
Adaptive Tuned Vibration Absorber 

by 

Rodney D. Red Wing 

Thesis submitted to the Faculty of the 

Virginia Polytechnic Institute & State University 

in partial fulfillment of the requirements 

for the degree of 

Master of Science 

in 

Mechanical Engineering 

APPROVED: 

Dr. H.H. Gadney, Chairman 

KEM ph hw rel bto— 
Dr. R. Mitchiner Dr. H. H. Robertshaw 

  

    

January, 1997 

Blacksburg, Virginia 

Keywords: vibrations, control, structures, dynamics, adaptive control



5658 
N355 
1994 
R439 

Cid.



Adaptive Tuned Vibration Absorber 

by 

Rodney D. Red Wing 

Committee Chair: Harley H. Cudney 

Mechanical Engineering Department 

Abstract 

A control algorithm is developed and applied to a previously designed tunable vibration 

absorber. The adaptive vibration absorber is capable of detecting the frequency of the 

driving force and tuning itself automatically to that particular frequency. The primary 

structure was previously designed to obtain a certain natural frequency. The absorber 

structure was previously designed so that its range of frequencies includes the natural 

frequency of the primary structure. The primary structure design consists of a cantilever 

beam with the absorber attachment hardware, and the vibration absorber assembly 

consists of three rods and a stepper motor. 

The control algorithm uses a look-up table and a gradient search to optimize the 

effectiveness of the absorber for vibration reduction on the primary structure. The look-up 

table uses an equation, based on experimental data, to transform a given voltage input, 

directly proportional to the forcing frequency, into an output command necessary to 

adjust the natural frequency of the absorber. Once the input voltage reaches a steady state, 

the gradient search routine adjusts the natural frequency of the absorber to ensure the 

absorber is tuned to the optimal frequency that minimizes the primary structure vibration. 

The primary structure with the adaptive absorber offers significant reduction to the 

vibration amplitudes of the primary structure, as compared to both the primary structure 

with no absorber and the primary structure with a passive absorber, throughout the 45 Hz



st 
to 71 Hz and 73 Hz to 108 Hz range. The primary structure with no absorber has a 1 

mode natural frequency of 72 Hz and offers the lowest vibration amplitudes, as compared 

to both the primary structure with the adaptive absorber and the primary structure with a 

passive absorber, throughout the ranges of 30 Hz to 45 Hz and 108 Hz to 130 Hz. The 

primary structure with the passive absorber offers the lowest vibration amplitudes of the 

primary structure, as compared to both the primary structure with no absorber and the 

primary structure with the adaptive absorber, throughout the 71 Hz to 73 Hz range.
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Chapter 1 

1. Introduction 

In this chapter we will review the motivation for this project. Next, we will review other 

work with adaptive vibration absorbers that use some method of control. We will also 

include a statement of how our work complements the work of others. The objective and 

approach to the adaptive absorber are also presented. Finally, the outline of the thesis is 

presented. 

1.1 Motivation 

Vibration suppression in structures with varying forcing frequencies is of interest in areas 

such as the automotive and aerospace industries. Vibrations often excite panels and other 

components to create obtrusive and potentially dangerous noise levels. In other instances, 

the vibration levels cause fatigue failure, wear, and component damage. In this project 

we want to suppress the vibration levels of a primary structure throughout a frequency 

range. Lower vibration levels in turn improve the perceived quality, safety, and useful 

life of various structures. The use of a tuned vibration absorber (TVA) is a potential way 

to suppress vibrations. 

Some current structures have passive TVA's that are tuned to either the natural frequency 

of the structure or a non-varying forcing frequency. Passive TVA’s that are tuned to the 

natural frequency of a structure become untuned when the structure or absorber 

characteristics change. Typically the primary structure is a more complex design than the 

absorber structure, allowing for the primary structure characteristics to be at a greater risk 

of changing over time. However, the absorber characteristics changing over time is also a 

concern. These changes can be due to material changes from weathering and/or fastened



locations becoming less rigid. We will address the situation where there is a varying 

forcing frequency, therefore the passive TVA that is tuned to a non-varying forcing 

frequency is not appropriate. 

There is a need to develop absorbers that remain tuned to a varying forcing frequency 

throughout a frequency range that includes a natural frequency of the primary structure. 

Even if the primary structure’s natural frequency was to change slightly, the absorber 

range should still include the primary structure’s natural frequency. If the absorber 

natural frequency was to change then a closed loop algorithm could be implemented to 

optimally tune the absorber to the forcing frequency when the forcing frequency reaches a 

non-varying state. 

