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ABSTRACT

The Axial Compression Strength of CFRP Hat Member for
Lightweight Structural Materials

Seon, Min—Soo
Advisor : Prof. Yang, In—Young, Ph. D.
Dept. of Automotive Engineering

Graduate School of Industrial Technology

The ability to protect passengers on an automobile accident depends on the
condition of the collision, structural integrity, etc. The front—end members of
vehicles must absorb the impact energy effectively to ensure passenger’ s
safety in front—end collision. Therefore, the designing vehicles should be more
concerned on the aspect of securing safety performance, the while, it also
should consider reducing weight of vehicle structural member. CFRP (Carbon
Fiber Reinforced Plastics) of the advanced composite materials as structure
materials for vehicles, has a widely application in lightweight structural
materials of air planes, ships and automobiles because of high strength and
stiffness.

However, CFRP composite materials have the weakness in hygrothermal
environment and shock resistance. Especially, moisture ingress into composite
material under hygrothermal environment can change molecule arrangement
and chemical properties. In addition, interface characteristics and component
material properties can be degraded.

In the study, experimental investigations are carried out for CFRP side
members in order to study the effect of various stacking condition and shape
of section in hygrothermal environment. Collapse tests were performed with

change of the stacking condition, such as fiber orientation angle, interface

number. Collapse mode and energy absorption characteristics were analyzed.
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To wunderstand moisture absorption behavior and strength degradation of
CFRP hat—shaped section member by moisture impregnation, moisture
absorption test and static/collision collapsing test was conducted.

Following the above study, conclusions are drawn as below;

1. The CFRP side 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.

2. As the changes of interface number, the moisture absorption behavior
showed that the initial moisture absorption rate increased more in case of
the CFRP side members with tick fiber direction wich has 2 interface. The
moisture absorption rate is very high.

3. For the hygrothermals in CFRP hat side members, at approximately 0.5% ~
1.0% of moisture absorption rate, Also, The moisture absorption
characteristics depend on the stacking sequences in the CFRP hat side
members.

4. Collapse shapes for moisture absorbed CFRP hat side members and the
one without moisture absorption displayed the weakening of bonding
strength between interfaces due to initial deterioration of CFRP. In addition,
collapsed shape and mode for moisture absorbed CFRP hat side members
exhibited more stabilized collapsing mode. Strength of moisture absorbed
CFRP hat side members was reduced by 10% ~ 15% from the one

without moisture absorption.

Vi
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‘Water absorption bl wdedid .
«—
passage H

30mm

trigger r—

120mm

Fig. 10 Shape of CFRP hat-shaped sectional member

Table 1 Material properties of the CFRP prepreg sheet

Types Fiber Resin
Characteristics (Carbon) (Epoxy #2500) Prepreg sheet
Density 1.83x103 [kg/m3] 1.24x103 [kg/m3] -
Poisson’s ratio - - 0.3
Young’s modulus 240 [GPal 3.60 [GPal 132.7 [GPal
Tensile stress 4.89 [GPal 0.08 [GPal 1.85 [GPal
Breaking elongation 2.1 [%] 3.0 [%] 1.3 [%]
Resin content - - 33 [%6 Wt]

~ 18 -
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Table 2 Types of CFRP hat-shaped sectional members

Specimens Stacking conditions Outer Fxperiment
angle condition
2 interface [90°2/0°]s
3 interface [0°2/90°],
4 interface [90°/0°]s2 90° Wet / Dry
6 interface [90°/0°]2s
7 interface [0°/90°]4
2 interface [0°2/90°1s
3 interface [90°2/0°2]2
4 interface [0°/90°]s2 0° Wet / Dry
6 interface [0°/90°]2s
7 interface [90°/0°14
~ 19 -
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90° 0°

/7
— I
_— |

(a) 2 interface (outer angle 90°)

(b) 3 interface (outer angle 90°)

90° 0°

-~

-

(c) 4 interface (outer angle 90°)

.

9¢° 0°
~
|

(d) 6 interface (outer angle 90°)

“ m 90° 0°
/_

_—

(e) 7 interface (outer angle 90°)
Fig. 11 Stacking conditions of CFRP hat-shaped sectional members
(outer angle 90°)
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(a) 2 interface (outer angle 0°)

0° 90°
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(b) 3 interface (outer angle 0°)

4 L

(c) 4 interface (outer angle 0°)

=
=]

90°

0° 90°

—————————————————————

———————— |

(d) 6 interface (outer angle 0°)

0° 90°

_—

(e) 7 interface (outer angle 0°)
Fig. 12 Stacking conditions of CFRP hat-shaped sectional members

(outer angle 0°)
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Table 3 Symbols of CFRP hat shaped members (interface specimen)

S(D) NHE) [90,/0], 1(2,3)

rS: static

LD : dynamic

r NH : Non Hygrothermal

L H : Hygrothermal

L Specimen Number
| Outer angle 90° | Outerangle 0°
[90,/ 0,],: 2 Interface [0,/ 90,],: 2 Interface
[0,/90,],: 3 Interface [90,/ 0,],: 3 Interface
] [90/ 0],, : 4 Interface [0/90],,: 4 Interface
[90/ 0],, : 6 Interface [0/ 90],,: 6 Interface
[0/90],: 7 Interface [90 /0], : 7 Interface

Photo. 2 Autoclave
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Fig. 19 Load—displacement curve of CFRP single hat shaped member, [902/02]s

( 2 interface number)
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Photo. 5 Collapse processing of CFRP single hat shaped member, [905/05]s

( 2 interface number)
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Fig. 20 Load—displacement curve of CFRP single hat shaped member, [0/90],

( 7 interface number)

(a) 6 =0mm (b) § =20mm (c) 6 =60mm

Photo. 6 Collapse processing of CFRP single hat shaped member, [0/90]4

( 7 interface number )
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Fig. 21 Load—displacement curve of CFRP single hat shaped member, [02/902]s
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Photo. 7 Collapse processing of CFRP single hat shaped member, [02/90:]s

( 2 interface number)
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Fig. 22 Load—displacement curve of CFRP single hat shaped member, [90/0]4
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Photo. 8 Collapse processing of CFRP single hat shaped member, [90/0]4

( 7 interface number)
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Photo. 10 Collapsed shape of CFRP hat-shaped sectional members ( dry specimen,

7 interface, outer angle 90°, Static)

Photo. 11 Collapsed shape of CFRP hat-shaped sectional members ( dry specimen,

7 interface, outer angle 0°, Static)
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Photo. 12 Collapsed shape of CFRP hat-shaped sectional members ( dry specimen,

7 interface, outer angle 90°, Impact )

Photo. 13 Collapsed shape of CFRP hat-shaped sectional members ( wet specimen,

7 interface, outer angle 90°, Impact )
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Photo. 14 Collapsed shape of CFRP hat-shaped sectional members ( dry specimen,

7 interface, outer angle 0°, Impact )

Photo. 15 Collapsed shape of CFRP hat-shaped sectional members ( wet specimen,

7 interface, outer angle 0°, Impact )
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