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ABSTRACT - The aims of this study are to investigate
the effect of damage extent and damage location on
natural frequencies of the BCC lattice bar. The bar
samples were fabricated by using fused deposition
modeling (FDM) additive manufacturing (AM)
technique. The damage is represented by missing lattice
unit cells within the structure. Findings show that natural
frequency values decrease with the increase of damage
extents. Meanwhile, the natural frequency values
increase as the damage location became farther from the
clamped edge. This research provides good information
on the influence of damage existence to the natural
frequency values of the lattice structure.

1. INTRODUCTION

Damage is defined as alteration introduced into a
system in which will affect the way of that system
behaves in term of its performance. Structural damage
detection has been one of the main popular concerns in
scientific community as many incidents that have caused
human loses such as airplane crashes or collapsed bridges
or buildings [1]. The types of damage that can happen in
structures are cracks, delamination and deformations due
to fatigue from constant exposure to the uncontrol
vibration. Presence of damage can lead to unwanted
instances of high vibration that can cause long-term and
short-term damaging effects on the structure’s integrity.
This phenomenon is extremely dangerous as structures
cannot function as designed which can then ultimately
fail. Failure of a structure can result in dreadful
consequences such as loss of life as evidently happened
from collapsed buildings during earthquake. Hence,
damage detection to the structure at the initial stage of
research and development can provide insight into the
real behavior of the system, evaluate its performance,
suitability, limitations and this in due course can provide
better safety of the structure in real dynamic applications.
For this reason, various effect of damages on vibration
characteristics of the lattice core material sandwich
structures numerically using experimentally validated
FEM models are explored [2,3]. Therefore, this study
attempted to investigate the effects of damage extent and
damage location on the natural frequency values of the
lattice structures experimentally in order to correlate the
findings. The hypothesis that will be tested are that larger
the damage area and the closest damage region to the
boundary condition will have higher effect on the natural
frequency values of the lattice bars.
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2. METHODOLOGY
2.1 Sample Preparation

Lattice bar samples with dimension of 160mm x
30mm x 15mm size were made by using the FDM AM.
The strut diameter of the BCC lattice bars was kept at 1.8
mm with standard print quality mode combination [4].
The damage extent is represented by using a damage
parameter 7.

n== ()

Where 7 is the number of missing unit cells and N is total
unit cells of the intact lattice bar sample. For damage
extent study, different damage parameters ranging from
n =0.00 (intact) to # =0.50 were used with all damage
location starting near the clamped edge boundary
condition as illustrated in Figure 1. Meanwhile for
damage location study, damage extent was kept at
damage parameter # =0.02 and the damaged region was
set to be at the clamped edge, at the opposite free end or
in between them as illustrated in Figure 2.

condition: clamped end

5= 0.00

7= 0.50
Figure 1 Illustration of lattice bar with different damage
extent (top view).
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Figure 2 Illustration of the lattice structure’s damage
location (top view).

2.2 Vibration Testing

The experimental setup for vibration testing
consists of Dataphysics Quattro as signal generator and
analyzer, accelerometer sensor, force sensor, shaker,
signal amplifier and fabricated test rig to clamp the bar
samples was used. Details of the vibration testing
procedure and schematic experimental set-up is available
in previous study [4]. The measurement points and
excitation point are as illustrated in Figure 3.
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Figure 3 Excitation and measurement point locations
(top view).

3. RESULTS AND DISCUSSION
3.1 Effect of Damage Extent

The effects of damage extents on the first two
natural frequencies are displayed in Figure 4. Based on
Figure 4, it can be seen from the trendline, generally that
the influence of damage to the natural frequency values
increase with the increase in the damage parameter. The
natural frequency values decrease due to loss of stiffness
caused by damage present in the lattice bars [2]. The
percentage different of the natural frequency for the first
and second modes of vibration are 17.56 % and 9.56%
respectively. This shows that the influence of damage
extent was greater for the first mode natural frequency.
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Figure 4 Effect of damage extents on the natural
frequency values.

3.2 Effect of Damage Locations

Figure 5 shows the effects of damage locations on
the first two natural frequencies. It can be seen from
Figure 5 that both natural frequency values increase as
the damage location became farther from the clamped
edge. This indicates that the effect of damage on the
natural frequencies become smaller as the damage zone
moves from clamped edge boundary condition to the free
end. This behavior is due to more flexibility at the free
end of the lattice bar samples. A similar finding was
obtained by Lou et al., (2014) and Li et al., (2015)
numerically [2-3]. From Figure 5, only first mode natural
frequency at the location A shows lesser natural
frequency value as compared to that of the intact lattice
bar. This shows that loss of stiffness was more significant
when the damage is closest to the boundary condition. On
the other hand, at the location B, C and ‘Free’, higher
natural frequency values can be observed. This
phenomenon is believed to be due to lower mass value
with less effect to the stiffness of the lattice bar samples.
This is proven especially by result at the location ‘Free’
where stiffness was not affected by the existence of
damage as the lattice bar sample was excited before the
damage location ‘Free’. However, the mass of the lattice
bar sample at the location ‘Free’ was lower as compared
to that of the intact lattice bar. Based on equation (2), the
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natural frequency is inversely proportional to mass.

Therefore, lower mass would increase the natural
frequency values.
k
Wn = | 2)

Where w,, is the natural frequency [Hz], & is the stiffness
[N/m] m is the mass [kg] / is the length of the lattice bar

[m]
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Figure 5 Graph of natural frequency values against
damage location.

4. CONCLUSIONS

The effect of artificial damage on the lattice bar
samples were studied experimentally. In the damage
extent study, it was found that the natural frequency
values decrease with the increase of damage parameter.
On the other hand, for damage locations study, it was
found that the natural frequency values increase as the
distance of damage to the boundary condition became far.
The findings indicated that the damage zone should be
placed far away from the clamped edge and small when
embedding additional component such as screw or motor
in the real applications of lattice structures bar so that
natural frequency can be decreased by smaller extents.
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ABSTRACT - This paper presents the design and
implementation of two wheels self-balancing robot based
on the concept of inverted pendulum. A small two-wheel
balancing robot using a mobile robot kit is designed with
ability to balance the upright position on the level
landscape. The route of movements of the robot are
controlled by wireless condition through Bluetooth. To
balance the platform, the sensor which called MPU is
used to detect the tilt angle of the robot by using Kalman
Filter algorithm. Lastly, the results show that the wireless
control system of the robot wusing Arduino
microcontroller meets its objective.

1. INTRODUCTION

The working principle of the two wheels balancing
robot is really straightforward. The robot will try to drive
its wheels in the direction where the upper part of the
robot body is falling to maintain the position of wheels
under the centre of gravity and then achieve the balancing
effect [1]. Regularly, the two wheels self-balancing robot
is planned based on the inverted pendulum idea which
has been considered or investigated seriously by many
research education institutes and business organizations.
As the outcome, balancing robots that fill different needs
have been developed. The most conspicuous case is the
Segway Human Transporter by the Segway Company
which has been marketed as transportation for humans
[2].

The fundamental of the controller is to use the
wheel encoder, gyroscope and accelerometer sensors to
estimate the state of mind of the platform and after that
to utilize this data to drive their activity wheel in the
direction to keep up an upright and balanced position
platform [3]. It implies to continue falling off away from
the vertical axis, and then a gyro chip is expected to give
the point position of the inverted pendulum or robot base
and input into the controller. The Arduino controller will
give a sort of feedback signal through MPU sensor to turn
the stepper motor clockwise or anticlockwise, along these
lines balancing the platform. These two estimations are
summed and fed-back to the stepper motor which
delivers the counter torque required to balance the
platform robot.

In contrast with the two wheels balancing robot, the
traditional three or four wheels’ robots have a few
limitations. These robots are steady when static yet
effectively to be precarious in dynamic condition because
of too high centre point of gravity or too quick changing
movement of the robots. In this circumstance, the robots
have high probability to topple during movement.
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This paper is organized as follows: Section 2 describes
the methodology of robot; Section 3 presents the
implementation and results followed by some conclusion
in last section.

2. METHODOLOGY

The methodology is a list of actions need to do in
order to accomplish the self-balancing robot. There are
three main parts involved; design prototype, circuit for
sensor and implementation prototype with circuit. The
sensor circuit was required to control the stepper motor.
The prototype of the self-balancing two wheels also was
constructed based on the designing using CATIA. This
was followed by software algorithm implementation and
hardware integration. Finally, the model was tested and
fine-tuned for performance improvement. Figure 1 shows
the balancing robot.

