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ABSTRACT

In the present work, a new method to classify healthy and damaged composite structures using
experimentally obtained structural vibration data is proposed and evaluated. After fabricating healthy
and damaged laminated composite beam specimens, structural vibration data for fixed-free boundary
conditions is experimentally obtained via random excitation. The measured vibration signals are con-
verted into images using a Short-Time Fourier Transform and used as input data for learning and
testing. First, an autoencoder is used to detect the presence of damage. The autoencoder model is
trained using the vibration data of the healthy composite structure. The vibration data of a healthy
composite structure is input to the trained autoencoder model with the data of a damaged composite
structure, and errors between the input and output data are compared to detect the presence of
damage. Second, a convolutional neural network model is used to classify the healthy and damaged
composite structures with two different damage locations. This study confirms that the proposed tech-

nique can effectively detect and locate damage in composite structures.
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Fig.5 Time responses of the specimens
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Fig. 6 Frequency responses of the specimens

Trans. Korean Soc. Noise Vib. Eng., 31(6) : 684~691, 2021 | 687



Daun Lee et al.; Classification of Damaged Composite Structures Using Structural Vibration Signals Featuring Robustness...

AA7F e Aol g o A ATt 7k
ot A AFEATE 7 A A 153 vk S54E 5
gl HA 60719 HAE HolHES RIS
Fig 40 s A3S A3 Ao 43 s %E}
WAtk SIMULINKE 0]%0]—01] 0914 1000 Hz

© @l ol 3e

i

(¢

i -
Ol

ea

U:s'u.,o
4

Ay

=2

o

o o
o

2y e N
o T o o2
o o
o T
r £ &
X olo
£ oo
o B
P
o o
=
- olo
Ruy) m
=
>

>
s
X
-0, i,
ok
o
%o,
s
>
'
o,
_&
)
i

ro,
iy, ofr
LN
5 =
2
8w
potk
o
dot
o
ok
4
X0
_ﬂ,
o]
03
N
2
°
ful

<
>
s
N
L
)

[0 go =l

rEJ‘

Tl AHE-EE 1000 Hz ©]3He] x{%ﬁrQ SERPY
Zpol7b AA HEA] =t B3 Fig. 6(b)
ig. 6(d)oll HERT 213} o] AT AJHAA =
Ao whet Fukg S SAJo] thEA vekd
ouvg Fug ARy 97 zfojvtoz Ao
T A Aol gk BFE Fds]de

7 e

LI

F
4
o

i
3

o v i to lf r& X0 W oo Lt 2 ol

jnf

A = ?‘m]ﬂ' AL
3} Fag BAE A 18
#:(spectrogram) UH|o|E & ©] &3}
2% oA 75 TP

3. BX H EF

3.1 2ElAM

WA, A% frs gAE 5
Howr QEQNHE A& &
dlelel2 AHgsl7] flste] SA4E U
AL FEel] WEks Fke] o2kl o]
gkl o] Fig. 79 YERAUTE 2 EQ]

O,
o
oo

X

HTl
re
K
il o o

__WL‘
o,
L e A )

o o
)
fr o o 2 M

o —

k
Rrg:)
I

688 | Trans. Korean Soc. Noise Vib. Eng., 31(6) : 684~691, 2021

dolElel Hug gEehe Adarsh e Anay
g 99 dolelE B Ade Wk tarz 745
o] 9o dutdoZ olmx 59 9= do|es}

E
A SHE 2 delHE AdE] 98 Aed
o Aol gl 44 A AolEIS A £
QET SgE oEolmy melo] Aol gl B
1000
I~ 800
=2
> 600
5
2 400
£
L

200

ol i \ 4 li u
2 4 6 8 10 12 14
Time (sec)

(a) Healthy

1000
800
600

400

Frequency (Hz)

200 iR bR TR A
‘\I 'H!! \|M I!HIL! 1' \Iin "

2 4 6 8 10 12 14
Time (sec)

(b) Delamination 1

1000
N 1A P
> 600
2
% 400 ol e o emRe ey B0 g g
2 ‘
LE,

200

2 4 6 8 10 12 14
Time (sec)

(c) Delamination 2

Fig. 7 Images from short-time fourier transformation
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Table 1 Structure of the CNN model

Layer 1 Image input layer
Laver 2 Convolution 2D layer
y Filter size: 3 x 3 / number of filter: 16
Layer 3 Batch normalization layer
Layer 4 ReLU layer
Layer 5 Max pooling 2D layer
L 6 Convolution 2D layer
ayer Filter size: 3 x 3 / number of filter: 32
Layer 7 Batch normalization layer
Layer 8 ReLU layer
Layer 9 Max pooling 2D layer
Laver 10 Convolution 2D layer
Y Filter size: 3 x 3 / number of filter: 48
Layer 11 Batch normalization layer
Layer 12 ReLU layer
Fully connected layer
Layer 13 number of class: 3
Layer 14 Softmax layer
Layer 15 Classification layer
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Fig.9 Training curves of the CNN model
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