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1. INTRODUCTION

During the past few decades there have been significant development in civil industries, aerospace
and marines. These advances include new manufacturing techniques, new components, devices related to
computational software and new design process. At the side of acrospace one of the main developments is the
usage of highly advanced composite materials and when we compare these material with the other material
used for aerospace, they have a lot of advantages, like good electromagnetic properties which makes them
applicable for multifunctional applications in both military aircrafts and commercial [1].

On the other hand composite materials have introduced new complexity in health and monitoring
management for civil structures, marine and aerospace. These draw backs are new form of destruction such
as fibre damage, delamination and deboning which improved the need for trustworthy and perfect damage
monitoring technique. Structural health monitoring is a new technology which provides systems that are
capable of constantly monitoring structures for damage with minimal human mediation. Structural health
monitoring are their initial phases of improvement and require advanced technology to use them in real
structure [2]. The objective of structural health monitoring systems is to decrease maintenance costs, to
reduce overall of ownership of a vehicle, at the same time developing safety and reliability. The development
of safety is strong motivation in structural health monitoring, especially after several accidents happen
because of [3]: 1. Insufficient maintenance, for example at side of aecronautic which is flight related field see
Figure 1 or the collapse of Mianus River Bridge at side of civil engineering field. 2. Oil-controlled
production process, for example, the Injak bridge collapse see Figure 1(b). In both fields the obstacles of
aging structures was exposed and subsequent programs were recognized and established.
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Although there are a lot of works and researches that has been done in wireless sensors and their
application in structural health monitoring, all these technologies still have room for improvement. These
disadvantages include all these systems require a battery which has a restricted life time, require sensors
which are independent from each other and also require antenna that increases the complexity, size of the
sensor unit, and weight. It is also costly because they require special skills to fabricate the sensor, and finally
require for a wireless sensor network which need complex software and data acquisition units (DAQ).
Mostly, all the methods mentioned above is a wired sensors. These sensors have many disadvantages such as
the need for installation during building. Wires also limit the structures’ functionality, add more complexity
to it and increase the heaviness of the structure. Therefore, a new design of technologies is becoming
necessary for civil structural health monitoring (SHM)[4-8].

The goal of this project is to investigate and analyses the effectiveness of a wireless strain sensor
using rectangular Microstrip patch antennas. Utilizing Microstrip patch antenna is a new technologies which
eliminates complex wiring networks in structural health monitoring system and becomes a new area of
research. Figure 1 shows Spectacular accidents have motivated the community to improve safety [9].
Figure 2 shows the concept of wireless SHM sensors using a microstrip patch antenna. The principle of
wireless SHM sensors using microstrip patch antenna is based on the resonance frequency shift associated
with the strain applied to the building.

(@) (b)

Figure 1. (a) The Aloha Airlines flight 243, (b) the Injaka bridge collapse, July 1998
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Figure 2. Concept microstrip patch based wireless structural health monitoring sensor
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2. FLEXIBLE MICROSTRIP PATCH ANTENNA DESIGN AND DEVELOPMENT

The most important parameters that need to specify to design Microstrip patch antenna are, antenna
frequency of operation(fc), permittivity or dielectric constant of the substrate(e,),thickness or height of
dielectric substrate(%), and height of the conductor(¢). Other parameters include the width of the patch (w),
length of the patch, and width and length of the ground plane and substrate (Ws and Wg). In this project
Microstrip patch antenna as a strain sensor will be designed. The objective is frequency of this antenna
should shift according to the applied strain. In this project a felt will be used as a substrate which have
permittivity of 1.44 and height of 3 mm and shield as a conductor which has Thickness: 0.17 mm and
Conductivity = 1.18 x 10°. Table 1 tabulated the antenna design specification.

In this design, the dual-band textile antenna candidate was selected to be an E-shaped patch antenna
An E-shaped patch antenna is easily formed by cutting two slots from a rectangular shape. By cutting these
slots from a patch the desired frequency will be achieved easily [3], gain, return loss and bandwidth of micro-
strip antenna can be improved also. The proposed antenna is designed for 1.8 GHz and 2.4GHz frequencies.
The felt and shield materials are used for conducting elements enable the antenna to be flexible, low profile
and lightweight. To design dual band antenna first of all we calculated the parameters for single band antenna
and then cut the slots of appropriate length at appropriate position to make it dual band. In our design firstly
we calculate the parameters of the microstrip patch antenna to resonate at 2.4GHz by using the equations 1-6
taking height of substrate (#)=3mm and dielectric constant (&)=1.44 The calculated parameters are
summarized in Table 2, After getting the desired simulated results for 2.4GHz frequency, we went for cutting
slot in the patch to make it resonate at another frequency also. Before getting the optimum simulated results
in terms of return loss, resonant frequencies, bandwidth and impedance matching we have done the
parametric simulation study of the designed antennas [4-5].
Step 1. Calculation of the width (W):
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Step 2: Calculation of effective dielectric constant: using equation:
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Step 3: Calculation of the effective length ( L.y ): equation 3 gives the effective length as:
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Step 4: Calculation of the length extension (AL):
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Step 5: Calculation of the actual length of the patch (L):

L=L,-2AL )

eff
Step 6: Calculation of the ground plane dimensions (Lg and Wg):

L, =6h+L,= 6(3mm)+24.26mm=52.36mm
W, =6h+W,=6(3mm)+66.58mm=94.58mm

(6)

The geometry of the patch antenna for dual-band operation is shown in Figure 3. Two slots are
etched out from the patch to achieve the dual band operation. These slots make the patch to become and E-
shaped microstrip patch antenna working with dual frequencies. The etching of slots leads to many
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parameters to be examined for dual-band operations. Shield conductor which has Thickness of 0.17 mm and
Conductivity of 1.18 x 105 And Felt substrate is used to design this antenna with dielectric constant 1.44 and
thickness of 3mm.The materials used for fabrication of the antenna is shield conductor of height of 0.17mm
with felt substrate of dielectric constant 1.44 and thickness of 3mm the front view and back view of
fabricated antenna is shown in Figure 4.