“ Figure 1 Balancing robét.

2.1 Circuit Design Construction

The fundamental segments in the circuit of the self-
balancing robot are the multi-purpose unit (MPU),
Arduino Leonardo, the stepper motor driver and the
Bluetooth module. Arduino Leonardo R3 is acted as a
module for control unit to handle the peripherals of the
robot. The MPU6050 as a gyro sensor is utilized to
quantify both accelerometer and gyroscope. Kalman
Filter in programming is to obtain the tilt angle of the
robot. After that, the obtained tilt angle is sustained into
PID controller that compensates error between the actual
tilt angle and the desired tilt angle and afterward controls
the robot correspondingly for balancing purpose. The
Bluetooth Module, HC-06 goes about as the wireless
communication platform between the Arduino
Mainboard and the Android Smartphone. Through this
module, the development of the robot is controlled
physically in wireless condition through an Android
Smartphone. The stepper motor driver, A4988 is utilized
to drive the robot stepper motors which control the
development of the robot.
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2.2 Hardware Design Construction

In this project, the hardware and mechanism of the
balancing robot is crucial as it requires accurate
measurement and symmetrical design in order for the
robot to balance nicely. Much thought must be
considered, for example, the torque of the stepper motor;
the height of the robot is 13cm and the centre of gravity
of the robot. Figure 2 shows the robot structure that
designed using CATIA software.

Figure 2 CATIA drawing of the robot structure.

2.3 Software Algorithm

The software algorithm and coding is certainly the
most difficult and time consuming part. It involves the
programming of the microcontroller to perform the
desired task, to receive and process inputs from sensors
and to produce correct and accurate output to control the
stepper motor.
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Figure 3 Block diagram for self-balancing robot.

Figure 3 shows a basic block diagram for the
balancing robot. The desired set point is the angle that
allows the robot to balance in upright position, while the
actual tilt angle is the instantaneous angle of the robot as
the robot try to balance. The actual tilt angle is measured
by the IMU and the Kalman Filter is used to produce a
more stable angle measurement and this angle is
deducted from the desired set point. From there, an error,
which is the difference between the desired and actual tilt
angle is obtained and is it is fed into PID controller. The
PID controller will then generate the appropriate speed
output to control the stepper motors in order to balance
the robot.
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3. RESULTS AND IMPLEMENTATION

In this section, the working of self-balancing robot
will be discussed. Figure 4 shows the control circuit of
the robot. The Bluetooth module establishes a wireless
connection between Arduino and android application to
control robot movement manually for navigation in
wireless condition. The implementation of the Kalman
Filter and the PID controller making it balances nicely on
the flat surfaces. Therefore, Figure 5 shows the robot
balancing on flat surfaces.

Figure 5 Robot balancing on flat surfaces.
4. CONCLUSION

The project has successfully met the objectives to
design using CATIA and ready to balance at its upright
position on the level surfaces by using the wireless
condition for navigation. The next future, the fuzzy logic
controller also can be implemented to provide better
performance in balancing.
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ABSTRACT — The purpose of this study is to assess
the exposure of the whole body vibration (WBV) to the
passenger. In this experiment, three factors, namely the
route, the location of the tri-axial pad, and the WBV
value as the response were studied. Results showed that
WBYV value at gangway area in Experiment 5 gives the
higher values than others. Result of this study can
provide awareness to the passengers in order to have
less effect of WBV when travelling using KTM
Komuter Berhad.

1. INTRODUCTION

Vibration, as defined in Oxford Dictionaries, is “an
instance of vibrating or a person’s emotional state, the
atmosphere of a place, the associations of an object, as
communicated to and felt by others”. In physic,
vibration is defined as an “oscillation of the parts of a
fluid or an elastic solid whose equilibrium has been
disturbed or of an electromagnetic wave”. In ergonomic
environment meaning, vibration is defined as any
regular movement a body makes about a fixed point [1].
In the industry environment, ergonomics seeks to
prevent injuries and to improve comfort while on the
job, whereas ergonomic risk factors will impose a
biomechanical stress on worker. There are also
examples about vibration studies in scope of
transportation for an ergonomic attempt such as two-
wheeler riders, coach bus, car, truck, and also for
railway. Fast development of technology over the last
decade has contributed to the negative effect such as
vibration that can affect human health (both physical
and mental). Exposure to vibrations is associated with a
risk of body injury in the form of vascular disorder,
nerve malfunction, and effects on the musculoskeletal
system [2]. From the vibration produced in the train
coach, it will greatly cause a significant amount of
discomfort among the passengers. However, vibrations
are commonly felt in the train coaches but rarely noticed
by the passengers and thus they neglected its
implications to them. This research focuses only on the
WBYV when travelling using train. WBV can be defined
as vibration that occur when a greater part of the body
weight is supported on a vibrating surface. WBV
principally occurs in vehicles and wheeled working
machines. Public transport also belongs to the category
vehicles that contribute to the ergonomic value; so, it
should be taken into account if users want a comfortable
ride. One of the daily challenges face by public
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transportation sector is WBV activities while riding
train along passengers’ journey. Therefore, it is
important to the users to have ergonomics knowledge in
making decision which place to stand or to sit during
their journey.

2. METHODOLOGY

This study focuses on the WBV inside KTM
Komuter women cabin, which placed on three locations
of the floor train; near the exit door, under the passenger
seat and gangway (as showed in Figure 1) when
travelling along 18 stations from Tampin to KL Sentral
and return from KL Sentral to Tampin using different
track routes. From authors’ observation, these three
places became are the focus when passengers boarded
the train. For every six station, the data recorded were
stopped and recontinued until it reached the destination.
The aim of this study is to investigate and analyze the
WBYV value in order to ascertain that it meets the
standard of International Standard ISO 2631-1:1997 (as
showed in Table 1) and to suggest improvements of
good vibration environment to enhance passengers’
experience.

Figure 1 Dytran Model 5313 A Tri-Axial IEPE location
of seat pad accelerometer at train floor used in this
study. (a=at seat, b=at door and c=at gangway).

Table 1 International Standard ISO 2631-1:1997.
RMS acceleration

Mental reaction of a

(m/s?) person

Less than 0.315 Not uncomfortable
0.315t0 0.63 A little uncomfortable
0.5t0 1.0 Fairly uncomfortable
0.8t0 1.6 Uncomfortable
1.25t02.5 Verv uncomfortable

Greater than 2.0 Extremely uncomfortable

The Dytran Model 5313A was used as a tri-axial
Integrated Electronics Piezo Electric (IEPE) seat pad
accelerometer for this study. This seat pad
accelerometer, which is made of an integral ten (10) foot
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cable and terminating to BNC (Bayonet Neil-
Concelman) plug, was connected directly to a 4-
Channel VI-400PRO human vibration meter (HVM) to
record the vibration measurement value. This system
was furnished with anti-liasing filters and has
International Standard ISO 2631-1:1997 weighting
filters. Vibrations were measured in three translational
directions: x-axis (longitudinal), y-axis (transverse), and
z-axis (vertical). As for the post processing and further
analysis, these data were downloaded to a personel
computer and dedicated MATLAB-based software was
used to enable reading of large waveform audio (WAV)
files. There are four values of measures that can be
determined using this instrument: acceleration, peak
acceleration, crest factor (ratio of peak to average
acceleration), and vibration dose value (VDV). This
study focuses on root mean square (RMS). WBV
measurement explored by the passenger was done 6
times at different train trips areas with a different track
as shown in Table 2.

Table 2 Locations of measurement.

Experiment Location

1 From Tampin to Tiroi

2 From Tiroi to Kajang

3 From Kajang to KL Sentral
4 From KL Sentral to Kajang
5 From Kajang to Tiroi

6 From Tiroi to Tampin

3. RESULTS AND DISCUSSION

Figure 2 results of exposures of vibration between
three pad acceleration locations and the experiment
area. The highest vibration magnitude computed from
the weighted acceleration history of the train floor was
obtained as 2.2182 m/s? and in the z-direction at the
gangway area in the Experiment 5, which travel from
Kajang to Tiroi. This value shows that it is extremely
uncomfortable for the passenger according to ISO 2631
(in Table 1) when they have to stand around the
gangway area. Tracks for the train need to be made
maintenance such as grinding the track to get a smooth
track surface, so that it can reduce high vibration value
along journey at Experiment 5 that affect to the
passenger inside the train cabin. Meanwhile, the low
value of RMS is at floor near the exit door in x-axis for
the journey of KL Sentral to Kajang in the Experiment 4
with the value of 0.5352 m/s?. By referring Table 1, this
low value still gives fairly uncomfortable feeling to the
passenger because as mentioned in the introduction,
WBV principally occurs in vehicles and wheeled
working machines. So, it relates with the fairly
uncomfortable result of WBV value for this experiment.

