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Abstract: In this paper tunable Q-factor wavelet transform is 

implemented into damage identification. Fixed – Fixed beam 
damage identification problem is demonstrated. Translation and 
Rotational mode shapes are used as an input signal, the TQWT 
algorithm depends Q-factor and asymptotic redundancy, when it 
matches with the oscillatory behavior of the input signal it is 
tuned. This method decomposes a signal into a high-Q-factor and 
low-Q-factor component, and it can be used to differentiate the 
damaged and undamaged mode shapes of the beam structure. 
TQWT coefficient is used as damage index to locate and quantify 
the damage. Proposed method evaluated experimentally and 
results shows TQWT algorithm has a potential to detect even a 
small damage (10% stiffness loss) present in the structure. 

Keywords: Tunable Q-factor wavelet transform (TQWT), 
Translational mode shapes, Rotational mode shapes, and Damage 
detection.  

I. INTRODUCTION 

Modes are associated with structural resonances; modes are 
the properties which exists intrinsic of a structure [1]. 
Structural health condition monitoring refers to use the 
intrinsic property to analysis the structural behavior, 
structural response indicate damage condition [2]. The modal 
flexibility it is more sensitive to damage detection [3]. Natural 
frequency was added with mode shapes data with the help of 
these data genetic algorithm was developed [4]. SMS (strain 
mode shape) shows excellent sensitivity over DMS 
(Displacement mode shape) to detect local damages [5]. The 
BED method doesn’t need any base line data for locating 
structural damage [7]. Damage identification consists of five 
levels as follow; detection of fault present in a structure [8]. 
FRF (frequency response function) based damage detection 
method proposed [37]. FRF data merge with the Principal 
component analysis and it is utilized in artificial neural 
networks to provide a better solution [9]. MDI (Measurement 
dependency Index) and PDI (Parameter dependency Index) 
developed for damage detection in updating problem [10]. 
Damaged Timoshenko beam analyzed by wavelet technique 
proposed method evaluated experimentally both results are 
reasonable match [11]. Double cracked cantilever beam and 
bridge structures are analyzed by CWT (Continuous wavelet 
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transform), results shown the proposed method is effective in 
single and multi-damage detection even in noisy environment 
[12] [6]. Some mode shapes are better sensitive in damage but 
not all mode shapes [13]. Developed a new method from 
beam damage index is proposed (MSDBDI) for plate 
structure [14]. Sensors and logic controller used to identify 
defect in advanced level [15].  

Wavelet based pressure calculation was executed for three 
unique kinds of information resembles intermittent, 
Continuous non-stationary and transient information. The 
outcomes demonstrates the pressure calculations are 
particularly useful for transient information. The smooth 
wavelets are better for ordinary, stationary, intermittent 
information. Wavelet pressure in vibration examination can 
be utilized not just for compelling stockpiling and 
transmission of the information, yet additionally for highlight 
choice [16]. Wavelet procedure over the more conventional 
Fourier strategy is that it offers the likelihood of a nearby 
investigation or combination [17]. Incorporated 
distinguishing proof strategy dependent on Wavelet 
Transform and bootstrap hypothesis has been proposed for 
considering vulnerability impact on modular parameter. 
Proposed technique has been connected to a numerical 
recreation and a scaffold model test giving palatable 
aftereffects of modular parameter estimation [18]. 
Mathematical arrangement of the leftover power condition it 
is basic harm measurement procedure however it is 
inadequate when clamor present, MREU system can 
distinguish auxiliary harms just when the quantity of mode 
shapes utilized in the computation rises to the position of the 
annoyed grid. This system is having enormous blunder when 
the clamor included, normal recurrence affectability 
technique is powerful on the grounds that the lower 
frequencies of structures can be estimated correctly, yet the 
disadvantages of the strategy is a second-request guess or an 
emphasis plan must be performed with expanding harms, 
which adds to the calculation endeavors [19]. 