1.2 Literature Review 

A distinction between passive, adaptive, and active vibration absorbers must be made in 

order to provide the reader with reasons why we consider our vibration absorber to be an 

adaptive vibration absorber. 

First, a passive vibration absorber is tuned near or at frequencies associated with the 

modes that we want to eliminate and the absorber can also add damping to the structure 

(Sun et al., 1995). Passive absorbers are acted on by the primary structure as opposed to 

the absorber acting on the primary structure. Passive TVA's are effective only when the 

tuning and damping are appropriate for particular operating and environmental 

conditions. Because these conditions often change with time, passive TVA's may 

become mistuned and lose their effectiveness (Sun ef al., 1995).



Second, adaptive absorbers have controllable or adjustable parameters such that their 

behavior can be tuned automatically over time (Sun ef al., 1995). An adaptive TVA 

detects the forcing frequency and changes its parameters to suit the condition. 

Lastly, active absorbers consist of an active element parallel to a resilient element that 

supports a reaction mass. The active element produces a force acting on the reaction 

mass (Sun ef a/., 1995). The active TVA produces a force acting on the primary structure 

rather than allowing the primary structure to act on the absorber. Energy is required to 

supply this force; thus, active TVA's supply energy at the same time they dissipate energy 

(Walsh ef al., 1992). In addition, they are often part of an active contro! algorithm (Sun 

et al., 1995). 

The previous work applicable to this research is in the area of adaptive tuning of a 

vibration absorber. In this section, we present to the reader background information 

involving absorbers that are tuned adaptively. Our objective is to present knowledge of 

what has been accomplished to date regarding the types of control techniques used and by 

whom in adaptive TVA's and how this thesis complements and adds to the research 

already accomplished. 

Sun et al. (1995) present an overview of passive, adaptive, and active TVA's. The paper 

offers a brief description on the recent progress of adaptive TVA's, along with their on- 

line tuning strategies. The paper begins by discussing fundamental aspects of TVA's. 

They continue by discussing some contemporary applications of TVA's and conclude by 

discussing recent works on adaptive TVA's as well as active TVA's. The most important 

part of this paper is the section on adaptive TVA's and the control strategies used for 

these TVA's. Sun et al. (1995) present three different control approaches that have been 

extensively studied.



Ryan et al. (1994) use a classical feedback control scheme applied to an adaptive 

vibration absorber (Fig. 1.2-1). The authors state that current self-tuning absorbers use 

feedforward approaches that are open loop control. Since airspeed, temperature, and 

altitude can influence the behavior of their vibration absorber, they propose that an open 

loop scheme 

Accelerometer 

      

  

  

  

Figure 1.2-1: Representation of Ryan ef al. Adaptive Vibration Absorber 

would result in poor performance. The feedback tuning scheme presented is insensitive 

to variations in the excitation frequency and system parameters. This robust performance 

is realized by adding a self-tuning capability to vibration absorbers. In this paper, the 

experimental verification of this proposed tuning scheme is presented. To achieve the 

maximum attenuation of steady state vibration amplitudes, the absorber has almost no 

damping and continuous self-tuning capabilities. The input to the primary structure is the 

harmonic disturbance force. The output is the acceleration of the primary structure as 

read by an accelerometer. The accelerometer is used as the feedback sensor to create a 

DC signal indicating the degree of mistuning. A proportional controller is used to change 

the stiffness of the absorber. The authors present an analog electrical circuit to 

implement the feedback controller (Fig. 1.2-2). The input to the circuit is the 

accelerometer signal, Vacc, which is filtered and sent through a rectifier and capacitor to 

create a DC signal that represents the vibration amplitude. The proportional gain 

controller uses the DC signal to select a gain value based on the desired tuning rate of the 

absorber. A higher gain corresponds to a faster tuning rate. A control signal, u, is



applied to the power transistor to drive the absorber motor. The absorber motor acts as an 

actuator to adapt the stiffness of the absorber by connecting a helical coil to a gear train 

and changing the number of active coils used by the absorber. From their experiments, 

the adaptive absorber achieved 25 dB of attenuation. The feedback control tuning 

enhanced the performance of the passive absorber. 
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Figure 1.2-2: Analog Circuit Diagram of Ryan et al. Feedback Controller 

Franchek et al. (1993) present a numerical study integrating feedback control with a 

prototype adaptable vibration absorber. Preliminary results for adaptive passive noise 

and vibration control techniques are reported. This paper served as the numerical study 

for the Ryan et al. (1994) paper. The same control technique was used as the Ryan et al. 

