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Preface

A large international conference on Advances in Engineering Technologies and
Physical Science was held in Hong Kong during 12-14 March 2014, under the
International MultiConference of Engineers and Computer Scientists 2014 (IMECS
2014). The IMECS 2014 is organized by the International Association of Engineers
(IAENG). IAENG is a non-profit international association for engineers and computer
scientists, which was founded originally in 1968 and has been undergoing rapid
expansions in recent few years. The IMECS conference serves as a good platform
for the engineering community to meet with each other and to exchange ideas. The
conference has also struck a balance between theoretical and application development.
The conference committees have been formed with over 300 committee members
who are mainly research center heads, faculty deans, department heads, professors,
and research scientists from over 30 countries with the full committee list available
at our conference website (http:/www.iaeng.org/IMECS2014/committee.html). The
conference is truly international meeting with a high level of participation from many
countries. The response that we have received for the conference is excellent. There
have been more than 600 manuscript submissions for IMECS 2014. All submitted
papers have gone through the peer-review process and the overall acceptance rate is
51.24 %.

This volume contains 33 revised and extended research articles written by
prominent researchers participating in the conference. Topics covered include
engineering physics, engineering mathematics, scientific computing, control theory,
artificial intelligence, electrical engineering, communications systems, and indus-
trial applications. The book offers the state of art of tremendous advances in
engineering technologies and physical science and applications, and also serves as
an excellent reference work for researchers and graduate students working with/on
engineering technologies and physical science and applications.

Gi-Chul Yang
Sio-long Ao
Xu Huang
Oscar Castillo



Contents

Active-Force Control on Vibration of a Flexible Single-Link
Manipulator Using a Piezoelectric Actuator . . ..................
Abdul Kadir Muhammad, Shingo Okamoto and Jae Hoon Lee

Numerically Stable Computer Simulation of Solidification:

Association Between Eigenvalues of Amplification Matrix

and Size of Time Step . & .5y v e So e BB Wi adliinG e s
Elzbieta Gawronska and Norbert Sczygiol

Modelling of Process Parameters Influence on Degree
of Porosity in Laser Metal Deposition Process. . . ................
Rasheedat Modupe Mahamood and Esther Titilayo Akinlabi

Statistics of End-to-End Distance of a Linear Chain Trapped
in a Cubic Lattice of Binding Centers. . . ... ...................
Zbigniew Domanski and Norbert Sczygiol

Using Modern Multi-/Many-core Architecture
for the Engineering Simulations . . . . ................o e
Grzegorz Michalski and Norbert Sczygiol

A Viscosity Approximation Method for the Split Feasibility

Problemis. . . . . 4o HE sew s dolimpild, 960 0k TV 0% L L, SRR
Jitsupa Deepho and Poom Kumam

Analytic Method for Solving Heat and Heat-Like Equations
with Classical and Non Local Boundary Conditions . .............
Ahmed Cheniguel

17

31

55

69

79

vii



viii

Iterative Algorithms for the Linear Matrix Equation X + A*XA =1

and Some Properties . . . .......oc s

Sana’a A. Zarea, Salah M. El-Sayed and Amal A.S. Al-Marshdy

Multiobjective Fuzzy Random Linear Programming Problems

Based on E-Model and V-Model. . . .. .......ccoovneneenn

Hitoshi Yano and Kota Matsui

Fixed Point Theorem and Stability for (&, v, &-Generalized

Contractive Multivalued Mappings. . . . .. ...

Supak Phiangsungnoen, Nopparat Wairojjana and Poom Kumam

A System Development for Laboratory Assignment Problem

with Rotations: A Mixed Integer Programming Approach. . .......

Takeshi Koide

Scheduling the Finnish Major Ice Hockey League

Using the PEAST Algorithm . ................. ... ...