The wavelet change is joined with Shannon entropy to 
recognize damage from estimated vibration signals, Damage 
highlights, for example, wavelet entropy, relative wavelet 
entropy and wavelet – time entropy are characterized and 
examined to identify and find damage. The damage 
distinguishing proof technique is inspected by a numerically 
reproduced case and tentatively [20]. Without requirement for 
benchmark modular parameters of the intact structure, 
proposed system, the deliberate unique sign are deteriorated 
into the wavelet packet decomposition (WPD) parts, the 
power spectrum density (PSD) of every segment is assessed 
and afterward a damage restriction pointer is processed to 
demonstrate the basic damage 
[21]. 
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 Wavelet entropy based damage location technique has 
been exhibited utilizing I mode 2 remote savvy sensors [22]. 
This paper builds up a Wavelet change for 
discrete-time-signal for which the Q-factor is effectively 
tunable.  

TQWT (tunable-Q wavelet change) it is indicated by two 
parameters: Q-factor and excess (over inspecting rate), 
Q-factor of the wavelet change is ceaselessly tunable offering 
more decisions to coordinate the oscillatory conduct of the 
broke down sign [23].The help of TQWT the signals are 
decomposed to high and low oscillatory components [24] [25] 
[35] [36]. MSE (Multi scale entropy) provides the complexity 
of damage state on each point, SVM (Support Vector 
machine) provides the complexity of damage points for 
damage area construction [26]. Condition checking 
framework is developed for the ATC (Automated tool 
changer) for the globoidal ordering cam, including vibration 
signal procurement, flaw highlight extraction and restriction 
and condition evaluation, it is superior to the EMD in issue 
extraction [27]. TQWT is utilized to investigate the 
fundamental multifaceted nature and non-linearity of 
electroencephalogram (EEG) flag by registering a novel 
multi-scale entropy measure the order of seizure, sans seizure 
and ordinary EEG signals [28] [29] [32]. Two-advance harm 
recognizable proof methodology dependent on wavelet 
multi-goals investigation and hereditary calculation (GA) in 
pillar structures is executed, the area of break is distinguished 
by relative wavelet bundle entropy, damage severities is 
determined utilizing GA [30] Dolphin eco location algorithm 
is implemented for beam damage detection [31]. Combination 
of CWT and DWT analyzing procedure is suitable for 
concrete for monolithic dam damage detection [33] 
Imperialist Competitive Algorithm (ICA) damage detection is 
more effective than binary genetic algorithm and Particle 
swarm optimization [34]  

Last two decades vibration signatures based damage 
detection is one of the important emerging field, Damage size 
and severities having a major influence in selection of 
different vibration based damage detection technique, 
Predicting the damage of the structure in the earliest stage is 
very important, it is one of the challenging task in this area. In 
the present paper, an attempt has been made to detect the 
presence of damage in beam structure using the combination 
of transverse and rotational displacement data. Determine its 
location and size, based on numerical modal analysis results, 
the transverse mode shape data is used without base line data 
and rotational mode shapes are obtained from the damaged 
and undamaged beam structure. For increasing the sensitivity 
of damage detection difference data is utilized. The novel 
TQWT method is implemented in damage detection using 

mode shapes data.   

II. TQWT BASED DAMAGE DETECTION WITHOUT BASE 

LINE DATA 

Normally in the vibration based damage detection method 
needs undamaged and damaged structures mode shape data, 
in practical cases it is very difficult to obtain the undamaged 
mode shape data, in this TQWT based damaged detection 
method only damaged mode shapes data enough. The signal is 
decomposed into high frequency and low frequency contents; 
Q-factor is easily adjustable to match with the input signal, 
this advantage is considered in this analyze, it is very useful in 

analyzes the complicated signal like EEG , previous 
researchers are utilized this technique in time domain. This 
research idea is implementing TQWT in structural damage 
detection using the spatial signals, and extract features which 
up to second sub-band. For this research the radix-2 
tunable-Q wavelet transform is used with Q-factor specified 
to be 1 and the over sampling –rate is specified to be 3 and 
β=1, α= 0.66. For an input signal of length N=1500, if the 

transform is computed for J=5 levels, then the wavelet 

sub-bands  are of lengths 

  

And the length of the final low-pass sub-band is 

length . The all out number of wavelet 
coefficients among the 5 sub-groups including c(j) is 2048. 
The discrete wavelets decomposing and composing can be 
figured by setting all wavelet coefficients equivalent to zero 
with the exception of one coefficient in w(j) which is set to 
solidarity. Applying the reverse wavelet change yields the 
level j wavelet. 

