RESEARCH PAPER

] Nanostruct 11(4): 825-833, Autumn 2021

A Review Study of Structure Analysis on Signal Warning
Detector (SWAD) by Employing Nanosensors

Mohamad Amirul Mat Nadir ', Suhaimi Hassan '*, Mohamad Zhairul Iqumal Jumari*,

Mohamad Shah Ikhsan?

! Faculty of Mechanical Engineering and Manufacturing, Universiti Tun Hussein Onn Malaysia, 86400 Parit

Raja, Batu Pahat, Johor, Malaysia

2 Traffic Safety, Projek Lebuhraya Usahasama Berhad, Pejabat Seksyen S3, PLUS, 83700 Yong Peng Utara,

Johor, Malaysia

ARTICLE INFO

Article History:
Received 14 October 2017
Accepted 29 December 2017

Published 01 January 2018

Keywords:

Material

Mechanical Structure
Receiver

Static Analysis
Transmitter

ABSTRACT

Nanosensors with high sensitivity utilize electrical, optical, and acoustic
properties to improve the detection limits. The unique and exceptional
properties of nanomaterials (large surface area to volume ratio, composition,
charge,reactivesites, physicalstructureandpotential)areexploitedforsensing
purposes. The concern about the safe environment on the road, especially
during the maintenance and repairing process, the application of Signal
Warning Detector (SWAD) be applied to help reduce the percentage
of having a fatal accident that involves the maintenance worker and the
highway users. This system was created to alert the workers from the danger
that will warn them through 3 ways, such as sound, vibration and visual.
It is important to develop the transmitter device and the receiver device
that can be connected as a wireless system to ensure the worker can move
freely while working and not being constructed by the connecting wire.
This system is one of the safety procedures for workers while working the
highway emergency lanes. The model of the casing is drawn by SolidWorks
and static analysis was used to analyze the stress, displacement and strain
on the device’s casing suitable with the environment working field to get
an appropriate material and mechanical structure design. The analysis for
the system based on the design of experiments and demonstration in real
situations.
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INTRODUCTION

Advances in the era of nanotechnology are
moving towards the fabrication of nanosensors
that are flexible, specific, versatile and sensitive.
The objective of nanosensors is to screen and
measure any chemical, mechanical and physical
changes that are related to a marker of interest.
Different sensing approaches can be assimilated
into other systems like labs-on-a-chip to simplify
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any kind of detection. The number of cars on the
road is increasing steeply because people see
cars as a necessary addition to their life. About
1.2 million people each year around the world
involved in a road traffic accident would result
in the death and the increasingly serious global
issue [1]. Rear-end collisions are responsible for a
large number of cases involving highway worker,
usually occurring at speed up to 140 km/h on
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the highway. In general, rear-end collisions occur
more frequently in the work zone with increased
road congestion and speed variability [2]. Road
safety is the paramount and joint responsibility
of all road users, which include driver and safety
worker using different means of transport. In
this situation, there is less concern about the
safety of employees doing the maintenance job
on the highway [3]. Three risks contributing to
accidents such as due to underproduction or
lack of protection, inadequate visibility problem
and speeding through working zones [4]. There
is no doubt rear-end collisions are common, and
it brings a lot of loss of life and damage costs.
The safety system is one of the most important
requirements to make sure employees are always
safe and are not exposed to any danger [5].

Most of the accidents that occurred on the
highway involved user and worker vehicle within
theworkzone [6,7]. Factors that cause construction
at night are dangerous due to night vision problems
among highway users and highway workers[8].
The higher numbers of night-time accidents were
caused by fatigue, drugs, alcohol and blurred
vision that related to age [9]. Besides, other major
causes included miscommunications among the
various project participants, driving behaviour
without supervision, lack of coordination with
other nearby projects and vehicle delays and
congestion in the working zone [10]. Moreover,
as stated in the annual police road traffic accident
reports, there are more than 10 types of road
defects that caused road accident [11]. One of
the road defects that caused an accident is the
lack of street lighting, especially at night time. The
lack of lighting can cause the driver cannot see
another surrounding vehicle. Several strategies
for improving the safe operation of equipment
within the work zone is the use of electronic
warning systems or detectors to alert workers
of equipment in the immediate work area. The
research was done by Zhang [12], they present a
warning system for automobile collision avoidance
based on LabVIEW. It will give a signal when a
collision danger is detected, and it will assist
the driver control the brakes, so some collision
accidents can be prevented. Another researcher
had discussed and study vehicle rear-end collision
avoidance system [13]. Based on the research that
has been made, The Danger Detection Module can
be used in such settings as network traffic incident
detection, system call analysis, smart home safety,
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etc [14]. Also, sensors are advanced devices that
are mostly used to detect and respond to electrical
or optical signals. The use of ultrasonic sensors
has been widely used for various purposes, such
as surface structure determination, position
measurement and object speed calculation [15].
As due to technological development, Wireless
Sensor Network (WSN) is originated from wireless
networking, which is the interconnection of nodes
that do not require any form of cable [16].

