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ABSTRACT

Impact Strength Evaluation of CFRP Hat Shaped Sectional

Members for Vehicle Materials under the Hygrothermal

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

Graduate School of Industrial Technology

The recent trend in vehicle design is aimed at improving the aims at
environment— friendliness and collision safety requirements of the vehicles.
For the former, the trend is toward light—weight off vehicles to improve fuel
efficiency and reduce tail gas emission due to the heavier restriction on
exhaust levels. For the latter, however, the trend is toward higher safety
performance, comfort level, high—efficiency and multi—functional programs
which all increase the weight demands. Therefore, the light weight of vehicle
must be achieved in a status of securing safety of collision.

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.

The purpose of this study is to evaluate of the crashworthiness for

_Vi_
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lightweight impact energy absorbing vehicle members under hygrothermal
environment .

Following the above study, conclusions are drawn as below;

1. It is found that the moisture absorption characteristics depend on the
stacking sequences in the CFRP hat structural members. For the
hygrothermals in CFRP hat structural materials, at approximately 0.45~
0.55% of moisture absorption rate, the most absorption rate appears at the
beginning time.

2. Through testing both moisturized—absorption sample and non—moisturized
sample, at 1initial collasping time, the decreasing phenomena appears
because of the ductile characteristics of moisture ingress in the brittle
CFRP composite materals; however, stable collasping phenomena, i.e. the
characterictics of bending made the mean loading and absorbed energy
higher.

3. When 15Y of CFRP prepreg orientation angle, there are interlaminar cracks,
intralaminar cracks and central cracks. In the case of 15%rientation angle,
Maximum impact collapse load is increased more than 50% others
orientation angles through performing of both static and impact collapsing
testing.

4.  Collapsing properties of CFRP hat—shaped members with 15 degree
stacking shows the progress of collapsing along with fiber direction for

‘©”  shaped member due to brittle fracture with transverse shear and

laminar bending. For the members with 45 degree stacking, the similar

collapsing mode for 15 degree stacking is achieved. Members with 90

degree stacking is collapsed in crush mode due to basal fracture in

transverse direction for s shaped member and flange under

hygrothermal environment.

- vii -
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Fig. 6 Crushing characteristics of lamina bending crushing mode
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Fig. 8 Crushing characteristics of brittle fracturing crushing mode

Formation of
local buckle

Interlaminar cracks
at buckle

Fig. 9 Crushing characteristics of local buckling crushing mode

_12_

Collection @ chosun



Photo. 1 The crush zone of Carbon/Epoxy tube with half circle
)
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Characteristics 1ypes Fiber (Carbon) |Resin (Epoxy #2500)|Prepreg sheet
Density 1.83x10° [kg/m’]| 1.24x10° [kg/m’] -
Poisson's ratio - - 0.3
Young's modulus 240 [GPa] 3.60 [GPa] 132.7 [GPa]
Tensile stress 4.89 [GPa] 0.08 [GPa] 1.85 [GPa]
Breaking elongation 1 [%] 0 [%] 1.3 [%]
Resin content - - 33 [% Wt]
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Fig. 12 Stacking conditions of CFRP single hat shaped member
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Fig. 16 Moisture absorption rate according to elapsed time of CFRP hat-shaped
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Fig. 18 Collapse processing and Load—displacement curve of
CFRP single hat shaped member, [+15°/—15°]4(Static)
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Fig. 19 Collapse processing and Load—displacement curve of

CFRP single hat shaped member, [+45°/—45°],(Static)
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(b) Load—displacement curve

Fig. 20 Collapse processing and Load—displacement curve of CFRP single hat
shaped member, [90°]s(Static)
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Fig. 21 Collapse processing and Load—displacement curve of CFRP single hat
shaped member, [0°/90°], (Static)
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Fig. 22 Collapse processing and Load—displacement curve of CFRP single hat
shaped member, [90°/0°]4(Static)
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Fig. 23 Collapse shape and Load—displacement curve of CFRP single hat
shaped member, [+15°/—15°]4(Dry specimen, Impact)
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Fig. 24 Collapse shape and Load—displacement curve of CFRP single hat
shaped member, [+45°/—45°]4 (Dry specimen, Impact)
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(a) Collapse shape
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(b) Load—displacement curve

Fig. 25 Collapse shape and Load-—displacement curve of CFRP single hat

shaped member, [90°]s (Dry specimen, Impact)
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(a) Collapse shape
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(b) Load—displacement curve

Fig. 26 Collapse shape and Load—displacement curve of CFRP single hat
shaped member, [0°/90°], (Dry specimen, Impact)
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Fig. 27 Collapse shape and Load—displacement curve of CFRP single hat
shaped member, [90°/0°]4 (Dry specimen, Impact)
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(b) Load—displacement curve
Fig. 28 Collapse shape and Load—displacement curve of CFRP single hat

shaped member, [+15°/—15°]4(wet specimen, Impact)
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(a) Collapse shape
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(b) Load—displacement curve
Fig. 29 Collapse shape and Load—displacement curve of CFRP single hat

shaped member, [+45°/—45°],(wet specimen, Impact)
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(a) Collapse shape
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(b) Load—displacement curve
Fig. 30 Collapse shape and Load—displacement curve of CFRP single hat

shaped member, [90°]s (wet specimen, Impact)
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(a) Collapse shape
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(b) Load—displacement curve
Fig. 31 Collapse shape and Load—displacement curve of CFRP single hat

shaped member, [0°/90°],; (wet specimen, Impact)
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(a) Collapse shape
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(b) Load—displacement curve
Fig. 32 Collapse shape and Load—displacement curve of CFRP single hat

shaped member, [90°/0°]4 (wet specimen, Impact)
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Fig. 33 Relationship between maximum collapse load and variation stacking angles

(static experiment)
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Fig. 34 Relationship between maximum collapse load and variation stacking angles

(impact experiment)
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Fig. 35 Relationship between mean collapse load and variation stacking angles
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Photo. 5 Collapsed shape of CFRP hat-shaped sectional members

(wet specimen)
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(a) Dry specimen (b) Wet specimen

Photo. 6 Collapsed shape of CFRP hat-shaped sectional members, [+15°/—15°],4

(a) Dry specimen (b) Wet specimen

Photo. 7 Collapsed shape of CFRP hat-shaped sectional members ,[+45°/—45°],
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(a) Dry specimen (b) Wet specimen

Photo. 8 Collapsed shape of CFRP hat-shaped sectional members, [90°]s

(a) Dry specimen (b) Wet specimen

Photo. 9 Collapsed shape of CFRP hat-shaped sectional members, [0°/90°]4

(a) Dry specimen (b) Wet specimen

Photo. 10 Collapsed shape of CFRP hat-shaped sectional members, [90°/0°]4
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