Kimmo Nurmi, Jari Kyngis, Dries Goossens and Nico Kyngés

Biobjective Sightseeing Route Planning with Uncertainty
Dependent on Tourist’s Tiredness Responding Various

ICONAIGONE.. . . .o o vt s s S S B B SR R IR S S A e DA

Takashi Hasuike, Hideki Katagiri, Hiroe Tsubaki and Hiroshi Tsuda

Computing the Lower and Upper Bound Prices for Multi-asset
Bermudan Options via Parallel Monte Carlo Simulations
Nan Zhang, Ka Lok Man and Tomas Krilavi¢ius

PVT Insensitive Ixgr Generation
Suhas Vishwasrao Shinde

Optimum Life Test Plans of Electrical Insulation for Thermal
Stress Under the Arrhenius Law
Hideo Hirose and Naoki Tabuchi

Charge Plasma Based Bipolar Junction Transistor on Silicon
on Insulator

Sajad A. Loan, Faisal Bashir, Asim. M. Murshid, Humyra Shabir,

M. Rafat, M. Nizamuddin, Abdul Rahman Alamoud
and Shuja A. Abbasi

Contents



Contents iX

Carbon Nanotube Based Operational Transconductance Amplifier:

A SIulaton SWAY . « « s wo o« vv 500 5 56 599§ we Ral T OB SRRD 231
Sajad A. Loan, M. Nizamuddin, Humyra Shabir, Faisal Bashir,

Asim M. Murshid, Abdul Rahman Alamoud and Shuja A. Abbasi

Analytical Study and Reduction of Harmonics Issued from LED
Lamps in Lighting System . . . . . ... ...... ... ... ... .......... 243

Chaiyan Jettanasen and Atthapol Ngaopitakkul

Simulation Study of a Novel High Performance Oxide

Engineered Schottky Collector Bipolar Transistor. . ... ........... 253
Sajad A. Loan, Humyra Shabir, Faisal Bashir, M. Nizamuddin,

Asim M. Murshid, Abdul Rahman Alamoud and Shuja A. Abbasi

Two Area Load Frequency Control of Hybrid Power System

Using Genetic Algorithm and Differential Evolution Tuned

PID Controller in Deregulated Environment. . . ... .............. 263
Gargi Konar, Kamal Krishna Mandal and Niladri Chakraborty

Selection of Proper Activation Functions in Back-Propagation

Neural Network Algorithm for Transformer and Transmission

Systein Protection . . .« .. - v woe o wwid o5 RSl Landiipml g 8, sl B 279
Atthapol Ngaopitakkul and Sulee Bunjongjit

EOS Protection for USB2 Transceiver
Suhas Vishwasrao Shinde

An Embedded SIP-VoIP Service in Enhanced Ethernet Passive

Optical Networke. . « o0 6950 il s o A0 nssmni@ameida™ o 307
I-Shyan Hwang, AliAkbar Nikoukar, Lamarana Jallow

and Andrew Tanny Liem

Extracting Naming Concepts by Analyzing Recipes

and the Modifiers in Their Titles . . . . ... ..................... 321
Shoko Wakamiya, Yukiko Kawai, Hidetsugu Nanba

and Kazutoshi Sumiya

Searching Comprehensive Web Pages of Multiple Sentiments

BOC B TEOPIE <. crecisio om0 500 50 BB BB 55,8 dbon: o et Wit 8 337
Shoko Wakamiya, Yukiko Kawai, Tadahiko Kumamoto,

Jianwei Zhang and Yuhki Shiraishi



Analyzing Early Mentioning of Past Buzzwords for Determination
of Bloggers’ Buzzword Prediction Ability
Seiya Tomonaga, Shinsuke Nakajima, Yoichi Inagaki,
Reyn Nakamoto and Jianwei Zhang

An E-commerce Recommender System Using Measures
of Specinlty SHOPE . .. ..« v vonvneeonono oo dudisd BEIERLE 2.8 369

Daisuke Kitayama, Motoki Zaizen and Kazutoshi Sumiya

Cooking Recipe Recommendation Method Focusing

on the Relationship Between User Preference

anG ingredicit QuRBtIRY . . . &0 atienis vews s 2esin « peantl ol 2, 385
Mayumi Ueda and Shinsuke Nakajima

Fast and Memory Efficient 3D-DWT Based Video Encoding

Techniques with EZW Based Video Compression Mechanism . . . . . . . 397
Vishal R. Satpute, Ch. Naveen, Kishore D. Kulat

and Avinash G. Keskar

PCA Based Extracting Feature Using Fast Fourier Transform
for Facial Expression Recognition . .......................... 413
Dehai Zhang, Da Ding, Jin Li and Qing Liu

Support Systel'il Using Microsoft Kinect and Mobile Phone
for Daily Activity of Visually Impaired. . . ..................... 425