Sensing techniques

Sensors can be classified either based on signal
production or by the different methods they
employ for signal transduction. Transduction can
take place through a number of approaches. There
are presently three main transduction approaches
categorized based on detection mechanisms: (1)
electrochemical detection, (2) optical detection
and (3) acoustic/mechanical detection. On the
other hand, there is constant progress in designing
and optimizing new detection mechanisms of
transducers to fabricate new types of sensors.
There are different subtypes based on the
principle of three main transduction approaches.
A number of transduction systems are available
in combination with other techniques. In the
following, we give a brief description of the
detection systems that are currently available.

The low-cost distance sensor capable of
adapting itself to environmental conditions as
shown in Fig. 1 [17]. Arduino is an open-source
microcontroller which can be easily programmed,
deleted and reprogrammed [18]. The Arduino
board senses the environment by receiving
input from a range of sensors and can affect
its surroundings by controlling LCDs, speakers’
motors and GS modules. This kind of technology
able to maximizes the level of safety of use. The
distance between ultrasonic sensors can be varied
to improve the accuracy of the measurement or to
meet the needs of the user [19].

A programmable logic controller (PLC) is a
single-processor, computer-based, solid-state
device that is a specialized computer used to
control and process machines. PLC is commonly
used in most industrial automation, not just
because of its economic benefits, but also because
of itsrole in providing a reliable quality-guaranteed
product [20]. The PLC system was used to integrate
materials handling and processing into automated
manufacturing systems. PLC has been commonly
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Fig. 1. Ultrasonic sensor [17].

used for sequential logic control in manufacturing
environment [21].

The purpose of the structural analysisis to design
a structure that has suitable strength, rigidity
and safety. In other words, the finite element
is the most practical method for the analysis of
all types of machine structure structures due to
realistic assumptions [22]. The structural analysis
is a science that ensures that the structures are
safe and meet the functions for which they have
been designed [23]. The structural analysis is an
important step in determining the residual life of
composite laminates [24]. In this analysis, loads
are applied to a body or model due to which the
body part deforms and the effects of the loads are
transmitted through the body.

In the numerical analysis of the mechanical
performance of deformable bodies uses of the
finite element method has been reliably and
extensively [25]. Static analysis refers to the
calculation of displacement, stress, strain and
error estimates under various loading conditions,
based on certain assumptions. The finite element
method was used to analyze the stress, strain
and deformation as a result of the pressure that
existed [26]. The structural analysis combines the
disciplines of mechanics, dynamics and failure
theories to estimate internal forces and stress on
the structures to be designed. Some researchers
have done a large number of simulation analyses
using FEM software [27].

All aspects of engineering design are important
for material selection [28]. Improper selection
of materials can have a significant impact on
the safety and application of the product to be
produced. When determining a material for a
particular use, sufficient and suitable testing shall
be carried out to ensure that the material remains
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suitable for application over the life of the product
[29]. There are several different factors involved
in determining the selection criteria, such as
mechanical properties, chemical properties,
physical properties, electrical properties and cost.

Nylon 6 is commonly used in many applications
and is an important engineering thermoplastic
material with properties such as high toughness,
abrasion resistance, low density and low friction
coefficient [30]. It is available in a range of
grades and forms to suit with many applications.
Nylon 6 competing with metal in the advanced
material engineering exhibit improved and
better characteristics [31]. These thermoplastic
polymers have been commonly used as high
potential materials for automotive, industrial
and construction applications [32]. The physical
properties of nylon 6 polymers, such as impact
strength, tensile strength, density, thermal
expansion coefficient, melting and boiling points,
as well play an important role in CNC turning
capabilities [33].