(1994) paper. 

Walsh et al. (1992) use a design of an adaptable vibration absorber with a known or 

learned excitation acceleration and deceleration to minimize transient vibrations during 

start-up and shut-down of a rotating machine. Also, the absorber adapts to changes in 

steady state operating speeds that occur when the machine's load condition varies. The 

objective is to find a variation in stiffness of the absorber as a function of time which will 

best reduce the vibration amplitude of the main mass during the acceleration, deceleration



and constant speed of the excitation frequency. The authors perform an analytical study 

of their adaptable vibration absorber. They do not use any feedback controls. Their 

vibration absorber design is a compound leaf spring. Two strips of sheet metal make up 

the spring. The two strips are clamped at each end with identical lump masses. The 

effective stiffness between each end and the center of the strip are varied by separating 

the leaf springs at the middle. The authors propose that this process can be accomplished 

by using a stepper motor and a simple lead screw mechanism. The absorber gave a 66 

percent improvement in the rms displacement and a 67 percent improvement in peak 

displacement of the main mass. 

DiDomenico (1994) uses a reduced order neural network control strategy for tuning an 

adaptive absorber (Fig. 1.2-3). The author investigates four optimal tuning strategies. 
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Figure 1.2-3: Flow Diagram of DiDomenico’s Single Neuron RMA Controller 

The Quasi-Newton (BFGS), Simplex, Least Mean Square (LMS), and backpropagation 

are the methods investigated. The unsupervised LMS and backpropagation methods were 

unstable. The neural network control using quasi-Newton or simplex methods gave 

superior performance as compared to a Den Hartog method presented. The Den Hartog 

method is a linear method that chooses spring stiffness and damping coefficients to match 

vibration modes. The author suggests that the reduced order neural network contro] 

strategy demonstrates better settling time and energy dissipation than linear design 

methods. For the neural network control strategy used the spring stiffness and passive



damping of a reaction mass actuator (RMA) are "tuned" using total energy as a cost 

function. The position and velocity are the inputs used to determine the stiffness and 

damping of the RMA, respectively. The author does not clearly present how the damping 

and stiffness of the RMA is physically adjusted. A second order NASTRAN structural 

mode is used to multiply position and velocity by RMA stiffness and damping 

coefficients, respectively. This creates a feedback force such that the RMA parameters 

become output feedback gains. When the output gains are multiplied by output 

parameters and summed they become the control signal. The feedback gains are also the 

outputs or weights of a single neuron. A single neuron uses two weights to influence the 

damping and the spring coefficient. The neural network uses neurons that have multiple 

inputs, a summing function with threshold, and single output. The inputs are weighted by 

a matrix prior to summation and thresholding. From the experiments, the reduced order 

neural network controller demonstrated enhanced performance of the adaptive absorber. 

Wang et al. (1993) perform a simulation of a beam to suppress the quasi-steady state 

vibrations of flexible structures caused by start-up and shutdown of machines. They use 

a novel closed-loop algorithm to adapt the stiffness of the simulated absorber. The 

feedback signals used are the velocity and displacement of the structure as well as the 

displacement of the absorber mass and speed of the rotating force. The adaptive action is 

subjected to constraints to suppress the transient vibrations by minimizing energy input 

into the structure. From simulations, the transient resonance is effectively suppressed 

with the adaptive absorber as well as the energy level of the beam. 

Lai et al. (1993) perform a simulation of a beam to suppress the structural vibrations of 

flexible structures caused by general non-periodic and/or unknown disturbances. They 

use a novel closed-loop algorithm to adapt the stiffness of a simulated absorber. A 

controller with multi-objective fuzzy logic is created to reduce the primary structure 

energy level while constraining the total system energy. The multi-objective requirement



could contradict each other, therefore, the control law is created based on the theory of 

Fuzzy Systems. The adaptive action is subjected to constraints to suppress the transient 

vibrations by minimizing energy input into the structure. Recall that a motionless 

structure has no energy in the structure. From simulations, the transient resonance is 

effectively suppressed with the adaptive absorber as well as the energy level of the 

structure. 

