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ABSTRACT 

A hypothetical investigation of the Modal information based delamination location strategy has been displayed in 
this paper. In light of the eigenvalue issue and annoyance presumption of imperfection in modal response, the hypothetical 
premise of the modal data and natural frequency technique is set up. The extraction of delamination qualities from the 
modal data by means of Biorthogonal wavelet transform is outlined. At that point, the proposed strategy has been 
connected to Glass epoxy laminated composite plate tests with predefined delaminated segments. Finite element method 
displaying results are introduced to show the execution of the technique. The numerical outcomes propose that the 
utilization of the delamination marker gives a more powerful and unambiguous delamination recognizable proof than the 
sole utilization of the wavelet coefficients of the modes researched. Moreover, the delamination estimator predicts the 
delamination size to a palatable dimension. 
 
Keywords: Modal information, finite element method, delamination estimator 
 
1. INTRODUCTION 

There has been an expanding improvement and 
utilization of light, firm, multi-layer and multi-useful 
segments and structures in present day building plans 
“(Hurlebaus and Gaul, 2006)”. So as to guarantee the 
condition of auxiliary strength of these segments and 
structures, appropriate examination and assessment 
approaches are fundamental. A few conventional 
assessment techniques (e.g. visual examination, magnetic 
particle investigation) for surface deformity recognition, 
for example, breaks and indents, are not accessible for 
inward imperfection in multi-story structures. In spite of 
the relative surprising expense of activity of other non-
dangerous discovery techniques, for example, ultrasonic 
assessment and thermography, there are likewise 
restrictions because of example surface sorts and 
characteristics. As a savvy coordinate auxiliary honesty 
evaluation strategy, vibration-based basic damage 
discovery techniques have gotten expanding consideration 
for genuine applications “(Zou et al., 2000)”. A few 
scientists have examined the impact of frequency variation 
of a structure in the harmed state as for the flawless state. 
Prior deals with the frequency variation advance for beam 
like structures have been accounted for in “(Messina et.al., 
1998)”. “(Gadelrab, 1996)” contemplated the frequency 
change because of damage in a two-layer cover beam 
utilizing finite element technique. He demonstrated that 
recurrence move relies upon the imperfection areas and 
limit conditions. “(Kessler et al., 2002)” demonstrated that 
the decrease of the frequency is commonly corresponding 
to the decrease of worldwide firmness due to interfaced 
impact in structures at lower vibration modes. A few 
numerical demonstrating strategies of harmed structures 
have been assessed by “(Della and Shu, 2007)”. They 
expressed that the impact of common recurrence change is 
commonly observed to be an element of the size and areas 
of the deformities. “(Alnefaie, 2009)” demonstrated that 

the deformity initiated variety of mode shape is 
increasingly particular for higher flexural vibration modes. 
“(Salawu, 1997)” looked into the various literary works 
accessible on harm recognizable proof dependent on the 
moving of normal frequencies. The survey demonstrated 
the attainability of utilizing precisely estimated modular 
recurrence information in harm location and condition 
checking for building structures. “(Fan and Qiao, 2011)” 
Far reaching surveys of the auxiliary wellbeing checking 
approaches utilizing vibration-based techniques are 
additionally revealed in.  

Despite the fact that the modular frequencies of 
structures can be correctly estimated with savvy course of 
action of sensors (utilizing couple of sensors) in genuine 
applications, the difference in the modular recurrence may 
not give enough data to desert areas contrasted and mode 
shapes, as expressed by “(Wei et al., 2004)”. To enhance 
the limitation of the harm utilizing frequencies, an 
adjusted recurrence based harm discovery technique has 
been proposed by “(Zhong and Oyadiji, 2008a, 2008b)”. 
The strategy utilizes the varieties of the modular 
recurrence information as a meandering mass is crossed to 
different areas on a be a min request to identify and 
confine breaks in shaft like structures through vibration 
testing. The idea of utilizing the modular recurrence bends 
and its high-arrange spatial subsidiaries for break 
discovery has been exhibited utilizing estimated 
recurrence information. As of late, the above recurrence 
based methodology has been considered by “(Zhang et al, 
2013, 2014)” on a harmed plate and chamber by 
computing the lingering esteems from the 2D gapped 
smoothing strategy (GSM). The above examinations have 
been centered around the use of the technique and 
uncovered the pertinence by and by. Be that as it may, the 
hypothetical premise of the recurrence bend (or surface) 
idea in harm location isn't settled. Particularly, the 
supposition of unaltered mode shape under connected 

