C4..

Jensen VX7020 car radio
installation in c4 corvette

Plug-in Hybrid Electric Vehicle Technology - Honda Clarity
@ 1o

1.5K views 3 years ago
A comparison of traditional cars to a 2018 Honda Clarity plug-in hybrid electrical vehicle. Focuses on engine noise (or
lack thereof), and associated transmission technology and driving experience. Also includes a short review of cars from
the past 100 years. Show more

21 £ Share

https:/ /www.youtube.com /watch2v=ZAG-ttIKDko

13



ECEFILES.ORG

Future V

Tl Designs

48-V, 10-A, High-Frequency PWM, 3-Phase GaN Inverter
Reference Design for High-Speed Motor Drives

Description

Low-voltage, high-speed drives and low-inductance
brushless motors require higher inverter switching
frequencies in the range of 40 kHz to 100 kHz to
minimize losses and torque ripple in the motor. The
TIDA-00909 reference design achieves this by using a
three-phase inverter with three 80 V, 10-A half-bridge
GaN power modules (LMG5200) and uses shunt-
based phase-current sensing. Gallium nitride (GaN)
transistors can switch much faster than silicon field-
effect transistors (FETs) and integrating the GaN FET
and driver in the same package reduces parasitic
inductances and optimizes switching performance to
reduce losses, thus allowing the designer to downsize
or eliminate the heatsink. The TIDA-00909 offers a TI
BoosterPack™ Plug-in Module with a compatible
interface to connect to a C2000™ MCU LaunchPad™
Development Kit for easy performance evaluation

Resources

Design Folder
Product Folder

Product Folder

Product Folder

LMs018 Product Folder
T™P: Product Folder
-009 Design Folder

instaSPIN™-MOTION
LaunchPad™

il &)

Tools Folder

ASK Our E2E Experts
1 E2
Community

IDUCE78-November 2016—
Submit Documentation Feedback

Wi Texas INSTRUMENTS

Features

Three-Phase GaN Inverter With Wide-Input Voltage
Range 12 V to 60 V and 7 Ag,,s per 10-A Peak
Output Current; Tested up to 100-kHz PWM

GaN Power Stage With Greatly-Reduced Switching
Losses Allows High PWM Switching Frequencies
With Peak Efficiency up to 98.5% at 100-kHz PWM
LMG5200 GaN Half-Bridge Power Stage Simplifies
PCB Layout and Reduces Parasitic Inductances for
Optimized Switching Performance; Less than 2-ns
Rise and Fall Time

/ery-Low Switch Node Voltage Overshoot and
Undershoot With Very-Low 12.5-ns Deadband
Minimizes Phase-Voltage Ringing and reduces
Phase-Voltage Distortions and EMI
Precision Shunt-Based, Phase-Current Sensing
With High Accuracy (0.1%)

TI BoosterPack™ Compatible Interface With 3.3-V
1/O for Easy Performance Evaluation With C2000™
MCU LaunchPad™ Development Kit

Applications

Servo Drives and Motion Control
Computer Numerical Control (CNC) Drives
Manufacturing Robots

Service Robots

Non-Military Drones
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THANKS FOR WATCHING |
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