Mohammad M. Rahman, Bruce Poon, Md. Ashraful Amin
and Hong Yan

Change Patterns Detection and Traceability Impact Analysis
of Business Process Modelsauai v aug o« csdoudiviasd i uh . 26wl g 441
Watcharin Uronkarn and Twittie Senivongse

Authoriindex ;i\ ... Saelehvs ndadbeimnbed v oo ¥ nasit: 457

Subject Index



Chapter 1

ACTIVE-FORCE CONTROL ON VIBRATION OF A FLEXIBLE
SINGLE-LINK MANIPULATOR USING A PIEZOELECTRIC
ACTUATOR

Abdul Kadir Muhammad?, Shingo Okamoto?, and Jae Hoon Lee?
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Abstract: The purposes of this research are to formulate the equations of motion of the system, to develop computational codes by a
finite-element method in order to perform dynamics simulation with vibration control, to propose an effective control
scheme using three control strategies, namely active-force (AF) proportional (P), and proportional-derivative (PD) controls
and to confirm the calculated results by experiments of a flexible single-link manipulator. The system used in this paper
consists of an aluminum beam as a flexible link, a clamp-part, a servo motor to rotate the link and a piezoelectric actuator
to control vibration. Computational codes on time history responses, FFT (Fast Fourier Transform) processing and
eigenvalues - eigenvectors analysis were developed to calculate the dynamic behavior of the link. Furthermore, the AF, P,
and PD controls strategies were designed and compared their performances through calculations and experiments. The
calculated and experimental results showed the superiority of the proposed AF control compared to the P and PD ones to
suppress the vibration of the flexible link manipulator.

Keywords: Active-force control, finite-element method, flexible manipulator, piezoelectric
actuator, proportional control, proportional-derivative control, vibration control.

1. INTRODUCTION

Employment of flexible link manipulator is recommended in the space and industrial applications in order to
accomplish high performance requirements such as high-speed besides safe operation, increasing of
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positioning accuracy and lower energy consumption, namely less weight. However, it is not usually easy to
control a flexible manipulator because of its inheriting flexibility. Deformation of the flexible manipulator
when it is operated must be considered by any control. Its controller system should be dealt with not only its
motion but also vibration due to the flexibility of the link.

In the past few decades, a number of modeling methods and control strategies using piezoelectric
actuators to deal with the vibration problem have been investigated by researchers [1] — [3]. Nishidome and
Kajiwara [1] investigated a way to enhance performances of motion and vibration of a flexible-link
mechanism. They used a modeling method based on modal analysis using the finite-element method. The
model was described as a state space form. Their control system was constructed with a designed dynamic
compensator based on the mixed of H./H... They recommended separating the motion and vibration controls of
the system. Zhang et al [2] has studied a flexible piezoelectric cantilever beam. The model of the beam using
finite-elements was built by ANSYS application. Based on the Linear Quadratic Gauss (LQG) control method,
they introduced a procedure to suppress the vibration of the beam with the piezoelectric sensors and actuators
were symmetrically collocated on both sides of the beam. Their simulation results showed the effectiveness of
the method. Gurses et al [3] investigated vibration control of a flexible single-link manipulator using three
piezoelectric actuators. The dynamic modeling of the link had been presented using Euler-Bernoulli beam
theory. Composite linear and angular velocity feedback controls were introduced to suppress the vibration.
Their simulation and experimental results showed the effectiveness of the controllers.

Furthermore, applications of the AF control strategy to suppress vibration of a flexible system were done by
some researchers [4] — [6]. Hewit et al [4] used the AF control for deformation and disturbance attenuation of
a flexible manipulator. Then, a PD control was used for trajectory tracking of the flexible manipulator. They
used a motor as an actuator. Modeling of the manipulator was done using virtual link coordinate system
(VLCS). Their simulation results had shown that the proposed control could cancel the disturbance
satisfactorily. Tavakolvour et al [5] investigated the AF control application for a flexible thin plate. Modeling
of their system was done using finite-difference method. Their calculated results showed the effectiveness of
the proposed controller to reduce vibration of the plate. Tavakolvour and Mailah [6] studied the AF control
application for a flexible beam with an electromagnetic actuator. Modeling of the beam was done using finite-
difference method. The effectiveness of the proposed controller was confirmed through simulation and
experiment.