The applications of tuned vibration absorbers is surveyed by von Flotow ef al. (1994). In 

their third section, the authors present the concepts of adaptation for absorbers. In this 

section, the authors identify three time delays to be concerned with for adaptation of the 

absorber. These are the logic delay, actuation delay, and the dynamic delay. The logic 

delay is associated with the time required for signal processing and recognition of the 

degree of mistuning. These are dominated by the signal processing and the signal to 

noise ratios. The actuation delay is the time required to change the absorber natural 

frequency. Changing the absorber natural frequency is accomplished by changing either 

the mass or the stiffness (or both) of the absorber and this process takes time. The 

dynamic delay is the delay that occurs once the absorber frequency is changed. Once this 

change occurs, the vibration state of the absorber must dynamically change to match the 

disturbance conditions. In other words, the time it takes for the absorber to reach its 

steady state resonating condition. The last section of the paper presents a survey of 

adaptation logic and actuation mechanisms. In this section, the authors present how most 

of the absorbers are adapted. One of the absorbers in operation, absorbers used in the 

Boeing CH-47C helicopter, uses a tuning logic that compares the phase relationship 

between the helicopter and the mass of the absorber. It compares the result with a 

predetermined value for when the absorber is in proper tune. Based on the results, an 

adjustment to counter weights on a cantilever beam is done with an electric motor. 

Another absorber, Helmholtz resonator (patent # W092/15088), uses a tuning logic that



compares the phase between the absorber and base. The authors suggests that 

adjustments are made by changing the absorber mass and the volume of the resonator. 

Desanghere ef al. (1991) use a feedback control technique to optimally adjust an 

absorber. The authors adjust the absorber based on the maximum rms acceleration of the 

main system during two swept sine sweeps. The absorber system adjusts its stiffness to 

reach the optimal tuning point. The stiffness is adjusted by changing the pressure on the 

PVC rings. The rings are located between their supports on the absorber and the internal 

wall of the primary structure. The pressure on the PVC rings is adjusted by a pneumatic 

cylinder connected to an air pressure regulator. The adaptive absorber effectively reduces 

the maximum acceleration levels observed by the primary structure. 

Hollkamp (1994) uses a feedback tuning algorithm that maximizes the ratio of the 

absorber accelerometer amplitude to the base accelerometer amplitude. The author uses 

the ratio of rms responses instead of just the rms response of the primary structure so 
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Figure 1.2-4: Schematic of Hollkamp’s Experimental Setup



that they do not have to maintain a consistent magnitude for the disturbance force. The 

absorber is a self-tuning piezoelectric vibration absorber that tracks a particular mode of 

the beam (Fig. 1.2-4). 

For their experiments, they use a cantilevered beam as the primary structure. The tuning 

is accomplished by adjusting the shunt inductance and resistance. They use a synthetic 

inductor (Fig. 1.2-5). 
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Figure 1.2-5: Synthetic Inductor used by Hollkamp 

In summary, we will be using the primary structure acceleration level to optimize our 

absorber’s effectiveness similar to that done by Ryan et al. (1994) and Franchek et al. 

(1993). DiDomenico (1994) measures position and velocity to determine the energy level 

of the primary beam in order to optimize the absorber. Wang ef al. (1993) also measures 

position and velocity to determine the absorber adjustment location. Lai et al. (1993) 

measures the structure energy as well as the total system energy level. Hollkamp (1994) 

measures both the absorber and primary structure acceleration levels to optimize their 

absorber's effectiveness. Both the absorber used in the Boeing CH-47C helicopter and 

the Helmholtz resonator, von Flotow et al. (1994), compare the phase relationship 

between the absorber and the primary structure to determine the absorber settings. 
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We will be using a feedback technique to optimize our absorber structure. Ryan ef ail. 

(1994), Franchek et al. (1993), DiDomenico (1994), Wang et al. (1993), Lai et al. (1993), 

Helmholtz resonator (von Flotow et al. (1994)), and Hollkamp (1994) use a feedback 

technique to optimize their system. 

In addition to the summary, Ryan ef al. (1994) along with Franchek ef al. (1993), 

DiDomenico (1994), Wang ef al. (1993), Lai et al. (1993) and Hollkamp (1994) present 

the transient vibration levels of their adapted systems. Ryan et al. (1994) present the final 

dB reduction obtained by the authors adapted system for two particular forcing frequency 

values; however, they do not state for what frequency range the level of dB reduction 

would be obtainable. We will be investigating the vibration levels obtained for the 

primary structure once the absorber has already adjusted to its optimal location 

throughout a frequency range that will include the resonance of the primary structure. 

We will also investigate the vibration levels obtained for the primary structure when the 

forcing frequency is outside the optimal tuning frequency range of the absorber. This 

differs from the concentration of the previous authors’ works. Also, we are not 

concerned with the speed of adaptation, only the levels of vibration once the adaptation 

process is complete. 

