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ABSTRACT

Reducing the weight of automobiles is a significant global developmental task. Two materials are used to
lighten automobiles: aluminum and CFRP frames. Aluminum is a non-ferrous metal, and CFRP is a composite
material. They are lighter and harder than other materials. The two materials were used for the collision analysis.
Subsequently, the two cases were compared. Three cases were considered for the collision analysis: head-on
collision, partial head-on collision, and side collision at a speed of 60 km/h. The three cases were compared and
analyzed considering the materials used to understand the difference between aluminum and CFRP and their

collision characteristics.
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Fig. 1 Car frame boundary conditions

Table 1 Material properties of Aluminum

Property Unit Value
Density kg/m ® 2770
Tensile Modulus GPa 164
Tensile Strength MPa 280
Shear Modulus GPa 26.7
Young’s Modulus GPa 71
Poisson’s Ratio 0.33

Table 2 Material properties of CFRP

Property Unit Value
Density kg/m 3 1770
Tensile Strength MPa 1850
Elongation at Break % 2.20
, X 164
Young’s Modulus YZ GPa 26
. s . X 0.27
Poisson’s Ratio Yz 0.4
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Table 3 Input value for collison analysis 3. S=51A
Parameter Value
Solver type Ls-Dyna 3.1 Aluminum Z3[Q] s ZHx}
I
A° lec f_ar Aluminum Z# )% CFRP Z#{)9] FE84e
cceleration _ 5 .
Boundary gravity | 9-81m/s’ AW FE, 2 U FEE%), W FE o] 37}
A . L o v lo =5 O
condition Fixed support Co\}&l[{:lllon A case®E YA O™ Aluminum Z#H Yo FEL
Veloait SOl case 1-1, 12, 1302 Z}7}9] Z& cases UEMNA
clocity o o] AT o ==t
Material Aluminum, CFRP o 09 cases] SRS GOkmhE TS FE

£ rigid2 A3, Fixed supportdte] T Yol £
3 FES FE39Y. Aluminum FE S4B A
HZ3E 314 Maximum deformationS 94.135mm©| ™
Equivalent stress= 1001.3Mpa2] ZA3} gho] sk,
BE AWESE 4L 70.98mme]  Maximum
deformation, 1024.6Mpa2| Equivalent stress®] A3} Zk
o] Ugtx &1 FTE A4S 58.522mme] Maximum
deformation, 1095.2Mpa2] Equivalent stress2] A3} Zio]
Uitk Table 490 case™® Z¥E YEMIATE Fig 3,
Fig 4, Fig 5% case’ F=3l4] A4S epliich

~<

(a) 100% front collision

Table 4 Ls-Dyna analysis result for each case

Case no. 1-1 1-2 13
Maximum g, 135000 | 70.98mm | 58.522mm
deformation
Equivalent 1001.3Mpa | 1024.6Mpa | 1095.2Mpa
stress
A: LS-DYNA

Total Deformation
Type: Total Deformation

(b) 40% front collision Time: 1.6.002

94,135 Max
91 556
88976
86397
a3mz
81.238
78658
76079
73499
70.92 Min

(c) 90 degrees side collision

Fig. 2 Collision analysis case (a) Maximum deformation
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A LS-DYNA

Equitepient Stress

Type Equivalent (von-Mises) Stress - TopBottom

Unt MPa

Time: 1.6-002
1084.3 Max
a8017
o007
68T 97
55687
44577
33458
22358
11248
1.3804 Min

(b) Equivalent stress
Fig. 3 Aluminum frame 100% front collision
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(a) Maximum deformation

B: LS-DVNA
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Type: Equivalent (von-Mises) Stress - Top/Botiom
)

Time: 18002
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SE9 8
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(b) Equivalent stress
Fig. 4 Aluminum frame 40% front collision

C:L5-DVNA
Tokal Deformation
Type Total Deformaton
U mm
Tierec 1.0-002

58.522 Max
52735
45.947
4118
35372
29585
23797
1m/mnm
12223
£.4352 Min

(a) Maximum deformation

C:LS-DYNA
Equivalent Stess
Type: Equivalent (von-Mses) Stress - TopiBatiom
Unlt WPa
Tz 10002
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s
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608 68
413
3®573
24418
12258
1.0082 Min

(b) Equivalent stress

Fig. 5 Aluminum frame 90 degrees side collision
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142.65mm©°|™  Equivalent

ofy

ol & d o
.

g

Maximum deformation=

stress=  865.17Mpaclth. &H FE Al Maximum
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Toted Deformaton
Type: Total Deformation

(a) Maximum deformation

A LS-DYVHA
Equirvalert Stress
Type: Equivalent (von-Mzes) Stress - TopBotiom

Unt. MPa

Time: 1.2.002
349,69 Max
31085
arz2m
23347
19438
1555
RRL T
rrEn
33983
014476 Min

(b) Equivalent stress
Fig. 6 CFRP frame 100% front collision

B: LS-DVHA
Total Detormation
Type Totsl Datormation

om 1009.00 ()

0050,

(a) Maximum deformation

BLSOVHA
Equtvelert Stress
Tip: Eautvidont (von-Wan1) Stross - TopBliom

L] 100000 i) A
[ S— X

000

(b) Equivalent stress
Fig. 7 CFRP 40% front collision

C: LS DYNA
Total Detormation
Type: Tctal Deformation

(a) Maximum deformation
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(b) Equivalent stress
Fig. 8 CFRP frame 90 degrees side collision

Table 5 Ls-Dyna analysis result for each case

Case no. 2-1 2-2 23
Maximu_rn 48.783mm | 142.65mm | 151.86mm

deformation

Equivalent | 349 Gonpa | 865.17Mpa | 1439.5Mpa
stress
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