The purposes of this research are to derive the equations of motion of a flexible single-link system by a
finite-element method, to develop the computational codes in order to perform dynamics simulations with
vibration control, to propose an effective control scheme of a flexible single-link manipulator using three
control strategies namely active-force (AF), proportional (P) and proportional-derivative (PD) controls and to
confirm the calculated results by experiments of the flexible single-link manipulator.

The flexible manipulator used in this paper consists of an aluminum beam as a flexible link, a clamp-part, a
servo motor to rotate the link and a piezoelectric actuator to control vibration. Computational codes on time
history responses, FFT (Fast Fourier Transform) processing and eigenvalues - eigenvectors analysis were
developed to calculate the dynamic behavior of the link and validated by the experimental one. Furthermore,
the AF, P, and PD controls strategies were designed to suppress the vibration. It was done by adding bending
moments generated by the piezoelectric actuator to the single-link. Finally, their performances were compared
through calculations and experiments.
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2. FORMULATION BY FINITE-ELEMENT METHOD

The link has been discretized by finite-elements [7] - [8]. The finite-element has two degrees of freedom,
namely the lateral deformation v(x,t), and the rotational angle y(x,t). The length, the cross-sectional area and
the area moment of inertia around z-axis of every element are denoted by [;, Si and I, respectively. Mechanical
properties of every element are denoted as Young’s modulus E;j and mass density pi.

2.1 Kinematics

Figure 1 shows the position vector of an arbitrary point P in the link in the global and rotating coordinate
frames. Let the link as a flexible beam has a motion that is confined in the horizontal plane as shown in Fig. 1.
The O — XY frame is the global coordinate frame while O — xy is the rotating coordinate frame fixed to the root
of the link. A motor is installed on the root of the link. The rotational angle of the motor when the link rotates
is denoted by 6(t).

Y.J
viCr=ny IO Link

xi(fr=1)

X. T
Ni(r=0)

O — XY: Global coordinate frame
O —xy : Rotating coordinate frame

Figure 1-1. Position vector of an arbitrary point P in the link in the global and rotating coordinate frames

The position vector r (x,t) of the arbitrary point P in the link at time t = t, measured in the O — XY frame
shown in figure 1 is expressed by

r(x,t)=Xxtl+Y(x1t)J (1)
where

X (x,t) = xcosO(t) —v(x,t)sino(t) 2

Y (x,t) = xsinA(t) + v(x,t) cosO(t) 3

The velocity of P is given by
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Fx, 1) = X (%01 +Y(x,1)J (4)
2.2 Finite-element Method

Fig. 2 shows the rotating coordinate frame and the link divided by one-dimensional and two-node
elements. Then, Fig. 3 shows the element coordinate frame of the i-th element. Here, there are four boundary

conditions together at nodes i and (i+1) when the one-dimensional and two-node element is used. The four
boundary conditions are expressed as nodal vector as follow

5i:{Vi Vi Via '//i+1}T )

Then, the hypothesized deformation has four constants as follows [9]
Vi =al+a2Xi+a3Xi2+a4Xi3 (6)

Node / Element /
(&) .\ \ \

Node 1 Node i+1 Node n

0 — xy: Rotating coordinate frame

Figure 1-2. Rotating coordinate frame and the link divided by the one-dimensional and two-node elements

Vi

vix)

Vitr

M~ Wi+i

Node i A Nodei+1

0; — X; Yi: Element coordinate frame of the i-th element

Figure 1-3. Element coordinate frame of the i-th element
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The relation between the lateral deformation vi and the rotational angle y; of the node i is given by

il )

l//iza—xi

Furthermore, from mechanics of materials, the strain of node i can be defined by

=y =0 o ®
2.3 Equations of Motion
Equation of motion of the i-th element is given by
M8, +Cid; + K, —02OM, |6, =@, o)

where M;, Ci, Ki, 6(t)f; are the mass matrix, damping matrix, stiffness matrix and the excitation force
generated by the rotation of the motor respectively. The representation of the matrices and vector in Eq. (9)
can be found in [7]. Finally, the equation of motion of the system with n elements considering the boundary
conditions is given by

L . . (10)
M, 8, +Cody +[ K, —62OM, |6, =0,

3. MODELING

Fig. 4 shows a model of the single-link manipulator, the clamp-part and the piezoelectric actuator. The link
including the clamp-part and actuator were discretized by 35 elements. The clamp-part is more rigid than the
link. Therefore Young’s modulus of the clamp-part was set in 1,000 times of the link’s. The piezoelectric
actuator was bonded to a one-side surface of Element 4. A schematic representation on modeling of the
piezoelectric actuator is shown in Fig. 5. Furthermore, a strain gage was bonded to the position of Node 6 of
the single-link (0.11 m from the origin). Physical parameters of the single-link model and the piezoelectric
actuator are shown in table 1 [8].

