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Design and Impact Analysis of Automotive Bumper Beam Using
Aluminum Foam
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Abstract In this paper, the automotive beam using aluminium foam is designed and the impact analysis is
carried out. The anlysis model is the beam of actual size with B- type section structure. At the frontal crash of
low speed, ANSYS AUTODYN is used by predicting the behavior of deformation and its internal energy. By
the use of 7075-T6 aluminum alloy, the weight is reduced as much as 55% than steel. The deformation at the
bumper foam of aluminum is similar with that of steel and the impact energy reduction at aluminum is more
than steel. The foam filled with aluminum as much as 50 % has more impact energy absorption than the
completely filled aluminum foam.
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[3 1] Property of Al 7075-T6

Young’s Modulus (MPa)

7.17x10*

Poisson’s Ratio

0.33

Mass Density (g/cm3)

2.81

Tensile Yield Strength (MPa)

503

Tensile Ultimate Strength (MPa)

572
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* Al 7075-T6

* Aluminum Foam
100%

* Al 7075-T6

+ Al 7075-T6
Aluminum Foam
* Aurinun Foam (Closed Cell)
Mass Density (g/cm3) 0.308
Young’s Modulus (MPa) 460
<Case 2> <Case 3> Tensile Yield Strength (MPa) 1.65
Poisson’s Ratio 0.33

* Aluminum Foam
50%

[ 2] &FvE F2] 718 244

+ Al 7075-T6 = -
2.2 FE3Y

2.21 AA 9 x4
Wulel B4 AL

MPH(8 km/h)e] SE=HITE

* Aluminum Foam
50%

5 MPH@4 km/h) 2 5
Fo= AMgElaL glom,

<Case 4> <Case 5> olEd SEZ TE Al 2k H B} FFo FAE] 7o)
(2% 4] d5uE F2 99 9o 243y 4] e FAFTTES TR gt vk sl
A 2.5 MPH SEWT1E AEstar JA 2 Al A
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[ 3] 7 Case® HH 2 84 75

T Nodes Elements
Case 1 3,330 10,142
Case 2 5,240 12,220
Case 3 5,452 12,708
- Case 4 5,344 12,095
Compression Test
Case 5 5,842 12,808
/
= [ Fixed Support
L [ Velacity: 222 m/s

—Aluminum Foam

Displacement(mm)

(2% 6] =423 dlole
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[ 4] 7} Case’d HH Hlo] T7

T Beam(kg) Foam(kg) Total(kg)
Case 1 7.1 - 7.1
Case 2 2.1 1.1 32
Case 3 1.4 1.1 25
Case 4 2.1 0.6 2.7
Case 5 1.4 0.6 2.0
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Case 19] ¥g® 9 YR UA = 13 99 ok W
e Wy Wo] Fof BEolM H 2.177 mmolH F
E 5 s Ho ol AE 5.572¢+04 Jkgol L A}
A AAR WAEHE Ho NE-ol A& 9.407e+03 Jkg

2l
Th B 70 keo FAIL FEAUAS] FHEE
1 %2 7Pg mAw wgel g Agkh

DISPL, ABS (rmm)

2177e+10
I 1.95%e+00
1.742e+00

H 1:524e+00
H 1.308e+00
I 1.089e+00
B 87110t

[ 6.534e01

4.358e-01
I 218101
5. 0R0e-04

INT.ENERGY (Jikg)

5. 572e+14
I 5. 015e+14
4 457e+04

— 3%500e+14
[ 3.343e+14
| 2706e+ld
L 2.229e+04

1 1.E72e+04

1.116e+14
I 5.574e+13
2.415e+10

[2% 9] Case 19] W=

% o

ol =]

Case 2°] WEZF 2 WFoux= 19 109} Zr} §
PFE AL 2214 mmol FE F DT o ol
VA= 2.704e+05 J/kg, AHAAZH-ol = 8.444e+03 J/kg
o] AT

DISPL. ABS (mm)
2.214e+00

1.993e+00
1.772e+00
1.550e-+00
1.329e+00
= 1.108e+00
8.864e-01

B.B5Te-01

4.438e-01

222501

1.186e-03

INT.ENERGY (Jikg)
27048405

24338405
2163405
1.893e+405
1.622e405
1.352e405
1.082e+405
8112404

5.408e+04

2704e+04

1.787e+00

[Z13 10] Case 29] ¥ 2 o=

Case 39| W% 9 UFolvX+= 23 113 Zrh ¥
Qe A ;

2209 mmo|H FE 5 DA Hf o

YA = 8.446e+05 J/kgo| il XA A A Kol wAEE= o)
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YE- YA = 5.290e+ 04 J/kgo|th. o] 2.5 kgOLT’_ W

HHE 22 mm AR AN FEAUA ] F4E0]

93.7 %= LFrE 2 483 v Hy e H|sky
4 THol Axd AL B F AU

DISPL. ABS (mm)
22038400

1.988e+00
1.767e+00
1.547e+00
1.326e+00
11052400
B&d1e01

B.E33e-01

4.425e-01

221701

8.546e-04

INT.ENERGY (k)

8 446e+05
7 B02e+05
B.757e+05
5.912e+15
5. 068e+05
4.223e+15
3.378%e+H15
2.534e+05

1.689e+05

B.447e+04

2 835400

[ 11] Case 39 ¥

el =]

P2 i 2213 mmol™ FE F LA Ho el
YA 3.993e+05 J/kgolal FA|A A F o wAs= # o)
W LA &= 1.989¢+03 J/kgolth F&#& 2.7 kgolar A

HEFS 22 mmE UE &F

A AN FoEo

ke
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=l

DISPL ABS {mm)
2213240

1.992e-+00
1.770e-+00
1.549e-+00
1.328e-+00
1,107 e+00
B.859e-01

B.647e-01

4 43601

222401

1.232e-03

INT.ENERGY [Jfkg)
3.993e+05

3.884e+05
3.184e+05
2.795e+05
2.38ke+05
1.997e+05
15587e+05
1.198e+05

7.987e+04

39842404

1.625e+01
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Case 59| ¥8= 9 UFolx
ko H 3 2298 mmolH =
2.892¢+06 J/kgoliL A
UlF-ol U A= 1.023e+05 Jkgelth. 2
3 Zghet

==

YA=

DISPL. ABS (mm)
2.298e+00

2.068e+00
18382400
1.603e+00
1.378e+00
1.148e+00
8.185e-01
B.897e-01
4.538e-01
2301e-0

3.461e-04

_EMERGY (Jfka)
28926405

2602e+06
2313e+08
2 024e+08
1.735e406
1.446e+08
1.167e4+06
B.675e+15

5.784e+15

2.893e+15

1.083e+02

[Z2% 13] Case 59| W4

2k

[s]

d

2 Ul A

7 Casll AT HAG 3 59} 2ek WY

ar 1l 0 O
o HALS AFEE Case 13 &F0E 2 AHE3F Case
2~57F AL 3 AL B S dden, i oluA] g
88 Case 15 Case 57FA 212} 83.1 %, 96.9 %,
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[ 5] 7t Case™d WEFH B vielvA &

INT. E I/k
DISPL. ABS nergy (ke)
(mm) Bumper Sta
Beam Y

Case 1 | 2.177 55,720 9,407

Case 2 | 2214 270,400 8,444

Case 3 | 2.209 844,600 52,900

Case 4 | 2213 399,300 1,989

Case 5 | 2.298 2,892,000 102,300
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