Lastly, Ryan et al. (1994) along with Franchek ef al. (1993), DiDomenico (1994), the 

absorber used in the Boeing CH-47C helicopter (von Flotow et al. (1994)), and Hollkamp 

(1994) adjust their absorbers by varying the stiffness. Ryan er al. (1994) change the 

stiffness by varying the number of active coils of their absorber spring. Franchek ef al. 

(1993) numerically change the stiffness of their theoretical absorber system. 

DiDomenico (1994) changes the stiffness of a Reaction Mass Actuator. The absorber 

used in the Boeing CH-47C helicopter, von Flotow ef al. (1994), adjusts counter weights, 

using a motor, on a cantilever beam to change the stiffness of their absorber. Hollkamp 
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(1994) uses piezoelectric tiles to adjust the stiffness of his absorber. We will be varying 

our absorber stiffness by adjusting the inertial properties of our absorber, which, in turn 

will change the stiffness of the absorber. There will also be a very slight change in the 

effective mass of the absorber system. This is similar to the absorber used by the Boeing 

CH-47C helicopter, von Flotow ef al. (1994), in that it will behave like a cantilever beam 

with an adjustment of the location of the mass along the cantilever beam. 

There is a need for adaptive absorbers to track a varying forcing frequency and optimally 

tune the absorber to that frequency. Some primary structures are more concerned with 

the final acceleration levels obtained by the optimized system rather than the transient 

vibration level during the optimization process. If it is important to keep costs low, 

evaluating the acceleration level of only one structure is less costly than having to 

simultaneously evaluate the acceleration level of two structures. 

1.3. Objective and Approach 

A plausible solution to this problem would be to adapt an absorber to the forcing 

frequency throughout a frequency range including the natural frequency of the primary 

structure. Also, the final acceleration level obtained by the optimized system should be 

evaluated. In addition, to keep costs low, the acceleration should be evaluated on only 

one structure. Our objective of this thesis is to create such an absorber. The absorber will 

adaptively tune to a forcing frequency within a certain frequency range that will include 

at least one structural resonance of the primary structure to which the absorber is 

attached. This will allow the absorber to absorb the energy from the primary structure at 

the tracked forcing frequency throughout a frequency range of the system. Also, an 

evaluation of the final primary structure acceleration level will be evaluated for a range 

broader than the absorber tuning range to show the effects of the absorber outside its 
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tuning range. Finally, the primary structure acceleration will be the only input into the 

control algorithm to optimize the system. 

1.4 Thesis Outline 

In Chapter two we will present vibration absorber theory and the control concept. The 

vibration absorber theory will cover the effects of an absorber on a primary structure, the 

effects of the mass ratio on a primary structure, the effects of damping in the absorber on 

a primary structure, and the effects of damping in the primary structure on a primary 

structure. The control concept will cover the logic behind the table look-up and gradient 

search routines. In Chapter three we will present the structural design of the primary 

structure, vibration absorber structure, and the combined system. Chapter three also 

includes an explanation of the hardware parts of the control system. Chapter four 

includes a description of the control program, LabView. Also Chapter four includes the 

table look-up and gradient search portions of LabView. In Chapter five the experimental 

set-up and procedure are discussed. In Chapter six we will include the results and 

analysis obtained from our experiments. Finally in Chapter seven, conclusions and 

recommendations about the research will be presented. 
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Chapter 2 

2. Overview 

In Chapter 2 we will cover background information in vibration absorber theory and the 

control concept used in this project. In the absorber theory section we will present the 

effect of an absorber on a primary structure, the effect of the mass ratio on the combined 

system, and the effects of damping in both the absorber and the primary structure on the 

combined system. In the control concept section we will present the table look-up and the 

gradient search concept used to describe the system as a closed-loop. 

2.1 Vibration Absorber Theory 

In order to understand the concept of the absorber, background information on what an 

absorber is and how the absorber affects the primary structure needs to be understood. In 

this section we will distinguish between a vibration absorber and a vibration damper as 

well as the difference between adjusting an absorber and tuning an absorber. Next, we 

will present how the addition of the absorber to the primary structure changes the one- 

degree-of-freedom system into a two-degree-of-freedom system. We will also show how 

the mass ratio of the system affects the combined system resonant frequencies. Finally, 

we will present the effects of damping in the absorber and the effects of damping in the 

primary structure on the displacement of the primary structure for the combined system. 

