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-An Experimental Study on the Impact Collapse
Characteristics of CFRP Composite Circular Structures-
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ABSTRACT

Because of the inherent flexibility in their design for improved material properties,
composites have wide applications in aerospace vehicles and automobiles. The purpose of
this study is to investigate the energy absorption characteristics of CFRP (Carbon Fiber
Reinforced Plastics) tubes on static and impact tests. Static compression tests have been
carried out using the static testing machine(Shin-gang buckling testing machine) and impact
compression tests have been carried out using the vertical crushing testing machine. When
such tubes were subjected to crushing loads, the response is complex and depends on the
interaction between the different mechanisms that control the crushing process. The collapse
characteristics and energy absorption were examined. Trigger and interlaminar number affect
the energy absorption capability of CFRP tubes.
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Fig. 1 Crushing process of composite tubes®
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Table 1 Material properties

Types .
~ Fiber Resin | Prepreg
Characteristics

1.75x10*11.24 X 10°| cuizsns

Density ) )
[kg/m’] | [kg/m’]
. 353 0.078
Tensile Strenth
[MPa] | [MPa]
230 3.96

Elastic Modulus
[GPal [GPa]

Elongation 15 [%] | 2.0 [%]
. 37 [%
Resin Content
Wil
130°C

Curing Temperautre
g fempe X 1hr
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Table 2 Definition of the specimen number

l A : [0z /902); (IN.=2)
B 1 [0z /90:); (IN.=3)
C : [0/90/0/90)s (IN.=6)
D : [0/90/0/90)2 (IN.=7)

T : Trigger

N : Non-Trigger
S Static

D : Dynamic

—  Specimen number

¥ Note that IN. is Interlaminar Number
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Fig. 2 The shape and configuration of specimen
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Fig. 3 Schametic diagram of impact testing machine
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Fig. 4 Typical crushing modes and load-displacement curves
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(a) Relationship of between max load and interlaminar number
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(b) Relationship of between absorbed energy and interlaminar number
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(c) Relationship of between specific collapse stress and interlaminar number

Fig. 5 Static collapse characteristics of the CFRP specimen (Non-Trigger / Trigger)
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AAF A3 A A 34 A 1% 2001a 39 135
,© il
F '
e wl o
g o —
0 2 4 6 8

(c) Relationship of between specific collapse stress and interlaminar number

Fig. 6 Impact collapse characteristics of the CFRP specimen (Non-Trigger / Trigger)

Table 3 Mean value of CFRP specimens after static test (Non-Trigger / Trigger)

Intertarvinar number fk

Specific
Max Load, | Absorbed
Collapse
Type Fmax Energy, E.
Stress, Es
[kN] [Joule] [kJ/kgl
AN 28.518 352.033 14.081
BN 33.261 409.321 16.373
CN 37.602 626.074 25.043
DN 41.845 497.068 19.883
AT 10.967 393.696 15.748
BT 13.739 483.671 19.347
CT 11.279 556.705 22.268
DT 11.936 508.701 20.348

Table 4 Mean value of CFRP specimens after impact test (Non-Trigger / Trigger)

Max Load, | Absorbed Specific
Collapse
Type Frnax Energy, E.
Stress, Es
[kN] [Joule] tkJ/kg}
AN 12.780 212.117 5.730
BN 14.056 339.817 11.467
CN 15.652 383.241 13.123
DN 14.663 281.302 9.847
AT 7.736 230.765 8.015
BT 7.984 193.020 6.638
CT 12.782 562.796 18.992
DT 13.946 501.709 17.205
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