
LIBRARY 
JNTEJ3NATJON.Al JSLAMIC UNIVERSITY MALAYSIA 

DESIGN AND IMPLEMENTATION OF 
ACTIVE DYNAMIC VIBRATION ABSORBER 

FOR BROADBAND CONTROL 

BY 

ISMAIL LADELE LADIPO 

A dissertation submitted in fultllment of the requirement 
for the degree of Master of Science in 

Mechatronics Engineering 

Kulliyah of Engineering 
International Islamic University 

Malaysia 

JULY2012 



ABSTRACT 

Dynamic Vibration Absorbers (DV A) are passive devices that attenuate vibration at a 
single resonance frequency. However, to use the DVA for the reduction of vibration in 
multi degrees of freedom (MDOF) systems which have more than one resonance 
frequency requires modification of the DV A. These modifications are accomplished 
by using active control strategy on the DV A. This transforms the DV A into an Active 
Dynamic Vibration Absorber (ADVA). Various actuator systems have been used for 
the transformations of DV A into ADV A. These include Proof Mass Actuators (PMA), 
Piezoelectric Absorbers and Smart spring Absorbers. Limitations in the ADVA design 
and their control strategy which always affect their performance include friction force, 
energy requirement and complexity of design. In this research, a less complex design 
of an Active Dynamic Vibration Absorber (ADV A) and its controller is proposed. The 
ADVA adaptively tunes to attenuate vibration of the broadband resonance frequencies 
of MDOF system with minimum limitations. This study includes the mathematical 
modeling and experimental verifications of the resonance frequencies of the three 
degrees of freedom (3DOF) system on which the ADV A was implemented. Based on 
the broadband resonance frequencies of the 3DOF system, a prototype ADV A has 
been developed. The ADV A uses a proportional-integral-derivative {PID) controller 
to change its stiftb.ess adaptively to reduce vibration. The optimal location of the 
ADV A on the MDOF system was also identified. Experimental results show that the 
ADVA was able to reduce the vibration of the MDOF system at all the modes. Due to 
the properties of the ADVA spring material used in this study, vibration attenuation at 
the first mode was limited to SdB. For further research, a spring material with a lower 
modulus of rigidity is suggested to improve the performance of the ADV A. 
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1.1 BACKGROUND 

CBAPTERONE 

INTRODUCTION 

Vibrations can be described as unwanted motion. Most of the time, it gives disturbing 

effect on engineering systems. It is important to be able to predict, analyze and control 

the motion resulting from these excitations. In structural engineering, buildings are 

subjected to excitation forces such as wind, earthquakes and this usually reduces or 

eliminates human comfort. The dynamic response of the buildings can be altered to 

remove such discomfort in the following ways: 

1) By controlling the natural frequencies of the system and avoiding 

resonance under external conditions. 

2) By preventing excessive response of the system, even at resonance. This is 

achieved by introducing a damping or energy-dissipating mechanism. 

3) By reducing the transmission of the excitation force from one part of the 

buildings to the other using vibration isolators. 

4) By reducing the response of the system with the addition of an auxiliary 

mass damper or vibration absorber. 

These methods can be classified as passive, active or hybrid (K.orenev and 

Reznikov, 1993). The first three methods represent passive control method while the 

fourth is an active control method. 

In passive control, the controlling devices have no feedback capability between 

them. However, in active control, devices incorporate real-time recording and 

instrumentation, which is integrated with the input source and actuators. A 
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combination of both the features of active and passive control is known as hybrid 

control. 

Research into active control of vibration in structural engineering is relatively a 

recent area when compared to passive control (Preumont and Seto, 2008). In this area, 

the protection of the structure is effected by controlling the motion of the structure 

using an active control system. The active control system is supplied with an external 

energy. In practical terms, this is achieved by designing, fabricating and installing the 

active control system in full scale structures (Soong and Costantinou, 1994). 

In active control, an auxiliary mass is used to reduce the amplitude of vibration 

on the structure. It is attached by means of springs or damping devices to the vibrating 

structures. Depending on the application in active state, the auxiliary mass system can 

be classified as either an Active Mass Damper (AMO) or Dynamic Vibration 

Absorber (DV A) also known as Dynamic Absorber. In DV A, the auxiliary mass 

system can be tuned to alter the vibration response of the main system. The excitation 

force on the primary system usually has a constant frequency or a constant multiple of 

frequency. 

If it is impossible to incorporate damping into a structure that vibrates, the 

damping characteristics of an auxiliary system to be attached to it can be altered. This 

provides the necessary damping for the main system. When used in this manner, the 

auxiliary mass system can be taken to be one fonn ofa Damper. The names Damped 

Absorber (DA) or AMD is given to this type of system (Saleh and Ahsan, 2006). 

In controlling the actuators, the active control forces are generated depending 

on the utilization of measured data obtained from sensors and the control algorithm 

being used. The control algorithm can be classified as closed-loop control, open-loop 

control or closed-open-loop control. In closed-loop control, the control forces are 
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generated based on feedback responses from the structure to be controlled. In open 

loop, the active control forces are obtained from measured external excitations alone. 