mailto:6nkumar.vnr@gmail.com


                                VOL. 14, NO. 22, NOVEMBER 2019                                                                                                          ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              3911 

moved mass stacking in “(Zhong and Oyadiji, 2008a)”, 
“(Zhang et al., 2013)” is legitimate for adequately little 
mass proportion condition. In addition, the past works 
dependent on the numerical separation or gapped 
smoothing approaches are known to be less delicate 
contrasted with the wavelet approaches. The association of 
the recurrence bend strategy with wavelet change is 
delineated in the present paper. In the previous couple of 
years, wavelet-based methodologies have pulled in 
expanding consideration for vibration-based harm 
identification strategies. “(Hong.et.al., 2002)” investigated 
damage detection based on Mexican hat wavelet 
coefficients of the fundamental mode shape that were 
inferred utilizing persistent wavelet change (CWT) and 
discrete wavelet change (DWT). They recommended that 
the quantity of vanishing snapshots of wavelets in split 
recognition ought to be something like two. In any case, it 
is outstanding that wavelets with lower vanishing minutes 
give less precise outcomes regarding the area of the harm 
“(Katunin, 2011)”.  

“(Chang and Chen, 2005)” utilized DWT to 
determine Gabor wavelet coefficients of mode shape 
information for break location and confinement in a shaft 
like structure. The Gabor wavelet coefficients of the mode 
shapes are utilized as the area pointer and the recurrence 
decrease utilized as the profundity gauge or of the break. 
By the by, the Gabor wavelet coefficients showed the 
impacts of the limit which required further smoothing 
technique to expel the limit impacts. “(Douka et al., 
2003)” tentatively concentrated the symmetrical wavelet 
sym4 in harm recognition of pillar like structures utilizing 
CWT. They acquainted a strategy with smother test 
commotion in estimated mode shapes dependent on the 
information of the clamor level. “(Rucka and Wilde, 
2006)” proposed a 2D DWT strategy with Biorthogonal 
channel bior5.5 in harm recognition for braced pillar like 
and plate-like structures utilizing the basic mode shape. 
The execution of the Biorthogonal wavelet in preparing 
the deliberate mode shape information was approved 
tentatively. The fundamental constraint of the mode shape 
strategy is the quantity of sensors required to catch the 
information. 

“(Qiao.et al., 2007)” announced the answer for 
this issue utilizing the Laser Doppler Vibrometer fit as a 
fiddle estimation for overlaid composite plate. All things 
considered, the high cost of the estimation gadget confines 
its general designing application in all actuality. “(Zhong 
and Oyadiji, 2007)” contemplated the stationary wavelet 
change (SWT) strategy for break location in bar like 
structures utilizing estimated and recreated mode shape 
information. Their methodology decides the contrast 
between the SWT of two arrangements of mode shape 
information of beam-like structures with just upheld limit 
conditions. They demonstrated that the utilization of SWT, 
which is an up-examining method, gives more break data 
than the utilization of DWT, which is a down-testing 
technique. Be that as it may, the use of their proposed 
technique is limited to structures with symmetrical limit 
conditions. A correlation investigation of a few flag 
handling methodologies of mode shape-based harm 

discovery technique for a plate-like structure has been 
accounted for by “(Fan and Qiao, 2009). In view of the 
numerical and test results for harm with various shapes, 
the creators called attention to the powerful execution of 
the 2D CWT approach with Mexican cap wavelet 
contrasted with so much techniques as 2D GSM and 2D 
SEM (strain vitality strategy). As of late, “(Gokdag and 
Kopmaz, 2009)” reported the utilization of DWT and 
CWT approach for break identification in bar like 
structures. The technique utilizes DWT estimation 
coefficient to reproduce the flawless mode shape, which is 
viewed as the pattern. It at that point evaluates the harm 
instigated mode shape distinction by CWT coefficients. In 
any case, the suspicion that the DWT guess coefficient of 
the harmed information is equal to the benchmark 
information may not be commonly substantial.  