 
Fig. 1: Schematic diagram of TQWT based damage detection in beam 

structure 

Fig. 1 explains clearly how the proposed method performed, 
here damaged translational mode shapes only used to locate 
and quantify the damage. 

III. NUMERICAL MODELLING 

A. Undamaged beam structure 
For preparing finite element model, first the stiffness and 

mass matrices are calculated for each element. The stiffness 
and mass matrices of the structure for undamaged state, 

denoted by  and , respectively, are constructed as 
follows [31]. 

                              (1) 

                                (2)                                                                                                         

Where  and  are the stiffness and mass matrices of the 

jth element, respectively,  is number of elements of the 
structure. 
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B.  Reduction of Young’s modulus 
In this study damage is simulated using the reduction of 

modulus of elasticity of 1046th element. Therefore, the 
relationship between the two states for the jth element is 
obtained by  

                                                      (3)                                                                                                                   

 and  are the young’s modulus of the jth element for the 

damaged and undamaged states, respectively,  is the 
reduction percentage of young’s modulus. The reduction of 

young’s causes reduction of stiffness matrix as following 

                                              (4)                                                                                          

  Stiffness matrix of structure for damaged condition. 
C. Evaluating the dynamic parameters of the 
undamaged and damaged structure 

The Eigen value equation of undamaged structure 

                                      (5)                                                                                 
The Eigen value equation of damaged structure 

                                    (6)                                                                              

Where  and  are the jth natural frequency and mode 

shape of the undamaged state, and  and  are the jth 
natural frequency and mode shape of the damaged state 
respectively. Consider the structure is un damped. 

 

 
Fig. 2: Undamaged and damaged structure of Fixed- Fixed beam (all 

dimensions are in mm) 

Fig. 2 shows the undamaged rectangular beam structure and 
single damaged beam structure and damaged element location 
is mentioned with element number. In this current work 
simply supported beam with rectangular cross section 
h=0.02m, b=0.004m, and length 1.5m modeled. The Young’s 

modulus (7.2e10Gpa), Poisson’s ratio (0.3), density (2700 

kg/m3) given as material properties. The 2 node BEAM 3 
elastic is taken as element type this element is having six 
degrees of freedom. 

 The length of the beam is divided into 1500 divisions and 
width of the beam is considered a single division. The total 
numbers of elements obtained are 1500. The damage is 
simulated by reducing Young’s modulus value of the element 

in beam structure. Different damage cases and corresponding 
reducing in Young’s modulus values are tabulated as shown 

in Table.1.The modal analysis is performed on the beam 
structure  to estimate  natural frequency, mode shapes and 
nodal displacements (rotational and translational) values of 
damaged and undamaged and all cases. 

Table 1 The different damaged cases with element number 

Damage case % of the Young’s 

modulus reduction 
Damaged element 

number 

1 90 1046 
2 60 1046 
3 40 1046 

4 20 1046 
5 10 1046 

Table 1 highlights the damaged element and a different 
damage cases young’s modulus reduction percentage. 
Different percentage of reduction in young’s modulus 

indicates the damage with different severities. In structural 
damage detection localize the damage is comparable simple 
with damage depth calculation, normally in the wavelet based 
damage detection method the predicting the damage depth is 
very high comparing to the actual depth. This advantage made 
its popular in damage detection area; it is very useful to detect 
the damage before the damage gets worst. 

Table 2 Natural frequency comparison for both damaged and 
undamaged cases 

Damaged 
Cases 

Mode 
1 

Mode 2 Mode 3 Mode 4 Mode 5 

undamage
d 

9.464 26.088 51.142 84.538 126.281 

1 9.455 25.952 51.054 84.476 125.59 

2 9.462 26.065 51.127 84.527 126.16 

3 9.463 26.078 51.135 84.533 126.23 
4 9.464 26.084 51.139 84.536 126.26 
5 9.464 26.086 51.140 84.537 126.27 

 
Table 2 shows the natural frequency reduction for different 

damage cases. It clearly denotes damage present in the 
structure. 

