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Abstract : 
An ongoing study field is a vibration-based damage, particularly 
separation monitoring, in composite structures. Based on an 
experimental examination, the current study also examines the 
dynamics of separated as well as unseparated plates. Here, an E-glass 
yarn and epoxy resin test plate has been utilized. The composite plate 
was excited using a piezo-electric shaker, and the number of 
accelerometers was utilized to measure the acceleration responses. 
When the vibration studies were performed in the lower modes, the 
modal of separated (delaminated) plates were then against a plate that 
is in good health. Discussion of the observed responses of vibration 
from both intact and split plates, as well as feasibility of separation 
identification from the experimental vibration data, will be included in the 
study.  
Keywords: vibration, separation, composite, experiment 
1.Introduction  
If inner separation is existing in laminate, it often spreads over time 
because of service loads, which might eventually cause failure by 
reducing the structure's load-bearing capability. Separation detection 
using vibration in composite structures is a current research topic [1-4]. 
The researchers have done several investigations to achieve this goal. 
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These research findings contain an analysis a composite with 
separation and finding according to a variation [5–7]. A composite 
structure's separation exhibits a noticeable local mode at substantially 
higher modes in the separation zone. The majority of the experimental 
examples used in research on how modal parameters have changed 
are linked to the modal analysis [8-10]. Vibration studies have been 
conducted out in the lower modes to better know the mechanics of 
separated plates in comparison to a well plate [11-20]. The discussion 
of the recorded vibration outputs from both healthy and separated 
plates, as well as the potential for separation identification from vibration 
testing data once the plates are aroused at a few lesser modes, will be 
covered in this study. The main focus of this study, is to determine the 
capability of vibration-based damage detection specifically separation 
detection in composite structures. The study will employ an 
experimental analysis to examine the dynamics of plates with and 
without separation. The study’s results are likely to have good effect on 
enhancing a safety with dependability of laminate structure. 
2.Composite laminates  

Here, an E-glass yarn and epoxy resin test plate has been utilized. 
There are 8 equal-thickness layers in all, and they are ordered as [0 
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/90/0 /90/90 /0 /90/0]. The test plate is 600 mm × 600 mm in 
dimension and 4 mm thick overall. Three plates were employed, one 
without separation (healthy), two with separation (delamination) between 
the third and fourth layers from the top surface, single with separation of 
dimension 40 mm x 40 mm among the third & fourth layers (unhealthy) 
at coordinates (400mm,400mm). Another location is identical to the first 
but has a separation in the plate's middle. Figure 1 displays the plates.  

Figure 1 Test plates, (a) No separation, (b) Separation coordinates 
(400mm, 400mm) 

3.Setup for an Experiment 

Figure 2 displays the test setup's design as well as how the 
portable shaker is mounted. The plate was excited using a 
piezoelectric shaker and the number of accelerometers was used to 

measure the acceleration responses. To realize the free boundary 
requirement for each of the plate's four corners, the plate was 
hung.  
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Figure 2 (a) Experimental test construct and free boundary 
condition  

(b) Mounting of shaker and accelerometers 
 

4.Modal Analysis 

The impulse-response modal test was performed using the 
instrumented hammer to determine the natural frequencies. 
Figure 2 depicts the twenty-five checkpoints for the 3 laminates 
(intact, centered, and uncentred separation) using the 
accelerometer. Then, the natural frequencies were found. Table 
1 provides a list of the experimentally discovered modes. 
Although it might be predicted that the separated plates will 
exhibit somewhat lesser natural frequencies than the healthy 
plate, this is not always the case. Because these samples were 
made specifically for the current investigation, a little 
manufacturing process variation may be the cause. Another 
possibility is a slight variation in how the vibrator is positioned on 
various laminates.  

Table 1 Discovered natural frequencies by experiment. 
   