As of late, “(Katunin, 2011)” compared the use of 
2D B-spline wavelets regarding other wavelet in the 
writing under 2D DWT process. The creator demonstrated 
that the 2D B-spline wavelet gave a less uproarious 
execution contrasted and different wavelets explored. Be 
that as it may, the 2D DWT strategy does not deliver 
extensive harm data in a single coefficient surface. It for 
the most part needs extra strides to overlay the directional 
pictures (coefficients) to acquire the last outcomes. By and 
large, the DWT technique produces attractive outcomes 
for harm area for shaft like structures with less calculation 
time contrasted with CWT. For plate-like structures, the 
2D DWT strategies require extra strides in picture 
synthesis. In this manner, it isn't as immediate as the 2D 
CWT techniques. It is additionally worth to take note of 
that, few past strategies depend on the wavelet coefficients 
of key mode shape. In any case, it is entrenched that harm 
near a nodal line has less impact on the specific mode. 
Accordingly, the utilization of single mode information 
may not be adequate to recognize the harm close to a 
nodal line. To over this constraint, in this paper a 
numerous mode wavelet-file is produced dependent on bi 
symphonious wavelet utilizing DWT. The writing has 
likewise detailed harm identification techniques which 
don't utilize the nearby basic data (e.g. mode shape or 

recurrence bend). “(Yan et.al., 2007)” detailed a vitality 
range technique for evaluating the modular property 
deviation as for the extent of inner harm in covered plate 
structures through wavelet investigation. Rather than 
working in the recurrence space, their outcomes 
demonstrated the extra vitality dissemination caused by 
harm that can be utilized as a harm marker by applying 
wavelet change of the time signals. “(Hein and Feklistova, 
2011) as of late, proposed a computational proficient 
online harm recognition strategy dependent on machine 
learning. They connected fake neural system (ANN) to set 
up the mapping connection between frequencies, Haar 
wavelet development of basic mode states of vibrating 
pillars and delamination status dependent on numerical 
models. “(Zhang et al., 2013)” analyzed three diverse 
reverse calculations for tackling the non-direct conditions 
to anticipate the interface, the long way area and size of 
delamination utilizing a graphical strategy, ANN and 
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surrogate-based streamlining. Increasingly point by point 
references on the utilizations of wavelet changes and 
machine learning strategies in basic harm recognition can 
be found in “(Lepik and Hein, 2014). The techniques 
dependent on machine learning and backwards 
calculations have the upside of less preparing time 
contrasted with the strategies that require the information 
of mode shapes or recurrence bends. By and by, the 
strategies that utilize neighborhood basic data don't require 
gauge data. In this paper, the hypothetical premise of 
modular recurrence bend discovery technique is right off 
the bat set up dependent on the idea of eigenvalue issue. 
The alterations of the basic reactions because of mass 
stacking are considered. From the writing audit, it was 
discovered that the quickest wavelet handling calculation 
is DWT, which requires generally few scales with down-
examining. 

In spite of the fact that SWT has a comparative 
scale to DWT, it is slower than DWT on the grounds that 
it includes up-examining. The slowest wavelet handling 
calculation is CWT which includes numerous persistent 
scales. A various mode wavelet-file is produced dependent 
on Biorthogonal wavelet utilizing DWT of the modular 
recurrence bends. DWT was chosen for this work for 
quick multi-mode preparing of the modular recurrence 
bends information. The explanation behind the decision of 
the Biorthogonal wavelet is de-scribed in detail in Section 
2. The attainability of harm identification utilizing the 
wavelet coefficients of the recurrence bends is outlined. 
To improve the clamor strength of the methodology, a 
different mode record dependent on the squared lingering 
of the mean wavelet coefficients along spatial areas is 
proposed to find the imperfection. A relating harm 
estimator is created dependent on the harm pointer to 
assess the span of the imperfection. Three two-layer 
fortified aluminum shaft tests with harmed areas at various 
longitudinal areas are contemplated. Limited component 
models are utilized to reenact the modular recurrence 
information of the harmed tests to get the recurrence 
bends. The three numerical cases are additionally 
approved through trial testing dependent on the proposed 
harm marker and estimator. The affectability of the 
proposed strategy as for the proportion of the extra mass to 
the mass of the structure is examined. The impact of the 
wavelet channel determination is likewise talked about. 
The recurrence bend strategy utilized in this paper depends 
on the modular frequencies which can be resolved 
tentatively utilizing couple of sensors in applications. This 
is a noteworthy favorable position over mode shape 
strategies which require a variety of sensors to decide the 
mode shapes precisely. 
 
2. BIORTHOGONAL WAVELETS 

Biorthogonal wavelets more flexibility, scaling 
function are represented by Finite Impulse Response (FIR) 
filters, hk and gk have a finite number of non-null 
coefficients. The Biorthogonal Multi Resolution Analysis 
(MRA) requires the existence of twin scaling function €̃ 
and a twin wavelet£̃. It generated a dual multi resolution 

analysis with subspaces Mj̃ and Sj̃ such that Mj̃ ⊥ Sj; Mj ⊥ Sj̃ 
 〈€̃(xc), £(x − k)〉 = 〈£̃(xc), €(xc − k)〉 = 0                  (2.1) 
 

Some signal consider as input ꜧ[ꞃ] sampled an 
intervals N-1=2ꟻ, there exists f ∈ 𝑀𝐿 such that a[] =〈f, ϕL,〉 = N−1 2⁄ []. The wavelet coefficients are 
computed by successive convolutions with †̅  and ‡̅. 
Let aj[] = 〈f, ϕj,〉 and dj[] = 〈f, ψj,〉. 
 
