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The damage detection in structural health monitoring was performed in glass
fiber composite plates and carbon nanotude composite plates.
Electromechanical Impedance technique was used for identification of
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damage using lead zirconate titanate patches. Impact on composite structure
was created artificially by drilling a hole in composite structures. Bolt
stiffnesss were detected by loosening of bolts and nuts in the composite

structures. Corrosion occurs due to the aging and change of environmental
conditions. The novelty in this paper is the use of corroded bolts in
composite structures and identified the effects of corrosion and compared
the output signatures with potentiostat. In this paper common deformation
detection in composite plates, measurement of bolt stiffness and effects of
corrosion has been performed. Measurement of Impedance at different
frequencies were normalized with the undamaged composite structures and
considered as the reference signatures. These results have been analyzed and
verified with the output from potentiostat.
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1. INTRODUCTION

Structural health monitoring (SHM) is the most promising tool for the protection and reliability of
the civil, aerospace and mechanical structures [1]. Application of composite materials in these structures are
rising due to their flexibility, strength and less weight. Damage may proceed at the construction side lifetime
of the material or environment conditions [2]. For testing the damage in composite structures always non
destructive method is used. The non destructive method used for measurement of damage in composite
materials are classified as contact and noncontact methods. Testing using ultrasonic, eddy current and
electromagnetic waves comes under contact methods [3]-[5]. In these methods, sensors are attached to the
structure to get the data regarding the damage. Non contact methods include infrared, radiography and
holography where the physical connection between sensor and the structure are not required [6]-[9].
Electromechanical impedance method (EMI) is the most promising contact method to detect the local
damages at high sensitivity [10]. In this method, piezo electric transducer is used wich has piezoelectric
property. The piezoelectric materials provide piezoelectric property which combines both the electrical and
mechanical impedance of the structure. The damage in the structure results in the variations in physical
characteristic like mass and stiffness which will change the mechanical impedance of structure. The damage
can be detected from the electrical impedance of the piezo sensor [11].

The first EMI model was proposed by Liang et al. [12] using piezo sensors. The EMI technique was
employed in concrete, bridges and pipeline structures to detect the damage effectively [13]-[17]. EMI
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techniques were employed in realtime application in the joints of bridges [13]. At various loading conditions,
the monitoring of concrete bridge was performed using piezo patches [14]. Cracks in composite plates are
identified using embedded piezo sensors on energy variation using wavelet analysis [18], [19]. Detection of
damage in the composite at various locations are performed using Finite element analysis [20]. Several
methods of attachment employed on glass fiber composites and detection of damage was performed and
verified by finite element method [21]. The change in frequency and phase indicates the detection of damage
but theoretically there would be no change in resonant frequency [22], [23]. The composite properties were
reviewed for the applications in biomedical field [24].

Croitoru et al. introduced several damages like environmental condition, severe impacts and
different loads in composite structure [25]. Composite structures with smart materials produce a noticable
change in electrical conductivity when stress or strain was applied to the structure. The change in electrical
parameters indicates the presence of damage [26]. Composite plate made of glass friber polymer was used for
the damage detection using EMI technique. Impedance Analyzer was used to measure the impedance.
Damage was induced into the strucrure using the projectile of energy 30 J [27]. Bonding of sensors with the
structure also affects the detection of damage [28]. Impedance chip was used to identify the damage in the
composite structures by proper calibration. The validation of calibration in the impedance chip was
performed with impedance analyzer [29].

2. METHODOLOGY

Damage detection of glass composite plate and carbon nanotube composite was performed using
EMI measurement. Composite plate of size (200x100x3) mm3 was chosen for analysis. Lead zirconate
titanate transducer (PZT) was surface mounted on the plate using epoxy resin. The model was analyzed
without damage and considered as the reference. Several damages inculcated in the composite plate for the
measurement of EMI. AD5933 was used for measurement of impedance sweeping at the frequency level
from 30 KHz to 100 KHz. First, the damage hole of radius 20 mm was drilled, and impedance was measured.
Second, bolts were used to connect a small composite plate of size (100x50x3) mm?. Due to the external
aspects of the environment, corrosion takes place and hence corroded bolts were taken into consideration.
Third the corroded bolts were used and impedance was measured at every step of thread loosening in the
bolt. For every stage, the measured impedance signature was stored. The impedance signatures were
processed and plotted in Matlab or Microsoft Excel. The impedance signatures were noted in potentiostat in
the same model and stored. The signatures from the impedance chip were verified from the potentiostat
impedance signatures.

