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Low-Velocity Impact Analysis and Contact Law on Composite Laminates

Ik-Hyeon Choi™*

ABSTRACT

Usually many researchers have used the modified Hertzian contact law or experimental static indentation law
to analyze impact response of composite laminates subjected to the low-velocity impact. In this study, physical
meaning of the method using the laws was investigated and the difference between the analytical results
obtained using the laws was also investigated. Furthermore parametric study on contact constant and exponent in
the contact law was performed. Finally it was shown that a linearized contact law can be well applied to
low-velocity impact response analysis of composite laminates. If this concept is used, commercial finite element
software can be used to solve impact problem without making any auxiliary. code.
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oA=0 (1) - o, (x, ¥, t) : indentation of laminate

F =f(Q) : contact force determined by contact law

Contact force and indentation determined from difference
between displacement of impactor and laminate.
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Table 1 Contact coefficient % of loading law F=Fk ¥

Size of indenter (mm) 12.7 19.1
Specimen group 1° 2° 1" 2°
£ (10'N/mm"?%) 4.461 4780 | 6368 | 6914
Average k 4.621 6.641
the modified Hertzian 2569 3146
contact law
*[0/45/0/-45/0)s , °[90/45/90/-45/90]2,

Table 2 Material properties and experimental contact constants

E, = 120 GPa, E> = 7.9 GPa
M ial . ¢ Glz =55 GPa = G|3 = G33
aterial properties o viz = 030

lamina s
o = 1582 kg/m’

thickness = 0.135 mm

Material . ¢ E = 207 GPa
ateria Propenles 0 v =030
steel impactor 3
o = 7800 kg/m
Experimental indentation | $, = 0.094

constants

a, = 0.0167 mm
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Fig. 2 Typical contact force-indentation curves by modified
Hertzian contact law and experimental indentation law.
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Table 3 Various boundary conditions and impact conditions

Case impact condition
. boundary condition N velocity
id. M/m (cm/sec)
A 4 edges fixed 8.75 500
B 4 edges fixed 80 175
C 4 edges simply supported 35 -250

2 edges simply supported
D ; 40
(0° side) and 2 edges free 6 0

"M/m is ratio between mass of impactor and laminate.
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Fig. 3 Impact force histories analyzed using experimental:

indentation law and modified Hertzian contact law.
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Fig. 5 Impact force histories analyzed using present linearized
contact law and the modified Hertzian contact law.

linearized contact law (case A}
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Contact force (kN)
T

Indentation (mm)

Fig. 6 Contact force - indentation curve using present linearized
contact law and the modified Hertzian contact law.
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Fig. 7 Spring element model using commertial finite element
software.

present spring element model
r- mm-=--= modified Hertzian contact law

Contact force (kN)

Time {msec)

Fig. 8 Impact force histories analyzed using present spring
element model and the modified Hertzian contact law.
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