 αJ+1[] = αj ∗‡̅ [2],dj+1[] = αj ∗†̅ [2]               (2.2) 
 
The reconstruction is performed with the dual filters h̅ and g̅ 
  αj[n] = aj+1̌*†̌ [] + dj+1̌ *‡̌ []                                (2.3) 
 

If aꟻ includes N nonzero samples the 
Biorthogonal wavelet representation [ {𝑑𝑗}ꟻ < j ≤, 𝑎𝑗 ] is 
calculated with O (N) operations by iterating above 
equation for ꟻ≤j<J. The reconstruction of 𝑎𝐿 by applying 
to Eqn. 2.3 J >≥  requires same number of operations. 
 
3. METHODOLOGY 

Modal analysis was performed computationally 
for composite plate structure with and without 
delamination presence. Transverse displacement 
calculated for all the nodal points. Difference data of mode 
shapes comparison discussed in last chapter. Here fifth 
interface nine different locations are simulated as 
delamination locations using finite element method. 
Difference data of transverse displacement data calculated 
and directly used as an input to the bior 6.8 wavelet. The 
absolute wavelet coefficients were calculated for the 
difference transverse displacement data, after calculating 
the absolute wavelet coefficient assembled in the proper 
nodal point to replace the transverse displacement and 
plotted into 3D plot to identify the delamination location. 
x -axis shows composite plate length and y- axis shows 
composite plate breadth, z- axis shows absolute wavelet 
coefficient to represents the delamination locations.  Four 
ends clamped (CCCC) and two ends (CFCF) boundary 
conditions considered in this study. Previous chapter 
explains the modal analysis procedure; the delaminated 
and un-delaminated composite plate mode shapes were 
calculated. 
 
4. SIMULATION STUDY OF THE UNIFORMED 

DELAMINATION LAMINATED PLATES 

Laminated composite plate with various 
interfaces delamination (ID 1 to ID 10) models are 
performed by considering a glass epoxy laminated 
composite plate, dimensions of the plate (300X300X3.4) 
in mm and single lamina thickness is 0.191mm Material 
property of the plate density (1578kg m3⁄ ), 
E1=22.2x109 N m2⁄ , E2=4.6x109 N m2⁄ , G12=1.79 
x109 N m2⁄ , poisons ratio. During simulation volume 
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fractions are considered with ply orientations 
[0/90/0/90/0/90/0/90/0/90/0]. ID1 to ID10 represents the 
interface one to ten from the bottom layer. 
 
4.1 Results and Discussions 

Mode shape difference data utilized for 
delamination location identification problem, Absolute 
wavelet coefficient values are calculated for the difference 

data and plotted along the x and y- axis of the plate, 
sudden transits occur at particular spot of laminated plate 
structure location is useful to find delamination location. 
This depends upon convolution operated by CWT which 
assumes the input spatial signal spread over infinite space.  
 
4.1.1 Four Ends Clamped Condition 

 
133 134 135 136 137 138 139 140 141 142 143 144 
121 122 123 124 125 126 127 128 129 130 131 132 
109 110 111 112 113 114 115 116 117 118 119 120 
97 98 99 100 101 102 103 104 105 106 107 108 
85 86 87 88 89 90 91 92 93 94 95 96 
73 74 75 76 77 78 79 80 81 82 83 84 
61 62 63 64 65 66 67 68 69 70 71 72 
49 50 51 52 53 54 55 56 57 58 59 60 
37 38 39 40 41 42 43 44 45 46 47 48 
25 26 27 28 29 30 31 32 33 34 35 36 
13 14 15 16 17 18 19 20 21 22 23 24 
1 2 3 4 5 6 7 8 9 10 11 12 

 

Figure-1. Elements Assembly for the Mid-Plane of Composite Plate Structure. 
 

