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Design of the Impact Energy Absorbing Members and Evaluation of the Crashworthiness
for Aluminum Intensive Vehicle

Aadg, AAF, e, g I
Heon Young Kim, Jin Kook Kim, Seung Jm Heo Hyuk Kang

ABSTRACT

Due to the environmental problems of fuel consumption and vehicle emission, etc., automotive makers are
trying to reduce the weight of vehicles. The most effective way to reduce a vehicle weight is to use lighter
materials, such as aluminum and plastics. Aluminum Intensive Vehicle(AIV) has many advantages in the
aspects of weight reduction, body stiffness and model change. So, most of automotive manufacturers are
attempting to develop AIV using Aluminum Space Frame(ASF). The weight of ATV can be generally reduced
to about 30% than that of conventional steel vehicle without the loss of impact energy absorbing capability.
And the body stiffness of AIV is higher than that of conventional steel monocoque body. In this study,
Aluminum Intensive Vehicle is developed and analyzed on the basis of steel monocoque body. The energy
absorbing characteristics of aluminum extrusion components are investigated from the test and simulation
results. The crush and crash characteristics of AIV based on the FMVSS 208 regulations are evaluated in
comparison with steel monocoque. Using these results, the design concepts of the effective energy absorbing
members and the design guide line to improve crashworthiness for AIV are suggested.
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Table 1 Technical trends of aluminum intensive vehicle

Country | Company c(l::srs prol\(;[jstsion Remarks
Germany| Audi A8 ‘94 Ist ASF
A2 00 Compact car
OPEL | MAXX ‘00 1000cc, 650kg
BMW El - -
Z8 - ASF
Justd/2 - -
France | Renault | Spider - 2000cc, 790kg
England| Lotus Elise Product |1800cc, 673kg
Italy Fiat Zic - Hybrid
Norway| Pivco |Coty Bee - Hybrid
USA GM EV1 Product Hybrid
Chrysler | Prowler | Product ASF
Japan | Honda | Insight '99 ASF
Acura | NSX '97 ASF, Sheets
Korea | Hyundai | Tiburon 97 Monocoque
Kia Avante Proto ASF
Sephi Proto Monocoque
Daewoo| DEV - Hybrid, ASF
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(a) Components of aluminum space frame

(b) Aluminum space frame

Fig. 1 ASF structure of the aluminum intensive vehicle
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(a) Aluminum casting components

(b) Extrusion components section

Fig. 2 Casting and extrusion components of aluminum
intensive vehicle
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Table 2 Comparison of weight reduction and energy
absorption per unit weight

Box Beam Steel Aluminum Aluminum
(47.5x475X1.0) ”(AE x47.5x1.0)1 (60 x60x1.5)
Sm::ii&gmz) 14082.76 4694.25 14023.33
: |
Red\uvcetlii:[(%) ; 65.90 34.90 |
‘ Absg::;i(%) 100.00 202.60 260.10

{a) Deformed shape of crush
analysis

(a) Deformed shape of bending
analysis

Fig. 3 Deformed shapes of crush and bending analysis
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(b) Type 11 : folding and fracture mixed collpase mode

(c) Type [Ii : fracture collapse mode

Fig. 5 Typical axial collapse modes of rectangular alumi-
num extrusion components

@ Folding coliapse mode
A\ Folding and fracture mixed collapse mode
W Fracture cotiapse mode
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Fig. 6 Relationship of collapse modes with respect to the
aspect ratios
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Fig. 13 Comparison of impact force in frontal static crush
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Fig. 14 Comparison of absorbed impact energy in frontal
static crush
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(a) Initial state

(b) Deformed shape at 80msec
Fig. 23 Deformed shapes in frontal crash(FMVSS 208)

(a) Initial state

(b) Deformed shape at 80msec

Fig. 24 Deformed shapes of engine room components in
frontal crash
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