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Analytical modeling to predict dynamic response of Fiber-Metal Laminated

Panel subjected to low velocity impact

Keramat Malekzadeh-Fard*, Amir hossein Azarnia, Naser Zolghadr
Department of Aerospace Engineering, Malek-e-Ashtar University of Technology, Tehran, Iran
* P.0.B.15875-1774, kmalekzadeh@mut.ac.ir
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This paper presents a new analytical method for low velocity impact on sandwich plates with Fiber Metal
Laminate (FML) face sheets subjected to static indentation of a blunt end cylindrical indenter. The sandwich plate
was composed of laminated face sheets and a rigid—plastic core. The core-crushing strength in the vertical
direction was assumed constant. In this method, using of principle of minimum potential energy and the use of
energy-balance model between indenter and sandwich plate, contact unknown coefficients corresponding with
Hertizian contact law are obtained. The elastic strain energy resulting from bending in the sandwich plate and
external work due to indentation load are evaluated using an appropriate shape function for the sandwich plate
deformation. The maximum contact force using two-degree-of-freedom (2DOF) spring-mass model was found
through an iterative process. Limitation of using Hertzian contact law for sandwich plates is determined. The
results are in good agreement with the experimental and numerical results. The results indicated that some of
parameters such as the layer sequence, mass and velocity of impactor in a constant impact energy level and aspect
ratio of sandwich plate are important factors affecting the dynamics response of the sandwich panel.
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Fig.1 Basic model of the sandwich panel with FML layer subjected
to static indentation of rigid cylinder
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Table 1 Mechanical properties of Al layer(2024-T3) [13]
Mechanical properties

E = 72.4 GPa (Elastic modulus)
G = 27.6 GPa(shear modulus)
9 = 33 (Poisson’s ratio)

p = 2780 kg/m® (density)
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Fig. 5 Effect of the layer sequence of the Al layer on contact force
history
ooled 5 4zl prieadll ST Y plosaz 515 S

aps oo Hlas 6 JSiaiil (03 92 slo Jgaz il olg> Ko

o) 23S 18 o5l 40 paaiesll slo Y Sl ol 65, plaw G 0
4 i)l 39> g pawivagll 5,9 Ao y0 a5 ald 4 i (361
Sae a5 w0 Gl38l oy 2 sgam el (595 e Sle (B G

ol el b Y 0gzg a5 xe pay g Wb (oo GBI el )l

(7100555 a8 5 (h2550l5 39 Slasein 2 Jgux
Table 2 Material and geometrical properties of composite sandwich plates
and the impactor [7]

Face sheet Core
axa= 178 x 178 mm? pc = 64 kg/m® (density)
hy = 0.0635 mm (ply thickness) d = 3.2 mm (cell diameter)
pe = 1632 kg/m? (mass density) h. = 12.7 mm (core thickness)
Ply stiffness q = 3.83 MPa ( crushing resistance)
E;1 = 144.8GPa (longitudinal stiffness) D = 25.4 mm (diameter)
E,, = 9.7GPa (Itransverse stiffness) L = 660 mm (length)

G_12

M. = 3.48 k
= 7.1GPa (in — plane shear modulus) g (mass)

9,1 = 0.3(Poission s ratio) Ve = 1.42m/s (initial velocity)

[T]psS slo atvn lasin 3 Jous
Table 3 Mechanical properties of HRH/8-4.0 Nomex honeycomb [7]

Mechanical properties

E,, = E,, = 80.4 MPa (in-plane stiffness)
E33 = 1.005 MPa( transverse stiffness)
Gy, = 32.2 MPa( in-plane shear modulus)
G,3 = 75.8 MPa( out-plane shear modulus)
G13 = 120.6 MPa (out-plane shear modulus)
Y12 = 0.25 (Poisson’s ratio)

Y13 = 0.2 (Poisson’s ratio)

Y,3 = 0.2 (Poisson’s ratio)
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Fig.4 Contact force vs. time for simply supported Composite —
sandwich impacted by 25.4mm dimeter cylinder.
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Table 4 Maximum impact force for composite sandwich plates at different impact velocities

Maximum impact force (kN)

% discrepancy with the results in Ref. [3]

Impact
velocity(m/s
y(mrs) [3] Present model [14] [7] Present model [14] [7]
1.42 5.9 5.85 5.6 5.4 -0.8 -5 -8
15 6.4 6.17 5.9 5.7 -35 -8 -11
1.59 6.9 6.54 6.3 6.1 -5.2 -9 -12
8000 g
5 1) m=3.48 kg , v=1.42 m/s (1,32) Al layer
1 553 2)m=6.96 kg, v=1 m/s  (1,32) Al layer
7000 g 4 ——3) m=10.44kg , v=0.82m/s (1,32) Al layer
===-4)m=3.48 kg.v=1.42m/s No Al layer
6000 B == =5) m=6.96kg , v=1 m/s No Al layer
== =-6) m=10.44kg , v=0.82m/s No Al layer
< 5000
S 4000 B
g
£3000 F
=
2000
1000 E B
0
0 0.5 1 1.5 2 25 3 35 4 4.5 5
Time(S) x107

Fig. 6 Effect of various mass and velocity of impactor in constant energy level on contact force
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Fig. 7 The effect of sandwich plate dimensions on impact force history
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Fig. 8 Effect of the core thickness to panel thickness ratio on contact force history
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a" D:[F = 5.1859 x 10° x a%8204] Fig. 9 Effect of the Al layer on displacement of impactor and sandwich
L panel.
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Fig. 11 The process to obtain new analytical method
Sl gy 4 eled (595 S drlne sl 11 S

o )i o Mol 3,53 9l b b ye (e 1080 o
Sl ag, Calies oS uld s 50,5 (e ousline 45 jslailen ol
dga> N polie aSll> o aidly il wsps 9 sgum kb polie Wl o
b o aalS as s 2.2
opl Lulg, ogas 10 ¢ [20] gz ye ;0 o 4l b alin oises
modle Gl 55 3,50 50 03 Zrlae (el slo 35 0 eled
Sl ay (K858 95 Dlpsd Bas ojle )0 4y, Culns a5 L g
oy sl ools ululyy 95 Jooor Gob niomen Wigd o0 iS005 (et
Caolies il38 b aY g9 oz 1o gl oo 2ol 5555 5 (gl 5l eal
Sl 55 45 s (i b (o0 2R (558 oSl Gliee by,
e (8898 (n feS SIS F s
oud ol 536 a5 Sl S15 Jguxr
Table 5 Effect of laminate thickness on the modified contact laws

Lamination k n FEnax(N) Apax (M)
A:[04,905,04] 4.695x10°  0.8346 4977.9 2.7277x10*
B:[04,90,,0,] 4.917x10°  0.8263 5218.8 2.5165x10*
C:[0s,905,05] 5.073x10°  0.8204 5385.4 2.3711x10*
D:[04,904,04] 5.1859x10°  0.8157 5510.3 2.2623x10*

6000 g

5000 g

S
(=3
(=4
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3000 f

Impact force(N)

2000 f

1000
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Indentation(m) %107

Fig. 10 Contact force and indentation relation of ( 0;,90;,0,) fori =

3: 6 Fiber-Metal Laminated Panel subjected to low velocity impact
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