Figure-1 shows the element connectivity of 
laminated plate structure, elements are assembled left to 
right and bottom to top manner. The composite plate was 
modeled in Matlab with 12 elements within x- axis side, 
12 elements into y - axis side, so each side of the plate is 
having 13 nodal points. Each of one the element is having 
2.5 cm length and breadth. Composite plates all sides are 
clamped so the particular node which is located in the left 
and right side of the plate structure considers all degrees of 
freedom are zero. All ends clamped situation the plate is 
having higher frequency that concept was discussed in the 
earliest chapter and mode shape difference data itself 
delamination location identified, sensitivity of bior 
wavelets are tested with the fifth interface delamination 
data. Nine different colors are used to differentiate the 
delamination locations. Delamination locations are 
classified into nine different domains, that explained in the 
previous chapter now domain is further divided into 
element wise in following manner Left Lower End (LLE) 
is in dark blue color it consists of the following element 
(1-4, 13-16, 25-28, 37-40) Left Middle End (LME) is in 

red color it consists of (49-52,61-64,73-76,85-88) Left 
Top End (LTE) is in orange color it consists of (97-
100,109-112,121-124,133-136) Middle Lower End (MLE) 
is in yellow color it consists of (5-8, 17-20, 29-32, 41-44) 
Middle- middle (MM) is in green it consists of (53-56,65-
68, 77-80, 89-92) Middle Top End (MTE) is in purple 
color it consists of (101-104, 113-116, 125-128, 137-140) 
Right Lower End (RLE) is in light blue color it consists of 
(9-12, 21, 24, 33-36, 45-48) Right Middle End (RME) is 
in olive green color it consists of (57-60,69-72,81-84,93-
96), Right Top End (RTE) is in black color it consists of 
(105-108, 117-120, 129-132, 141-144). Thus the 
delaminated location was written as element wise, so each 
domain has 16 elements, for nine domains totally 144 
elements are available in plate structure, calculating the 
total points 13 X 13 so total 169 nodal points are there, 
these nodal points transverse response calculated for the 
un-delaminated and delaminated composite plate structure. 
 
4.1.1.1 Delamination Location (LLE) 
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Figure-2. 3-D Surface Plot of Absolute Wavelet Coefficient Value towards X and Y Axis (LLE). 
 

4.1.1.2 Delamination Location (LME) 

 

 
 

Figure-3. 3-D Plot of Absolute Wavelet Coefficient Value towards X and Y Axis for (LME). 
 
4.1.1.3 Delamination Location (LTE) 
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Figure-4. 3-D Plot of Absolute Wavelet Coefficient Value towards X and Y Axis for (LTE). 
 
4.1.1.4 Delamination Location (MLE) 

 

 
 

Figure-5. 3-D Plot of Absolute Wavelet Coefficient Value towards X and Y Axis for (MLE). 
 
4.1.1.5 Delamination Location (M-M) 
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Figure-6. 3-D Plot of Absolute Wavelet Coefficient Value towards X and Y Axis for (M-M). 
 
4.1.1.6 Delamination Location (MTE) 

 

 
 

Figure-7. 3-D Plot of Absolute Wavelet Coefficient Value towards X and Y Axis for (MTE). 
 
4.1.1.7 Delamination Location (RLE) 
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Figure-8. 3-D Plot of Absolute Wavelet Coefficient Value towards X and Y Axis for (RLE). 
 
4.1.1.8 Delamination Location (RME) 

 

 
 

Figure-9. 3-D Plot of Absolute Wavelet Coefficient Value toward X and Y Axis for (RME). 
 
4.1.1.9 Delamination Location (RTE) 
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Figure-10. 3-D Plot of Absolute Wavelet Coefficient Value towards X and Y Axis for (RTE). 
 

Figure-2 shows the peak near by the left lower 
end it suggests that the delamination presence in lower left 
corner of the plate structure. Two peaks are visible in the 
delamination area. Here actual delamination area is LLE it 
consists of following elements (1-4, 13-16, 25-28,37-40) 
comparing with peak area it is stretched  up to these 
elements (1-6, 13-18, 25-30, 37-42, 49-54) it suggests that 
this method is predicting the neighbor elements also, Each 
element is having 25 cm length and breadth and actual 
delamination area size is (100 X 100) but comparing with 
numerical predicted results suggests that delamination area 
is (150 X 125) . 