Table 1. Design specifications

Feature Value

Operating Frequency, f 2.45GHz

Efficiency More than 50%
Radiating pattern Directional

Directivity and gain Moderate

Physical profile Low profile and compact
Substrate Felt

Thickness: 3 mm

Permittivity = 1.44
Conductor Shielded

Thickness: 0.17 mm

Conductivity = 1.18 x 10°

Figure 3. Geometry of E-Shape Antenna

Table 2. Calculated parameters

Parameters Value (mm)
L, 28.2
W, 18.5
W, 10.85
W; 18.5
W, 16.85
Ws 24
Waw 8.5
Lgw 23.5
S3 30

(b)

Figure 4. Fabricated E-Shaped Antenna, (a) the Front View of E-Shape antenna, (b) the rear view of E-Shape
antenna showing the Ground plane
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3. RESULTS AND ANALYSIS
3.1. E-Shape Antenna S-Parameter results

The S-parameter plot shows the variation of return loss (in dB) over a range of frequencies. Since at
resonance the antenna is having the best impedance matching so the return loss would be minimum. The
designed antenna resonates at 1.8G and 2.4 respectively. The return loss of 1.8 GHz is -12.9dB and the return
loss of 2.4 GHz is -22dB. Which covers the minimum required value of return loss of -10db, the bandwidth
covered after first and second band are 60MHz and 180MHz respectively. The plot for return loss is found
in Figure 5.

Measurement result drops almost at 1.8GHz and 2.45 GHz, while simulation actual result is 1.8GHz
and 2.4GHz. It shows that the measured value of return loss is -14.9dB for lower frequency band and -34.2dB
for higher frequency band whereas the simulated value of return loss is -13.12dB and -2.35dB for lower and
higher frequency band respectively. From the result we can see that the measured and simulated results are
almost the same. It shows that the return loss increases at lower frequency and decreases at higher frequency.
This is because of the soldering and feed that does not touch well at the ground plane, additionally this
antenna is manual fabrication were it is difficult to achieve the same result as the simulation. The simulated
bandwidth and measured bandwidth of the antenna is almost the same for lower frequency band and looks
smaller bit for the higher frequency band. The measured value of the bandwidth is 60 kHz (1.75GHz —
1.825GHz) for lower frequency band and 13MHz (2.45GHz — 2.32GHz) for higher frequency band.

Measurement Result
=== Simulation result

1.0 15 20 25 30

Frequency, GHz |

(a) (b)

Figure 5. (a) Simulation and Measurement result, (b) Antenna under measurement test

3.2. Bending Antenna Experiment for Structural Health Monitoring System

Figure 6 shows the microstrip patch antenna undergo for strain measurement at different type of
bending. It is shows the fabricated antenna connected to the FSMA and network analyser. Figure 6(a) shows
the antenna is at 0 degree where no bending hence the frequency is not changing. After that we bend the
antenna to 10 degree as shown in Figure 6(b), then we continue increasing the angle up to 55 degree as
shown Figure 6(e). Figure 2 illustrates a typical building which was applied to strain, increasing the force
applied to building increases the bending angle of the building. As at 0 degree bending, it is mean the
microstrip patch is normal and there is no force being applied to the antenna as shown in Figure 6(a).
Applying some force to the building causes to bend the antenna with the corresponding angle. If we increase
the force it will cause more bending and increases the angle of the antenna.

Figure 7 shows the bending results from VNA, as we can see from the graph whenever we increase
the angle or degree then the frequency will shift to right also. So in this condition we can say that bending
and angle is directly proportional to each other. At the beginning the frequency was approximately from
1.8GHz to 2.4GHz which is shown black colour, and strain was not applied to the antenna so the antenna is
in the normal no bending. Second the patch was bent 20degree and the frequency shifts from (1.8GHz -
2.4GHz) to (1.875-2.49GHz), as we increase the force the angle of incident will also be larger. In addition a
40degree bend shifts the frequency to 2.08-2,65GHz. And lastly 55degree of bend will cause the largest
shifting of this antenna. This data is summarized in Table 3.
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Table 3. Antenna angle bending vs frequency shift.

Antenna angle bending (degree) Frequency shifting in GHz
0 1.8-24
10 1.875-2.49
20 1.9-2.59.
40 2.08-2.65.
55 2.108-2.78.

(b) 20 degree (c) 30 degree

(d) 35 degree (e) 40 degree (f) 55 degree

Figure 6. E-Shape antenna under different bending measurement test
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Figure 7. Bending result from 0 degree to 55 degree

4. CONCLUSION

The main objective of this research was to investigate the feasibility of measuring strain using
microstrip patch antennas. Which is compact and have high gain antenna that is suitable for structural health
monitoring application. The relationship between the shift of the resonant frequency of a rectangular
microstrip patch antenna and the strain applied to the antenna is discussed for five different bending angles.
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The results indicate that the resonant frequency of the antenna shifts by applying strain that shows increasing
the bending angle increases the frequency shift. Strain measurement using slotted rectangular microstrip
patch antenna proposed in this design is another area of development which will have important advantages
over current strain sensors. Hence in the future this design could be developed by adding cross slots to
measure the direction of the strain also and how much strain is applied to the rectangular patch antenna, to
become more interesting.
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