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Today, composite material and sandwich plate structures are used more and more due to the unique
properties such as a high ratio of strength to weight, corrosion resistance and energy or sound
absorption ability. Corrugating sandwich structures is an effective method to reinforce mechanical
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
damage in the composite material layers is an inter-layer crack and also the separation between two
layers. Vibration analysis of the trapezoidal corrugated sandwich plate was accomplished with ANSY'S
software using the finite element method. Simulated sandwich plate is a new model of corrugated
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. 4 Cross-sectional view of half trapezoidal corrugated
sandwich plate, delamination of semi-elliptic
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Fig. 2 Near-surface delamination: (a) closed buckled one, (b)
open buckled delamination [13]
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Fig. 3 Cross-sectional view of the trapezoidal wave and its
parameters
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Fig. 8 Finite element modeling of a wave with semi-elliptic
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423.05 (%-0.250)  159.29 (%- 0.462)  26.49 (% -0.263) 10080
42257 (%-0.113)  158.78 (% -0.320)  26.46 (% -0.113) 12600
42244 (%-0.031)  158.54 (% -0.151)  26.44 (% -0.076) 13500
42239 (%-0.012) 158.42 (% -0.076) 26.43 (% -0.038) 15300
42236 (%-0.007)  158.39 (% -0.019) 26.42 (% -0.037) 18900
42235 (%-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)

3.1)

(Hz) (2als 0o )3) b W58

1)

(1.1)

2468.7
2467.4 (% -0.069)
2465.3 (% -0.085)
2464.6 (% -0.045)
2463.9 (% -0.028)
2463.6 (% -0.012)
2463.4 (% -0.008)
2463.3 (% -0.004)

2289.9

2288.5 (% -0.061)
2286.8 (% -0.074)
2286.2 (% -0.026)
2285.9 (%-0.013)
2285.7 (% -0.009)
2285.6 (% -0.004)
2285.6 (% 0.000)

2165.3

2164.5 (% -0.037)
2162.8 (% -0.078)
2162.4 (% -0.018)
2162.1 (% -0.014)
2161.9 (% -0.009)
2161.8 (% -0.004)
2161.8 (% 0.000)
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Fig. 10 Fabricated cracked and non-cracked plate
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Fig. 11 The contour and mode shapes for the trapezoidal corrugated sandwich plate (4 edges clamped boundary

condition)
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Fig. 12 Bending mode shape of sandwich plate obtained from ANSYS and PULSE Lab-Shop software (one

edges clamped boundary condition)
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Fig. 13 One edges clamped boundary conditions: (a) semi-
solid, (b) solid
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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)

sl sl 7 Joge Julow
Ll Ll 5 oSS 3
© © R el Basil O
APRE Sgdze [ (Hz)
(%) (%)
-1.92 26.07 -12.90 23.15 26.58 fi
358  154.88 -5.82 15128  160.63 £
2.82 40891 1.76 42821  420.78 fs
-1.97  683.84 3.50 72206  697.62 fi
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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)

Lol sledl 5 ol5aSs 553
© © et Sassl ey O
APREN Sgde o (Hz)
(%) (%)
2.64 25.05 -13.99 2213 25.73 fi
388 15131 -6.45 14720 15742 fi
-147 39534 5.11 42175  401.25 fa
-1.18 68327 3.85 71813  691.47 fi
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Table 10 Comparison on experimental modal and finite
element analyses in sandwich plate with crack between core
and top face-sheet (C3 position)

st sl @5 Joge Jolo

Lol L]l 5 olFa S gt
o © Rtk Sassl  dsassy O 7
S9dzo RITE s.«lp . (HZ)
(%) (%)
-2.80 24.26 -9.70 22.54 24.96 fi
322 15061 -7.70 14365  155.63 £
260 38132 6.64 41746 391.46 £
131 67043 2.58 696.81  679.34 fu
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Table 6 Crack parameters between core and top face-sheet
sandwich plate (I = 12 (mm))
e Y e R g P g
Spdsba Syabghe b (mm) (mm) Sy

1.570 0.8750 16.50 10.50 Cl

2.095 0.8750 22.00 10.50 Cc2

1.911 0.9375 21.50 11.25 Cc3
O maiile 39 900 lall 5 oo Jldge o ol anglie 7 Jguo
S5

Table 7 Comparison on experimental modal and finite element
analyses in Non-cracked sandwich plate

sl sl 275 loge Joloss
- LJI S5l 5 ol5ass Hige:
obe! © I gassl a9
KRN Sgde Ao ) (Hz)
(%) (%)
-2.58 26.42 -8.41 24.84 27.12 fi
-3.82 158.38 -8.93 149.95 164.67 fz
-2.40 422.35 -3.93 415.72 432.75 fs
-0.69 715.34 2.15 735.81 720.34 fa
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Fig. 15 Diagram of frequency spectrum analysis from PULSE Lab-Shop software with solid support (C2 position)
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Fig. 19 Proportion of sandwich plate bending frequency
changes to the crack depth and length (C3 position)

5 Job i 4 S (Zmgaile 35 (e lauilS B Sl 19 IS
(C3 cabye) S5 (3oe

Sy Cundgo il -2-5

b ool 3y srk ol 3 5 S5 Canadye 3l 0 2 Ui
el 0l aiBloyy d/c =07 5¢/1=04 coli b 85 L o
A 55 C3 5 C2 Cosdge 0 (mgwile (35 At slaa¥ o S5
Wngy SloaY o S5 Sobsn i 3l 21 520 IS8 090 e a8 F
20 S ool p a0 L3 1 B9 (B9 gy g e (5 1 S5
2 GGk Al sbie Seoj By Cubhs e 4 S ez 21
Wadise sl Gl 8 St RS Gl il jo g atdly 5,5 (hw
S ilS 3 5 S5 5 w621 520 glologes 1-5 rsu wilen
SRS alS g, Wy, 8 455 BB saiS5 S (oo ST 55 1, VL
49 9l 518 (il Sl (0 S5 (By &S Cul ol (b
e cod SO L S 2 RalS ed o ralr (89 Suld (S0 e
Wy g b O S ol Cowiz ok Ll adbe (U
290 (srel S Rl o (a0 e (FjepelS

1 —e— Mode (1,1)
0.9975 --a- Mode (2,1)
-&- Mode (3,1)
0.995
0.9925
*— s
= i \
o
0.9875
0.985
0.9825 Bheccccccccccnnens i ecccccrcccccannasl L LT
k-=------ A---——a- Wi e [
0.98 Y
0.9775 + -
1-2 2-3 3-4 4-Core
No. Layer

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)
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Fig. 21 Proportion of sandwich plate bending frequency
changes to the crack displacement in top face-sheet layers
(C3 position)
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