Closed-open-loop control involves both external loads and structural response 

quantities (Chey, 2007). 

In this research, an auxiliary system, which serves as an Active Dynamic 

Vibration Absorber (ADV A) was used as a device to control the dynamic response of 

a prototype 3DOF system. The ADV A was used for the three resonance modes of the 

3DOF system. It will attenuate vibration within the broadband modes of the resonance 

frequencies. The results of the active vibration control of the broadband resonance 

frequencies of the prototype-building model used as the 3DOF system will be 

presented. In addition, the performance of the ADVA will be discussed. 

1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE 

The response of structures to dynamic forces such as earthquakes and wind loads is of 

importance to structural engineers. Although there have been many improvement in 

this area, the use of active control in the reduction of structural vibration effects is a 

relatively new field compared to passive control (Preumont and Seto, 2008). A 

number of serious challenges also exist. These include, increasing the reliability on 

active control system, eliminating reliance on external power supply, reduction of 

implementation cost and gaining acceptance over non-traditional passive control 

method. 

Despite the advancements made in the use of DV A in structural vibration 

control, its location on the vibrating system is important. Being a discrete device, a 

DV A has fixed parameters and its behaviors cannot be changed during operation. This 

makes it effective only at one resonance frequency. It thus becomes useless when 
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placed at other modal nodes or lines (Peng, Ng and Hu, 2005). Obviously, the use of 

an ADV A results in reduced vibration across a broadband range but complexity of 

design and lower reliabilty becomes a reality. The engineering concept of tuning a 

DV A also known as Tuned Mass Damper thereby making it active appears simple, but 

a practical implication usually makes it difficult. 

Thus, a major challenge is presented in the design and implementation of 

Active Dynamic Vibration Absorber for broadband control. 

1.3 RESEARCH OBJECTIVES 

The main objectives of this research are: 

a) To model and develop the dynamic response of a three degrees of freedom 

(3DOF) system both theoretical and experimentally. 

b) To identify the optimal location of the Active Dynamic Vibration Absorber on 

the developed three degrees of freedom system. 

c) To develop an Active Dynamic Vibration Absorber. 

d) To develop a control algorithm for the Active Dynamic Vibration Absorber. 

e) To evaluate the performance of the developed Active Dynamic Vibration 

Absorber and its control algorithm. 

1.4 RESEARCH SCOPE 

The focus of this research is to design an ADV A for use in vibration control of a 

prototype 3DOF system. The ADV A will be used to attenuate vibration within the 

broadband, which include the resonance frequencies of the 3DOF system. PIO 

controller was used in the implementation of the ADVA control algorithm. 
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1.S RESEARCH METHODOLOGY 

The methodology to conduct this research include; 

1) Literature Review: 

Existing research on the use of ADV A in controlling structural vibrations will 

be reviewed. 

2) Modeling of the 3DOF system: 

The dynamic response of the 3DOF system in the frequency domain will be 

examined. The resonance frequencies of the 3DOF system will be obtained 

from the dynamic response. These resonance frequencies will be used in the 

design of the ADV A. 

3) Experimental verification of the 3DOF system modeling results: 

The 3DOF system will be tested experimentally. The resonance frequencies 

obtained from this will be compared with the resonance frequencies obtained 

from the simulation results of the modeled 3DOF system. This will ensure that 

more reliable resonance frequencies of the 3DOF system are known. 

4) Simulation studies of ADVA control algorithm: 

The performance of the ADV A will be evaluated using simulation results. An 

optimal location of the ADV A will also be determined from the simulation 

results. 

5) Implementation of ADV A on the 3DOF system: 

The designed ADV A and its control strategy will be implemented on the 3DOF 

system in real time. The attenuation of the vibration on the building model will 

be evaluated. These results will be used to justify the use of an ADV A in the 

attenuation of vibration in a broadband. 
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Figure 1.1 shows the flow chart of the research methodology. 
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Figure 1.1: Research methodology chart 
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1.6 DISSERTATION OUTLINE 

The dissertation consists of seven chapters. The summary of the content of each 

chapter is presented as follows: 

Chapter One discusses the various ways of controlling vibration, the identified 

problem in existing methods, the objectives of this work, the methods involve in this 

research, scope and the arrangement of the dissertation. 

Chapter Two discusses prior works in this field in the form of literature review. 

Also the theory of the ADV A and the 3DOF system involved in this work are 

described. The control theory generally used with the different actuator system is also 

given. 

Chapter Three discusses the 3DOF system, its parametric configuration, and 

dynamic response with and without an ADV A. The optimal location of the ADV A on 

the 3DOF system for optimum performance is also determined. 

Chapter Four discusses the different prototype considered in the design of an 

ADV A. It also describes the design of the selected prototype ADV A and its 

configuration. The use of Lab VIEW software in the instrumentation control of the 

ADV A is also discussed. 

Chapter Five describes the experimental set up for this research. The various 

components that give the desired specification of both the 3DOF system and the 

ADV A are presented. 

