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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, a vibration-based damage detection approach for multi-layered woven glass laminate
Received 06 March 2017 using time signal processing and Neural Network (NN) is presented. Wavelet denoising technique has
Accepted 04 June 2017

been applied in order to eliminate noise from the experimental extracted signals. After data mining and

Available Online 04 August 2017 feature extraction from processed signals, NN is employed as a classifier to detect the damaged GFRP.

Different NN structures were tested to recognize the most remarkable performance in damage detection.

K ds: . .

GT:yg\gJ e Also, the presented method was evaluated when different mothers of wavelets at different
Damage Detection decomposition levels denoise signals so that the best signal processing method could be selected.
Neural Network Results demonstrate the effect of NN structure on the damage detection technique which, in this
Denoising

research, the best NN performance was obtained with 75 hidden layers and allocating 80%, 10% and
10% of data to training, evaluation and testing, respectively. Furthermore, denoising using db3 and
bior3.7 mother wavelets at 2" decomposition level leads to the highest accuracy as well as suitable
calculation time compared to other mother wavelets. The proposed method based on real data at the data
acquisition points detects damage in composite laminate with high accuracy at reasonable calculation
time, hence it can be used for condition monitoring of composite laminate either offline or online,
provided that online data acquisition equipment is implemented.
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Fig. 3 Acceleration signals for pristine laminate and after compression
damage with excitation at plate center
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Fig. 1 Glass-fiber laminate under static compression load with constant
strain rate 0.005 mm/s
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Fig. 6 Raw and denoised signal for pristine laminate using db2 at level
2 with excitation at plate center
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Fig. 7 Raw and denoised signal for damaged laminate using db2 at
level 2 with excitation at plate center
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wavelet at different decomposition levels
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Fig. 14 Detection accuracy and computation time for Coiflet 1 mother
wavelet

Pl Soge wg oI pe sl dmloe lo) 5 cus jasis cds 14 S

63



Ol 9 Frd duxe

23lo S0 Sl Ja s wilike £lgil bawngs 135 3195 b puas A 3l 0.3liusl by Al LIl s 39rels 4s¥ i Ao )3 Hrd Al

(BI0r3.7_1) 2 a5 al o 10 3.7 aaleie 43.7

(0i0r3.7_2) 2 a3 5205 al> 10 4,0 3.7 dalsie 9.8

(0i0r3.7_3) 3 435205 al> 10 ;0 3.7 vl 909
gd 4 bgyye (85.3%) s 1 YL odd Byae jole S>90 9l 5l
i a4 dS Sl 3 a0 o ye 10 3.7 elaiegs 92 4550 al> e ;0 3
o 4z S| s o aiiee adl e 837 5 70.2 anulse log slls
S RS S8 e 4 e pole Srge 9 (nl by ()
i1y esias rae 4K atge 5L 5 (T gl Sl ool o
5 S Tl (JESe Sibn guelS (A A &ly p0 28,5 ool
Olse W ot o555 g0l ol dw (8 cue odind jais
s 4 (g5lwais | Jol> sanliiody CBs oy i aS dgei Glo
009 Sy LBl g ) 598 Cu ol Srge e L (e ghan

ol

& 5 4o -5

Sged olo Ol s 1) 25 @l oad Sl mls Wl

25 0 o Ses (e BT deliie 90 52 claysS jole Srge 9o 1
ol ool eds o YL a4 joeie oS wilasils gl

Gl grae 45l )0 e (Al (o) (neS g 0 8ee e
ol Jool> (bigal as laools 80% Lolaisl o 75 olen Y slaws ;o

oo

539 2 4y al>pe ;03 (Lhagd )3 cee adad S8 (YL ]
35 e ol 51 45 Gl oads Jol> 3 4y als ye p0 3.7 wslaie
ol Bl 50 1) dwlxe oy o yieS 3

JUSe (B3lo 0 & Sl Sarge o bawgs (2l0) g sl oslinul ]
D9 on dpogi Cujgmals glaaYaiz 10 e jasiis jslated;

ot oAl Sur (Slebre (hgp (e ple YL 0 Sdee
O ajeals loaYaur 3 sl (Bl laosls sle

Uy Slule Ghgp plyied pgian e D sad
Syl 1) cas ausis

&b

[1] M. Khazaee, A. Banakar, B. Ghobadian, M. Mirsalim, S. Minaei, M. Jafari,
P. Sharghi, Analysis of timing belt vibrational behavior during a durability
test using artificial neural network (ANN), Modares Mechanical
Engineering, Vol. 6, No. 3, pp. 311-318, 2016. (In Persian .,)

[2] G. Niu, T. Han, B. S. Yang, A. C. C. Tan, Multi-agent decision fusion for
motor fault diagnosis, Mechanical System and Signal Processing, Vol. 21,
No. 3, pp. 1285-1299, 2007.

[3] M. Yang, V. Makis, ARX model-based gearbox fault detection and
localization under varying load conditions, Journal of Sound and Vibration,
Vol. 329, No. 24, pp. 5209-5221, 2010.

[4] Q. Miao, V. Makis, Condition monitoring and classification of rotating
machinery using wavelets and hidden Markov models, Mechanical System
and Signal Processing, Vol. 21, No. 2, pp. 840-855, 2007.

[5] I. Ullah, Vibration-based Structural Condition Monitoring of Composite
Structures, PhD thesis, School of Mechanical, Aerospace and Civil
Engineering, The University of Manchester, 2011.

[6] L. H. Yam, Nondestructive detection of internal delamination by vibration-
based method for composite plates, Journal of Composite Materials, Vol. 38,
No. 24, pp. 2183-2198, 2004.

[7] A. Shahdin, Monitoring the effects of impact damages on modal parameters
in carbon fiber entangled sandwich beams, Engineering Structures, Vol. 31,
No. 12, pp. 2833-2841, 2009.

[8] P. Cawley, R. D. Adams, The location of defects in structures from
measurements of natural frequencies, The Journal of Strain Analysis for
Engineering Design, Vol. 14, No. 2, pp. 49-57, 2007.

633

100 —e— Detection Accuracy 100
- — & — Computation time
S g0 f {19 2
3 £
E Q
3 A~ E
& 60 | s >~ 180 =
c 7 =~ S
S Ve N - =
B e ~ s
2 - =
g 40 ¢ 170 g
o
20 60
bior3.7_1 bior3.7_2 bior3.7_3 bhior3.7_4

Fig. 18 Detection accuracy and computation time for Bior3.7 mother
wavelet at different decomposition levels
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