In the damage detection area the combination of natural 
frequency and mode shapes data is very useful to localize and 
quantify the damage.  
D. Mode selection 

Mode shape data’s are obtained for damaged and Undamaged 
beam for different damage cases. Consider the natural 
frequency difference in damaged and undamaged structure, 
gives the clear idea about the sensitivity of mode shape data, 
higher frequency difference is having high sensitivity in 
damage detection, here fifth mode and second mode having 
considerable difference in frequency, from the literature 
survey normally the higher modes are not sensitive in the 
damage detection so Mode 2 Translational and Rotational 
data’s are considered for further research.  
This research focuses two way approaches, first considering 
only fixed-fixed damaged beam structure’s translation mode 

shapes data consider as an input signal for TQWT. Second the 
difference between undamaged and damaged beam’s 

rotational mode shapes data consider as input signal for 
TQWT.  

IV.  SIMULATION RESULTS AND DISCUSSION 

A. Module I 

In this part of analysis only translational second mode 
shapes are considered for damage detection using TQWT 
algorithm. Only damaged data’s are used for this approach. 

B. Mode shapes Comparison 
From the intensive literature review, Rotational mode shape 
data’s are having high sensitivity comparing to its 

Translational mode shape data in damage detection for beam 
like structures.  
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Table 2 indicates second mode and fifth mode are having 
highest variation in the natural frequency comparing to all 
other modes, normally the wavelet transform based damage 
detection method is optimum for low frequency because the 
high frequencies are having larger disturbances, so in this 
research entirely focuses second mode shape Translational 
and Rotational data.  

C.  Translational mode shape data 

 
Fig. 3 Translational mode shapes comparison for different damage 

cases 

Fig. 3 shows different damage cases of beam’s translational 

nodal displacements are plotted along the axis of the beam. 
This data is not sufficient to localize or quantify the damage 
present in the structure. 

D. Rotational Mode shape data 

 
Fig. 4: Rotational mode shapes comparison for different damage cases 

Fig. 4 shows different damage cases of beam’s rotational 

nodal displacements are plotted along the axis of the beam. 
This data is not sufficient to localize or quantify the damage 
present in the structure. From the both mode shapes data Figs 
3 and 4 clearly shows, it is very difficult to localize the 
damage in the structure with these data set, the novel idea of 
implementing TQWT in damage detection of beam structure. 
The proposed method uses spatial data as an input parameter 
to identify the structural damage, and evaluate the 
effectiveness of TQWT in structural damage identification.  

E. Damage case 1 

 
Fig.5: (Damage case 1) two dimensional plot of TQWT Coefficient 

along the length of beam for first five sub-bands 
 

Fig. 5 shows the first five sub-bands of TQWT Coefficients 
are plotted towards the major axis of a beam structure. 3, 4, 5 
sub-bands are showing peak in the damage location, the 
maximum TQWT coefficient is used as damage index for 
locating the damage.  

F.  Damage case 2 

Fig.6 shows the first five sub-bands of TQWT Coefficients 
are plotted towards the major axis of a beam structure. Fifth 
sub-band is showing peak in the damage location, once the 
damage severe is reduced the peak value is also reduced, the 
maximum TQWT coefficient is used as damage index for 
locating the damage.  

 
Fig. 6: (Damage case 2) two dimensional plot of TQWT 

Coefficient along the length of beam for first five 
sub-bands 

G. Damage case 3 

 
Fig. 7: (Damage case 3) two dimensional plot of TQWT 

Coefficient along the length of beam for first five 
sub-bands 

Fig. 7 shows the first five sub-bands of TQWT Coefficients 
are plotted towards the major axis of a beam structure. All the 
sub-bands are not showing peak in the damage location, once 
the damage severe is reduced the peak value is also reduced, 
but the maximum TQWT 
coefficient is locating the 
damage.  
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H. Damage case 4 

 
Fig. 8:   (Damage case 4) two dimensional plot of TQWT Coefficient 

along the length of beam for first five sub-bands 

 
Fig.8 shows the first five sub-bands of TQWT Coefficients 
are plotted towards the major axis of the beam. Fifth sub-band 
is showing peak in the damage location, once the damage 
severe is reduced the peak value is also reduced, the 
maximum TQWT coefficient is used as damage index for 
locating the damage. For damage case 4, proposed technique 
is inefficient to locate the damage, because the damage 
localization error is high.  