The piezoelectric actuator suppressed the vibration of the flexible link manipulator by adding bending
moments at Nodes 3 and 6, Mz and Ms to the flexible link. The bending moments are generated by applying
voltages +E to the piezoelectric actuator as shown in Fig. 5. The relation between the bending moments and
the voltages are related by

M3 =_M6 =d1E (11)

Here d; is a constant quantity.
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Furthermore, the voltage to generate the bending moments is proportional to the strain ¢ of the single-link
due to the vibration. The relation can be expressed as follows

1 (12)
E=+—
Here d» is;zagconstant quantity. Then, d; and dz will be determined by comparing the calculated results and
experimental ones.

Computational codes were developed to perform dynamics simulation of the system based on the
formulation that explained above. The validation was done using time history responses analysis of free
vibration, natural frequencies using FFT (Fast Fourier Transform) processing, vibration modes and natural

frequencies using eigenvalues-eigenvectors analysis and time history responses analysis due to the base
excitation [8].

zZ

|
5 . .

Figure 1-4. Computational model of the flexible single-link manipulator

Table 1-1. Physical parameters of the flexible link and the piezoelectric actuator [10]

| : Total length m 3.91x10?
I : Length of the link m 3.50 x 10!
Ic: Length of the clamp-part m 4.10 x 102
la: Length of the actuator m 2.00 x 1072
Si : Cross section area of the link m? 1.95 x 10
Sc : Cross section area of the clamp-part m?2 8.09 x 10
Sa : Cross section area of the actuator m? 1.58 x 10
121 - Cross section area moment of inertia around
- i m¢ 2.75x 102
z-axis of the link
I.c : Cross section area moment of inertia around
e m¢ 3.06 x 108
z-axis of the clamp-part
Iza : Cross section area moment of inertia around
. m* 1.61 x 101
z-axis of the actuator
Ei: Young’s Modulus of the link GPa 7.03 x 10!
Ec : Young’s Modulus of the clamp-part GPa 7.00 x 104
Ea : Young’s Modulus of the actuator GPa 4.40 x 10!
p1 : Density of the link kg/m? 2.68 x 103

pe : Density of the clamp-part kg/m?3 9.50 x 10?
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pa : Density of the actuator kg/m? 3.33 x 108
o : Damping factor of the link - 2.50 x 10
.1-1
Vi Ve
~
L] W yrs
M; PR e M,
( o; 3 Vi
Node 3 Node 6
|
E

Figure 1-5. Modeling of the piezoelectric actuator

4. CONTROL SCHEME AND STRATEGIES

A control scheme to suppress the vibration of the single-link was designed using the piezoelectric actuator. It
was done by adding bending moments generated by the piezoelectric actuator to the single-link. Therefore, the
equation of motion of the system become

M,y +Cody +[ Ky —02OM, |6, = @), +u, (1) (13)

where the vector un(t) containing Mz and Mg is the control force generated by the actuator to the single-link.
To drive the actuator, three different control strategies namely AF, P and PD controls have been designed
and examined. Their performances were compared through calculations and experiments.

4.1 Active-force control

Fig. 6 shows the block diagram of the AF control that is proposed in this research. In this strategy, vibration
of the system is controlled by canceling bending moments acting at Nodes 3 and 6 due to the base excitation
(excitation bending moments). The following steps are the way to estimate and cancel the excitation bending
moments.

Firstly, the strain, ¢s at Node 6 is measured to estimate the lateral deformation, vs at the Node 6. Substituting
Eqg. (6) to Eq. (8) considering the boundary conditions then the relation between the strain and the lateral
deformation can be defined as follows

e 6y(x-1)
where |, x and y are the length of the link, the position of Node 6 in x and y directions, respectively.