Difference between Vibration Absorber & Vibration Damper 

Vibration absorbers virtually eliminate vibration amplitudes in primary structures at the 

absorber’s natural frequency. Vibration dampers reduce vibration amplitudes of a primary 

structure at various frequencies. However, absorbers differ from dampers in that 

absorbers oppose the exciting force whereas dampers dissipate the vibration energy, 

usually as heat. 
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2.1.1 Effect of Absorber on Primary Structure 

Figure (2.1) shows a representation of a single-degree-of-freedom (SDOF) structure. A 

SDOF structure consists of a 

  

  

Figure 2.1: Single Degree of Freedom System 

spring k,, mass m,, and possibly a damper c, that when attached to a primary structure 

becomes an absorber. The absorber is tuned or adjusted to give a primary structure the 

desired amplitudes of vibration. 

Difference Between Adjusting and Tuning an Absorber 

Changing the damping of an absorber adjusts the amplitudes of vibration of the absorber 

structure without significantly changing the tuning frequency of the absorber. Using the 

absorbers differential equation of motion for a forced response, the following absorber 

vibration amplitude X, can be derived 

    X,|= = a: . 2.1 
f- (/o,) | +Ps:@/0.)f 

where the absorber damping ratio ¢, is defined as 

6, =, 2.2 
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When the forcing frequency @ is very near or equal to the absorber natural frequency 

©,, where @/@, = 1, equation 2.1 reduces to 

2.3   

F/k |=. 
S2 

In addition, a system with damping has a resonant frequency @, defined as 

O, =O, /41—2c5 . 2.4 

It should be apparent from equations 2.3 and 2.4 that for increased values of the absorber 

damping ratio ¢,the vibration amplitude of the absorber becomes smaller and the 

frequency location of the resonant frequency decreases. As compared to a damping ratio 

of 0.1, a damping ratio of 0.15 has very little effect on the frequency location of the 

resonant frequency, yet this same change in the damping ratio has quite a significant 

effect on the vibration amplitude of the absorber. Therefore, changing the damping of an 

absorber adjusts the amplitudes of vibration of the absorber structure without 

significantly changing the tuning frequency of the absorber. Whereas, an absorber is 

tuned by varying the absorber’s mass m, and/or stiffness k, as shown by the absorbers 

natural frequency equation 

©, =V7k,/m,. 2.5 

The addition of the absorber to the primary structure creates a combined system having 

an added degree of freedom as shown in Fig. (2.2). The components of the combined 

system are: the mass of the primary structure m, and the mass of the absorber m, ; the 
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stiffness of the primary structure k, and the stiffness of the absorber k, ; the damping of 

the primary structure c, and the damping of the absorber c, . There is also an excitation 

force of F, sinwt applied to the primary structure mass. 

F, sinot | 

Mm, 

  

We te 
AAPA LAAELLE 

Figure 2.2: Primary Structure With Absorber 

  

When the excitation frequency w is very near or equal to the natural frequency of the 

primary structure w, and there is no absorber attached to the primary structure, the 

amplitude of vibration for the primary structure becomes very large. By tuning the natural 

frequency of the absorber w, (assuming there is no damping) to that of the excitation 

frequency o, the amplitude of vibration of the primary structure X, with the absorber 

reduces to zero (James et al., 1989). This is important since our vibration absorber will 

have very little damping and we want to eliminate as much of the amplitude of vibration 

of the primary structure as possible. Damping factors as low as 0.01 are not uncommon in 

steel and aluminum structural systems (James ef a.). 

The combined system creates two natural frequencies which are dependent upon the mass 

ratio n. The mass ratio u defines the ratio between the absorber mass and the primary 

structure mass » = m,/m, . The effects of the mass ratio will be discussed later in this 
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chapter. By assuming harmonic motion, the equation for the primary structure amplitude 

X, can be derived as 

  

When the forcing frequency is equal to the absorber natural frequency, o = @,, the 

primary structure amplitude is zero, X, = 0. The absorber mass has a displacement 

amplitude equal to (Thomson ef al., 1993) 

x, =F 2.7 

which is 180° out of phase with the harmonic force F,. The primary structure mass m, is 

subjected to two forces F,sinwt and -k,X, sin@t which corresponds to a state of static 

equilibrium at any instant of time. F,sin@t comes from the excitation force and -k,X, 

sin@t comes from the force created by the absorber. Therefore, the displacement X, of the 

primary structure is equal to zero for any instant of time (James ef a/., 1989). In summary, 

if we can match the forcing frequency with the absorber natural frequency we can 

eliminate amplitude of vibration of the primary structure. 

