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Mechanical components comprising light-weight materials receive significant
attention as they contribute to saving energy in transportation means and, thereby,
keeping our planet sustainable. As the light-weight stiff polymer matrix composites
are prone to cracking caused by the impact on the surface, the impact-inducing
mechanical behavior needs to be studied prior to wide applications. The behavior
of the laminated glass fiber epoxy composite obtained using the free-fall
low-velocity impact technique is studied. Equations based on the mechanics
were programmed to be compared with the experimental measurements. Both
results compared reasonably well, which indicated the reliability of the
experimental data obtained. The hemi-circular impactor induced Hertzian
circular damage within the composite. The present study assessed the

mechanical behavior of the composites both experimentally and theoretically
with reasonable agreement.
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Fig. 1 Comparison of measured force as a function of the
elapsed time after impact under impact energy of 3.2
and 6.5 J
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Fig. 2 Experimental time vs force curve with perfect parabola
curve for comparison for impact energy of 3.2 J
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Fig. 3 Comparison of deflection-force curves obtained by

experiment for impact energy of 3.2 and 6.5 J
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Fig. 4 Typical comparison of deflection-force curves obtained
by theory and experiment for impact energy of 3.2 J
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Fig. 5 Experimental comparison of time-impact energy curves
obtained for impact energy of 3.2 and 6.5 J

3.5

experiment |
@ calculated

0 1 2 3 4 5
Time (ms)
Fig. 6 Typical comparison of time-impact energy curves obtained
for impact energy of 3.2 J

(a) Low-magnification

(b) Ultrasonic-scan

Fig. 7 Typical image of showing the damage of the composite
during impact examined

of tht FAEAHS Hustoirt
el Bl A

Alﬁ*’a‘l‘%ﬁ Hof| A &Aooz ¥

ol WS %

ARl o] AL v
Jotz Ao E51S ol Y 5122 (Hertz)d
A1) QQlAdat gAbstth. Fig. 7(b)olle 2-23FE(C-scan)S
AR &=

Eslo] Y YA Uehinl FUnE] A% &



Tae-Woo Kim

PRSI o] Alle] AR Qo] oj
A, AstRolAE ofefigos
Fo| Y240 BX)7| ujgol, T
Aoltt.

i

4. 2 E

5
%
=
s
=2
fu)
rk

Nt
)
>
ol
=
N
s
r

References

[1] Ashby, M. F., 2017, Material Selection in Mechanical Design
Fifth Edition, Elsevier, Cambridge, MA, USA.

[2] Callister, W. Jr., Rethwisch, D. G., 2015, Material Science and
Engineering 9th edition, Wiley, Asia.

[3] Zangana, S., Epaarachchi, J., Ferdous, W., Leng, J., Schubel, P.,
2021, Behaviour of Continuous Fibre Composite Sandwich
Core Under Low-velocity Impact, Thin-Walled Struct., 158
107157, https://doi.org/10.1016/j.tws.2020.107157.

[4] Katunin, A., Pawlak, S., Wronkowicz-Katunin, A., Tutajewicz,
D., 2020, Damage Progression in Fibre Reinforced Polymer
Composites Subjected to Low-velocity Repeated Impact
Loading, Compos. Struct., 252 1127352, https://doi.org/10.10
16/j.compstruct.2020.112735.

[5] Seifoori, S., Parrany, M. A., Mirzarahmani, S., 2021, Impact
Damage Detection in CFRP and GFRP Curved Composite
Laminates Subjected to Low-velocity Impacts, Compos.
Struct., 261 113278, https://doi.org/10.1016/j.compstruct.2020.
113278.

84

[6] Ouyang, T., Sun, W., Bao, R., Tan, R., 2020, Effects of Matrix
Cracks on Delamination of Composite Laminates Subjected to
Low-velocity Impact, Compos. Struct.,24 113354, https://doi.
org/10.1016/j.compstruct.2020.113354.

[7] Yu, Z., Fang, J., Chen, Y., Wang, H., 2017, Damage Resistance
of a Co-cured Composite Wing Box to Low-velocity Impact,
Compos. Struct., 176 516-525, https://doi.org/10.1016/j.com
pstruct.2017.05.042.

[8] Hibbeler, R. C., 2015, Mechanics of Materials, Pearson, Boston,
MA, U.S.A.

[9] Sudheer, M., Pradyoth, K. R., Somayaji, S., 2015, Analytical
and Numerical Validation of Epoxy/Glass Structural Composites
for Elastic Models, American Journal of Materials Science,
5:3C 162-168.

[10] MATLARB software, 2020, MathWorks.

[11] Wagih, A., Maimi, P., Blanco, N., Costa, J., 2016, A
Quasi-static Indentation Test to Elucidate the Sequence of
Damage Events in Low Velocity Impacts on Composite
Laminates, Compos. Pt. A-Appl. Sci. Manuf., 82 180-189,
https://doi.org/10.1016/j.compositesa.2015.11.041.

[12] Choe, S. H., Heo, S. B., Choi, J. W., Jang, J. K., Kim, S. K,
Choi, D. H,, Son, D. 1., Kim, D., 2020, Property Change of
Polymer Coated Surface by Electron Beam Irradiation, J.

Manuf. Technol. Eng., 29:6 497-502,
https://doi.org/10.7735/ksmte.2020.29.6.497.

[13]Cho, H. K., 2020, Fracture Phenomenon of Cylindrical
Composite Shell by Nonlinear Buckling, J. Korean Soc. Manuf.
Technol. Eng., 29:6 481-488, https://doi.org/10.7735/ksmte.20
20.29.6.481.

Korean Soc.

Tae-Woo Kim

Professor in the Department of

Mechanical Engineering, Kookmin University.
His research interest is Mechanics, design, and
materials.

E-mail: twkim@kookmin.ac.kr




	폴리머기지 복합재료 충격시험결과의 신뢰성평가
	ABSTRACT
	1. 서론
	2. 실험 및 이론
	3. 결과 및 고찰
	4. 결론
	References