Figures 1 to 4 represents the experimental setup of glass fiber and carbon nanotube composite plate
for measurement of impedance using AD5933 and potentiostat. Figure 1 shows the glass composite plate
with a drilled hole and the impedance measured at piezo sensor using AD5933. The impedance data was
obtained by the user defined software of AD5933.

Figure 2 specifies the interface of glass composite plate with the carbon nano tube composite plate
using new holts. The variation in the bolt position indicates the presence of damage in the structure. The bolt
might get corroded in due course of time. The corroded bolts are also experimented in composite structure as
shown in Figure 3. Figure 4 shows the experimeantation set up of the impedance measurement in composite
plates using potentiostat. The data obtained from the potentiostat was verified with the impedance
measurement by AD5933.

Figure 1. Impedance measurement of glass composite plate with a hole using AD5933
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Figure 3. Impedance measurement of glass composite plate with corroded bolt

Figure 4. Impedance measurement of composite plate using potentiostat

3. RESULTS AND DISCUSSION

In this proposed method, two composite plate, glass fiber and carbon nanotube were used. Damage is
created artificially in this experiment by drilling a hole in the composite plates. Impedance signatures were
measured with undamaged and damaged position. Figures 5 and 6 show the impedance signatures obtained
between undamaged and two different types of damage in glass fiber composite and carbon nanotube composite
plate. The inclusions of two holes using driller are the damages introduced in the composite structures. The
impedance increases clearly when subjected to damage. The impedance peak was high at 50 KHz which is
resonant frequency. The resonant frequency of the undamaged system is the same as the damaged system but
the amplitude varies. The impedance value increases as the damage level in the composite plate increases. The
impedance increases from 199.7 KQ to 200.5 KQ which shows the presence of damage on the structure.

Bolts are used to attach the composite plates with a small glass fiber composite. Figures 7 and 8
show the impedance signatures of new bolt for connection of glass fiber and carbon nanotube composite
plate. The threads in the bolt are varied to measure the impedance for damage detection in the composite
plates. The results clearly indicate the variations in the pattern when new bolt is unfastened at every step. The
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impedance increases as the damage level increases. The impedance peak is at 40 KHz and 50 KHz. The
impedance increases from 199.7 KQ to 200 KQ which shows the presence of damage due to loosening of
bolts at the level 1 in carbon fiber composite plates. The impedance varies from 199.7 KQ to 200.3 KQ
which detects the damage due to loosening of bolts at the level 2 in carbon fiber composite plates. The
impedance increases from 199.7 KQ to 200.3 KQ which shows the presence of damage due to loosening of
bolts at the level 2 in carbon nanotube composite plates. Due the the high flexible strength of carbon
nanotube, loosening at the first stage has no changes in the impedance signatures.
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Figure 5. Impedance signature of glass fiber composite at different frequency with and without hole
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Figure 6. Impedance signature of carbon nanotube composite at different frequency with and without hole
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Figure 7. Impedance signature of glass fiber composite at different frequency with loosening of bolts

Due to varying environment conditions, there are high chances of corrosion to occur in bolts so the
experiment was extended by using corroded bolts. Figures 9 and 10 show the impedance signatures of using
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corroded bolts in composite glass fiber and carbon nanotube composite. The impedance value increases as
the bolts are interchanged with the corroded bolts. The impedance peak occurs at 40 KHz and 50 KHz.
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Figure 8. Impedance signature of carbon nanotube composite at different frequency with loosening of bolts
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Figure 9. Impedance signature of glass fiber composite at different frequency with loosening of corroded bolt
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Figure 10. Impedance signature of carbon nanotube composite at different frequency with loosening of
corroded bolt

The same experimental set up was used for verification by potentiostat. From the Figures 11 and 12
the impedance peak remains the same in potentiostat and impedance chip which occurs at 50 KHz. The
amplitude of impedance increases as the damage level increases. The multiple peaks of impedance signatures
at different frequency level have a good agreement with the conventional impedance measurement.
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Figure 12. Comparison of Impedance signature from AD5933 and poteniostat at different frequency of
carbon nano tube composite plate
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4. CONCLUSION

In this research, the damage detection of composite plate has been performed using EMI technique.
Composite glass fiber and carbon nanotube composite plate with surface bonded PZT have been utilized for
this study. The damage was identified by developing the holes onto the structures. Then the bolt stiffness was
checked by loosening the bolts in the structure. Finally, the corrosion effects were detected in composite
materials. The damage was detected by the increase in impedance value at resonant frequency. A novel
comparison approach was performed. The signatures of impedance chip were validated with potentiostat
instrument. The results of impedance chip indicate that the impedance signatures at different level of damage
have a good agreement with the signatures obtained from potentiostat. The work of impedance chip was
found to be accurate with the conventional measurements.
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