Low level of vibration is an important element for
commercialization of public transport because it affects
passengers’ comfort and satisfaction. Vibration control
is an important consideration in train as the constant
motion of parts while the train is moving because there

276

will be possible damage to the structural frame or
components. The suggestion to using foam tapes can
prevent parts such as aircond units, fans, interior panels,
floor from touching or rattling during train movement
can reduce the vibration value from inside train. The
reduction of train track at ground can be done by adding
some elastic element such rail pads and sleeper pads.
Another suggestion is to put rail vibration absorber to
reduce the measurement of vibration along the track.

Exposure of vibration
[
+ )
| Pad acceleration Location of
location experiment
Train floor near Exp 1: Tampin
door to Tiroi
Train floor near Exp2: Tiroi to
gangway Kdjang
Train floor near Exp 3: Kajang
seat to KL Sentral
Exp 4: KL Sentral
to Kajang
Exp 5: Kajang
to Tiroi
Exp é: Tiroi
to Tampin

Figure 2 Case study results on exposure of vibration.

4. CONCLUSION

Passengers are advised not to stand within the
gangway area because the measurement vibration is
high in that floor area. Passengers are recommended to
sit and stand near the sear place where the average
results of vibration in that area are lower than another
place. In conclusion, different values were recorded
based on the sitting or standing position of the
passengers when riding train. Further studies are
required on specific part that influences vibration that
leads to high value of WBYV and how to overcome it.
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ABSTRACT — A micro-perforated panel (MPP) has
been presented as an alternative absorber to the
conventional fibrous and porous absorber. However, it’s
bandwidth still narrow comparing to porous materials. In
this paper a parametric study of applying an
inhomogeneous panel pattern on double layer MPP is
presented. Using the equivalent circuit method, the
mathematical model has been developed. Results shows
that applying the inhomogeneous panel pattern to double
layer MPP system can produce a wider absorption
bandwidth comparing to the homogeneous one.
Predicted results are validated through the experiment.

1. INTRODUCTION

As a fibre-free materials, lightweight and have an
attractive and aesthetic appearances traditional micro-
perforated panel (MPP) sound absorbers are used for
building acoustics and interior surfaces because noise
control is a major concern that should be considered [1],
also they are more robust and suitable for various
application [2-4]. MPPs are slim sheets having a set of
very small holes, diameters (d < 1 mm) and set in front
of rigid wall separated by an air-gap. Through the recent
years, the researchers presented several studies to
improve the absorption bandwidth of single layer MPP
by preform L shape cavity structure [5], used of
mechanical impedance plate [6], MPP with membrane
cell [7], inhomogeneous perforation [8]. This paper will
present a parametric study of applying an
inhomogeneous pattern on double layer MPP absorber
system and compare with homogeneous one.

2. METHODOLOGY

Figure 1 shows the Schematic diagram of double-
layer-inhomogeneous-MPP model, where d;, dz, ds; and
d4 are the hole diameter for each sub-MPP, t; and t,, are
the panel thickness, D; and D; are the cavity depths of
the air gaps. Based on equivalent electrical circuit
method the total system impedance can be calculated as
[8]
Zy = Zivep, t+Zp, (1)

Zy = Zimpr, T Zp, (2
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Zeotat = 21+ 2, )

Where Z;\pp, and Z;ypp, are the impedance of the
first panel and the second panel,

Zp,and Zp, are the impedance of the first and second
cavity which can be calculate by

Zp,, = —jcot(*22) )

And Z;y¢q; 1s the total impedance of the system.
Thus, the normal sound absorption coefficient is
calculated by

a = 4ARe{Ziotal } (5)
= 2
[1+Re{ztota]}]2+Im{2total }
MPP1  MPP2
[‘,‘
v ¥
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i |
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Figure 1 Schematic diagrams of double-layer-
inhomogeneous-MPP.

3. RESULTS AND DISCUSSION

Figure 2 shows the comparison of the normal
coefficients between conventional single layer (SL-
MPP), double layer (DL-MPP) and the presented model
(DL-iMPP) connecting in a series arrangement. It clear
that wider absorbing bandwidth can be obtained by
performing an inhomogeneous pattern for double layer
MPP, however the first peak slightly shifts toward high
frequency. The structure parameters of the simulated
models are listed in Table 1, all thicknesses are set at 1
mm.
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Table 1 list of Parameters of SL-MPP, DL-MPP and DL-

iMPP.
MPP layer i MPP layer 2

Model ¢, d p1 p2 di d: p1 p:2

mm mm % % mm mm % %
SL
MPP 0.8 0.6
DL
MPP 0.3 1 0.3 1
DL
MPP, 0.8 1.5 0.8 1.5
DL
iMPP 08 02 06 15 03 07 25 1

4. EXPERIMENTAL WORK

Figure 3 shows the verifying of the presented (DL-
iMPP) model by a comparing the predicted normal
coefficient data with experimentally measured data in
frequency range from 10 Hz up to 3 kHz. Samples were
test in impedance tube in lab. The MPPs are constructed
with a two size of hole diameter and ratio with large
difference to produce a wide bandwidth of absorption as
found in [8-9]. Figure 3a parameters are: 1% layer MPP:
t; =1 mm, d; = 0.3 mm, d; = 0. 6 mm, p; = 4.0%, p, =
0.6% and 2" layer MPP: t; = 1 mm, d; = 0.3 mm, d4=0.5
mm, p3=3.5%, ps= 1.5%. Figure 3b parameters are: 1
layer MPP: t; = 1l mm, d; = 0.3 mm, d> = 0. 5 mm, p; =
0.2%, p2 = 3.0% and 2" layer MPP: t; = 2 mm, d; = 0.5
mm, d4=0.3 mm, p3=1.5%, ps = 3.5%.

Measured results show a good agreement with the
predict results, however the 3" peak of the predicted
curve shows slightly shift in Figure 3(a) and lower value
in Figure 3(b).

5. CONCLUSION

In this paper a parametric study of applying an
inhomogeneous panel pattern on double layer MPP
absorber system model is presented. Mathematical
equations are developed based on the equivalent circuit
method. Results shows that double layer inhomogeneous
MPP model can produce wider absorption bandwidth
with than the conventional double layer MPP for the
same setting parameters without enlarging the cavity
depth. Predicted results are validated through the
experiment, which are show a good agreement.
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ABSTRACT - Micro-perforated panel (MPP)
absorbers, are recognized as the next group of sound
absorbing materials. Most recent presented research used
the analytical method to calculate the acoustic
performance of the MPP considering the impedance of
single hole and then use the porosity to determine the
whole impedance. However, this method not effective for
panels with inhomogeneous hole perforation. This study
presents 3D model to study the sound absorption of
inhomogeneous MPP using FEM considering the visco-
thermal effects. Results shows that the simulated data
does not match with analytical one. Experiment data
showed a good agreement with the simulations data.

1. INTRODUCTION

MPPs absorbers without additional fibrous or
porous material has been widely used as the next group
of sound absorbing materials. MPPs are tiny panels with
a mesh of sub-millimetre size holes circulated over its
surface and can made from metal, plastic or etc. [1]. MPP
has been taken more interest the researchers because
simple construction and obvious sound absorption effect
and easy for use. The applications of MPP are extensively
used in noise control engineering such as Acoustic
silencers [2-3], ducted ventilation [4], building acoustic
systems [5-6]. However, the total sound absorption
bandwidth is still limited [7]. Most of studies used the
analytical method to compute the acoustic performance
of the MPP by considering the impedance of a single hole
and then use the porosity to determine the whole
impedance of the panel. However, this method is not
effective for panels with inhomogeneous hole size [8].
Thus, whole or half structure of the model should be
impalement to study the impedance of non-homogenous
panels. This study presents 3D model to study the
acoustic performance of single layer inhomogeneous
MPP using FEM considering the visco-thermal effects.

