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Abstract: This work is focused on numerical investigation the behavior of
composite plate under low-velocity impact loadibging linear stress-strain relation
the value of shear modulus was determined via dpdition method based on the
comparison of deflection curves between performggdeements and numerical
simulations for various impact velocities. Lineapéndence of shear modulus on
impact velocity was observed.

Keywords: UD composite, Low-velocity impact, Drop tester

1. Introduction

The composite materials are used in wide rang@pliGations such as aerospace or
automotive industry where they have become the embfe alternative to
conventional materials. These materials are pofndaause of their high stiffness to
weight ratio, corrosion resistance and mainly "eost product design variability.
The main disadvantage of the composite materiathaspredisposition to fragile
failure and damage that is irreversible and caggffeess and strength reduction of
composite structures [5, 6]. The basic materiapprties, such as Young's moduli,
Poisson's ratios and strengths are usually obtdfireed tensile or bending static
tests. Comparison of experiments and numericalyaesalusing linear stress-strain
relationship indicates that properties of materimddel of composite should be
partially adjusted in order to achieve agreemehie @ynamical stiffening which
change the behavior of composite materials undeamycal loading is necessary to
consider in composite applications to ensure tfietysén case of all expected loads.
It is also important to consider the random impeatls which can cause the damage
too, for example dropping the tool during maintezean

This paper is focused on investigation of the ba&rasf composite plate
under low-velocity impact loading. The change ofgmaeters of material model on
impact velocity of impactor was investigated by @amison of time-deflection
curves from performed experiments and from numesicaulations.
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2. Experiment

The used material was undirectional fiber-reinfdrcemposite made of 4 layers of
prepreg designated as 4EHKF420-UD24K-40 consistihgoray T600SC fibers
and epoxy resin. The material properties of thimgosite were determined from
guasi-static tensile and bending tests using aiosl of experimental results and
results of numerical simulation in [1]. The resulti material properties are
summarized in Table 1 [1].

Table 1. Elastic material parameters of composite material determined by static tests.

E; [GPa] E; [GPa] G2 [GPa] V12 ['] p [kgm’3]
153.4 7.8 45 0.28 1510

A series of impact tests was performed on rectamqulhtes with dimensions
135 x 270 mm and thicknesses 1.15 mm. The fibersctitbtns of undirectional
composite was parallel to the longer side. Theeplatere simply supported along
the shorter edges on the steel stand with theaywvd® mm at each side (see Fig. 1).
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Fig. 1. Geometry of composite plate and the position cisnee apparatus.

Drop weight testing machine was used to induce ahjpa the composite
plates. The impactor of testing device was acctddranly by gravity. It consisted
of a force sensor (Bruel&Kjser 8200) with steel spted head with radius 15 mm,
slider and aluminium frame. The total mass of impawas 217 g. The response of
the composite plates was measured during the impaent by laser sensor
(OptoNCDT 2200) in selected off-axis point. The amplocation was always in the
middle of the plate. The impact velocityaried between 0.5-57" and 3 s, the
step was 0.5 ", Three plates were tested for each impact velocity

3. Numerical model

Numerical simulations were performed using finiteneent analysis (FEA) in LS-
Dyna. Explicit solver based on central differencéesne for time integration was
chosen for simulation (calculated stable time sfiép 0275 us). The simulations



were performed up to time 25 ms after initial cehtaf impactor and plate. The
large strain theory was assumed. The analysis wasidered as fully contact
problem of four elastic deformable bodies. The elatas meshed using shell
elements with four layers, the impactor and the swpports using solid elements.
The complex shape of the impactor was simplified anly the head of impactor
was modelled with added mass to reach its totaghteiThe behaviour of the
composite plate was described using transverselyoisic material model [2, 3]
(in LS-Dyna MAT_54).

4. Optimization process

An optimization process handled using OptiSLangB®as performed in
order to minimize the objective function (residugndefined as

e=> (wE-wf ®

i=1

where WlE and vviS are the deflections of plate from experiment amgherical
simulation respectively amdis number of time steps - in this stuay 100.

At first the sensitivity analysis was performed ander to determine the
guadratic correlation coefficients between elastioduli E;, E, and G;, and
residuume (see Tab. 2). For the investigated range of impaxbcities shear
modulusG;, was chosen as the parameter with the most signtfimxfluence on
residuume. Optimization was performed for each impact vejodn order to
determineG;, using nature based simple design improvement ighgor4].