Modes  
Intact 

laminate  

Separated 
laminate (centered 

separation)  

Separated plate 
(uncentered 
separation)  

1  59.08 Hz  56.58Hz  58.32 Hz  
2  94.88 Hz  95.08 Hz  94.41 Hz  
3  132.87 Hz  131.98 Hz  130.29 Hz  
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4  139.48 Hz  138.13 Hz  137.46 Hz  
5  154.87 Hz  153.89 Hz  152.01 Hz  
6  213.17 Hz  208.46 Hz  213.07 Hz  
7  265.57 Hz  263.36 Hz  265.74 Hz  
8  345.69 Hz  344.47 Hz  343.28 Hz  
   
 5.Response Evaluation 
 The composite plates in Figure 2 that are healthy and separated have 
both been the subject of vibration studies. At the first 8 modes, 
composite plates were activated through the shaker. Figure 2 
displays the measured relatively stable acceleration responses at 25 
sites on the laminates utilizing a quantity of accelerometers. Figures 
3-5 illustrate a few representative acceleration ranges of intact and 
drop laminate when stimulated at modes 7 and 8 at positions 8 and 
19 (noticeable in Figure 2). In figures 3-5, the exciting frequency is 
denoted by the letter "y1" in the spectrum, while the components y2, 
y3,... denote its higher harmonics. The spectra show that in addition 
to the exciting mode, various modes other than that also contribute to 
the total response since the composite plate is uneven. Additionally, 
the more exhilarating harmonics of that frequency are introduced by 
a disorderly interaction among the separated layers in the plates with 
separation. Even though these higher harmonics were also present 
in the healthy composite plate, which was likely caused once again 
by the inhomogeneous nature of laminates, it had no impact as 
noticeable as it was in the separated plates. 
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Figure 3 Intact plate's amplitude acceleration spectrum when stimulated on 
Mode 7 (a-b), mode 8 (c-d) on places 8, and 19. 
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Figure 4 Acceleration spectrum for amplitude of the uncentred separated 
laminate on locations 8 and 19, when triggered on modes 7(a-b) and 8(c-

d). 
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Figure5 Sample amplitude acceleration spectra on positions 8 and 19 for 
centered separated laminate activated on modes 7 (a-b) and 8 (c-d). 
6.Detection of Separation 
More analysis of the acceleration response facts evaluated after 
seeing the spectral variations between both the intact versus 
separated laminates so that a separation detection procedure is made 
easy. The measured responses' RMS (root mean square) values were 
also calculated, and positive findings led to additional research on this 
parameter. It is hard in order to assess the RMS estimates at several 
places (25 sites) because the observed acceleration responses often 
have varying overall amplitudes at different sites. Therefore, the 
amplitude of each observed acceleration response was standardized 
to one to unify RMS computation at various measured locations. Next, 
the normalized RMS for each of 25 sites of separate plates at an 
individual mode of excitation was calculated, followed by each mode's 
median RMS. Median normalized RMS for 25 places for every mode, 
one intact & two degraded laminates are shown in Table 2. Intact 
laminates till mode 8 have shown a slight rise in mean normalized 
RMS for individual mode, whereas separated laminates have shown a 
more rise in mean normalized RMS for acceleration responses. As a 
result, this value serves as a reliable health indicator for separation 
identification. 
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Table 2 Displays the averaged normalized RMS of acceleration 

responses for individual mode.  

Mode Intact laminate 
Separated laminate 

(centered 
separation) 

Separated laminate 
(uncentered 
separation) 

1 0.2358 0.2372 0.2275 
2 0.2653 0.2185 0.2199 
3 0.2765 0.2981 0.2340 
4 0.2543 0.4764 0.2699 
5 0.2876 0.3011 0.3080 
6 0.2984 0.4002 0.4510 
7 0.3778 0.5109 0.3960 
8 0.3873 0.4945 0.4421 

Average 0.2978 0.3671 0.3185 
  

As a result, the velocity data transformed from the acceleration data, 
and the averaged normalized RMS was then calculated for each 
mode. Table 3 lists the normalized average RMS readings for the 
velocities recorded at 25 places in every mode for intact & separated 
laminates. Separated plates have been shown to have a mean of 
eight modes RMS value that is much higher than healthy plates. While 
it is greater for separated laminates excluding some lesser modes, the 
mean standardized RMS with respect to every mode's velocity 
response doesn't change much. The mean of primary 8 modes 
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demonstrate the possibility for more quickly identifying the occurrence 
of separation, even though it is possible that at lesser modes in the 
event of separated laminates, the disorderly connection among the 
separated plies possibly not noticeable because of the tiny size 
separation studied here and resulting in lesser RMS similar intact one. 

 
Table 3 RMS values, averaged over all modes, for noted velocity 

responses. 
 