2. SIMULATION ANALYSIS

The theoretical normalized acoustic impedance of
inhomogeneous MPP model is calculated by implement
a 3D visco-thermal model using a finite element method
(FEM) based on the linearized Naiver Stokes equations
in the frequency domain [8-9]. Figure 1 shows the MPP
sample and its symmetry boundaries, it performed inside
a cylindrical impedance tube has a length of 30 cm and
inner diameter of 3.3 cm.
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Symmetry boundary

Area T T Area

Figure 1 Schematic graph of inhomogeneous MPP with
the assumed symmetry boundaries.

The calculated transfer acoustic impedance (Z;,qns)
of the panel by FEM including the visco-thermal effect,
which can give by [10].

— fPin_fPout (1)

ZMPP = Ztrans - pc fv

Where Ap is the pressure drop across the panel, v is the
velocity in the perforation hole, p density of air. Thus, the
normal absorption coefficient @ of the model including
the visco-thermal effect by FEM can be represented as
[10].

a=1- |R|? 2)

Where R is the pressure reflection coefficient that
gives as

R= ®

Where Pg.,; is the scattered sound pressure and P, is
incident sound pressure. The calculation was made under
ideal air physical properties. While the total impedance
calculated by electric circuit method (ECM) is
Ztotal =T + jom + Zp

“4)

Where r iS Z,egistive, M IS Zyeactive> Zp 1S impedance of
cavity depth.

3. RESULTS AND DISCUSSION

Figure 2. shows the comparison between the
imaginary part of the normalized impedance imag (Zans)
calculated by FEM and (ECM) described of the MPP
model. Model structure parameters are for area 1 are hole
diameter d; = 0.9mm, perforation ratio p;- 1.76%, for
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area 2 are hole diameter d> = 0.5 mm, perforation ratio
p2= 0.4 %. Thickness is set to be t=1 mm for the whole
panel and cavity depth D=30mm.

Figure 3 shows comparison of absorption
coefficient between analytical ECM with the simulated
FEM. it can be observed that the results showed un-
agreement. These un-agreement are mainly due to the
finite geometry effect and to the spatial distribution of the
perforations for the numerical case [8].

o
T

T T
[~e—absiZ,,,) ECM
| abs(Zy,,,) FEM|

Imag(Transfer impedance)
' e -~
T T T

0 L
200 400 600 800 1000 1600

Frequency, Hz
Figure 2. Total impedance comparison between FEM
and ECM of a single layer inhomogeneous MPP, cavity
depth D= 30 mm.
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Figure 3. Absorption coefficient comparison between

FEM and ECM of single layer inhomogeneous MPP,

cavity depth D= 30mm.

1800

4. MODEL VALIDATION

Figure 4 shows the validation of the FEM model
with experimentally measured data of normal absorption
coefficients. Experiment data were obtained in lab by
using of impedance tube according to the standard ISO
10534-2[11] .A good agreement can be observed This
lead that the FE model with considering the visco-
thermal effect can accurately describe the acoustic
performance for the analysed configurations. [8].

1 T L] —1
o o alpha measured
— 3|pha FEM

=
@
T

e
@

Absorption coefficient,e

02- ¢

0 I L
200 400 600 800

I I
1000 1200 1400

Frequency, Hz
Figure 4. Absorption coefficient comparison between
measured data and FEM data, cavity depth D= 30mm.
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5. CONCLUSION

In this paper, a 3D FEM model is present in
order to study the acoustic properties of inhomogeneous
MPPs including the visco-thermal effects. Results show
that the absorption performance of MPPs with viscous
and thermal is mostly affected and dos not much with the
one that obtained by analytical method. The model is
experimentally verified and showed a good agreement.
This lead that the FE model can accurately describe the
acoustic performance for the analysed configurations of
inhomogeneous MPPs.
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ABSTRACT - Vibration of a system can be reduced by
using a dynamic vibration absorber. In this study, a
vibration absorber is fabricated using using 3D printer
machine technology from Acrylonitrile Butadiene
Styrene (ABS). The effectiveness of the vibration
absorber is tested on a cantilever beam and it is found to
successfully reduce the amplitude of the first mode of the
beam.

1. INTRODUCTION

A a dynamic vibration absorber is a combination of
spring-mass system, where its natural frequency is tuned
to the vibration frequency of the host structure [1]. The
absorber can therefore be of any form, such as lumped
system of mass-spring-damper like those installed at the
Taipei 101 building in Taiwan and at Millennium bridge
in London, or a continuous system such as the
Stockbridge damper.

The most recent research is a study to create
vibration absorber using the metamaterial. Metamaterial
is a material engineered to have a property with
combinations of multiple elements fashioned from
composite materials such as plastics or metals.

Lee et al. [2] proposed a vibro-acoustic
metamaterial for suppressing longitudinal vibration
waves transmitted between two mechanical parts. The
absorber is found to effectively reduce vibration in
extremely low frequency range of longitudinal vibration.

He et al. [3] designed structural vibration
suppression in laminate acoustic metamaterials which is
composed of carbon-fiber-reinforced polymer (CFRP)
and periodic array of mass-spring-damper subsystems.
By integrating these two parallel orthotropic laminates,
the stopband becomes wider compared to that of a
conventional vibration absorber. Similar study was also
conducted by Yang et al. [4], where meta-structure beam
is attached with multiple absorbers.

Nowadays, 3D printer machine technology
becomes increasingly popular because its flexibility in
printing any shape of structure into three dimensions [5].
In this study, the 3D print is used to fabricate a single
structure of vibration absorber that able to reduce the
vibration amplitude of a targeted system.

2. METHODOLOGY

2.1 Design and Fabrication of Vibration Absorber
The vibration absorber for this project was designed

by using Solidwork software. It was designed where part

of the vibration absorber will have spring like properties
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and another part will act as the inertial mass. The model
of vibration absorber in this study is as shown in Figure 1.

32
Q

16.50

15

25.21

Figure 1 Proposed model of vibration absorber
(the dimensions are in mm unit).

The model was then transferred to ANSY'S software
to calculate the natural frequency of the absorber. The
natural frequency of the vibration absorber must in the
range of 100 Hz to 200Hz in order to satisfy the
requirement for the testing in the lab. The natural
frequency of the vibration absorber in Figure 1 is 144 Hz.

The model was then fabricated using 3D printer
machine, i.e. Flash Print method. The product is shown
in Figure 2.

LI
Figure 2 The 3D print product of the designed vibration
absorber.

2.2 Experiment

The fabricated vibration absorber was then tested on
a cantilever beam model to observe its efficiency in
reducing the vibration amplitude of the beam. The
experimental setup can be referred in Figure 2. However,
prior to this test, the absorber was first installed on the
vibration shaker to measure its real natural frequency.
The length of the beam was then adjusted, so that its first
mode of vibration matches with the natural frequency of
the absorber.

The vibration was measured using ‘tear drop’
accelerometer located off the midspan of the beam. The
absorber was attached at distance 7 cm from the free-end
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of the beam. One and two absorbers were used and the
effect is discussed.

Vibration é ! Ampitics

absorber |

Figure 2 Experimental set up for vibration absorber
testing.

3. RESULTS AND DISCUSSION
3.1 Stress Analysis

The stress analysis has been done using ANSYS
software to determine the strength and the weakest point
of the vibration absorber. The result is shown in Figure 3.

0.000 s 0
0.015 0.045
Figure 3 Stress analysis on the vibration absorber.

From Figure 3, the red colour section showed the
weakest point on the vibration absorber where stress
amplitude is the greatest. During vibration, this curved
section in the absorber has the greatest deflection due to
its lowest dynamic stiffness.

3.2 Dynamic Test Results

Figure 4 and Figure 5 show the measured vibration
amplitude without and with the vibration absorber, for
single and two absorbers, respectively. The beam can be
seen to have the natural frequency of 144 Hz, which has
been set to be the same as the natural frequency of the
absorber. From Figure 4, it can be seen that the vibration
amplitude of the beam can be reduced significantly at
144 Hz.
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Figure 4 The measured vibration amplitude of the
beam with one absorber.
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Two resonant frequencies at 130 Hz and 180 Hz
can be observed as the consequences of the dynamics
of two-degree-of freedom system due to the presence
of the absorber on the beam.
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Figure 4 The measured vibration amplitude of the
beam with two absorbers.