In our project, the excitation frequency will vary and the absorber will change its natural 

frequency to match the forcing frequency throughout the absorbers adjustable natural 

frequency range and change its natural frequency accordingly for forcing frequencies 

outside the absorbers adjustable natural frequency range. To ensure effectiveness of the 

18



absorber, the range of natural frequencies of the absorber includes the first bending 

natural frequency of the primary structure. 

The following sections will present the effect of the mass ratio on the system; the effect 

of damping in the absorber on the system; and the effect of damping in the primary 

structure on the system. 

2.1.2 Effect of the Mass Ratio on the System 

The mass ratio 1 defines the ratio between the absorber mass and the primary structure 

mass p) = m,/m, . When the absorber natural frequency is equal to the primary structure 

natural frequency, @, =@,, then the mass ratio also equals the ratio of the absorber 

k 
a2 _ Ma Equation (2.6) for the primary 

» ™, 
stiffness to primary structure stiffness p = 

structure amplitude X, can then be evaluated as 

EPG] : 
mele) (I 

By equating the denominator of the above equation to zero at a known mass ratio, two 

  

natural frequencies w” can be found. Figure (2.3) shows the locus of the two natural 

frequencies of the combined system for different mass ratio values. 

For Fig. (2.3), the natural frequency of the vibration absorber is tuned to the natural 

frequency of the primary structure, ©, =@,. This condition corresponds to a natural 
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. . @ . . 
frequency ratio equal to unity, R = 1 =—.. The two natural frequencies of the combined 

2 

system are above and below the natural frequency of the primary structure. The first of 

the two natural frequencies w,, are below the natural frequency of the primary structure. 

The second of the two natural frequencies @,, are above the natural frequency of the 

primary structure. From the graph, as the mass ratio becomes larger the two natural 

frequencies become farther apart (James ef al., 1989). 
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Figure 2.3: Effect of Mass Ratio on Natural Frequencies (James et al., 1989) 

It is desirable to keep the two natural frequencies as far apart as possible. If the forcing 

frequency deviates from the natural frequency of the absorber and the mass ratio is small, 

the forcing frequency may excite one of the resonant peaks (James ef al., 1989). 
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Figure (2.4) is similar to Fig. (2.3); however, Fig. (2.4) has two additional curves for 

different primary structure to absorber structure natural frequency ratios. A decrease in 

absorber natural frequency results in a ratio @,,/@3 greater than one, e.g., R = 1.25. The 

increased ratio results in a curve that shifts upward and to the left; implying that the two 

natural frequency resonances are at increased frequencies. An increase in absorber natural 

frequency results in a ratio @,/@, less than one, e.g., R = .833. The decreased ratio results 

in a curve that shifts downward and to the left, implying that the two natural frequency 

resonances are at decreased frequencies. 
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Figure 2.4: Effect of Frequency Ratio on Natural Frequencies 

In our project, the resonant frequencies will vary as the absorber changes its natural 

frequency as well as mass ratio. It is possible to know the locations of the resonant 

frequencies for various mass ratios and absorber to primary structure natural frequency 
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ratios; therefore, we are able to determine at which forcing frequencies the absorber 

should adjust its natural frequency from its highest natural frequency location to its 

lowest natural frequency location and vice versa. In this project, we will be using 

experimentally determined resonant frequency values to determine the frequency location 

to adjust the absorber from its highest frequency location to its lowest frequency location 

and vice versa. 

2.1.3 Effect of Damping in the Absorber 

Figure (2.5) shows the effects of varying absorber damping and forcing frequency on the 

displacement magnitude X, of the primary structure in the combined system. The 3- 

dimensional plot contains primary structure displacement magnitude X, as a function of 

absorber damping ratio ¢, and forcing frequency ratio. The contour plot shows the same 

information as the magnitude plot. The absorber and primary structure natural frequencies 

are equal for the entire plot @, =@,. 

By increasing absorber damping, the amplitude of the primary structure for the combined 

system decreases at the two natural frequency locations. However, the amplitude 

increases at the original natural frequency of the absorber and primary structure. If the 

damping continues to increase, the two degree of freedom system begins to behave as a 

single degree of freedom system with a natural frequency that approaches 

1. Le 2.9 
'¥m,+m,_ 

If the absorber has no damping, the combined system has two resonant frequencies. 

Either resonant frequency could be excited with large magnitudes of displacement if the 
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Figure 2.5 (a): Effect of Varying Absorber Damping and Forcing Frequency 
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forcing frequency coincides with the appropriate natural frequency for any appreciable 

amount of time. 

