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BACKGROUND

Electrification is the future of the
automotive industry

Battery enclosure, as a power supply
unit, is one of the most important
components in battery electric vehicles

Cleveland-Cliffs offers a sustainable
and robust steel battery enclosure
solution meeting stringent standards

Pictures from google




BACKGROUND

« CCBE is designed for CUV (cross utility
vehicle) but can be scaled to fit any other uni-
body architectures

« CCBE is connected with BIW through side rails
and underfloor




Cleveland-Cliffs Battery
Enclosure (CCBE) Design Details




CLEVELAND-CLIFFS BATTERY
ENCLOSURE(CCBE) DESIGN DETAILS

Top cover
Longitudinal members

Longitudinal stiffeners

Cross members

External side crash
protection / attachment rails

BE8eC080

Laser welded bottom tray



CLEVELAND-CLIFFS BATTERY
ENCLOSURE(CCBE) DESIGN DETAILS

S Component | _Gude | Gauge om

Top cover Mild Steel
Cross members M1500 1.2
Longitudinal members MP980 1.0
Longitudinal stiffeners ULTRALUME 2000 1.2
External side crash protectlon / ULTRALUME®1500 20
attachment rails
LWB battery tray M1700 / Mild Steel 20/14

» Total structural weight is 102kg.



CLEVELAND-CLIFFS BATTERY
ENCLOSURE(CCBE) DESIGN DETAILS

0000000000
oooooooooooo
°°°°°°°°°°°°°°°°°°°°°°

ooooooo
0393 || 3250| |e323 [l Se5e| 2505
°°°°°°°°°°°°°°°°°°°°

oooooooooo
0202 [Bl| 2020| (0202 |BY| S020| |0202

)00 0OO0OBOO0O |
000000000
)OOOO0O000OO
)O00O0D000O |
000000000

)O00DO00000O0

« 8 battery modules are bolted on lateral cross members with a staggered pattern
« 80kWh with cylindrical cells
e LxWxH:2132mm x 1492mm x 157mm



CCBE Structure and Stamping of
LWB Tray




CCBE PRIMARY LOAD CASES - SIDE POLE IMPACT

* Analysis object: Battery enclosure component
« Method: Enclosure is impacted by a 150mm pole from
side, no contact with battery module before 100kN

» Judgment: OK v

Picture from google .







CCBE PRIMARY LOAD CASES - UNDERFLOOR
INTRUSION

« Analysis object: Battery enclosure component
« Method: Enclosure is impacted by a 20mm diameter pole from bottom, no
contact with battery module before 35kN

Picture from google







CCBE PRIMARY LOAD CASES - UNDERFLOOR
INTRUSION

==

* No contact to battery module while reaching 35kN for both locations

« Judgment: OK V










FORMING ANALYSIS: "#" SHAPE LWB TRAY

Mild Steel / 1.4mm

M1700 / 2.0mm
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CCBE LASER WELDED BLANK TRAY

 The laser welded tray is successfully stamped
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CCBE LASER WELDED BLANK TRAY
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« The flange achieves +/- 1.5mm flatness tolerance




Tests for Leakage and Thermal
Runaway




LEAK TEST FOR CCBE LASER WELDED BLANK TRAY

Fixture
Pressure Gauge

* The tray is placed upside down and clamped on
the fixture

- Requirement: Leaking rate less than 15 Standard f_' -
Cubic Centimeters per Minute (SCCM) in 15 o

minutes C .




LEAK TEST FOR CCBE LASER WELDED BLANK TRAY

* No leakage under 0.5psi for 15 minutes (0 SCCM for 15 minutes). The tray
passes the requirement




CCBE THERMAL RUNAWAY SOLUTION

Steel Sample

_—> :
Thermocouple

Protexx-Shiela® /'

1000 °C torch heating for 10 minutes
) on front side. Back side temperature
should be below 200 °C

Video from Tenneco
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CCBE THERMAL RUNAWAY SOLUTION

Mild Steel Sheet 0.8mm with Protexx-Shield® 7040

Temperature (°C)
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« The solution (0.8mm mild steel with Protexx-Shield® 7040) controls
the temperature around 180°C for at least 10min



Summary




SUMMARY

- CCBE is a sustainable and robust steel

| Judgment

solution meeting structure standards and Side Pole V

safety requirements Underfloor Intrusion Vg
- Optimizations on further weight reduction Stamping \/

and benchmark studies Flange Flatness V4
3 Investlgatlon§ about sub-system level Leak Test \/

model including rocker assembly and seat
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