Table 2. Quadratic correlation matrix

v[ms| E;[GPa] E;[GPa] G2[GPa]
0.5 0.498 0.127 0.245
1.0 0.579 0.069 0.406
15 0.166 0.076 0.434
2.0 0.316 0.058 0.443
25 0.257 0.123 0.664
3.0 0.259 0.305 0.771
5. Results

In Table 3 are listed the magnitudes of residasl for optimized valueG;, and
eoric for original value obtained from tensile tests tmmed in Table 1.

Fig. 2 compares the identified dependence of natgyarameterG;, on
impact velocity with the approximation of obtainegsults via linear polynomial
function. Values for an impact velocity 0g are the static value &,.



Table 3. The dependence of residuum on impact velocity

v[msT 0.0 0.5 1.0 15 2.0 25 3.0
€opT - 1.76 6.20 6.69 8.34 20.29 50.83
€oRIG - 3.46 21.08 102.10 207.45 776.98 2221.94
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Fig. 2. The identified dependence of material param@teon impact velocity.

Fig. 3 shows the comparison of deflections obtaifredh experiments and
from numerical simulations for all considered impaelocities. Two time-
deflection dependencies are shown in case of noaleimulation for every impact
velocity — the dependence of optimized and of aagi(static) material parameter
GlZ-

The calculated contact force for optimized matgpedametef,,is compared
with experimental data from force sensor for impagocity 1 ms™ and 2.5 ns* in
Fig. 4 and 5.
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Fig. 3. Time-deflection comparison between experimentramderical simulation for all impact
velocities (solid — experiment, dashed — identifiag dotted — originaG»).
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Fig. 4. Contact force comparison for Fig. 5. Contact force comparison for

impact velocity 1 ns ™. impact velocity 2.5 ns™.



6. Conclusion

Experiments of impact on composite plates with aasi impact velocities were

performed. Initially, material constants obtainedni static tensile tests were used
for numerical analyses. Difference between expeartaleand numerical results was
increasing with increasing of impact velocity oé timpactor.

The study of the influence of each elasticity canstwas performed. The
objective function (residuum), which describe diffece between experimentally
and numerically obtained time dependence of defleadf the plate, was defined.
The quadratic correlation coefficients were enutieeran order to determine which
material constant has the largest influence onrdélsgduum. It was observed, that
shear modulu&;; has the largest influence on the residuum in thelevrange of
investigated impact velocities.

Optimization was performed for each impact velodityorder to determine
G1,. Almost linear dependence Gf, on impact velocity was found.

The fact, that the most important parameteGis is probably caused by
position of the measurement point. Experiments witkasurement points in
different locations will be performed in the future order to determine the
corresponding dependence of two other moduli arsdipty Poisson's ratio.

Acknowledgement

The work has been supported by the European Rdgibreaelopment Fund
(ERDF), project “NTIS — New Technologies for Infaation Society”, European
Centre of Excellence, CZ.1.05/1.1.00/02.0090, tlugept of Ministry of Education
of Czech Republic No. SGS-2010-046 and the prapedbrant Agency of Czech
Republic No. GAR P101/11/0288.

References

[1] Mandys T., Kroupa T. La$ V., Zefik R., BartoSek J., Investigation of response of
composite plate subjected to low-velocity impdntProceedings: Experimental Stress
Analysis 2011Znojmo, pp. 209 - 214, ISBN 978-80-214-4275-7.

[2] LS-Dyna Keyword User's ManuaNersion 971, Livermore Software Technology
Corporation, 2007.

[3] Hallquist J.,LS-Dyna Theory ManualLivermore Software Technology Corporation,
March 2006.

[4] OptiSLang Documentatigiversion 3.2.0, Dynamic Software and Engineeringb®l,
February 2011.

[5] Kroupa T., LaS V., Ze#ik R., Improved nonlinear stress-strain relation ¢arbon-
epoxy composites and identification of material goaeters,Journal of Composite
Materials May 2011, vol. 45, no. 9, pp. 1045-1057.

[6] LaS V., Zendik R., Progressive Damage of Undirectional CompoBinelJournal of
Composite MaterialsJanuary 2008, vol. 42, no. 1, pp. 5-23.