MATERIALS AND METHODS

This project was presented with a design
procedure of SWAD casing by applying SolidWorks.
The Fig. 2 shows the process of the project was
done as shown in the flow chart.

Static study function was selected in this
simulation and had been carried out to get the
maximum value of stress, displacement, and strain
by applied the force in the one direction. Type of
material, fix geometry, meshing and components
connection was set up for the analysis. Then, apply
force for performing and setting parameters. The
analysis was performed for both of the model
design. The result of both casing designs was
compared to find the best design.
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Von Mises produces a criterion stating that if the
material stress under the load is equal to or greater
than the yield limit of the same material under
simple tension, which can be easily determined
experimentally, then the material will yield. The
results are expressed in MPa. Displacement is the
primary unknown in the structural FEA, and stress
is calculated on the base of the displacement
results. Stress also rises with mesh refinement
[34]. The solution of the mathematical model
when proceeded to refine the mesh, it would
seem that both the effects of displacement and
stress converge to a finite value. The strain is a
measure of geometric response and the change in
shape due to applied forces. The strain is equal to
a change in length from applying force or can be
said as the original length [34].

For material improvement, the material of parts
needs to change in improving the mechanical
properties of the casing. The previous project used
ABS for both casings. The ideas want to change ABS
to the cast nylon by referring to the mechanical
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properties of these materials. The virtual design
of the casing structure has been developed. Two
types of casing designs were drawn, which the
exact initial design was transferred to SolidWorks
software. After finishing the designs of the
casing, the casing design was produced by the 3
D printer as and advanced technology in Additive
Manufacturing [35].

RESULTS AND DISCUSSIONS

This project target is to develop a new design
of SWAD in making a new way to upgrade the
level of safety for the maintenance worker during
maintenance work at the highway or any site.
This result can be accomplished if this device
can detect the danger and transmit the signal to
people surrounding. This is because SWAD was
able to detect the vehicles coming from behind
at a certain zone by using the distance sensor and
able to give a vibration to the worker if the site is
not safe for them. Besides that, it is expected to
minimize the accidents or danger from an accident

J Nanostruct 11(4): 825-833, Autumn 2021
(@)er |



N. Name / Running title

involving the worker, the highway users and road
problem. Then, some innovation and modification
were done in this project, such as redesign the
structure and select the best material in developing
the SWAD suitable to the working environment
and to get a good mechanical structure design.

A conventional optical waveguide s
characterized by cross-section such as J-JO shown
in Fig. 3(a). Optical waveguides are in general
layed out such that the fluids flow orthogonal to
the direction of optical wave propagation. Thus,
as noted in the right image in Fig. 3(b), an air
gap would exist between the PDMS layer (PDMS
being the material of choice for microfluidic
channels) and the bottom silicon dioxide cladding
in a silicon-oninsulator (SOI) substrate. One typical
solution to close the avenue for fluid leakage
in silicon-chip-integrated waveguide sensor is
introducing additional fabrication steps including
but not limited to oxide deposition followed by
planarization and selective oxide removal prior
to microfluidic channel bonding. In the case of
photonic-crystal sensors, such post-processing
would necessitate removal of the oxide from
the etched photonic-crystal patterns, which
would result in additional etching of the bottom
oxide cladding unless the process is very strictly
controlled. A poor tolerance on the oxide removal
processing would lead to uncertain resonance
wavelengths in photonic-crystal biosensors.

A cascaded MMils structure, whose top-view
schematic is shown in Fig. 4(a), is utilized to
build ultra-low-loss waveguide crossings on a
SOl substrate (3-pum-thick buried oxide layer and
250-nm-thick top silicon layer) since it enables

-
-

(b)

guiding of low-loss Bloch waves by periodic self-
focusing sections offered by MMlIs. Commercially
available software FIMMWAVE (developed by
Photon Design Ltd.) is used for simulation, and a
side view schematic of the simulated structure is
shown Fig. 4(b). Here the Wsi is chosen to be 0.6
pum to build a single-mode waveguide, and Wmmi
is chosen as 1.2 um to support only three quasi-TE
modes (zeroth, first, and second). As the symmetry
of this structure, the odd first-order mode has not
been excited. Hence the selffocusing condition
can be perfectly fulfilled by tuning Lin and Ls to
eliminate the phase error between zeroth and
second mode. Linear tapers (Lt 1 um) are added
to avoid sharp transition and at the same time to
reduce the portion of the power in second-order
mode in the MMI region that could improve the
power transition.