Figure-3 shows the peak near by the left middle 
end it suggests the delamination presence in left middle 
end of the plate structure. Here actual delamination area is 
Left Middle End (LME) it consists of (49-52,61-64,73-
76,85-88) following elements but the peak area is 
extended up to  these elements (37-42, 49-54, 61-66, 73-
78, 85-90) it suggests that this method is predicting the 
surrounded elements also, actual delamination area size is 
(100 X 100) but comparing with numerical predicted 
results suggests that delamination area is (150 X 125) . 
Fig.4 shows the peak near by the left top end it suggests 
the delamination presents in left top end of the plate 
structure. Here actual delamination area is Left Top End 
(LTE) it consists of (97-100, 109-112, 121-124,133-136) 
following elements but the peak area is extended up to 
these elements (85-90, 97-102,109-114, 121-126,133-138) 
it suggests that this method is predicting the surrounded 
elements also, actual delamination area size is (100 X 100) 
but comparing with numerical predicted results suggests 
that delamination area is (150 X 125).  

Figure-5 shows the peak at the middle lower end 
it suggests the delamination presents in the middle 
lower end of the plate structure. Here real delamination 
area is Middle Lower End (MLE)  it consists of (5-8, 17-
20, 29-32, 41-44) following but the peak area is extended 
up to these elements (3-9, 15-21, 27-33, 39-45, 51-57) it 
suggests that this method is predicting the surrounded 
elements also, actual delamination area size is (100 X 100) 
cm but comparing with numerical predicted results 
suggests that delamination area is (175 X 125) cm . Fig.6 
shows the peak at the middle- middle it suggests the 
delamination presents in the middle-middle end of the 
plate structure. Here real delamination area is Middle- 
middle (MM)  it consists of (53-56,65-68,77-80,89-92) 
following elements but the peak area is extended up to 
these elements (52-57, 64-69, 76-81, 88-93, 100-105) it 
suggests that this method is predicting the surrounded 
elements also, actual delamination area size is (100 X 100) 
cm but comparing with numerical predicted results 
suggests that delamination area is (150 X 125) cm .  

Figure-7 shows peak at the middle top end it 
suggests the delamination presents in the middle top end 
of the plate structure. Here real delamination area is 
Middle Top End (MTE)  it consists of (101-104,113-
116,125-128,137-140) following elements but the peak 
area is extended up to these elements (88-93, 100-105, 
112-117, 124-129, 136-141) it suggests that this method is 
predicting the surrounded elements also, actual 
delamination area size is (100 X 100) cm but comparing 
with numerical predicted results suggests that 
delamination area is (150 X 125) cm.    Fig.8 shows peak 
at the right lower end it suggests the delamination presents 
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in the right lower end of the plate structure. Here real 
delamination area is Right Lower End (RLE) is in light 
blue color it consists of (9-12, 21, 24, 33-36, 45-48) 
following elements but the peak area is extended up to 
these elements (7-12, 19-24, 31-36, 43-48, 55-60)  it 
suggests that this method is predicting the surrounded 
elements also, actual delamination area size is (100 X 100) 
cm but comparing with numerical predicted results 
suggests that delamination area is (150 X 125) cm.  

Figure-9 shows peak at the right middle end it 
suggests the delamination presents in the right middle end 
of the plate structure. Here real delamination area is Right 
Middle End (RME) it consists of (57-60, 69-72, 81-84, 93-
96) following elements but the peak area is extended up to 
these elements (55-60, 67-72, 79-84, 91-96, 103-108)  it 
suggests that this method is predicting the surrounded 
elements also, actual delamination area size is (100 X 100) 
cm but comparing with numerical predicted results 
suggests that delamination area is (150 X 125) cm . Fig 10 
shows peak at the delamination location which is located 
near by the right upper end of the plate structure. Here real 
delamination area is Right Top End (RTE) it consists of 
(105-108, 117-120, 129-132, 141-144) but the peak area is 
extended up to these elements (102-108, 114-120, 126-
132, 139-144) it suggests that this method is predicting the 
surrounded elements also, actual delamination area size is 
(100 X 100) cm but comparing with numerical predicted 
results suggests that delamination area is (150 X 100) cm. 
From this study, it is observed that the wavelet coefficients 
strongly depend on mode shape and the vicinity of nodal 
lines to the location of delamination. When the 
delamination occurs at the middle of the structure three 

peaks are visible and spreads surrounded that’s suggests 
proposed method is over predicting the delamination 
location because CLPT theory is called as Mid-plane 
theory so if the delamination presents in the middle layer 
as well as middle location the laminated plate mode shapes 
are affected too much because of the delamination 
presence this causes mode shape discontinuity too much 
so wavelet over predicting the delamination size. At the 
same time if the delamination occurs near by the corner of 
the plate structure two peaks are visible at the 
delamination location, it has lower localization error 
comparing to the middle delamination cases. 
 