Chapter Six discusses the performance of the ADVA and the control strategy at 

the different resonance frequencies of the 3DOF system. 

Chapter Seven presents the conclusion and recommendation from this research. 
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CHAPTERTWO 

BACKGROUND AND LITERATURE REVIEW 

2.1 INTRODUCTION 

This chapter discusses methods of attenuating vibration in structures that are in 

existence in literature. The merits and demerits of various control systems based on 

the controller devices are also discussed. The classification of the control algorithm 

based on the generated active control force is also shown. Finally, the uniqueness and 

simplicity of using Active Dynamic Vibration Absorber is reviewed. 

2.2 STRUCTURAL VIBRATION CONTROL 

Due to recent advances made in structural design and analysis, taller buildings and 

structures are being constructed. In fact, it has been predicted that the next generation 

of buildings could be one order of magnitude taller than what we presently have as tall 

buildings (Yang J.N. and Soong, 1988). Tall buildings are vulnerable to adverse 

environment loads such as earthquakes, high wind and extreme waves. 

Various methods have been used in controlling vibration in engineering. For 

structural applications certain things must be taken into consideration. 

1) Civil engineering structures are massive and heavy, thus necessitating 

large control forces and devices for controlling vibrations in them. 

2) The major sources causing structural vibrations are external dynamic 

loads. 

3) These structures are presumably self-stationary and stable without these 

external dynamic loads. 

8 



Table 2.1 
Summary of buildings with active vibration control (Spencer and Sain. 1997) 

Full-Scale Structure Location Year Scale ofBuilding Control System AMD/HMD Mass Actuation 
Completed Employed Number (tons) Mechanism 

Kvobashi Seiwa Tokyo, Japan 1989 33m, 400tons, l lstories AMO 2 5 Hydraulic 
Kajima Research Institute, 

Tokyo, Japan 1990 12m, 400tons, 3stories Active variable stiffness Hydraulic 
KA TRI No. 21 Buildinu: system (6 devices) - -

Sendeimva INTES Tokyo, Japan 1992 58m, 3280tons I )stories AMO 2 72 Hvdraulic 
Annlause Tower Osaka. Japan 1992 161m. 13943tons 34stories HMO 1 480 Hvdraulic 

Kansai Int. Airport Control Osaka, Japan 1992 86m, 2570tons, ?stories HMO 2 JO Servo motor 
Tower 

Osaka Resort Citv 2000 Osaka, Japan 1992 200m.56980tons, 50stories HMO 2 200 Servomotor 

Yokohama landmark Tower Yokohama 
1993 

296m, 260610 tons, 
HMO 2 340 Servomotor Karuu!aw~ Japan 70stories 

Lone: Term Credit Bank Tok.yo Japan 1993 129m, 40000tons, 2lstories HMO I 195 Hvdraulic 
Ando Mishikicho TokYo Japan 1993 54m. 2600tons. 14stories. HMO(DUOX) I 22 Servomotor 

\0 Hotel , Nikko Kanazawa Kanazawa, 1994 131m, 2700tons, 29stories HMO 2 100 Hydraulic Ishikawa Jaoan 
Hiroshima Riehga Royal 

Hiroshima Japan 1994 150m, 8300tons, 355stories HMO I 80 Servomotor Hotel 
Shiniuku Parle Tower Tokvo, Japan 1994 227m, 130000tons, 52stories HMO 3 330 Servomotor 

MHJ Yokohama Buildiniz Yokohama Janan 1994 152m. 61800tons, 34stories HMO 1 60 Servo motor 
Hamamatsu ACT Tower Hamamatsu, Japan 1994 212m, 107500tons,46stories HMO 2 180 Servomotor 

Riverside Sumida Tokvo,Janan 1994 134m, 52000tons, 33 stories AMO 2 30 Servomotor 
Hikariu:aoka J-citv TokYo,Janan 1994 11 Om, 29300tons, 26stories HMO 2 44 Servomotor 

Miyazaki Phoenix Hotel 
Miyuaki, Japan 1994 154m, 83650tons, 43 stories HMO 2 240 Servomotor Ocean45 

Osaka WTC Buildina Osaka. Japan 1994 252m, 80000tons, 52stories HMO 2 100 Servomotor 
Dowa Kasai Phoenix Tower Osaka Japan 1995 145m. 26000tons, 28stories HMO(DUOXl 2 84 Servomotor 

Rinku Gate Tower North 
Osaka,Japan 1995 255m, 7500tons, 56stories HMO 2 160 Servomotor Building 

Hirobe Mivake Buildinu: Tokyo, Japan 1995 31 m, 273tons, 9stories HMO 1 2.1 Servomotor 
Plaza Ichihara Clu'ba, Janan 1995 61m, 5760tons, 12 stories HMO 2 14 Servomotor 

TC Tower Kao Hsun2. Taiwan 1996 85 stories HMO 2 350 Servo motor 
Naniinu: Tower Naniinu: China 1997/98 310m AMO 1 60 Hydraulic 




