YY -21.go00 € opload A 0993 A&\ Hus il pal Sags 9 Al wIdyo dlxo

T TS PR R VAL Y

Ol ol g g SOl (qunigo

Www.smeir.or /

d-! 10.22034/1]ME.2022.159962

wps )b cod oumes BUIL (SU-g38 gbaYuis e jl Gonld @)y Julo
omly S

S sama T Gloj 105 ! oable i

Al OIS o lphal txio olKisls (Soln urigen 09,5 o] olid IS (g5mtils )

Ol OBRLS (pledal (aro olRiils (OGS cwiign (25 0uSils (Sl (giigen 09,5 jlolinl Y
Al 51 (0)) 63y spt sabialld oyl olEils W SlSe st ool ¥

z.zamani@iut.ac.ir AYYIV-FYFAA iy Ggoio (oKL =

oS Ao leMb!
3550 Sl (g, 4 oml Sy 400 o eses SUI L (SUI-6GB slaaYair iz Sl sanls 5,5 JLE, Slegh cnl o o ot Ao
SYolre 5l 81,8 2024-T3 poaiagl 4Y g0 o a5 atted cSphadnd i 5l CojenlS slaay .cd )5 )13 anlllas VEY oloye Frcdl o

o stz Jsar® 61l 5 L Ulpe (sl camilie gl baulpd Bl b g 555 5 o> oo 5l ool b &8 > Jomilyigs VE g 18l 5l

b Cewloss (5l loss] o SVl & g0 45 CojelS slaasY IS i 5 JolS Seodl-cdo &yg0 @ poiedd] ISE i
55 5351 5 i sloaloul | 535 e 5 oS 058 G5 SIS el 5351 lopasien ol oo 03l
g ahl B bawgie (b anulne sly (509, Crized Sl ool glFiul G5 23 g ooled Gos Om b alal) (e 2RI 309
$9) N34 5 g By9 ewiid byl g o ),uL. ol 00 ool [ Fasa¥a¥ 5l b A3l o3 ess sl ol

VWY et YA RSy

IWESEN

Ol Sy 0

o @l b zmiyliel Caz w5 bl 6L Cod By JS s ogi (gl caliie @ilgi el oals sy 359 Bl JER ISR

S Goyb 5l e aw pagde loolaiul b 4o 61080 Cod 058melS (5,9 o Sles 39 Sl iz el onls anlis
st S b slasYais )0 sones BLII e b Billas 35 )98 i oo ylis s gl ool 00,5 )y 0deS
ol Gl gaw b (Jgene lodiges ailive piie giw b sloasYaiz )0 4,8 (59,05 § 05 pou S he Lol el

Analysis of circular fiber metal laminate plates with curvilinear fiber under low
velocity impact loading
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Article Information Abstract

Original Research Paper In the present study, the behavior of circular plate made of fiber-metal laminates with curvilinear fiber subjected to
Received: 26 July 2022 low velocity impact is investigated using an analytical method. The composite layers are made of glass-epoxy that
First Decision: 6 August 2022 placed between two layers of Aluminum 2024-T3. Differential equations of motion are formulated using the spring-
Accepted: 19 September 2022 mass model and appropriate initial conditions for loading and unloading stages. The deformation of aluminum were

idealized as rigid-perfectly plastic and the composite layers as linear elastic. Using the principle of minimum total

Keywords:

Circular plate
Curvilinear fiber
Low velocity impact
Fiber metal laminates

potential energy, applying the Von Karman strain and by neglecting the contribution of the in-plane displacements
and bending strain energy, the nonlinear relationship between the contact force and deflection is derived. Also, a
method for calculating the average stiffness of the plate is developed and employed to estimate the internal damage
due to delamination. The effect of the layup and geometric parameters of the plate and the impactor on the plate
response is investigated. Different functions are examined to describe the shape of the deformed plate under loading
and the results are compared with the experimental data for validation purpose. Furthermore, an investigation of the
possible performance improvements of a composite plate under impact loading through the use of the variable
stiffness concept with curvilinear fiber is presented. The analytical results indicate the alteration in load paths and
favorable stress distributions within the variable stiffness laminates. However, the maximum deflection and the
contact force of variable stiffness laminates are similar to the conventional, constant stiffness ones.
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Fig. 1 Load-time of a circular GLARE 5 plate subjected to low
velocity impact for different deflection curves. The experimental data
from [22] are shown for comparison purpose
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Fig. 2 a) Load-time and b) load-deflection curves of a circular
GLARE 5 plate subjected to low velocity impact. The results from
elastic simulation with ANSYS are shown for comparison purpose
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Table 1 Material, geometric and loading parameters
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Table 3 Comparison between elastic parameters in different Layup
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Fig. 3 a) Load-Deflection and b) Kinetic energy-time for Case I,
Case Il and Case III layups
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Fig. 4 a) Deflection-time, b) Force-time and ¢) deflection profile
for different deflection curve function
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