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Influence of Stacking Sequence Conditions on the Absorbed Energy
Characteristics of Composite Tubes

Youngnam Kim', Jihoon Kim" and Inyoung Yangm

ABSTRACT

This study is to investigate the energy absorption characteristics of CFRP(Carbon-Fiber Reinforced Plastics)
tubes on static and dynamic tests. Axial static compression tests have been carried out using the static testing
machine(Shin-gang buckling testing machine) and dynamic compression tests have been utilized using an vertical
crushing testing machine. When such tubes are subjected to crushing loads, the response is complex and depends
on the interaction between the different mechanisms that could control the crushing process. The collapse
characteristics and energy absorption have been examined for various tubes. Energy absorption of the tubes are
increased as changes in the lay-up which may increase the modulus of tubes. The results have been varied
significantly as a function of ply orientation and interlaminar number.
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Table 1 Material properties

Characteristics Fiber Resin Prepreg
, 1.75%10* | 1.24 x10°
Density , ,. |CUI25NS
[Kg/m’] | [Kg/m’]
3.53 0.078
Tensile Strength
[MPa] [MPa]
230 3.96
Elastic Modules
[GPa] [GPa)
Elongation 1.5 [%] 2.0 [%]
Resin Content 37 [%]
Curing Temp. 130C

Table 2 Definition of specimen number

S AQ

| S ! Static
D : Dynamic
A [0/90:2]s or [902/02]s
B : (090212 or [90:/0:]
C : [0/90]s or [90/0]xs
D : [0/90]s or [90/0]4

— 00:0°

90 : 90°
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Fig. 1 Load-displacement curve on the static test

33 34 AAAME

27 gADEL Fig 29 2L #38 FNNG
A Z2AAXNE AHEE e, FEET 5.42misecE
Z+ NEHF 5~7380] A APLS B3 37
Stoll o8 M4 ® ARA HEE JlolE uiE whet
A o]FaHA Ha, 224 9o A AFHel
2453 & 7184 g 2=Ade HEEQ dF
9 FQPo WMEA  2EHIA)A(KYOWA,
KSP-2- 120-E4) 27k FA Fo] tiFoz {23
I e 2 AR N HE FitEto
3Ee AR on, A2~ o RaAGE HH
(Target)2} ©1%& H|g &2 F& W9 A(ZIMMER
OHGA}, 100F)°l 28] ozl BE g1& A3y

37

AIR CYLINDER

AR GUN

]
m—

GUIDE BAR
BULLETY

CROSS HEAD

LOAD GELL
BABEPLATE -\
RU“ER-—\

_),._,..._,_.._<__.__.
e
2400

AY

A\

Ex

:',3

1
1000

Fig. 2 The vertical crushing testing machine
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Fig. 3 Maximum load of CFRP specimens under static
load and impact load
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Fig. 4 Average collapse stress of CFRP specimens
under static load and impact load
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Table 3 Properties of CFRP composite tubes in case of

static test
Characteristics Value
Friction coefficient 0.35
Shear strength of the matrix 61 MPa
Strength- of the laminate 1933 MPa
Thickness 1.08 mm
Collapsed length of specimen 60 mm

Table 4 Mean value of CFRP specimens after static

test
. Max Loag,| AYo® | OuPs
Orientation ;1," ax Load, collapse theoretical
Angle of p Progy stress, d,, | method, g
Outer [ “
[kN] [MPa] [MPg]
A 28.5 62.2
N B| 332 724
c[ 376 110.7
D| 418 87.9
n 575 1341 142.7
. [B] 333 | 133
% c| 353 139.5
D| 47.0 92.8

Table 5 Mean value of CFRP specimens after impact
test

Average
Orientation | T Max Load, collapse
Angle of g P
Outer P stress, g,
[kN] [MPa]
A 12.7 356
o B 14.0 71.2
C 15.6 79.2
D 14.6 56.8
A 22.0 62.5
. B 24.1 85.1
90 C 25.8 86.5
D 25.9 67.1
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