From Figure 5, adding parallel absorber (on the
other side of the beam) can be seen to improve the
bandwidth of reduction where the first resonant peak is
now reduced at aroun: . 120 Hz and the second peak has a
lower amplitude.

4.  CONCLUSION

Vibration absorber produced from 3D print has been
successfully fabricated. The dynamic test on a cantilever
beam reveals that the product can act as the dynamic
absorber to reduce the vibration of the host structure.

It is interesting for the future study to observe the
effect of multiple absorbers with different type of
arrangement in the structure. The life span of this kind of
3D print product is also of interest to know the reliability
of the absorber in practice.
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ABSTRACT - Vibration of angular misaligned spur and
helical gear was analyzed by using spectral analysis in
this work to determine the effect of load on misaligned
spur and helical gear. Vibration signal for angular
misalignment 0°, 30°, and -30° with different load of 0
Nm, 1.7 Nm, and 3.4 Nm is recorded. Angular
misalignment could be observed clearly at 2X RPM at
acceleration sensor 1 position. Vibration reading also
increases as the load from Brake & Load unit is
connected to the output shaft of the gear train system.

1. INTRODUCTION

Common rotating machinery issues such as
unbalance, looseness, misalignment, bent shaft and
bearing defects can cause undesirable vibration to the
overall mechanical system. Gear misalignment could
affect its nearby bearing to high wear rate earlier than it
should by giving more fatigue stress due to higher
concentrated load than design specification [1].
Condition-based maintenance (CBM) is a common
technique to assess and monitor condition of pump,
gearbox or other machinery components without
physically assess it. This method allows maintenance
work to be scheduled and provide time for the action to
be taken before a failure occurs [2]. Aherwar & Khalid
[3] listed four main vibration analysis technique for
diagnostic of gearbox namely Time Domain Analysis,
Frequency Domain Analysis which includes Spectral
Analysis, Order Analysis, and Time Synchronous
Averaging. On the other hand, Sait & Eldeen [4]
categorized vibration-based analysis into two main
different processing groups namely Time-Statistical
Analysis and Time-Frequency Analysis. Dalpiaz [5] in
his work observed that spectral (or frequency) analysis is
the most frequently used vibration analysis method for
condition-based monitoring in gear train systems. It is
also recommended for detection and basic diagnosis of
errors in simple rotating equipment.

2. METHODOLOGY

Vibration signal of a normal condition gear without
misalignment, and angular misaligned gear 30°, and -30°
which obtained through asymmetrical adjustment of the
bearing covers are measured for two types of gear namely
spur gear and helical gear. Technical specification of the
gears is as shown in Table 1. Vibration is measured by
using two acceleration sensors located horizontally at
two ends of gear casing to observe vibration tendency.
Position of accelerometer 1 is at the right back of the gear
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casing which near to an induction motor. The 0.37 kW
motor provides rotation to the simple gear train via
coupling at the shaft at 1800 RPM speed. Brake and Load
unit located on the right box as shown in Figure 1
comprises of control unit, electric display and magnetic
particle brake. The unit purpose is to simulate the
addition of load into the gear system which are 1.7 Nm
and 3.4 Nm. There is no adjacent machine operate next
to this experiment that would affect vibration level
through foundation or structure [1]. Spectral analysis
method is used to analyse the vibration signal. Data from
spectral analysis is extracted and summarized to a line
graph as shown in Figure 2.

Table 1 Technical specification for gear.

Dimension (L x W x H) 260x210x 180 mm
Weight 20kg

Basic profile DIN 867

Modulus 2

Pressure angle 20°

Helix angle 10°

Transmission ratio i=3

Centre distance 101.543 mm

Pitch diameter of large gear 151 mm

Pitch diameter of small gear 51 mm

Figure 1 Experimental setup for vibration on gearbox.

The benefit of frequency spectrum analyser in a
machine monitoring environment is its capability to
display vibration data in the frequency domain as a
spectrum. The frequency spectrum shows root mean
square (rms) velocity and frequency reading in vertical
and horizontal axis respectively. Bruel and Kjaer
suggested that a vibration severity is best indicated by
velocity-rms for velocity in the range of 10 to 1000 Hz
[6]. Moreover, velocity-rms is the standard unit of
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vibration measurement as recommended by International
Standards Organization (ISO) because it best represents
the energy content in a vibration signal, [7]. The ratio of
the gear is 1:3 small gear to large gear number of teeth
difference. The frequency of 10Hz and 30Hz was derived
from the gear ratio considering the induction motor speed
equals to 30 Hz. Meanwhile, 60Hz from the graph is 2X
RPM of the gear. Engagement frequency or Gear Mesh
Frequency (GMF) is equal to 750 Hz.

3. RESULTS AND DISCUSSION

In overall, vibration signal obtained from
accelerometer 2 is larger than the vibration signal
obtained from accelerometer 1 for most range of loads,
gear types and misalignment setting. This shows that the
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vibration tendency is towards the side of brake & load
unit where the accelerometer 2 is located. The graph at 0°
angle, accelerometer 1 without load indicates control
sample reading where only inertia is acting on the gear
for 10 Hz is 0.38 mm/s at spur gear and 0.09 mm/s at
helical gear. On the other hand, acceleration sensor
position 2 with similar parameter recorded 0.69 and 0.30
mm/s. Addition of 1.7 Nm load to the system increase the
vibration reading for instance at frequency of 10 Hz for
spur gear at 0° misalignment angle at sensor 1 position is
0.75 mm/s of spur gear and for helical gear is 0.10 mm/s.
At the 2X RPM, the result from spur gear is 0.15 mm/s
and from helical gear is 0.04 mm/s, at the 750 Hz the spur
gear is 0.07 mm/s and helical gear is 0.01 mm/s.
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Figure 2 Vibration signals of misaligned spur and helical gear with various load across frequency range.

As the bearing cover is adjusted at 30°, at
acceleration sensor position 1 with frequency of 10 Hz
on 3.4 Nm load, the rms velocity reading is 0.89 mm/s
for spur gear and 0.17 mmn/s for helical gear, whereas at
frequency 30 Hz the result is 0.22 mm/s for spur gear and
0.21 mm/s for helical gear was recorded for spur gear and
helical gear at frequency 30 Hz with similar load. The
value from frequency spectrum of spur gear at 2X RPM
is 0.10 mm/s and helical gear is 0.04 mm/s, while the
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mesh frequency for 30° is 0.11 mm/s for spur and 0.03
mm/s for helical gear. However, when the cover is
adjusted to -30°, the spur gear is observed to experience
angular misalignment at accelerometer 1 position by the
spike of the velocity value at 2X RPM (60Hz). This
occurred because load distribution of the gear pair
vibration has shifted as suggested in previous study [8];
whereas helical gear is still operating under normal curve
pattern. From this single graph, the tolerance of helical
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gear towards misalignment is higher. The overall rms
velocity decrease with increasing frequency as shown in
Figure 2 indicates the vibration energy declines.

4. CONCLUSION

The more load imposed on the gear, higher the
vibration level that will affect the gear. Helical gear
vibration level is lower than that of spur gear due to
helical gear helix angle that smoothen the gear mesh
which in turn shows the its higher tolerance towards
misalignment than spur gear type.
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ABSTRACT - Existing sound absorbers, typically
consist of fibres and foams. However, it has low life span
and poor resistant to damage. This study investigates on
the sound absorption characteristics of lattice structure
produce by additive manufacturing to improve acoustical
characteristics that cannot be fulfilled by typical sound
absorber. Sound absorption coefficient (o) measurement
were conducted by using impedance tube apparatus
according to ISO 10534-2 standard. The effect of
thickness, strut diameter of lattice arms and air gap were
determined by comparing o for each sample. It is shown
that the lattice structures are able to absorb sound mostly
above 1 kHz.

1. INTRODUCTION

Noise pollution become more apparent in the
process of modernization that cause various harmful
effect to people around the world. These situation can be
controlled by using sound absorption materials such as
fibres and foams [1-5]. However, producing the sound
absorber itself brought harmful effect to environment
especially foams materials. Most sound absorbers are
poor in strength, tend to deteriorate and bulky which are
not favourable in lightweight application such as
transportation industries and aerospace [6]. Ensuring
repeatability in quality is difficult and sometimes
increase production time and cost [7-8]. Additive
manufacturing enable manufacturers to skip complex
process on the new product development and also
produce closer characteristics to stochastic foams
standard. It became reliable to industrial application due
to the simple processing to produce a complex and
reliable product [9]. The objective of this paper is to study
body centre cubic (BCC) lattice design structure sound
absorption coefficient characteristics. Apart from these,
the lattice structure and its porosity also considered for
making a good absorber.