4.1.2 Fixed – Fixed Boundary Condition 

The composite plate was modeled in Matlab with 
12 elements within x direction and 12 elements into y 
direction, so each side of the plate is having 13 nodal 
points. Each of one the element is having 25 cm length 
and breadth.  Here left end and right end is fixed so the 
particular node which is located in the left and right side of 
the plate structure considers all degrees of freedom are 
zero. From the previous chapter clearly suggests when the 
delamination present in the structure the natural frequency 
get reduces and fixed-fixed boundary condition is having 
lesser frequency comparing to the four end clamped 
boundary condition, consider the mode difference data 
also not effective in delamination detection so it clearly 
suggests boundary condition plays the crucial in composite 
plate delamination detection. 
 
4.1.2.1 Delamination Location (LLE) 

 

 
 

Figure-11. 3-D Plot Absolute Wavelet Coefficient Value towards X and Y Axis for (LLE). 
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4.1.2.2 Delamination Location (LME) 
 

 
 

Figure-12. 3-D Plot Absolute Wavelet Coefficient Value towards X and Y Axis for (LME). 
 
4.1.2.3 Delamination Location (LTE) 
 

 
 

Figure-13. 3-D Plot Absolute Wavelet Coefficient Value towards X and Y Axis for (LTE). 
 
4.1.2.4 Delamination Location (MLE) 
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Figure-14. 3-D Plot Absolute Wavelet Coefficient Value towards X and Y Axis for (MLE). 
 
4.1.2.5 Delamination Location (M-M) 

 

 
 

Figure-15. 3-D Plot Absolute Wavelet Coefficient Value towards X and Y Axis for (M-M). 
 
4.1.2.6 Delamination Location (MTE) 
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Figure-16. 3-D Plot Absolute Wavelet Coefficient Value towards X and Y Axis for (MTE). 
 
4.1.2.7 Delamination Location (RLE) 

 

 
 

Figure-17. 3-D Plot Absolute Wavelet Coefficient Value towards X and Y Axis for (RLE). 
 
4.1.2.8 Delamination Location (RME) 
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Figure-18. 3-D Plot Absolute Wavelet Coefficient towards X and Y Axis for (RME). 
 
4.1.2.9 Delamination Location (RTE) 

 

 
 

Figure-19. 3-D Plot Absolute Wavelet Coefficient Value towards X and Y Axis for (RTE). 
 

Figure-11 shows the peak near by the left lower 
end it suggests that the delamination presence in lower left 
corner of the plate structure. When the delamination 
located near by the corner two peaks are visible. Here 
actual delamination area is LLE it consists of following 
elements (1-4, 13-16, 25-28, 37-40) comparing with peak 

area it is stretched  up to these elements (1-6, 13-18, 25-
30, 37-42) it suggests that this method is predicting the 
neighbor elements also, Each element is having 25 cm 
length and breadth and actual delamination area size is 
(100 X 100) cm but comparing with numerical predicted 
results suggests that delamination area is (150 X 125) cm. 
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Figure-12 shows the peak near by the left middle 
end it suggests the delamination presents in lower left 
middle end of the plate structure. Here actual delamination 
area is Left Middle End (LME) it consists of (49-52, 61-
64,73-76,85-88) following elements but the peak area is 
extended up to  these elements (37-42,49-54, 61-66, 73-
78, 85-90, 97-102) it suggests that this method is 
predicting the surrounded elements also, actual 
delamination area size is (100 X 100) cm but comparing 
with numerical predicted results suggests that 
delamination area is (150 X 150) cm. 

Figure-13 shows the peak near by the left top end 
it suggests the delamination presents in left top end of the 
plate structure. Here actual delamination area is Left Top 
End (LTE) it consists of (97-100, 109-112, 121-124, 133-
136) following elements but the peak area is extended up 
to these elements (97-102, 109-114, 121-126, 133-138) it 
suggests that this method is predicting the surrounded 
elements also, actual delamination area size is (100 X 100) 
cm but comparing with numerical predicted results 
suggests that delamination area is (150 X 100) cm.  

Figure-14 shows the peak at the middle lower end 
it suggests the delamination presence in the middle lower 
end of the plate structure. Here real delamination area is 
Middle Lower End (MLE)  it consists of (5-8, 17-20, 29-
32, 41-44) following but the peak area is extended up to 
these elements (4-9, 16-21, 28-33) it suggests that this 
method is predicting the surrounded elements also, actual 
delamination area size is (100 X 100) cm but comparing 
with numerical predicted results suggests that 
delamination area is (150 X 75) cm.  

