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Experimental and numerical investigation of interlayer crack effects on the free-
vibration of corrugated-face sheet composite sandwich plates

Arash Naeimi Abkenari, Mahdi Karimi”
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Today, composite material and sandwich plate structures are used more and more due to the unique
Received 25 January 2016 properties such as a high ratio of strength to weight, corrosion resistance and energy or sound
Accepted 01 April 2016 absorption ability. Corrugating sandwich structures is an effective method to reinforce mechanical

Available Online 07 May 2016 properties of the composite materials. In this paper, dynamic analysis of these corrugated structures was

carried out for a desired performance in the vibratory condition. One of the most important types of

Keywords:

Corrugated sandwich plate damage i'n thg composi?e material Iayer_s is an inter-layer crqck and also the separ_ation bgtween two
Interlayer crack layers. Vibration analysis of the trapezoidal corrugated sandwich plate was accomplished with ANSY'S
Modal analysis software using the finite element method. Simulated sandwich plate is a new model of corrugated
Finite element sandwich plate which has a soft corrugated foam core and a cover of composite layers made from

epoxy/glass. In order to validate the vibration behavior of the simulated sandwich plate, the results of
experimental modal analysis were compared to the finite element method. The geometry and
location effects of inter-layer crack on natural frequencies of the plate were investigated. It was found
that with increasing crack dimensions the natural frequencies of the plate decreases and also depth of
crack causes a decrease in the natural frequencies, which are promising results compared to the other
references. The changes in vibration characteristics of the sandwich plate can produce comprehensive
data to be used in training and design of the artificial neural network for a promising approach in fault
detection and prediction field.
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Fig. 1 Three types of delamination: (a) internal, (b) near-
surface and (c) multiple cracking [13]
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Fig. 2 Near-surface delamination: (a) closed buckled one, (b)
open buckled delamination [13]
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Fig. 7 Top face sheets with four composite layers and semi-elliptical crack between layers 2-3
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Table 4 Convergence of the fundamental frequencies (one
edges clamped boundary condition)

(Hz) (2l 00,) (il IS 5

slass

(3.1) 1) 1) obll
424.91 160.45 26.61 2880
42411 (%-0.188)  160.03 (%-0.262)  26.56 (% -0.187) 4860
423.05 (%-0.250)  159.29 (%- 0.462)  26.49 (% -0.263) 10080
422,57 (%-0.113)  158.78 (%-0.320)  26.46 (% -0.113) 12600
422.44 (%-0.031)  158.54 (%-0.151)  26.44 (% -0.076) 13500
422.39 (%-0.012)  158.42 (%-0.076) 26.43 (% -0.038) 15300
422.36 (%-0.007)  158.39 (%-0.019) 26.42 (% -0.037) 18900
422.35 (%-0.002)  158.38 (%-0.006) 26.42 (% 0.000) 24200
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Table 5 Convergence of the fundamental frequencies (4 edges

clamped boundary condition)
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2463.3 (% -0.004)
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2286.8 (% -0.074)
2286.2 (%-0.026)
2285.9 (%-0.013)
2285.7 (% -0.009)
2285.6 (% -0.004)
2285.6 (% 0.000)
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2164.5 (% -0.037)
2162.8 (% -0.078)
2162.4 (% -0.018)
2162.1 (% -0.014)
2161.9 (% -0.009)
2161.8 (% -0.004)
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Table 8 Comparison on experimental modal and finite element
analyses in sandwich plate with crack between core and top

face-sheet (C1 position)
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Table 9 Comparison on experimental modal and finite element
analyses in sandwich plate with crack between core and top

face-sheet (C2 position)
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Table 10 Comparison on experimental modal and finite
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and top face-sheet (C3 position)
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Table 6 Crack parameters between core and top face-sheet
sandwich plate (I = 12 (mm))
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Table 7 Comparison on experimental modal and finite element
analyses in Non-cracked sandwich plate
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Fig. 19 Proportion of sandwich plate bending frequency
changes to the crack depth and length (C3 position)
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Fig. 20 Proportion of sandwich plate bending frequency
changes to the crack displacement in top face-sheet layers
(C2 position)
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Fig. 16 Crack opening -mode of first bending plate mode
shape with 4 edges clamped boundary condition
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Fig. 17 Proportion of sandwich plate bending frequency
changes to the crack depth (C3 position)
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Fig. 18 Proportion of sandwich plate bending frequency
changes to the crack depth (C2 position)
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Fig. 22 Proportion of corrugated and flat sandwich plate
bending frequency changes to the crack depth and length in 3-
4 composite layer of top-sheet (C3 position)

Jsb 4 e Jlogse 5 <3 (mpniles (g (s (S Sl i 22 S
(Coegsbne) (g arssy (5ol 34 ¥ (s ) S35 3o 5
pas @l & b euslin A 0SS5 L oy Syse Lokl
6o gosls aslol ;3 .05l8 555 5y Ho> (ol Ken 5l a4 (Sl
dmlie dgaze oledl (29, 5l ol @l b 025 Jloge Jelos I ol
035y loy55 5 Joud B 38155 5l onel e 4 slallaz azS o oS
e Gl sl (S Bas 5 Jsb Gl &5 wes e LS il
Dyler B9 b S GhelS Gl Al o 5 ead By (rdge
el 5)g ot Cuow 4y g gy grhas 1S5 Condge iS5 b (e
A o dn & S5 e S By 5 ead e iy 85
S gt alS Coge 5 My Gl S Ly i palS
adle By9 90 5 S5 3l Gline amlio b (b5l ogige ol
Skl 0 a5 08 ol 1y Az cnl @ Olgios wslaijed Jlogse 5 59
L ezt (r9 99 Om Oy SanBge g olul LIS B 592 peimen 9 2lp
2 FeS HE S5 a8 Iz oy i laiized Jlozse suile &)
el ALES E35 355 A S logge B9 (b GhalS

A S5 e bulpl (S 58 o5 88 o85S ol 4 ol
@ Egoge (pl bl aly (anbglo WS Sl (B sy Sl
ool reb 52 090 S8 53 05559, 2 S5 658 Sndse Lo
oS 055 o )il plgi e Cales i walyE yieS hw a5 o] SIS
5 a5 18 adllas oy90 (b SR » S glagalll S
oy Bl 2 S5 ome 58l g T sanay o oadly Sl
Olgsse ledlbl ool 51 ool b sl o] Cowsds o0 59:0l5  uguiles
o & Gludiagy Glapi sl eoliul 5 e S el L
Sy Gy G S5 bl pais 5 05y

e S ygd-7
(mm) (zsails 3y Jsb @
(MM) (zusails 335 25 b
(mm) S5 Jsb 2c
() 2 Joo 26
(mm) 55 oe
(Pa) acw¥l Jgoo  E

(Hz) o 52 f

49

0.995 —o— Mode (1,1)
& Mode (2,1)
-4~ Mode (3,1)
0.9925

S 099
k--————- A-=-—-——= Ae
0.9875 =, .
0.985 . . . .
1-2 2-3 3-4 4-Core
No. Layer

Fig. 21 Proportion of sandwich plate bending frequency

changes to the crack displacement in top face-sheet layers
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