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Cell Failure Thermal Runaway Propagation
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DC On-board charger/HV distribution box?

Rear inverter
Battery

management
system
hardware

BMS box

HV connectors from
battery modules to
BMS

Battery pack
enclosure structure

Battery cooling plates
Bottom cover

Charge port
AC Charger

Front inverter m
B

A/C evaporator for cabin
Rear motor and inverter

Front motor and inverter

Distribution valve

HV heater?
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Radiator for
motors/inverters

A/C condenser I !o

Battery cooling plates

A/C compressor
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MIL > SIL > PIL HIL

C-files in BMS C-files in BMS

Controller Block C-files
(BMS) (BMS)
I l I l !

Plant Block Plant Block Plant Block
(Battery Model) (Battery Model) (Battery Model)
In Computer In Computer In Computer

Ny "T'
NSTDA

MIL - Model in the Loop

SIL - Software in the Loop
PIL - Processor in the Loop
HIL - Hardware in the Loop

BMS Hardware in the Loop |
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Battery Pack Capacity = 100 Ah
@ Power =Current x Voltage _
P =1IxU Battery Pack Capacity = 3.06 kWh
Discharge C-rate =1C
Current @ 1C-rate = 100 A
Charge C-rate = 0.5C
Umax =42V (P = 4,200W @IC-Rate) Max Discharge C-rate = 2C (3s)
Unormal =36 V (P = 3,600W @1C-Rate)
U

P < 3,600W @100A

P > 3,600W @100 A

Umin = 25V (P = 2,500W @I1C-Rate)

| <100A @3,600W | 1>100A @3,600W
>
time findqil Battery pack anulg ?

** Juagriuusssulniinduan C-rate**
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Power =Current x Voltage
P =1xU

u =42V (P = 4,200W @1C-Rate)

max

High Power Zone = 3000W Low Power Zone = 2500W

/ v

a

High Power Zone

U=30V (P=3,000W @IC-Rate)
-

Power =100A x 30V = 3,000W

u _

U, oma = 36 V (P = 3,600W @1C-Rate) Unin = 25 V (P = 2,500W @1C-Rate)

min

Low Power Zone >

time

Power =100A x 25V =2,500W
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Venting Explode

300

Stage | | Stage |l | Stage Il
- ——— — — — — ->J<— =i = | = =
250f TTTTTTTTTT T | a
& 200 I Trr
ﬁ = Temp-positive i \ 3 2
L — Temp-middle \ [
2 150 ) &
g — Temp-negative T fé
g‘ ==== \oltage d \ | 2>
@ 100 |
I | 1
50 | |
I i l
0 R ks 0
0 150 / 300 450 600
Time [s] 1 o )
ek \ Before explosion ! Explosion
Voltage drop from 4.2V to p——

around 2.5.V - Internal
short circuit (1SC)
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Tap water
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Wires

Tap water
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Battery
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Patent: US8092081B2

System
Controller

Battery thermal event detection system using an optical fiber
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Formula SAE Rules 20xx

1SO12405 Partl High Power Applications
1ISO12405 Part2 High Energy Applications
1ISO12405_Part3 Safety Performance Requirements

cell electronics

cooling device and connections (optional)
normal use impact-resistant case

cell assembly (cells, sensors, cooling equipment)
service disconnec t

Ke!

1

2

3

4 battery pack
5

6

7

8

9
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