2. METHODOLOGY
2.1 Lattice Sample

The design of lattice structures was drawn by
referring to the BCC type lattice. A single lattice was
arranged and stacked to form cylindrical shape to fit in
the impedance tube. Sample thickness were varied to
15 mm, 20 mm and 40 mm as shown in Figure 1. The
strut diameter of the lattice arms was varied to 1.4 mm,
1.6 mm and 1.8 mm as shown in Figure 2.

Samples were printed by CubePro3D printer using
fused deposition method. The material use for the
printing is Acrylonitrile Butadiene Styrene (ABS) plastic
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as it is known with flexibility, smoothness and more
reliable when subjected to external impacts compared to
other raw materials.

le of the latt.icé structure with ﬁéight of
15 mm and 20 mm.

Figure 1 Examf)

(a) (b) (c)

Figure 2 Different strut diameter for lattice (a) 1.4 mm,
(b) 1.6 mm and (c) 1.8 mm.

2.2 Experimental Setup

Sound absorption coefficient characteristics were
measured using impedance tube with diameter of
33.33 mm with a rigid backing. All measurements were
performed using two microphone method following the
ISO 10534-2 standard.

3. RESULTS AND DISCUSSION

The data for the sound absorption characteristics of
the lattice structures from the experiment were analysed
based on the effect of the thickness, strut diameter of
lattice structure and application of air gap behind the
samples.

3.1 Effect of Thickness

The effect of lattice thickness is shown in Figure 3.
However, the peak of a barely reach 0.5 thus a more
consideration need to be taken for this parameter. Thicker
sample increase peak of o and shift it to the lower
frequency. Thicker sample increase flow resistance in the
sample and the sound energy dissipation.

3.2 Effect of Strut Diameter

For the effect of strut diameter, the peak of a
increase as the strut diameter increase as shown in Figure
4. The samples that have a greater diameter have the
higher amplitude of absorption coefficient compared to
other sample. The peak value of a is about 0.7 between
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tested frequency which is around 1.5 kHz to 2 kHz.

A bigger strut diameter reduce the opening on top
of the sample (as seen on Figure 2). A smaller holes
produce higher viscous effect thus assist the acoustic
dissipation.

——thickness of 40 mm

0.9 — — thickness of 30 mm |
- thickness of 20 mm
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(=]
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Figure 3 Comparison of lattice structures with different
thickness.
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——strut diameter 1.8 mm
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Figure 4 Comparison of lattice structures with different
strut diameter.

0 L L
500 1000 1500 4500

3.3 Effect of Air Gap

Figure 5 shows with the increasing depth of air gap
shift a to lower frequency without much change in its
peak. Mass spring resonance created by the presence of
air gap and thus peak of o occur when the stiffness of the
air gap cancels the mass of the holes in the sample. The
presence of air gap layer can be a good alternative
technique in order to improve the sound absorption
coefficients. ~However, in dusty environment,
unprotected and lowly maintain sound absorber promote
the accumulation of dust inside the air gap.

4. CONCLUSION

The performance of lattice structure has been
studied and presented in this paper. Based on the result
on this experiment, the lattice structures can be suggested
to be the next possible sound absorber.
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ABSTRACT - The usage of synthetic materials has
been replaced to natural materials such as banana stem,
grass, lemongrass and palm oil leaves to study their
sound absorption coefficients. The usage of synthetic
materials may lead to numerous problems on human’s
health and environment. The usage of natural materials
may reduce cost and having less health and safety risk
while handling and processing. The samples made with
diameter 28mm and 100mm and the thickness are
10mm. The sound absorption coefficients of samples
were measured according to ASTM E1050-98/1SO
105342-2 two-microphone method. It is evident palm
oil leaves material shows high absorption coefficient.

1. INTRODUCTION

Sound can be defined as a physical disturbance in
media which has the force and as a transfer medium of
sound waves through air, gasses and solids. According
to the Minister of Environment Indonesia, noise can be
defined as unwanted sound from the business or human
activities in the rate and time that can cause human
health problems and harm environment [1].

In this study, the most important role to reduce
noise is the material of sound absorption [2]. Sound
absorptive materials that normally used are fibrous and
porous to soften the acoustic environment of a closed
volume by reducing the amplitude of the reflected
waves. Sound absorber made of synthetic fibre produce
significant CO: into the atmosphere compared to natural
materials [3].

Synthetics porous and fibrous acoustic materials is
frequently used in building acoustics also in noise
control applications are harmful to human health as well
as to the environment [4]. The acoustic panels made
from natural fibres are less harmful to human health and
eco-friendlier than those made of conventional synthetic
fibres [5]. Thus, manufacturers and engineers are
inspired to seek alternative materials from natural fibres
to replace synthetic fibres due to concern for human
health and safety issues. This study is proposed to
replace the used of synthetic materials to natural
materials by using banana stem, grass, lemongrass and
palm oil leaves.
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2. METHODOLOGY
The construction flow process of sound absorber
was given in Figure 1.

Project identification and collection of data

v

Collecting raw materials from agricultural waste
which consist of banana stem, palm o1l leaves,
grass and lemongrass

v

The samples were heated in oven at 80°C for 5
minutes to let the excess water in the fibers
evaporated

v

The smallest part of dried samples was cut into 5
to 10mm length and the fibers are obtained by
extracting from each sample respectively

v

The sample of fibers were mixed with
polyurethane and hardener with ratio 1:4

v

The mixture of fibers was put in the mold with
28mm and 100mm diameter and 10mm thickness

v

The samples were heated in the oven

v

The samples were tested by using the impedance
tube to measure sound absorption coefficient

v

Result analysis

Figure 1 Flow chart of construction process of sound
absorber.
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3. RESULTS AND DISCUSSION

The measurements were based on a two-
microphone (Figure 2) method according to ASTM
E1050-98. Figure 3 shows the equipment used in the
test and the test set-up. The sample was places at the
middle of the impedance tube. Figure 4 shows the
variation of sound absorption coefficient against
frequency for 4 different samples. It is evident that type
of green materials influences the sound absorption
coefficients.

Spectrum analyzer
Microphiones Remowable cap
N\ {rigi)
i —
2
@ ’ Sample
Noise

genersigr  Ampifier

Figure 2 Diagram of the measurement set-ups [5].

Figure 3 Exper'imental setup and sample specimens.

Table 1 Sound absorption coefficient.

Banana Palmoil Lemon
Freq. Grass

stem leaves grass
125 0 0 0 0

250 0.03316  0.03429 0.03075  0.03123
500 0.05282  0.05966  0.04569  0.06323
1000 0.10339  0.14697 0.07852  0.14822
2000 0.42014 0.43586 0.18864  0.45460
4000 0.54971  0.89008  0.95232  0.79980

12

1
08
06
0.4
0.2

0

a 1000 2000 2000 4000 5000 6000

Sound Absorption Coefficiant

Frequency [Hz]

—#—BANANA STEM ——GRASS PALM LEAVES =——LEMONGRASS

Figure 4 Comparison of sound absorption coefficient of
banana stem, grass, palm oil leaves and lemongrass.
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All the samples exhibit similar pattern of sound
absorption at all frequencies. For all the samples, when
the frequency increased, sound absorption coefficient
also increased. However, they decreased somewhat at a
frequency of 3300 Hz and then increased again. The
measured values of the samples show less significant
differences on sound absorption coefficient. The sample
made of palm leaves shows higher sound absorption
coefficients compared to the other materials.

4. CONCLUSIONS

Utilizing green materials as an alternative sound
absorbing material has been investigated. The result
show that the samples made palm oil leaves have high
sound absorption coefficients compared with the other
samples. By introducing the sound absorber from green
material, the resulting materials show a good potential
to be an environmentally products. The new green
materials have a good future because they are cheaper
and environmentally superior compare to synthetic
materials.
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ABSTRACT — This paper, the mobile robot has a 5-DOF
robotic arm to perform the pick and place task. Besides
that, the mobile robot has 4 wheels for mobility. The
mobile robot is powered up by 2200mAH Li-PO Battery
which can last for an hour. Furthermore, it is built with
an Arduino UNO and controlled by Android Smartphone
with an app called “JoyStick Controller”. Bluetooth is
used as a connection between the Arduino and Android
Smartphone. The User Interface of the application is
designed in a way to allow the user to handle the mobile
robot easier. PID controller is used in this project to make
the arm movements smooth without barrier and lagging.