Figure-15 shows peak at the middle- middle it 
suggests the delamination presence in the middle-middle 
domain of the plate structure. Here real delamination area 
is Middle- middle (MM)  it consists of (53-56, 65-68, 77-
80, 89-92) following elements but the peak area is 
extended up to these elements (51-57, 63-69, 75-81,87-93, 
99-105) it suggests that this method is predicting the 
surrounded elements also, actual delamination area size is 
(100 X 100) cm but comparing with numerical predicted 
results suggests that delamination area is (175 X 125) cm.  

Figure-16 shows peak at the middle top end it 
suggests the delamination presents in the middle top end 
of the plate structure. Here real delamination area is 
Middle Top End (MTE) it consists of (101-104, 113-116, 
125-128, 137-140) following elements but the peak area is 
extended up to these elements (112-117, 129-134, 136-
140) it suggests that this method is predicting the 
surrounded elements also, actual delamination area size is 
(100 X 100) cm but comparing with numerical predicted 
results suggests that delamination area is (150 X 100) cm.  

Figure-17 shows peak at the right lower end it 
suggests the delamination presents in the right lower end 
of the plate structure. Here real delamination area is Right 
Lower End (RLE) it consists of (9-12, 21-24, 3-36, 45-48) 
following elements but the peak area is extended up to 
these elements (7-12, 19-24, 31-36) it suggests that this 
method is predicting the surrounded elements also, actual 
delamination area size is (100 X 100) cm but comparing 

with numerical predicted results suggests that 
delamination area is (150 X 75) cm.  

Figure-18 shows peak visible at the right middle 
end it suggests the delamination presents in the right 
middle end of the plate structure. Here real delamination 
area is Right Middle End (RME) it consists of (57-60, 69-
72, 81-84, 93-96) following elements but the peak area is 
extended up to these elements (55-60, 67-72, 79-84, 91-
96)  it suggests that this method is predicting the 
surrounded elements also, actual delamination area size is 
(100 X 100) cm but comparing with numerical predicted 
results suggests that delamination area is (150 X 100) cm.  

Figure-19 shows the delamination location which 
is located near by the right upper end of the plate structure. 
Here real delamination area is Right Top End (RTE) it 
consists of (105-108, 117-120, 129-132, 141-144) but the 
peak area is extended up to these elements (115-120, 127-
132,139-144)  it suggests that this method is predicting the 
surrounded elements also, actual delamination area size is 
(100 X 100) cm but comparing with numerical predicted 
results suggests that delamination area is (150 X 75) cm. 
When the delamination occurs at the middle of the 
structure three peaks are visible to locate the delamination 
if the delamination presents middle region the proposed 
method is over predicting the delamination. At the same 
time if the delamination occurs near by the free corner the 
peak was very small and it was stretched so the 
localization error is too much comparing to fixed corner 
near delamination case, because the fixed corner provides 
additional stiffness to the structure.  
 
5. CONCLUSIONS 

The aim of this work is to apply 
spatial wavelet transform to highlight the sensitivity for 
detection and localization of delamination in a laminated 
composite plate structure for two different boundary 
conditions one was all end fixed another one is two end 
fixed condition. The first mode shape difference data of 
fifth interface it consists of nine 
different delamination location data is used as an input, 
to bior 6.8 Wavelet. All the nodal point data converted 
into absolute wavelet coefficient value, that value replace 
the nodal displacement value, this new data plotted into 
3D surface plot. The length of the composite plate oriented 
along x-axis side, breadth of the composite plate is 
oriented along y-axis side, absolute wavelet coefficient of 
transverse displacement oriented along z-axis side. Where 
the delamination occurs the nodal displacement value has 
some discontinuity in its region that discontinuity 
was amplified by the wavelets, that peak shows 
the delamination place. Four end clamped conditions bior 
6.8 wavelet having high sensitive comparing to the double 
end fixed conditions. If the damage presence in the middle 
domain the sensitivity is too high so it leads error like over 
predicting the delamination place.  

A double end fixed condition near the free 
edge wavelet sensitivity is low because of less stiffness 
near the free boundary. Taking the difference data will 
help to avoid the boundary effect problem. In four end 
clamped condition bior 6.8 wavelet is over predicting the 
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delamination area for all delamination cases, but in the 
two ends clamped condition bior 6.8 wavelet is over 
predicting the area when the delamination is presence in 
the middle and near fixed boundary delamination location. 
If the delamination located nearby the free end bior 6.8 
wavelets loses it sensitivity in delamination detection. 
From the Prediction results delamination length is not 
changing too much but width of the delamination is 
sometimes reduced so it fails to locate delamination size.   
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