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Abstract: To satisfy low-carbon economy requirement, mass reduction of a car is becoming more and more
important. The application of the aluminum metal in car is one of the effective methods for lightweight. In
this paper, there is a primary discussion on this application. One car with good performance in frontal impact
is as the baseline, and the structure of the side rails are kept same as the baseline. Then by changing the mate-
rials to aluminum-alloy and adjusting the thickness with the optimization of computer simulation, the car has
an equal performance to the baseline. Meantime, the differences of the BIW frequency and stiffness are also
considered. The front-end local stiffness falls a little, but the whole BIW stiffness and frequency fall little.
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Figure 1. The collapse mode of sheet rail with very small t/b
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Figure 2. The collapse mode of sheet rail with large t/b
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Figure 3. The cross section of the frontal side rail
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Table 1. The corresponding thickness of frontal side rails with two
different mateirals

F1. PREMHAERSTRENNE X R

baseline AL rail
P p (kg/mm®) 7.8x10°  2.89x10°
PSR YRR £ (GPa) 210 69
o JE IR 0, (GPa) 0314 0.149
AL v 0.3 0.3
g WARJEE £ (mm) 1.8 3.0
A SMRIZIE £ (mm) 1.6 26
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Figure 4. The deformed mode of frontal side rail of baseline
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Figure 5. The deformed mode of frontal side rail of aluminum-alloy
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Figure 6. The comparison of displacement of frontal side rails of aluminum-alloy to baseline
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Figure 7. The comparison of section force of frontal side rails of aluminum-alloy to baseline
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Figure 8. The comparison of energy absorption of frontal side rails of aluminum-alloy to baseline
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Figure 9. The demonstration of measuring point on firewall
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Figure 10. The comparison of firewall intrusion at the measuring point
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Figure 11. The comparison of acceleration of frontal side rails of aluminum-alloy to baseline
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Table 2. The comparison of modes of BIW of aluminum-alloy rails
to baseline

2. BEENRAESESSbaselinet Lt

Bk baseline (Hz) AL rail (Hz) P Delta (%)
1 26.93 26.98 KBRS 0.19%
2 33.96 33.98 — W 0.06%
3 35.39 35.39 JRAR R RS 0.00%
4 38.93 38.58 TS A2 -0.90%
5 46.71 46.22 IR -1.05%
6 50.49 50.29 Jrs it -0.40%
7 50.76 50.72 — Wi -0.08%

Table 3. The comparison of bending stiffness of front end of BIW of
aluminum-alloy to baseline

3. BEENRAESHTHRE th NI E Sbaselinet bt

45 AT I (N/mm)

(A Delta (%)
baseline AL rail
FERTY 775 728 -6.08
HHTY 774 724 -6.41
AR Z 774 736 -4.86
i Z 781 745 -4.62
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Figure 12. The comparison of torsion displacement of BIW of alu-

minum-alloy rails to baseline
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Table 4. The comparison of torsion and bending stiffness of BIW of
aluminum-alloy rails to baseline
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4= 5 I
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baseline AL rail
HE (N.mm/deg) 11124 10931 -1.73
5l (N/mm) 19244 19364 0.62
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