1. INTRODUCTION

Nowadays, Robots are significantly increase as
robots being immersed into our daily tasks, machines are
replacing human especially in industrial sector whereas
the automation of process has increase the efficiency
while decreasing time consume and human energy. As the
technologies getting move advance, the improvement of
technologies has inspired whole generation of engineer
to push the barriers of technology. The main challenge
such as to develop a robotic arm to work the way human
arm does.

Human are restricted by physical and mentally
limitation whereas robot is invisible. They can work
repetitively and way more effectively and efficiency
compare to human. They replace human to outperform a
duty which human unable to do. Robot do not have soul,
they are lifeless. They perform what they are
programmed to be and they can work 24/7. They can lift
heavy weight and can accurately perform the job with
less errors. Robots are widely used in many fields of
application including office, industrial automation,
military task, hospital operations, security system,
dangerous environment, and agriculture [1].

Generally, industrial robotic arm widely used for
pick and place task where it is programmed to execute
the task to be fast and accurate. From SMT machine to
automation, it can work independently or cooperate with
human force especially in large scale or heavy weight
which human unable to handle. This can greatly reduce
the risk factor as well as increase the efficiency of work
done [2].

Furthermore, robots are deployed especially in
hazardous situation as terrorist bomb threat, land mine
patrol and nuclear disaster. They often used to deal with
hazardous materials to enhance the human safety
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especially in hazardous environment such as extremely
hot or cold temperature, polluted air, and radioactivity.
Human is unable to endure these hazardous environments
for a long period [3].

2. METHODOLOGY

Flow chart shows the progression of the research
from initial till the end. It is act as a guidance to keep in
track on the progress. Whenever there is problem arises,
Flow Chart is one of the fastest method to troubleshoot
problem. Figure 1 shows the general flowchart of the

project.
Literature Study
Y
Hardware Design Construct flovv.rchan
for the coding
Prepare Materials Write coding for
and Tools Arduino with PID
system
= i
Construct Robotic +‘ Troubleshooting
Arm A

Assemble robot
chassis and Merge

Create GUI of
Android and interact
with Arduino using

Bluetooth

Troubleshooting Test Functionality

Improvement
Project

Y

Analyse the
Performance
\
‘ End )

Figure 1 General Flowchart of the project.
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Block diagram illustrate the component used in this
project. This allows the reader to understand the concept
of the project by visualize. In this project, the robot is
controlled by android smartphone via Android
application, Joystick Controller through Bluetooth
Communication. Figure 2 shows the block diagram of the
project while the real mobile robot arm with angle for
each servo motor is determined based on the Figure 3.

L293D Motor Shield
Mounted on Ardumo UNO

11.1 V Li-Po Battery

JoyStick Coatroller
. ()

Arduino  will go

through PID system

0.

‘ DC Motor [
Figure 2 Block diagram of the mobile robot.

SA CV Step Down Module

» ol
PCA9685 Module

Servo Motor

Figure 3 Mobile robot with angle analysis parts.

3. RESULTS AND DISCUSSION

Figure 4 show the graph of distance over time for
each speed. It clearly shows that speed 5 took the fastest
time to reach the 200m whereas speed 0 took the longest
time to reach.

Figure 5 show the comparison between step
response with and without the PID controller. The graph
without PID controller is in blue colors. There are
overshoot occurs in this step response. The steady state
error and the settling time are also shown in this graph.
Without PID controller the steady state error is 0.33 and
the rise time are 1.21 second. The graph in red color is
indicate to system with PID controller. In this system
there are no overshoot occurs because I can eliminate the
overshoot by tune the 3 parameters. The steady state
errors are equal to 1 and the rise time is 0.107. The system
with PID controller are more appropriate to use because
the rise time are 0.107 and make the system steady state
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error equal to 1. If the rise time decreasing means the
input transfer to output are fast. The system with low rise
time and steady state error equal to 1 are the stable
system. In this project it makes the arm movement with
no barrier and lagging.
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Figure 4 Graph of Distance over Time for each speed.
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Figure 5 PID controller performance for servo motors.

4. CONCLUSION

The mobile robot with robotic arm can pick and
place an object from a destination to another. This has
fulfilled the objectives. Besides, the mobile robot is
controlled using an Android smartphone. It uses the
application called JoyStick Controller to control it, with
a polished version of User Interface, it will allow the user
to be easier to control the mobile robot as well as the
robotic arm. The movement of the robotic arm are
smooth and stable with help of PID controller.
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ABSTRACT - This paper discussed the motion
characteristics of a Tubular Linear Switched Reluctance
Actuator (T-LSRA) using phase-to-phase switching
algorithm.  This paper validates the motion
characteristics for both forward and reverse motion. In
order to achieve a smooth and fast reciprocating motion,
the suitable phase-to-phase switching algorithm
corresponding to the mover position was investigated.
The mover response time was obtained by reciprocating
the mover between 0 mm and 25 mm at maximum rated
phase current of 2 A. The tubular LSRA has an
overshoot of 33.3 % and requires approximately 0.18 s
for the mover to reach the equilibrium position at 5.071
mm.

1. INTRODUCTION

Linear switched reluctance actuator (LSRA) is a
fresh type of actuator that has great advantages due to
its low cost and simple design construction. However,
the key concerns of a SRA are the unwarranted force
ripples, vibration and acoustic noise compared to the
conventional actuator [1,2]. Hence, the control strategy
of the actuator is crucial in order to overcome the
drawbacks. Based on studies, several types of
controllers have been proposed and applied to switched
reluctance actuator (SRA) mechanism; i.e: modified
PID control, intelligent control, linearization control and
two degrees of freedom control. The PID controller is
commonly used in speed and position control
applications due to its simplicity, easy tuning and
robustness. However, the applied of the conventional
PID controller will reduce the positioning performances
due to the highly nonlinear characteristics of the SRA.
Thus, in order to implement the knowledge of linear
controller to a nonlinear system, this system requires to
undergo linearization control [3-5]. Hence, Maslan et
al. and Ghazaly et al. proposed a new controller to
overcome these drawbacks with respect to the precision
control by introducing the linearizer unit without any
added mechanism [4,5]. Based on the controllers
developed by Maslan et al. [4], the proposed PID
controller with linearizer unit eliminates the residual
vibration caused by applying a linear controller on the
LSRA whereby the actuator’s characteristic is nonlinear
in nature. Subsequently, the maximum steady-state error
is approximately four times lower compared to the
conventional PID controller. In this research, the phase-
to-phase switching algorithm based on Maslan et al. on
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linear type planar single-sided SRA was implemented in
order to evaluate the motion characteristics of the
Tubular Linear Switched Reluctance Actuator (T-LSRA)

prototype.

2. METHODOLOGY

In this research, the T-LSRA prototype was
developed in order to validate the motion characteristics
of a T-LSRA by using the phase-to-phase switching
algorithm. The linear motion is measured using a linear
incremental encoder (RGH24W30D33A, Renishaw) via
Micro-box with the interface of MATLAB Simulink
Software. Figure 1 shows the full experimental setup in
which the assembled T-LSRA prototype. Two
polytetrafluoroethylene (PTFE) coated linear bushings
are accurately aligned and fitted on both the mover’s
ends in the direction of motion. This is to ensure the air
gap is uniform throughout the actuator and allow low
friction sliding surface. Three high current amplifiers
(one PBZ60-6.7, Kikusui Electronic Corporation and
two TS250-0, Accel Instruments) were used throughout
the experimental validation.

Linear <,
Load Cell Stator

: Mover Mover Block
Bushing

Aluminium  Epoxy Glass
Base

Stator Holder  Linear Incremental Lincar
Encoder Guide

Figure 1 T-LSRA prototype.