I. Damage case 5 

 
Fig. 9: (Damage case 5) two dimensional plot of TQWT Coefficient 

along the length of beam for first five sub-bands 

Fig.9 shows the first five sub-bands of TQWT Coefficients 
are plotted towards the major axis of a beam structure. Plotted 
graph is not showing peak in the damage location, once the 
damage severe is reduced the peak value is also reduced, the 
maximum TQWT coefficient is used as damage index for 
locating the damage. For damage case 5, proposed technique 
is inefficient to locate the damage, because the damage 
localization error is high.  

J.  Translation mode shapes data Feature extraction 

a. Sub-band-1 

 
Fig. 10(a): Two dimensional plot of TQWT Coefficient along the length 

of beam for first sub-band 

Fig. 10(a) shows the first sub-band TQWT Coefficients are 
plotted towards the major axis of a beam structure, it is very 
difficult to locate the damage even peak is present in the 
location, around the peak lot of noises present.  

 
Fig. 10(b): Two dimensional plot of TQWT Absolute Coefficient along 

the length of beam for first sub-band 

Fig.10(b) shows the first sub-band TQWT Absolute 
Coefficients are plotted towards the major axis of a beam 
structure in order to avoid negative values, it is very difficult 
to locate the damage even peak is present in the location, 
around the peak lot of noises present.  

b. Sub-band 2 

 
Fig. 11(a): Two dimensional plot of TQWT Coefficient along the length 

of beam for second sub-band 

Fig. 11(a) shows the second sub-band TQWT Coefficients 
are plotted towards the major axis of a beam structure, it is 
very difficult to locate the damage even peak is present in the 
location, around the peak lot of noises present.  

 
Fig. 11(b): Two dimensional plot of TQWT Absolute Coefficient along 

the length of beam for second sub-band 

Fig. 11(b) shows the second sub-band TQWT Absolute 
Coefficients are plotted towards the major axis of a beam 
structure in order to avoid negative values, it is very difficult 
to locate the damage even peak is present in the location, 
around the peak lot of noises present.  
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Table 3 TQWT based damage detection sensitivity using translational 
mode shape data 

Different 
Cases 

Damaged 
element 

Predicted 
element 

TQWT 
Coefficient 

Case 1 1046 1047  
Case 2 1046 1048  
Case 3 1046 1047  
Case 4 1046 1033  
Case 5 1046 1061  

Table 3 explains the damage detection sensitivity of the 
proposed technique, TQWT based damage detection using 
translational mode shape values without base line data is able 
to detect the damage up to damage case 3, if the damage 
severity is less means this method is not effective. TQWT 
Coefficient is continuously varying through all damage cases; 
it is useful to predict the damage severity. Predicting the 
damage in the earliest stage is vital; to overcome the certain 
limits difference data is utilized further. 
 
K. Module 2 

In this part of analysis rotational second mode shapes are 
considered for damage detection using TQWT algorithm, 
here difference data is used (difference between damaged and 
undamaged data) 
L. Damage detection using Baseline data 

In this method the difference data’s of rotational mode 

shapes are used as an input signal for TQWT algorithm to 
detect the damage in beam structure. 

M. Damage case 1 

 
Fig. 12: (Damage case 1) two dimensional plot of TQWT Coefficient 

along the length of beam for first five sub-bands 

Fig. 12 shows the first five sub-bands of TQWT Coefficients 
are plotted towards the major axis of a beam structure. All 
sub-bands are showing peak in the damage location, the 
maximum TQWT coefficient is used as damage index for 
locating the damage.  
N. Damage case 2 

 
Fig. 13: (Damage case 2) two dimensional plot of TQWT Coefficient 

along the length of beam for first five sub-bands 

Fig. 13 shows the first five sub-bands of TQWT Coefficients 
are plotted towards the major axis of a beam. All sub-bands 

are showing peak in the damage location, the maximum 
TQWT coefficient is used as damage index for locating the 
damage.  

