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Analytical modeling to predict dynamic response of Fiber-Metal Laminated
Panel subjected to low velocity impact
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Keywords Abstract

Low-velocity impact This paper presents a new analytical method for low velocity impact on sandwich plates with Fiber Metal
Fiber Metal Laminate Laminate (FML) face sheets subjected to static indentation of a blunt end cylindrical indenter. The sandwich plate
New analytical law was composed of laminated face sheets and a rigid—plastic core. The core-crushing strength in the vertical
Total potential energy 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 (105:
to static indentation of rigid cylinder
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Table 1 Mechanical properties of Al layer(2024-T3) [13]
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Fig. 5 Effect of the layer sequence of the Al layer on contact force
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Table 2 Material and geometrical properties of composite sandwich plates
and the impactor [7]

Face sheet

Core

A A pxupxil M QIE® (density)

E mteaul (plythickness) A ol I (cell diameter)

M p@oEcll  (mass density) E p &I I (core thickness)
Ply stiffness N o® ¢ 0 Acrushing resistance)
% pt@ 0A T 1 CEGIDEEAEAMI $ ¢@&i i (diameter)
% X 0A OOAT OOE&E&ER A , @ @iti (length)
BNNY .
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A w0l EOOGFAGE| 6; p& & TO(initial velocity)
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Table 3 Mechanical properties of HRH/8-4.0 Nomex honeycomb [7]
Mechanical properties

‘O O B - 0 fin-plane stiffness)
(©) p8t 1T 0 @ransverse stiffness)
"O o &- 0 @in-plane shear modulus)
"0 x @- 0 @out-plane shear modulus)
"0 p & 0 fout-plane shear modulus)

i 18 u(Poisson’s ratio)

i T8 (Poisson’s ratio)

T & (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]
mpac
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
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1.59 6.9 6.54 6.3 6.1 -5.2 -9 -12
8000 p
5 3 1) m=3.48 kg , v=1.42 m/s (1,32) Al layer
1 S 2)m=6.96 kg ,v=1m/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
2 5000
S
< 4000
g
§ 3000
2000
1000 >
0
0 0.5 1 15 2 25 3 35 4 45 5 @
Time(S) %107 o
Fig. 6 Effect of various mass and velocity of impactor in constant energy level on contact force _;
history =
N
6 Js<i NS)

Josols

(¥

338



y

¢ ¥y wh &

4j 9410 LS

[y

339

Ve 5 3 58 o3l) Sho ol )8

wa39) b e ils 3oy Shueliad Fwly iw Oiw B Gl Jw

7000 4 (Max=6097 , n=0.837)
5 (Max=6053 , n=0.9313)

6(Max=5919 ,n=0.9629
6000 (a2l e}

T
=

5000

S 4000

act force(N)

3000

Imp.

2000

1000

0 0.5 | 1.5

1 (Max=5789 ,n=0.85)
2 (Max=5550 , n=0.936)
3 (Max=5183 ,n=0.967)

= 1) aa=200mm , No Al layer
——2) aa=300mm , No Al layer
——3) aa=400mm , No Al layer
=== 4)aa=200mm ,(1,32) Al layer
=== 5)aa=300mm  (1,32) Al layer
= =0)aa=400mm , (1,32) Al layer

2 35 4
Time(S)

Fig. 7 The effect of sandwich plate dimensions on impact force history

7 ls &
7000 g
3) Max=6220 , n=0,7899 , k=6.33¢6
/ 6) Max=5920 , n=0.7992 , k=5.4393¢6
6000 : 2)Max=5890 , n=0.7612 , k=5.81¢6
5)Max=5689 , n=0.7974 , k=5.1289¢6
5000 E 1) Max=3930 ,n=0.646 , k=1,017¢6
-~ 4) Max=3884 , n=0.658 , k=1.0414¢6
-
§ 4000 = 1) he/h=0.3 , (1,32) Al Layer
,.S 2) he/h=0.7 , (1,32) Al Layer
Ron] —3) he/h=0.8 , (1,32) Al Layer
S 3000 B ===4)hc/h=0.3, No Al Layer
] === 5)hc/h=0.7, No Al Layer
= === 6) hc¢/h=0.8, No Al Layer
2000
1000
0
0 0.5 1 1.5 2 2.5 3 35 4 4.5 5
Time(S) x10°
Fig. 8 Effect of the core thickness to panel thickness ratio on contact force history
8 s
L5 <10
0wy Mol wled (398 43 dyg;y Caolius 1-7-3 .
1) n=0.799 , k=5.3597¢6
3) n=0.7916 ,k=6.1878¢6
8,1t Fo 7T 4)n=0.7916 , k=6.1878¢6
b 2) n=0.799 , k=5.3597¢6
‘Od, 1t hw i odmhomhm  6dm hw mhn /
D
32 g /
S /
4 = /
4
/
05t /7
li 3
o -, 8 L. %
qu @) T&’ Wwup T ‘ ,-l s 1) X (1) No Al Layer “:,.
Y/ 2) X2(t) ,No Al Layer A
F/ === 3)XI1(1), (1,32) Al Layer .
64’0 tdpxpT | 8 ——4) X2(1) (1,32) Al Layer
0 N N . . N :
Y 8 0 0.5 1 1.5 2 25 3
040 udtx op T | Time(S) %1073
040 vd Yuepm | 8

Fig. 9 Effect of the Al layer on displacement of impactor and sandwich

panel.

9 g



Ve 5 3 58 o3l jSho sl )5

oo Bbe 3o SRaels b i (i Bl Gl Jae

Input the Data
(Velocity, Mass,
Dimension, ...)

D

Fmax=1

GJ+D,_—

Fmax
——)-1
v *Fm‘)

n=(

k= (n+1) SRV VI

n-1

.

Kos = ((n+1) * v * fio)

7 (1) = ks (x1 - x2) |

‘ Calculation of Fmax

G

Fmax
| Finish |
Fig. 11 The process to obtain new analytical method

11 gses

10
3 9 Q
2.2
[20]
5
5 Jguzx
Table 5 Effect of laminate thickness on the modified contact laws
Lamination Q ¢ 0o 0 | a
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