Ve x*(x=31) A (14)
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Secondly, the actual force in the s-domain acting at Node 6 can be defined in the form of the Newton’s
equation of motion as follows

Fo(S) = Mgy S° Ve (15)

where Mii=11) is the component of the mass matrix corresponding to vs.
Thirdly, the bending moments acting at Nodes 3 and 6 are estimated using the following equation
Ui (s) = £Fg(s)d (16)

The vector d that represents the position vector from the reference point to the position where the excitation
force acting can be written as follows

d={o0 0 01, 01, 0 - O 17)

Fourthly, based on Fig. 6, the excitation bending moments can be calculated as
Une(s): Kpa {Um(S)—Un(S)} (18)

where Kpa is the non-dimensional proportional gain of the proposed AF control.

Finally, the bending moments applying as a control force to control the vibration of the system can be
calculated as follows

s20(s) fa
.
Una(s) + Un(s) +
2 () —» MiAsd SO »O—{ a0 >0
.. -
Flexible link
Mii A s?d
AF-controller ;A: Unt (s)
&d : Desired strain &i: Measured strains at Node i
6 Rotation angle of the motor Mii : Component of mass matrix
A': Conversion from &i tO Vi d : Position vector
Und : Desired bending moments Un: Applied bending moments

Une : Excitation bending moments Unt: Bending moments

Figure 1-6. Block diagram of active-force control of the flexible link manipulator
Un(s) = _Une(s)+Und (S) (19)

where Uyq (S) is the desired bending moments which is zero. The negative of Un (s) indicates that the bending
moments used to cancel the vibration of the system.
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4.2 Proportional and Proportional-derivative controls
Substituting Eq. (12) to Eq. (11) gives

My = i;’_lg (20)
2

Based on Eq. (20), the bending moments for P and PD controllers can be defined in s-domain as follows

U,(s) =G, (S)(gd () — & (3)) (21)

where g4 and s denote the desired and measured strains at Node 6, respectively. The gain of P and PD
controllers can be written by a vector in s-domain respectively as follows

Gau(s)={0 0 0 K, 0 -K, 0 - oOf (22)
And
Gea(s)={0 0 0 K,+Kgs 0 —(K,+Kgs) 0 - 0ff (23)

A block diagram of the proportional and proportional-derivative controls strategies for the single-link
system is shown in Fig. 7.

s%0(s) fn
/|
+ Un (S) +
&d(8) —»() Gar2 (8) ————»(O—»| Gy (s) F——> ¢ ()
T P or PD controller Flexible link
ed . Desired strain &i - Measured strains at Node i

0 Rotation angle of the motor ~ Un: Applied bending moments

Figure 1-7. Block diagram of P and PD controls of the flexible link manipulator
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5. EXPERIMENT

5.1 Experimental Set-up

In order to investigate the validity of the proposed control strategies, an experimental set-up was designed.
The set-up is shown in Fig.8. The flexible link manipulator consists of the flexible aluminum beam, the clamp-
part, the servo motor and the base. The flexible link was attached to the motor through the clamp-part. In the
experiments, the motor was operated by an independent motion controller. A strain gage was bonded to the
position of 0.11 m from the origin of the link.

The piezoelectric actuator was attached on one side of the flexible manipulator to provide the blocking
force against vibrations. A Wheatstone bridge circuit was developed to measure the changes in resistance of
the strain gage in the form of voltages. An amplifier circuit was designed to amplify the small output signal of
the Wheatstone bridge.

Piezoelectric Strain
actuator gage

=

[ i I

__.i\

Wheatstone
bridge
T
Motor !

driver
Amplifier

1

A 4
Data
[€— acquisition
board

Piezo

! — —>»| Computer
driver

{Controller )

I

A

—————— > : Measurement of strains
— - \/ibration control
——> : Motion control

Figure 1-8. Schematics of measurement and control system [8]

Furthermore, a data acquisition board and a computer that have functionality of A/D (analog to digital)
conversion, signal processing, control process and D/A (digital to analog) conversion were used. The data
acquisition board connected to the computer through USB port. Finally, the controlled signals sent to a piezo
driver to drive the piezoelectric actuator in its voltage range.

5.2 Experimental Method

The rotation of the motor was set from 0 to #/2 radians (90 degrees) within 0.68 second. The outputs of
strain gage were converted to voltages by the Wheatstone bridge and magnified by the amplifier. The noises
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that occur in the experiment were reduced by a 100 uF capacitor attached to the amplifier. The output voltages
of the amplifier sent to the data acquisition board and the computer for control process.