O. Damage case 3 

 
Fig. 16:   (Damage case 3) two dimensional plot of TQWT Coefficient 

along the length of beam for first five sub-bands 

Fig. 16 shows the first five sub-bands of TQWT Coefficients 
are plotted towards the major axis of a beam structure. All 
sub-bands are showing peak in the damage location, the 
maximum TQWT coefficient is used as damage index for 
locating the damage.  

P. Damage case 4 

 
Fig.17: (Damage case 4) two dimensional plot of TQWT Coefficient 

along the length of beam for first five sub-bands 

Fig. 17 shows the first five sub-bands of TQWT Coefficients 
are plotted towards the major axis of a beam structure. All 
sub-bands are showing peak in the damage location, the 
maximum TQWT coefficient is used as damage index for 
locating the damage.  

Q. Damage case 5 

 
Fig. 18: (Damage case 5) two dimensional plot of TQWT Coefficient 

along the length of beam for first five sub-bands 

Fig. 18 shows the first five sub-bands of TQWT Coefficients 
are plotted towards the major axis of a beam structure.  
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All sub-bands are showing peak in the damage location, the 
maximum TQWT coefficient is used as damage index for 
locating the damage.  

R. Rotational mode shapes feature extraction: 

a. Sub-band 1 

 
Fig. 19: Two dimensional plot of TQWT Coefficient along the length of 

beam for second sub-band 

 

 

Fig.19 shows the first sub-band TQWT Coefficients are 

plotted towards the major axis of a beam structure, the peak 

value is detecting damage.  

 
Fig. 20: Two dimensional plot of TQWT Absolute Coefficient along the 

length of beam for first sub-band 

Fig.20 shows the first sub-band TQWT Absolute Coefficients 

are plotted towards the major axis of a beam structure in order 

to avoid the negative values. The values are depending the 

damage cases, it clearly suggests the proposed technique is 

not only locate the damage quantify the damage.  

 

       b. Sub-band 2 

 
Fig. 21: Two dimensional plot of TQWT Coefficient along the length of 

beam for second sub-band 

Fig. 21 shows the second sub-band TQWT Coefficients are 

plotted towards the major axis of a beam structure, the peak 

value is detecting the damage.  

 
Fig. 22: Two dimensional plot of TQWT Absolute Coefficient along the 

length of beam for second sub-band 

Fig. 22 shows the second sub-band TQWT Absolute 

Coefficients are plotted towards the major axis of a beam 

structure in order to avoid the negative values. The values are 

changing depends its damage cases, it clearly suggests the 

proposed technique is not only locate the damage quantify the 

damage. Table 4 explains the damage detection sensitivity of 

the proposed technique, TQWT based damage detection 

using rotational mode shape values with base line data is able 

to detect the damage for all cases, using the difference data is 

effective in damage detection. 
Table 4 TQWT based damage detection sensitivity using rotational 

difference mode shape data 
Different 

Cases 
Damaged 
element 

Predicted 
element 

TQWT 
Coefficient 

Case 1 1046 1048  

Case 2 1046 1048  

Case 3 1046 1048  

Case 4 1046 1048  

Case 5 1046 1048  

 
Table 4 explains the damage detection sensitivity of the 

proposed technique, TQWT based damage detection using 
rotational mode shape values with base line data is able to 
detect the damage for all cases, using the difference data is 
effective in damage detection. TQWT Coefficient is 
continuously varying through all damage cases; it is useful to 
predict the damage severity. Predicting the damage in the 
earliest stage is vital; so this method very effective. 

V.  EXPERIMENTAL VERIFICATION 

To validate the numerical results of the TQWT, an 
experiment on a steel beam has been performed in order to 
test the possibility of applying proposed TQWT based 
damage identification method to experimental data (mode 
shape), experimental modal analysis is carried out on a simple 
steel with free-free boundary condition. This is particularly 
necessary because the experimentally obtained mode shape is 
distorted with noise. Hence the effectiveness of the method 
with noisy mode shape as input can be investigated. 
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A.  Experimental mode analysis 
For experimentation, a steel beam with rectangular cross 

