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Abstract- Structural health monitoring is motivated by the fact
that the damage tolerance and fail safe design of structures
for corrosion and fatigue damage require substantial amount
of inspection and monitoring at regular intervals. An
intelligent monitoring is required to minimize the risk of
failure and costs of inspection. The non contact ultrasonic
based NDT is effective technique in detecting small defects in
the structures. A non contact ultrasonic probe is used to excite
and receive ultrasonic waves with Air as a medium.

The main objective of this project is to perform
System Characteristics evaluation used for the Non-Contact
Ultrasonic applications.

1. INTRODUCTION

All civil, Mechanical and Aerospace structure are
subject to damage as result of fatigue, overloading conditions,
material degradation through environmental effects and
unanticipated discrete events such as impacts or seismic
events. Damage compromises the ability of the structure to
perform its primary functions. Therefore, to ensure
performance standards, extend the operational life span and
maintain life-safety, many structural systems undergo routine
inspections and maintenance. Common Non-destructive
evaluation (NDE) methods for evaluating the integrity of a
structural component include the use of Eddy current,
Acoustic emission, Ultrasonic inspection, Radiography,
Thermography or just basic visual inspection. Depending upon
the structural system, the cost associated with systematic time-
cased NDT inspection and maintenance can be substantial,
relative to the total life-cycle costs of the system. For
commercial and military aircraft, it is estimated that 27% of
the average life cycle costs are related to inspection and repair.
Within the aircraft industry in particular, maintenance
procedures are dependent design methodologies are safe life
and damage tolerance. For safe life design, the operational
lifespan of structural components is estimated through a
statistical analysis. Inspection is not necessary for this
methodology since the components are simply replaced prior
to its specified design life. As a result, safe-life design is the
least economical. Currently, many aircraft are designed
according to the damage tolerant methodology. NDT
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inspection and preventive maintenance is performed at
frequent time intervals to identify incipient damage and to
prevent critical damage growth.

In this work, a system analysis of special type of non-
contact ultrasonic based NDT system is presented where
studies pertaining to variation of system parameters such as
amplitude and transducer spacing are performed to study the
operation capabilities of the system.

1. EXPERIMENTAL STUDY
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The above figure shows the Experimental setup to
find out Signal to Noise ratio. The Transducers of 2MHz
frequency is placed opposite to each other. Arbitrary
waveforms generator produce an arbitrary waveform defined
by a set of values i.e., 2MHz, 1Vpp, 5cycles wave form. This
defined arbitrary wave form is sent to the Pulser and receiver.
The Pulser and receiver is a high power ultrasonic
measurement system designed for the nondestructive
evaluation of materials properties. This Pulser/Receiver have
capability of High power RF tone burst excitations up to 8
kilowatts, providing ability to drive inefficient transducers at a
maximum duty cycle of 1%. The Pulser sends out signals to
the Load where it is amplified to required level of input
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voltage. The maximum allowed voltage for the input signal is
2000 Volts peak to peak. The required level voltage, which
according to the probe specification was 300Vpp, was sent to
the Transmitter. The Transmitter with electrical pulses
converts it into the mechanical vibrations; this mechanical
vibration converse produces an Ultrasound. The ultrasound
which travels through an air experiences attenuation in air
which leads lo loss of energy in the received signal.

The low energy ultrasound is picked by the receiver
converts into the electrical pulses and sends to the Amplifier.
Where the low level energy is amplified to the required high
level energy. The amplifier which sends high level energy to
the Receiver where it is further amplified and sends the
amplified signal to the Oscilloscope. Oscilloscope is a type of
electronic test instrument that allows observation of constantly
varying signal voltages, usually as a two-dimensional plot of
one or more signals as a function of time.
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Figure: SNR V/S Distance graph

Above graph shows the Signal to noise ratio at
different distance and at different input voltages. In above
graph the Signal to noise ratio (SNR) increases with increase
in input voltages. The red line in the graph indicates SNR at
290Vpp input with vary in distance. From the graph if the
distance between the transducers is 1mm, the SNR value is
highest. But this is impractical when actual test is performed
with specimen. Due to this reason the suggested distance
between the transducers is 5mm. At 5mm the SNR is
maximum compare to the all the input voltages.
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Figure: SNR V/S Vi, (Vpp) Graph

Above graph shows the signal to noise ratio at
different input voltages and at different distance. The Red line
in the graph indicates the Signal to noise ratio at 1mm distance
between the transducers and varying in input voltages from
50Vpp to 290Vpp. According to the thickness of the specimen
which is to be tested the distance between the transducer is
defined. The maximum Air column gap between transducers is
smm.

The Signal to noise ratio can be calculated by the
following equation:

SNR = 10l0g;o(Vou/Viy) dB 1)
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Table: Signal to noise ratio (SNR) values
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SLNo SNR[{dB) SNR{dB) SNR(dB) SNR{dB) SNR{dB) SNR{dB)
@ 290Vpp @ 250vVpp @200 pp @150V pp @100V pp @50Vpp
1mm -13.95 -14.11 -14.76 -15.21 -16.01 -17.33
2mm -14.21 -14.86 -15.21 -15.99 -16.66 -17.88
3mm -14.95 -15.33 -16.01 -16.57 -17.54 -18.52
4mm -15.66 -16.08 -16.98 -17.07 -18.12 -18.71
5mm -16.33 -16.99 -17.55 -18.09 -18.95 -19.43

Above Table gives the signal to noise ratio (SNR) values at different distance with vary in input voltages

Experimental set up for pitch catch mode
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Figure: Experimental setup for pitch catch mode
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Figure: Pulse echo transmission mode Results

Above graph shows the results of Pitch catch mode of
transmission. The Red image in the graph indicates the
transmitted signal and Blue indicates the Received signal. The
transmitted signal is 5Vpp, 5cycles of 2MHz frequency. By
knowing the time interval between Transmitted signal and
received signal we found the Distance by following equation;

D=V*t TOF (2)

D=340x 0.6*10*
D=20.4mm

t 1or=0.6*10"Sec
V=340m/sec

Where

tror IS time of flight

V is ultrasound velocity in m/sec
D is Distance between probes

111. CONCLUSION AND SCOPE OF FUTURE WORK
Conclusion

This paper reviews the state of the art in Air-coupled
transducers in the context of ultrasonic NDT applications. This
paper mainly focuses on system characteristics which are used
for Non-contact Air-Coupled NDT Applications.

The Signal to noise ratio (SNR) values has been
successfully evaluated at different distances (Imm to 5mm)
with varying input voltages (50Vpp to 290Vpp). The SNR
value is high with maximum input voltages and minimum
distance between the probe. With the increase in distance
between the transducers leads to decrease in signal level, this
causes the signal to bury inside the noise. So that is difficult to
differentiate between noise signal and received signal. The
maximum suggested distance between the transducers is 5mm
and input voltage is 290Vpp.
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Scope of future work

The Non-contact ultrasound mode is among the most
significant developments for characterization and analysis of
all states of matter. There is no doubt that the uses of this
technology will further enhance the causes of material quality,
defect detection, process control and health care in our
increasingly complex world. This advancement in the field of
ultrasound and materials characterization has opened much
needed and unprecedented opportunities in research and
education.
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