The control strategies were implemented in the computer using the visual C++ program. The analog output
voltages of the data acquisition board sent to the input channel of the piezo driver to generate the actuated

signals for the piezoelectric actuator.

6. CALCULATED AND EXPERIMENTAL RESULTS

6.1 Calculated Results

Time history responses of strains on the uncontrolled and controlled systems were calculated when the
motor rotated by the angle of z/2 radians (90 degrees) within 0.68 seconds. Time history responses of strains
on the controlled system were calculated for the model under three control strategies as shown in figures 6 and
7.

Examining several gains of the AF, P and PD controllers leaded to Kya = 0.4[-], Ky = 30 [Nm], Kq = 0.02
[Nms] as the better ones. Figure 9 shows the uncontrolled and controlled time history responses of strains at
Node 6. The maximum and minimum strains of uncontrolled system in positive and negative sides were
387.00x10° and -435.00x10¢, as shown in figure 9(a). By using AF-controller they became 66.50x106 and -
88.60x10¢ as shown in figure 9(b). Moreover, by using P-controller they became 127.00x10¢ and -
145.00x108, as shown in figure 9(c). By adding D-gain they became -124.00x10 and -143.00x10, as shown
in figure 9(d).

Based on the calculated results, the effect of D-controller was very small compare to P-controller, therefore
using a P-controller will be sufficient for experiment [7].

&~ 600
S 200 - ——— 387.00
0 ﬂuﬂuﬂuﬂ Mﬂuﬂvﬂuﬂuﬂ g“uﬁuﬁuﬂu“u“u"v AWVWAAMAAAAAAAAA A
£ -300 \, UW
s —— -435.00
» -600

0 1 2 3 4 5 6 7

Time, t[s]
(@ Uncontrolled system

&~ 600
S 300 66.50
>\(/ /
o O AI.UAVA"A“'AVI"A nnnnnnn
© ~—
[
s 300 -88.60
& -600

0 1 2 3 4 5 6 7

Time, t [s]
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(b) Controlled by AF-controller, Kpa = 0.4 [-]
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Figure 1-9. Calculated time history responses of strains at Node 6 for uncontrolled and controlled systems due to the base excitation

6.2 Experimental Results

Experimental time history responses of the strains on the uncontrolled and controlled systems were
measured when the motor rotated by the angle of z/2 radians (90 degrees) within 0.68 seconds. Experimental
time history responses on the controlled system were measured under the control strategies as shown in figures
6and 7.

Furthermore, the experimental active-force and proportional gains that are non-dimensional gains, Ky and
Ky’ were examined. The examination of gains leaded to K,’ = 600 [-] and Ky’ = 125 [-], as the better ones.
Figure 10 shows the experimental uncontrolled and controlled time history responses of strains at the same
position in the calculations. The maximum and minimum strains of uncontrolled system in positive and
negative sides were 359.40x10° and -440.40x10¢, as shown in figure 10(a). By using AF-controller they
became 175.50x10¢ and -303.50x10°6, as shown in figure 10(b). Moreover, by using P-controller they became
262.40x10® and -373.40x10®, as shown in figure 10(c).
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(&) Uncontrolled system
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Figure 1-10. Experimental time history responses of strains at 0.11 [m] from the link’s origin for uncontrolled and controlled
systems due to the base excitation
It was verified from these results that the vibration of the flexible link manipulator can be more effectively
suppressed using the proposed AF- control compared to the P and PD ones.

7. CONCLUSION AND FUTURE WORK

The equations of motion for the flexible link manipulator had been derived using the finite-element method.
Computational codes had been developed in order to perform dynamic simulations of the system.
Experimental and calculated results on time history responses, natural frequencies and vibration modes show
the validities of the formulation, computational codes and modeling of the system. The active-force (AF),
proportional (P) and proportional-derivative (PD) controls strategies were designed to suppress the vibration
of the system. Their performances were compared through the calculations and experiments. The calculated
and experimental results show the superiority of the proposed AF control compared to the P and PD ones to
suppress the vibration of the flexible single-link manipulator.

A flexible two-link manipulator is being prepared. The control scheme and strategies presented in this paper
will be applied to the flexible two-link system.
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