section of dimension  mm is considered. The 
schematic diagram showing the experimental setup is shown 
in fig.23. The beam is supported by a thin nylon rope with 
flexible springs to simulate free-free boundary conditions. In 
order to acquire fundamental mode shape accurately the beam 
is supported at the nodal points of first mode shape. A 
miniature accelerometer (B&K 4344) used to measure the 
response is firmly fixed near the middle of the beam with a 
bee wax. The beam is excited by using impact hammer and the 
resulting data has been acquired by dynamic signal analyzer 
(ALIGENT-35670A). The acquired signal has been averaged 
twice in frequency domain. Acquired frequency response 
functions at different locations from dynamic signal analyzer 
are given as input to modal analysis software (LMS CADA 
PC MODAL) to get natural frequencies and mode shape. 

 
Fig. 23: Schematic diagram of experimental set up 

The vibration is acquired at 31 discrete points with a spatial 

distance of 25.4 mm. The damage is artificially introduced by 

a symmetric wide slot in 13th element (at 304 mm from left 

end) of the beam as shown in fig. 24, the width (w) of which is 

25.4 mm. Experimental mode shapes are measured for three 

different cases of damage with damage 10,15,20 percentage. 

 

 

Fig. 24: Free-Free damaged beam used for experimental 

analysis (700X30X20) (all dimensions are in mm) 

B. Experimental Results and discussion 

First the undamaged beam is considered and the experimental 

values of natural frequencies are compared to those of 

numerically results obtained by using the same dimension, 

material property and boundary condition.  
Table 5 First four natural frequencies of undamaged beam 
Mode No Natural Frequencies (Hz) 

 FEM(MATLAB) Experimental 

1 180.88 181.70 
2 498.61 498.48 

3 977.49 970.02 

4 1615.9 1592 

 
Table 5 shows the first four natural frequencies for 
undamaged beam which shows acceptable differences 
between the numerical and experimental results. Fig. 25 
shows the first four natural frequencies and mode shapes 
respectively for beam with 10 percent damage obtained as 
output from LMS CADA modal analysis software. 

 

 
Fig. 25: First four mode shapes obtained from LMS CADA Modal 

analysis software 

a. Experimental Damage case 1: (10% thickness 

reduction) 
The fundamental mode shape of different damage cases of 

beam structures response analyzed with the help of TQWT 
algorithm. Fig. 26 (a) shows the experimentally obtained 
fundamental mode shape for 10% damaged beam mode 
shape; Fig. 26(b) shows the first five sub-bands of TQWT 
Coefficients are plotted towards the major axis of a beam 
structure. Small peak present in the damage location, Fig. 
26(c) shows the first sub-band of TQWT  
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Fig. 26 (a): shows the experimentally obtained fundamental mode shape 

for 10% damaged beam mode shape 

 
Fig. 26(b) : (10% thickness reduction) two dimensional plot of TQWT 

Coefficient along the length of beam for first five sub-bands 

 
Fig. 26(c): Two dimensional plot of TQWT Absolute Coefficient along 

the length of beam for first sub-band 

Absolute Coefficients is plotted along the axis of the beam 
structure in order to avoid the negative values. TQWT 
absolute coefficient is failed to locate damage without fault 
detection, because boundary effects are producing large 
TQWT coefficient values in the initial and end nodes, and 
used signal length is not sufficient to produce without fault. 

b. Experimental Damage case 2: (15% thickness 

reduction) 

 
Fig. 27 (a): shows the experimentally obtained fundamental mode shape 

for 10% damaged beam mode shape 

 
Fig. 27(b): (15% thickness reduction) two dimensional plot of TQWT 

Coefficient along the length of beam for first five sub-bands 

 
Fig. 27(c): Two dimensional plot of TQWT Absolute Coefficient along 

the length of beam for first sub-band 

Fig. 27 (a) shows the experimentally obtained fundamental 
mode shape for 15% damaged beam mode shape; Fig. 27(b) 
shows the first five sub-bands of TQWT Coefficients are 
plotted towards the major axis of a beam structure. Fig. 30(c) 
shows the first sub-band of TQWT Absolute Coefficients is 
plotted along the axis of the beam structure in order to avoid 
the negative values. TQWT absolute coefficient is failed to 
locate damage without fault detection because boundary 
effects are producing large TQWT coefficient values in the 
initial and end nodes, and used signal length is not sufficient 
to produce without fault. 
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C. Experimental Damage case 3: (20% thickness 
reduction) 

