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ABSTRACT

Evaluation of the Crashworthiness of Front side Members

for Light—weight of Vehicles

Choi, Young—Min
Advisor : Prof. Yang, In—Young, Ph. D.
Dept. of Mechanical Design Engineering

Graduate School of Chosun University

The most important objective in designing automobiles is currently to
focus on environment—friendly aspect and safety performance aspect. As
for the environment—friendly aspect, the issues are the overall movements
toward lightweight automobile production due to the fuel—efficiency
improvement and heavier restriction on exhaust, however in contrast, the
issues of the safety performance such as crush safety, comfort level and
muti—functional programs demand increase of automobile’ s weight.
Therefore, the designing automobile should be more concerned on the
aspect of securing safety performance, but at the same time, it also
should consider reducing weight of automobile structural member.

In this study, for lightweight design of side member, CFRP side member

was manufactured from CFRP uni—direction prepreg sheet. The stacking



condition related to the energy absorption of composite materials is being
considered as an issue for the structural efficiency. Therefore, the axial
collapse tests were performed with change of the stacking condition. The
collapse mode and energy absorption characteristics were analyzed
according to stacking condition.

The experimental results are as follows;

1. The CFRP hat shaped section member was collapsed according to the
different orientation angles by compounding of the 4 different modes:
transverse shearing, laminar bending, brittle fracture, and local buckling.
When the fiber orientation angle is small, the member absorbed energy
by laminar bending. As the fiber orientation angle increases, the
member was absorbed energy by local buckling and matrix crack due to

transverse shearing.

2. As the fiber orientation angle increases, as shown the absorbed energy
decreases linearly. This means that when the fiber orientation angle is
small, energy was absorbed by the laminar bending and break of fibers,
however as the fiber orientation angle increases, matrix crack takes
place, instead of the fiber breaking. energy absorption was most
effective when the fiber orientation angle of CFRP was 0°/90° and

90°/0°.

3. The absorbed energy increases to the interlaminar number of 6, with

increasing interlaminar number. However, decreasing trend is observed



on moving to the interlaminar number of 7. Since a key element of the
energy absorption is the crack growth and extension, the cracks may
be classified as interlaminar cracks, intralaminar cracks and central
cracks. It is apparent that the interlaminar cracks increase, but the
growth of intralaminar and central cracks decrease with increasing

interlaminar number.

. The energy absorption capability of the members increases as the
sectional area ratio (sectional area ratio of flat member to "N" shaped

member) increase due to stress concentration on their edges.
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Table 1 Characteristics and use of the CFRP
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Table 2 Material properties of the CFRP prepreg sheet

Types Fiber Resin
~~ Prepreg sheef
Characteristics (Carbon) (Epoxy #2500)
Density 1.83x1d [kg/m] 1.24x10 [kg/m’] -
Poisson's ratio - - 0.3
Young's modulus 240 [GPa] 3.60 [GPa] 132.7 [GRa]
Tensile stress 4.89 [GPa] 0.08 [GPa] 1.85 [GPa]
Breakin
N 2.1 [%] 3.0 [%] 1.3 [%]
elongation
Resin content - - 33 [% WH]
|
[ —

Trigger/

0° fiber
direction

90° fiber
djregtion

Fig. 1 Configuration of CFRP single hat shaped section member
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Fig. 2 Curing cycle of CFRP specimen
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Fig. 3 Load—Displacement curve of specimen

(Orientation angle *=15° , Interlaminar number 7, Cross section ratio 2.11)

Photo. 3 Shape of collapsed specimen

(Orientation angle *=15° , Interlaminar number 7, Cross section ratio 2.11)
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Fig. 4 Load—Displacement curve of specimen

(Orientation angle *+45° , Interlaminar number 7, Cross section ratio 2.11)

Photo. 4 Shape of collapsed specimen

(Orientation angle *+45° , Interlaminar number 7, Cross section ratio 2.11)
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Fig. 5 Load—Displacement curve of specimen

(Orientation angle 90° , Interlaminar number 7, Cross section ratio 2.11)

Photo. 5 Shape of collapsed specimen

(Orientation angle 90° , Interlaminar number 7, Cross section ratio 2.11)
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Fig. 6 Load—Displacement curve of specimen

(Orientation angle 0° /90° , Interlaminar number 7, Cross section ratio 2.11)

