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Impact force and acoustic analysis on composite plates with in-plane loading

A F e ok A el

Sung Joon Kim, Ill-kyung Park and Seok Min Ahn

Key Words : Composite material(¥-3}#] 5, Impact sound(%-2 ), Impact force(Z-4 1), In-plane loading(H U] 3}%)

ABSTRACT

The potential hazards resulting from a low-velocity impact (bird-strike, tool drop, runway debris,
etc.) on aircraft structures, such as engine nacelle or a leading edges, has been a long-term concern
to the aircraft industry. Certification authorities require that exposed aircraft components must be
tested to prove their capability to withstand low-velocity impact without suffering critical damage.
In most of the past research studies unloaded specimens have been used for impact tests, however,
in reality it is much more likely that a composite structure is exposed to a certain stress state when it
is being impacted, which can have a significant effect on the impact performance. And the radiated
impact sound induced by impact is analyzed for the damage detection evaluation. In this study, an
investigation was undertaken to evaluate the effect in-plane loading on the impact force and sound
of composite laminates numerically.
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Fig. 1 Analysis model for low velocity impact simulation

Table 1 Low velocity impact analysis condition

Load Lavu Thickness Prestrain
condition yup (mm) [pe]
Unload [-45/0/45/90]5, 2.7 0.0

Compression [-45/0/45/90]3 2.7 -1100.0

Tension [-45/0/45/901] 2.7 +1100.0
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Table 2 Carbon/Epoxy material properties

p E;; E G2 Viz
[ g/cmj ] [GPa] [GPa] [GPa] [GPa]

1.6 153.0 10.3 52 0.3

XT XC YC YT SC
[GPa] [GPa] [GPa] [GPa] [GPa]

2540. 1500. 82.0 236.0 90.0
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Fig. 3 Contact force for linear and nonlinear model
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Fig. 4 Contact force for unloaded and compression
preloaded plate when impact velocity is 1.5 m/sec
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Fig. 5 Contact force for unloaded and tension preloaded
plate when impact velocity is 1.5 m/sec
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Fig. 6 Residual energy when impact velocity is 1.5 m/sec
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Fig. 7 Contact force for unloaded and compression
preloaded plate when impact velocity is 6.5 m/sec
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Fig. 8 Residual energies for unloaded and compression
preloaded plate when impact velocity is 6.5 m/sec
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Fig. 9 Residual energies for unloaded and tension
preloaded plate when impact velocity is 6.5 m/sec
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Fig. 10 Power spectrum density of impact force histories
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Fig. 11 Power Spectrum Density of sound pressure

histories for unloaded and compression load case when

impact velocity is 1.5 m/sec
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