 
Fig. 28 (a): shows the experimentally obtained fundamental mode shape 

for 10% damaged beam mode shape 

 
Fig. 28 (b):  (20% thickness reduction) two dimensional plot of TQWT 

Coefficient along the length of beam for first five sub-bands 

 
Fig. 28(c): Two dimensional plot of TQWT Absolute Coefficient along 

the length of beam for first sub-band 

Fig. 28(a) shows the experimentally obtained fundamental 

mode shape for 20% damaged beam mode shape; Fig.  31(b) 

shows the first five sub-bands of TQWT Coefficients are 

plotted towards the major axis of a beam structure. Fig. 31(c) 

shows the first sub-band of TQWT Absolute Coefficients is 

plotted along the axis of the beam structure in order to avoid 

the negative values. TQWT absolute coefficient is failed to 

locate damage without fault detection because boundary 

effects are producing large TQWT coefficient values in the 

initial and end nodes, and used signal length is not sufficient 

to produce without fault 
Table 6 Comparison of experimentally obtained first four natural 

frequencies for undamaged and damaged beam 

Mode No Experimental Results 

Undamaged Damaged, c/h=0.1 

1 181.70 179.079 

2 498.48 496.201 

3 970.02 968.010 

4 1592 1579 

The TQWT algorithm is able to detect all different damage 
cases, but the TQWT absolute coefficients are not only 
locating the damage it is also showing some fault detection 
due to the boundary condition initial and end nodal 
displacements are very high comparing to their adjacent 
nodes value so the TQWT absolute coefficient are always 
show the maximum value in the following nodes, and one 
more reason is number of nodes are obtained from the 
experimental analysis is not sufficient to get accurate results. 
Hence the TQWT based damage identification method 
strongly depends on the measurement methods use to acquire 
spatial data, the accuracy and the measurement noise. This 
method is particularly suitable, when the vibration data is 
obtained from laser Vibrometer or optic fiber sensor which 
provides data with high accuracy and high spatial density. The 
experimental outcomes demonstrate that a key issue in 
applying TQWT dependent on the appropriated sign is the 
spatial goals and exactness required in making estimations. 

VI. CONCLUSION 

In this research, TQWT calculation is proposed for 
vibration-based damage location discovery and extraction. 
This method considers the sign decay and highlight extraction 
as an interactive procedure, the spatial data’s are used as an 

input for this method. The numerical case study of a beam 
with fixed-fixed boundary conditions was used to apply the 
proposed procedure and TQWT coefficients are introduced as 
a damage index for all damage cases. Particular damage 
location with several severities was induced. The proposed 
technique is applied for two different types of data’s one was 

translational mode shapes, and another one was difference 
data of rotational mode shapes. 

Translational mode shapes of different damage cases 
data’s are used as input for TQWT algorithm, this technique is 

effective up to Damage case 3, and once the damage severity 
is reduced the localization error is too high. Without base line 
data damage detection is effective when the damage severity 
is medium or high, if it is low than the translational mode 
shape data’s are not useful to detect damage. Difference data 
of rotational mode shapes of different damage cases data’s are 

used as input for TQWT algorithm, this technique is effective 
for all damage cases. Difference data approach is used to 
localize the damage even the damage severity is very low. In 
order to avoid the noises in the input signal difference data is 
preferred. Proposed feature extraction technique was an 
effective tool in damage detection for beam like structures.  

This paper recommends the restriction of damage 
identification without base information, and uncovered the 
benefit of distinction information technique in damage 
discovery.  
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The exploratory outcomes demonstrate the adequacy of 
TQWT based damage location. The eventual outcomes of the 
present work insinuate a fixed-fixed shaft yet can be 
successfully connected with fuse progressively complex 
structures and limit conditions. Free – Free beam structure is 
confirmed tentatively, the test results having great 
concurrence with numerical forecast however the trial 
strategy results demonstrates the TQWT calculation viable in 
damage finding when the signal length is ideal. 
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