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ABSTRACT

High demands in weight reduction have been observed in many areas. There
are many benefits with weight reduction including reducing cost, increase efficiency
and pushing the technology beyond the limit. The weight reduction requires lighter
materials to be used, therefore less stiff structures are utilized. The less stiff the
structure, the more flexible and easier it is to vibrate. The vibration produced by these
types of structures may cause a lot of problems, including fatigue failure, resonance
failure, defects, and even life. This project studies a type of structure configuration; a
flexible cantilever beam. The objectives of this project are to identify the model and
to develop the controller for the flexible beam. Previous studies have shown various
methods are suitable to identify the system, these include the ones considered in this
project; the parametric modelling using Recursive Least Square, as well as the non-
parametric modelling using Multilayer Perceptron Neural Network. An experimental
rig of flexible cantilever beam is developed for this project to obtain the input data for
the system identification. A Proportional-Integral-Derivative controller is developed
utilizing both system models identified, using automatic and heuristic tunings
techniques within MATLAB environment. The performance developed by the
controller is verified through simulations in MATLAB Simulink. The controller is

proven to be stable with significant vibration suppression of the flexible beam.
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ABSTRAK

Pengurangan berat di dalam pelbagai bidang telah menjadi permintaan yang
tinggi mutakahir ini. Terdapat perlbagai manfaat jika berat sesuatu objek dapat
dikurangkan. Ini termasuklah mengurangkan kos, mengingkatkan kecekapan proses
dan meneroka melebihi batas-batas teknologi. Pengurangan berat memerlukan bahan
yang lebih ringan untuk digunakan, oleh itu, bahan yang kurang keras digunakan.
Kurangnya keras sesuatu bahan itu, maka bahan itu lebih anjal dan lebih mudah untuk
bergetar. Getaran ini boleh menyebabkan pelbagai masalah, seperti kelelahan bahan,
kegagalan resonan, kerosakan bahan, malah boleh membahayakan nyawa. Projek ini
mengkaji salah satu jenis konfigurasi struktur, iaitu bim anjal terjulur. Objektif projek
ini adalah untuk mengenalpasti model dan membina pengawal untuk mengawal
getaran bim ini. Kajian-kajian terdahulu telah menunjukkan pelbagai kaedah telah
digunakan untuk mengenalpasti model getaran bim, ini termasuklah kaedah yang
digunakan di dalam projek ini iaitu kaedah parametric dengan Recursive Least Square
dan juga kaeda bukan parametric dengan Multilayer Perceptron Neural Network.
Sebuah ujikaji telah dijalankan ke atas bim anjal di dalam sebuah eksperimen untuk
mendapatkan data di dalam mengenalpasti system tersebut. Pengawal Proportional-
Integral-Derivative telah dibina menggunakan kedua-dua model yang telah
dikenalpasti menggunakan dua kaedah pengenalpasti, menggunakan teknik automatik
dan heuristik di dalam persekitaran MATLAB. Prestasi pengawal disahkan di dalam
simulasi  MATLAB Simulink. Pengawal ini terbukti berkesan berdasarkan

pengurangan getaran yang signifikan.
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CHAPTER 1

INTRODUCTION

1.1. Background

The need of lighter materials for a lot of applications has increased nowadays.
This need will soon multiplied in the future. The applications that are taking
advantages of lighter materials range across almost every engineering verticals;

automotive, aerospace, civil, marine, manufacturing, bio-medical and a lot more.

These engineering verticals utilize and rely heavily on beams. Car body
structure, for example, is mainly constructed by beams. Aircraft wings are having
main structure called spar, being a classic example for a flexible cantilevered beam.
On the other hand, a lot of component holders for both automotive and aerospace

applications are of beam-like structures.

Beam is also present as the main material especially for steel structures in the
civil industry. Beam also dominantly being the main structure in the form of concrete
in the civil industry. Similarly, off-shore structures are predominantly constructed
from steel beams. While machineries that are utilized for civil constructions, for
example the excavators, the diggers, the cranes; their moving parts are having beams
as part of their structures. This can also be seen in underwater remotely-operated

vehicles (ROV) with robotic manipulators; the moving parts, i.e. the manipulators, are



mainly beam-like structures. Similar manipulators are also present in the aerospace

industry, where outer-space robotic arms are handy in assisting the astronauts.

In the manufacturing lines, robotic arms utilization has been increased the
automation in the production, therefore increasing the production, as well as
decreasing the man hours required. These robotic arms are beams. Similar types of
beam-like robotic arms are also present in the bio-medical line, where these arms have
assisted doctors and medical specialists in numerous complicated and high-accuracy

surgeries. These beam-like structures indeed have assisted in saving lives.

Table 1.1 describes the advantages and the disadvantage of beam, especially

as part of any structure.

Table 1.1 : Advantages and disadvantage of flexible beam

Advantages Disadvantages

Does not require support on the _
o Large deflections
opposite side

Reach large span Less adept at carrying torsion

With the important applications across various engineering verticals, lighter
materials, or lighter beam specifically, will indeed assist in increasing the efficiency
of the applications. Nevertheless, lighter beam means this will reduce the stiffness of
the beam. Through physics, the flexibility concept describes that the less stiffness, the
structure becomes more flexible. Through physics still, the modal concept explains

that the less stiffness, the easier the structure vibrates.



Excessive vibrations will cause other problems. These problems include:

Fatigue on structures
Prone to resonance
Manufacturing defects
Maintenance error

Medical error that may cause loss of lives

These problems have then increased the need of vibration suppression on

flexible beam to avoid such problems. Recently, it has become paramount for

researchers in designing effective control methods that suppress the vibration of

flexible beam.

1.2. Objectives

The objectives of the thesis are as follows:

1. To model a flexible beam system subjected to vibration using system

identification techniques.

2. Todesign, simulate and validate PID controllers using several tuning methods

for vibration suppression of flexible beam structure.



1.3. Problem Statement

The need to weight reduction of a structure has contributed to low stiffness of
it that will increase the ability of the structure to vibrate. Vibrations on the other hand,
will increase other structural failure, including fatigue. A controller will allow the
vibration of the structure to be suppressed, therefore, decrease the possibility of

structural failure.

However, to represent a system of vibrating beam to be integrated in the
controller is complex, which is by solving the equation of motion in a second order
partial differential equation. A system identification method simplifies the system

representation of a vibrating beam.

1.4. Scope

The thesis shall cover the following:

1. The study covers the vibration of a thin cantilevered beam.

2. An experiment is conducted to obtain input and output data for system
identification of the structure.

3. A parametric method utilizing Recursive Least Square (RLS) is used to
identify the system in comparison to a non-parametric method using Multi-

Layer Perceptron Neural Network (MLP-NN).

4. PID controller is tuned using automatic tuning and heuristic tuning methods

for vibration suppression of the flexible beam structure.

5. Thus developed controller is validated within simulation environment only.



1.5. Theoretical Framework

The thesis consists heavily of the engineering areas of system identification
and control. The key theories that are touched in the thesis are RLS system
identification and PID controller. The non-parametric method for system
identification; the neural network, is another key theory that is heavily discussed in
the thesis.

Nevertheless, the equation of motion that describes the vibration of a beam, is
a second order partial differential equation, as shown in Equation 1.1.

—lEl() Wi, )l+ pA(x )L—f(x,t) (1.1)

It is empirical that this equation is difficult to be solved for a vibrating flexible
beam. Hence the decision to utilize system identification to estimate the parametric
equation that describes the response of a vibrating flexible beam.
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