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Multi-material Body Concept Design of Battery Electric Vehicle
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Abstract

Battery electric vehicles (BEVs) are becoming increasingly popular against the background of increasing
requirements for reducing CO, emissions. BEVs are equipped with heavy batteries, and the vehicle weight
increases significantly compared with that of conventional internal combustion engine vehicles (ICEVs).
Increasing the cruising distance of BEVs inevitably requires vehicle weight reduction. In light of this situation,
Kobe Steel has been considering the design of a unique multi-material BEV body concept model, in which
weight-reduction materials such as ultra high-tensile strength steel, aluminum plates, aluminum extrusions,
which are the company’s specialty products, are used in their proper locations. The vehicle body and battery
case structures have been designed to combine weight reduction and collision safety, protecting occupants and
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batteries in the event of a crash.
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Table 1 List of crash safety standards

Category Test method

Side crash Euro-NCAP - pole crash 75° (32 km/h)

ITHS - MDB barrier 90° (1,900 kg, 60 km/h)

Front crash US-NCAP - full width rigid wall (56 km/h)

J-NCAP - offset crash ODB 40% (64 km/h)

[THS - small overlap 25% offset (64 km/h)

FMVSS301R - rear crash 70% offset with
deformable barrier (1,368 kg, 80 km/h)

Rear crash

— 10 pole positions in total

1 R — VA2 E OB NSk
Fig.1 Variation of pole position
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Specification Detai |
Car type SUV (E segment)
Drive system FWD or 4WD
Length [mm] 4,826
Width [mm] 1,885
Height [mm] 1,710
Wheelbase [mm] 2,785
Curb weight [kgl 2, 450-2, 650

Battery capacity [kWh] 119 (estimate)

2 BEVHOAMBLE L Ok
Fig.2 Vehicle specifications
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Table 2 Concept of applying lightweight materials

. Features of part shape
Required
Category characteristics Material option e Long and
F part Difficult
oT pa Common to mold constant cross
section
Ultra high strength steel sheet (@] (@] O *
Press hardened steel sheet (@]
Strength - -
Body frame Aluminum extrusion O
structure Aluminum sheet (0] (0]
Ultra high strength steel sheet O N/A O *
Energy absorption - -
Aluminum extrusion N/A (@]
Battery frame Ultra high strength steel sheet (@] N/A O *
Strength - -
structure Aluminum extrusion N/A O
Outer panel / | Tension §t|ffness, Aluminun sheet o o N/A
Closure dent resistance
(*) Suitable for roll form
%3 TELZBERLFEMOA=Z2—
Table 3 Major lightweight material menu
Category Classification Characteristic feature Tensile strength
DP steel/ . Up to 1,470 MPa class for cold press
Martensitic steel High strength Up to 1,700 MPa class for roll form
TBF steel/ TRIP steel High strength and formability Up to 1,470 MPa class for cold press
Steel sheet High strength and crash-cracking Up to 980 MPa class for cold press or rol
CP steel
resistance form
PHS High strength and formability Up to 1.8 GPa class for hot stamp
6000 series (Al-Mg-Si) Common Typ. 295 MPa (6061-T6)

High strength

Typ. 480 MPa (Z6W-T5)

Aluminum extrusion

7000 series (Al-Zn-Mg) resistance

High strength and crash-cracking

Typ. 365 MPa (Z35B-T7)

High strength and stress-—
corrosion—cracking resistance

Typ. 450 MPa (7K55-T7)

Common

Typ. 275 MPa (6022-T4, after paint baking*)

Aluminum sheet 6000 series (Al-Mg-Si)

High formability

Typ. 265 MPa (6016-T4, after paint baking*)

High strength

Typ. 345 MPa (6011-T4, after paint baking*)
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(*) 2% stretch + 170°C x 20min
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B-pillar

Front side member

Front cross member

Front bumper
reinforcement

Torque box

Floor panel (flat)

UHSS (TSz980) [ ]
Rear side member PHS a
(hidden and invisible)
Side sill Aluminum extrusion
7000 series
Aluminum sheet ]
6000 series

Floor cross member

Rear bumper
reinforcement

Classification Color

LSS, HSS (TS<590) L

AHSS (590=TS<980)

3 K7F—EioREs X CEHME

Fig.3 Body frame structure and applied materials
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¥ Flow drill screw

| . .
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™\ Undercover

4 A FYIVOWrimREE
Fig.4 Cross-sectional structure of side sill
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Classification Color

LSS, HSS (TS<590) L)

Aluminum extrusion u

12

Outer frame 7000 series

Aluminum sheet
6000 series

Internal flame
(reinforcement)

Under cover
(under bottom plate) *The lid with mild steel applied is hidden
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Fig.5 Battery case structure and applied materials
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Door beam

Classification
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AHSS (590=TS<980)
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Side door panel
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Fig.6 Outer panel and closure structure and applied materials
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Total mass:517kg 6000 series

Total mass:127kg

Aluminum sheet
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(a) Body structure
(including outer panel, closure)

(b) Battery structure
(including undercover, lid)

R7 MEA—=T75U %
Fig.7 Material portfolio
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Fig.8 Body deformation in pole side crash
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Fig.9 Cross sectional deformation in pole side crash
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