Fig. 2a shows the current-voltage (I-V)
characteristics of a device fabricated using ZnO-
CNT networks with 2.0wt%CNT, showing double
Schottky contacts formation and a high UV on/of
current ratio. Figs 2b and Sle show the dynamic
UV response of devices fabricated using pristine
ZnO NW networks and networks which were
functionalized with CNTs to three pulses of UV light
with 10 s durations and 30 s periods, respectively.
Te bias voltage applied on to the device structure
was 10 V. Te addition of CNTs to ZnO NW networks
(up to 2.0wt%) resulted in an increase of dark
current (not shown) which can be attributed
to the excellent electrical conductivity of CNTs.
By adding 4.0wt% CNT, resistance of networks
decreased dramatically leading to a higher
dark current and poor UV detection properties

PDMS mold

Buried oxide

Avenues for fluid leakage

Fig. 3. (a) SEM image of a typical waveguide crossing. Conventional waveguides are characterized by cross-sections
J-JO and waveguide crossings are labeled by J1-J10. (b) Crosssectional view of the PDMS microfluidic channel when
integrated with optical waveguides in silicon in a SOl substrate.
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Fig. 4. (a) Top-view schematic of cascaded MMI-based waveguide crossings.

(b) Side view schematic of simulated structure. (c) Simulated propagation

loss versus lateral cladding index for the structure in (a). (d) FIMMWAVE sim-

ulation result of 20 waveguide crossings with optimized parameters. (e)—(g)
SEM images of fabricated waveguides crossings.

(shown in Fig. 2b). Tis can be accounted for the
formation of the percolating carbon nanotube
networks which considerably reduce the infuence
of potential barriers between ZnO NWSs on
conductivity, thereby lowering the adsorption
sites for oxygen molecules . However, the high
rapidity of the networks was not afected. Te
calculated UV response for each type of samples is
presented in Fig. 2c. Te pristine ZnO NW networks
demonstrated a low UV response of about 150.

830

By adding 2.0wt% of CNTs the UV response was
considerably increased to 7300 (about 50 times).
Tis value is much higher than any reported studies
ever for MWCNT/ZnO NWs7 and rGO decorated
ZnO nanostructures

Fig. 6a show a SEM image of a nanosensor
fabricated using an individual ZnO-CNT NW
from samples with 2.0wt% CNT. Te diameter (D)
of the NW is about 100nm, while the length is
~6.6 um. Te NW was contacted to pre-patterned
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Au/Cr contacts by Pt complex, resulting in
the formation of double Schottky contacts (see
Fig. 6b). A SEM image with higher magnifcation
of an integrated individual ZnO-CNT NW s
presented in Supplementary Fig. S6a, showing
the presence of CNTs on the surface of ZnO NW.
Te |-V characteristics at diferent temperatures of
the nanosensor are presented in Fig. 6b, showing
a semiconducting behaviour. Te device was tested
to diferent gases and VOCs at diferent operating
temperatures. Fig. 5¢c shows the dynamic response
at room temperature to 10 ppm of NH3, 100 ppm
of ethanol vapours and 10 000 ppm of H2 gas. Te
nanosensor showed excellent repeatability and
complete recovery to the initial electrical baseline.
Te calculated gas response of our nanosensor
is presented in Fig. 6d, showing the excellent
selectivity to NH3, as in the case of ZnO-CNT
networks.

CONCLUSIONS
The main purpose of this study for the
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SWAD is to design and analyze the casing of the
transmitter and receiver with a similar function
and mechanism to more improvement for suitable
to use at the emergency lane. Developing a device
casing is necessary to solve the detector system
problem, contributing to the progress and the
development of Signal Warning Detector (SWAD).
The other purpose of this system is expected to
reduce the accidents or danger from happening in
the emergency lane on the highway. Static analysis
was carried out with the finite element method by
using the Simulation plug of SolidWorks. The results
will show the stress, strain, and displacement of
the casing structure as structure deformation.
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