In order to achieve smooth and fast reciprocating
motion, the suitable phase-to-phase switching algorithm
which corresponded to the mover position was
investigated. In this paper, forward motion is referred as
the mover moves to the left direction and reverse
motion is referred as the mover moves to the right
direction. The magnetic circuit (magnetic flux) for
Phase A at the initial mover position is depicted in
Figure 2. When the coils on Phase A are applied with
excitation current, magnetic flux is generated and flows
from the stator poles with active phase coils to the
mover poles and flows back to the stator poles to form a
complete cycle of the magnetic circuit. The forward
motion and reverse motion sequences in the first pitch
for the T-LSRA are shown in Table 1 which was
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determined from the open-loop characterization based
on the fully aligned mover-to-stator position.

Stator -> - -

3 :
IsdIsNis IS Aisars s g N s s: Magnetic
Coils == ‘ W/ Flux
! *L‘ ! [ .| ]
M M:e LM: « Mu Ms = Ms M: « Ms Mo Mo Mu My —
‘ ‘ ‘ | ‘ ‘ ‘ [ ‘ ‘ ‘ ‘ i i 1 Travelling
Mover Sul| S| IS LIS LISl ISl ]S ISe ] |Se | [Sto] [Suuf Sz
Stator l H l ” l l

[A][A1B B'C C[A][AB B'C C[A][AB B'C C[A][AB B'C C*
Figure 2 Magnetic circuit for Phase A at initial position.

Table 1 Forward motion sequence in the first pitch.

Position

Phase  Stator Mover
(mm)
0-5 AA S1-54-S7-S10 M3-Ms-M7-Mg
5-10 BB’ 82-35-88-811 M4-M5-M8-M10
10-15 cc S3-S6-S9-S12 Ms-M7-Mg-Myy

3. RESULTS AND DISCUSSION

The motion characteristics of the T-LSRA was
examined through driving characteristics via open-loop
experiments. Figure 3 illustrates the block diagram of
the open-loop control for the T-LSRA. The open-loop
motion characteristic of the mover is evaluated by
applying a constant current from 0.9 Ato 2 Awith 0.1 A
increments for 4 s. The excitation phase is depending on
the mover position as validated in Table 1.

Phase A
(A)

Phase B
(A)
Phase C
(A)

Switching
Mechanism

displaceme
Ea Tubular LSRA Dispiacement
(mm)

Mover Position (mm)

imavat 2 A
| il
| I
!
I I
| I
| I
| |
|
| I
| I
| I
T
| I
L |

Saturation
Unit

Figure 3 Block diagram of open-loop control for
reciprocating motion.

Figure 4(a) depicts the open-loop control of the T-
LSRA for one step forward motion at maximum rated
phase current of 2 A. Based on the result, the T-LSRA
has an overshoot of 33.3 % and requires approximately
0.18 s for the mover to reach the equilibrium position at
5.071 mm instead of 5 mm due to insufficient of energy
when the stator and mover poles reach the equilibrium
position. To further validate the effectiveness of the
phase-to-phase switching algorithm, the open loop
control performances for continuous six steps forward
and reverse mation at maximum rated phase current of 2
A was evaluated as shown in Figure 4(b).

4. CONCLUSION

In conclusion, the motion characteristics of a T-
LSRA using phase-to-phase switching algorithm was
successfully verified. The functionality of the developed
T-LSRA has been experimentally validated. The T-
LSRA motion performances show an overshoot of 33.3
% and require approximately 0.18s for the mover to
reach the equilibrium position at 5.071 mm. Through
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the open-loop reciprocating motion, dynamic responses
of the T-LSRA were obtained. The maximum velocity
and maximum acceleration that the T-LSRA capable to
achieve is approximately 210 mm/s and 8 m/s?
respectively. Future works include improving T-LSRA
control performances toward precision motion.
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Figure 4 T-LSRA motion characterization. (a) Open-

loop control for one step response and (b) open-loop

control for continuous six steps forward motion and
reverse motion.
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ABSTRACT - This research discusses on the
positioning control performance of a rotary switched
reluctance actuator (SRA). In this research, the
positioning control of the rotary SRA is achieved by
implementing the modified PID control scheme. The
procedures to construct the linearizer unit is the key
elements in the modified PID control scheme. This
paper emphasizes on the positioning control
performances between the modified PID with the
conventional PID. The findings showed that modified
PID controller with linearizer unit demonstrated an
improved performance, i.e.: at position 74.5°, error is
completely eliminated, overshoot and settling time is
improved by 81.4% and 76.2%, respectively.

1. INTRODUCTION

A switched reluctance actuator (SRA) is a type of
electromagnetic stepper actuator that is gaining approval
for its simple and robust design and its ability of
exceeding high-speed operation [1-3]. SRA has gained
control over permanent magnet actuators due to the fact
that its material construction is relatively low cost
compared to the expensive and rare permanent magnets.
It is well known that the SRA is a highly non-linear
characteristic actuator, thus it is particularly difficult to
control its position. At present, there are several control
methods proposed and established for motion control of
linear SRA [2]. However, for rotary SRA they are fairly
limited and are mostly involved in model-based control
which are highly dependent on the system’s modelling
[3]. As an option for a much simpler controller,
conventional PID controller is a decent option [4].
However, the PID controller is not designed to control a
non-linear system. Therefore, this paper discussed the
implementation of a modified PID controller for
evaluating the positioning performance of an SRA,
where the modified PID controller is an improved
version of the conventional PID controller.

2. METHODOLOGY

To evaluate the positioning control performance of
a rotary switched reluctance actuator (SRA) using
modified PID control scheme, several experimental
works are evaluated using the prototype shown in
Figure 1. Figure 2 shows the block diagram of modified
PID controller. The system consists of PID controller,
Linearizer unit, and an anti-windup unit. The switching
mechanism plays an important role which decides the

© Centre for Advanced Research on Energy

correct activation of the SRA excitation phase current
(Phase A, B and C). Different phases are activated when
specified conditions are fulfilled based on the rotor
current position. The anti-windup was implemented to
avoid the saturation of PID signal due to the integral
term.

Switched
Reluctance
Actuator

Pointer

Microscope

Aluminum
base

Epoxy

Glass

Figure 1 Rotary SRA prototype.

Modified PID Controller

. Plant
. el 1 | | Switching | u,
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- o Linearizer
Z-1

Position Feedback

Figure 2 Block diagram of modified PID controller.

Since SRA has a highly non-linear characteristic,
thus the presence of the linearizer unit is to compensates
for the non-linear current-displacement relationship of
SRA system. Figure 3 shows the current-displacement
relationship used to construct the linearizer unit for
Phase A. Each phase has its own Linearizer unit. Using
a customized waveform which consist of combination
of positive and negative step signal shown in Figure 4,
the residue magnetic flux in rotary SRA can be
discharged.

3. RESULTS AND DISCUSSION

To evaluate the effectiveness of the modified PID
controller, the SRA is evaluated at reference position
74.5°. The specific positions are tested which includes
decimal specific positions to assess the robust
performance of the controllers. The controller
parameters for both conventional PID controller and
modified PID controller is shown in Table 1. Figure 5
shows the point-to-point positioning performances of
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the SRA using modified PID controller and the
conventional PID controller. The conventional PID
controller is validated as a comparative comparison. It
can be depicted that the PID controller showed
difficulties in achieving positions that are close to the
fully aligned position at 74.5°. From Table 2, the
modified PID controller displayed an excellent
performance in compared to PID controller where the
positioning error is 100% eliminated, overshoot and
settling time is improved by 81.4% and 76.2%,
respectively.
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Figure 3 Current-displacement relationship to construct
linearizer block for Phase A.
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Figure 4 Customized waveforms for discharge of
magnetic flux in SRA.

Table 1 Controller parameters for conventional PID and
modified PID controllers.

Modified PID Conventional PID
Kp (°) 2.02 0.3
K (°s?) 22 3.28
Kbp (°s) 0.07 0.01

4. CONCLUSION

In conclusion, the positioning control performance
of a rotary switched reluctance actuator (SRA) using
modified PID control scheme is validated. It shows that
the linearizer unit and anti-windup elements are able to
greatly improve the positioning performance of the
rotary SRA. Future works includes the improvement of
the linearizer unit using high resolution encoder and the
inclusion of system’s frictional force for micro-
positioning and trajectory tracking.

Table 1 Transient parameters for modified PID and PID
controller at reference position 74.5°.
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. Improve

Parameters m%d'f'ed PID ment
(%)

Steady;state 0.00 7.90 x 10t 100.0

Error (°)

Overshoot 1

) 3.56 1.91x 10 814

(Sse;ttllng Time 1.73x 10  7.24 x 101 76.2
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