Photo. 6 Shape of collapsed specimen

(Orientation angle 0° /90° , Interlaminar number 7, Cross section ratio 2.11)
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Fig. 7 Load—Displacement curve of specimen
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Photo. 7 Shape of collapsed specimen
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Fig. 8 Load—Displacement curve of specimen
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Photo. 8 Shape of collapsed specimen

(Orientation angle 0° /90° , Interlaminar number 2, Cross section ratio 2.11)



25

20 /

Z 15

=,

=

3 “’] irEvilacaa visny
5 W\WM\W
0

0 10 20 30 40 50 60
Displacement[mm]

Fig. 9 Load—Displacement curve of specimen

(Orientation angle 0° /90° , Interlaminar number 3, Cross section ratio 2.11)

Photo. 9 Shape of collapsed specimen

(Orientation angle 0° /90° , Interlaminar number 3, Cross section ratio 2.11)
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Fig. 10 Load—Displacement curve of specimen

(Orientation angle 0° /90° , Interlaminar number 4, Cross section ratio 2.11)

Photo. 10 Shape of collapsed specimen

(Orientation angle 0° /90° , Interlaminar number 4, Cross section ratio 2.11)
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(Orientation angle 0° /90° , Interlaminar number 6, Cross section ratio 2.11)

Photo. 11 Shape of collapsed specimen

(Orientation angle 0° /90° , Interlaminar number 6, Cross section ratio 2.11)
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Fig. 12 Load—Displacement curve of specimen

(Orientation angle 0° /90° , Interlaminar number 7, Cross section ratio 1.05)

Photo. 12 Shape of collapsed specimen (Cross section ratio: 1.05)

(Orientation angle 0° /90° , Interlaminar number 7, Cross section ratio 1.05)
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Fig. 13 Load—Displacement curve of specimen

(Orientation angle 0° /90° , Interlaminar number 7, Cross section ratio 5.27)

Photo. 13 Shape of collapsed specimen

(Orientation angle 0° /90° , Interlaminar number 7, Cross section ratio 5.27)
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Photo. 14 Typical collapse modes of specimens
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Table 3 Collapse test results according to fiber orientation angle

) . . |Absorbed energyAbsorbed energy Average Maximum
Fiber orientation .
andle per unit mass| collapse load | collapse load
g E. [J] En [KJ/kg] Pae [KN] Prex [KN]
15° 421.14 28.24 7.02 22.80
45° 367.96 26.67 6.13 15.41
90° 316.03 21.20 5.27 7.80
0°/90° 519.59 34.84 8.66 19.53
90°/0° 503.81 33.76 8.39 18.06
__, 600
e
5500 u m
2 n
= 400
Q [ |
® 300 m
o
Q
£ 200
?
o 100
<
0

15° 45’ 90" 0%790° 90°/0°
Fiber orientation angle

Fig. 15 Relationship between fiber orientation angle and absorbed energy
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Table 4 Collapse test results according to interlaminar number

, . . |Absorbed energyAbsorbed energy Average Maximum
Fiber orientation .
andle per unit mass| collapse load | collapse load
g E. [J] En [KJ/kg] Pae [KN] Prex [KN]
2 460.44 30.87 7.68 16.03
3 474.25 31.80 7.91 21.67
4 521.88 35.00 8.70 16.77
6 567.34 38.03 9.46 15.53
7 519.59 34.85 8.66 19.53
__, 600
= |
™ 500 n m
5 - "
o 400
c
@ 300
§e)
)
£ 200
?
o 100
<
0
2 3 4 6 7

Interlaminar number

Fig. 16 Relationship between interlaminar number and absorbed energy
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Table 5 Collapse test results according to cross section ratio

, . . |Absorbed energyAbsorbed energy Average Maximum
Fiber orientation .
andle per unit mass| collapse load | collapse load
g E. [J] En [kd/kg] Pave [KN] Prax [KN]
1.05 368.15 24.90 6.14 16.00
2.11 519.59 34.84 8.66 19.53
5.27 657.79 43.70 10.96 18.45
— 50
> < -
m S~
5 2 40
S We [ |
- E?; 30
Lw |
5 € 20
n =
o c
< 210
Q
o
0
1.05 2.11 5.27

Cross section ratio

Fig. 17 Relationship between cross section ratio and absorbed energy

per unit mass
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