Mode 
Intact 

laminate 
Separated laminate 

(centered separation) 
Separated plate 

(uncentered separation) 
1 0.3298 0.2908 0.2921 
2 0.3387 0.3225 0.2844 
3 0.3489 0.4077 0.2701 
4 0.3287 0.4969 0.3601 
5 0.3107 0.3201 0.3487 
6 0.2892 0.4398 0.6098 
7 0.3598 0.6398 0.5687 
8 0.3784 0.6169 0.5989 

Average 0.3355 0.4418 0.4166 
 
7.Location of Separation 
Knowing the location of the separation is crucial once the separation 
has been discovered. Thus, a straightforward method has been 
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developed for this aim. As illustrated in Figures 4-5, it's been 
observed separated laminates prominently display elevated harmonics 
of exhilarating frequencies; as a result, the harmonics of exhilarating 
frequency have been examined. Modes 4 and later were accounted 
for all three plates, given that mean normalized RMS of modes 1-3 for 
separated laminates are almost identical to those for an intact plate. 
Following next approach has been investigated. Each mode's 
Normalized Total of Higher Harmonics (NTH) is calculated as total of 
harmonics at the location j when at mode i, 
  

      ∑         

 

   

 

 
where n is the exciting frequency from harmonics 2, 3,…,x,         is 
the velocity amplitude of the exciting mode's i of the nth harmonic at 
position j where it was measured. This THij is then normalized by the 
maximum value across all of the recorded locations to get the 
normalized TH (NTH). Additionally, all of the modes' whole NTH 
(WNTH) at each measurement site has been estimated. 

       ∑   

 

 

   

where the modes employed in this computation are l and m. Here, the 
modes of beginning (l = 4) and ending (m = 8) have been employed. 
The plots of the NTH and its WNTH give clear clues as to where the 
separation is. Figures 6 to 8 for the clean and separated plates show 
typical NTH schemes in various modes and their WNTH plot. The 
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separation site may be seen on the NTH plot in each mode, however, 
the WNTH indication offers a much better separation location.   
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 6 NTH schemes Modes 4-6 (a-c) , (d) WNTH scheme Modes 
4 to 8 healthy plate  

a b 

c d 
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Figure 7 NTH schemes of Modes 4-6 (a-c), WNTH scheme (d) of 
Modes 4-8 of uncentred separated laminate  
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Figure 8 NTH schemes of Modes 4-6 (a-c), WNTH scheme (d) of 

Modes 4-8 of centered separated laminate.  
 

When we compare previous studies with this study, the reliability of 
vibration-based damage assessment approach in identifying 
separation in laminate was confirmed the study, also provided new 
insights into the characteristics of delaminated plates. Two specific 
indicators, the averaged normalized RMS and the normalized total of 
greater harmonics were found to be accurate in finding separation, 
these findings have significant implications for development of more 
reliable for monitoring the condition of composite structures  . Earlier 
studies have explored different techniques, including numerical 
simulations, analytical methods, and machine learning, to detect and 
locate delamination in composite structures. 
8.Conclusion 
When stimulated experimentally at a few lower modes, the behavior of 
three composite laminates, one intact (without separation) besides the 
additional two with centered and uncentered separation, became 
studied. It has been noted that the non-homogeneous nature of the 
composite causes other modes to emerge when one mode is 
stimulated in the measured acceleration spectra. Because of the 
nonuniform interaction between the separated layers, the plates with 
separation furthermore exhibit some greater harmonics of the excited 
frequency. Additionally, it has been noted that the separated plates 
exhibit an increasing tendency in the mean normalized RMS value at 



 

 

Rashed Abdullah. Abdulsalam  

–2022 827 

–2023 827 

each mode against the intact laminate. Additionally, it has been shown 
existence of separation is indicated by the median normalized RMS of 
velocity responses for entire modes being higher than 0.4. Further 
examination of recorded signals reveals NTH (normalized total of 
greater harmonics) of simulating frequency for individual mode and its 
whole NTH (WNTH) accurately identifies the site of separation for the 
experimental cases. Therefore, it can be said that the averaged 
normalized RMS and the WNTH are reliable indicators for detecting 
separation and specifying its position. Velocity responses of a little 
lesser modes are used in the technique development, it is realistically 
possible to employ a regular shaker and a laser vibrometer on a real 
structure. It's also vital to keep in mind that the conclusion has to be 
further validated on other types of composite materials because it is 
solely based on experimental findings conducted on E-glass fiber and 
epoxy resin composite plates. 
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