For a passive absorber the goal is to choose an absorber damping ratio ¢, between zero, 

¢, = 0, and infinity, ¢, = ©, for which the peak vibration amplitude of the primary 

structure in the combined system is minimized. From the magnitude and the contour 

plots, in Fig. (2.5), one can see that the lowest peak amplitudes occur at an absorber 

damping ratio of 0.15. 

This information is important to us, because, our adaptive absorber will tune to the 

forcing frequency throughout the absorber’s adjustable natural frequency. This results in 

an optimal absorber damping ratio equal to zero, ¢,= 0. This condition will allow the 

primary structure displacement to obtain the greatest reduction for an absorber tuned to 

the forcing frequency. 

2.1.4 Effect of Damping in the Primary Structure 

Figure (2.6) reveals the effect of damping in the primary structure with no absorber 

damping. Where the primary structure damping ratio c¢, is defined as 

o1 2.10 

Both the magnitude and contour plots reveal that increasing the damping ratio of the 

primary structure decreases the vibration amplitudes at the two natural frequencies. 

However, increasing primary structure damping ratio also increases the force transmitted 

to the base or frame. The equation for steady state transmitted force F, to the base or 

frame of the system is (James et al., 1989) 
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From Eq. (2.11), as damping of the primary structure c, increases the force transmitted F, 

increases also (James ef al., 1989). For some applications, e.g. an automobile engine 

mounted on the frame of the vehicle with an engine mount isolator, this condition is 

undesirable. The increased force transmitted usually correlates with interior noise in the 

vehicle, an unpleasant quality to customers. This information is important to us, since, 

increased damping limits the displacement X, of the primary structure. For our primary 

structure we want the lowest damping possible. The low damping will allow us to obtain 

the greatest vibration amplitudes for the primary structure when in resonance without an 

absorber. The larger primary structure vibration amplitudes is desirable to obtain the 
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greatest change in primary structure vibration amplitudes when the absorber is applied to 

the primary structure. 

In summary, an increase in mass ratio will cause the two natural frequencies to become 

farther apart. When the absorber’s natural frequency is below the natural frequency of the 

primary structure the resulting two natural frequencies are lower than the condition where 

the absorber and primary structure are tuned to the same natural frequency. Similarly, 

when the absorber is tuned above the primary structure the resulting two natural 

frequencies. are higher than the condition where the absorber and primary structure are 

tuned to the same natural frequency. When the absorber natural frequency and forcing 

frequency are in tune with each other, ©, =, and there is no damping in the absorber 

then the vibration amplitude of the primary structure is equal to zero. By increasing 

dampingin the absorber, the amplitude of the primary structure increases at the original 
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natural frequency of the absorber. If the damping of the absorber continues to increase, 

the two degree of freedom system begins to behave as a single degree of freedom system. 

Finally, an increase in primary structure damping limits the displacement of the primary 

structure. 

2.2 Control 

The controls involved in this project involves two sections. The first stage contains the 

use of a table look-up. The second stage uses a gradient search method. Figure (2.7) 

shows where both stages of control are located in the programming flow. 
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Figure 2.7: Control] Flow Chart 

2.2.1 Table Look-up 

In the table look-up section of the controls, an equation is used to transform a given input 

into an output. The equation is an approximation between the input and output created 

from experimental data. This approximation will be shown in Chapter 6 of this thesis. 

2.2.2 Gradient Search 

The gradient search section searches for the minimum value of a function. The search 

routine compares two values along the function. Based on the comparison, it continues its 
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search either in the same direction or the opposite direction. The search routine may or 

may not change its step size based on the difference between the two values. For our 

controls we will use a finite step size. 

2.3 Summary 

In this chapter, we have covered the background information in vibration absorber theory 

and the control concept used in this project. The absorber theory section presented the 

effect of an absorber on a primary structure, the effect of the mass ratio on the combined 

system, and the effects of damping in both the absorber and the primary structure on the 

combined system. The control concept section presented the table look-up and the 

gradient search concept. 

For the next chapter, Chapter 3, we will present the system description and hardware used 

throughout the experiments. The structural design of the primary structure, absorber 

structure, and the combined system are covered. 
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Chapter 3 

3. System Description 

In this chapter we will present the system description. The chapter begins with the 

structural design of the primary structure, absorber structure, and the combined system. 

Following this section, we will cover the hardware necessary to perform the experiments. 

Modeling of the system or subsystems is not covered in this thesis. For a description of 

the modeling please refer to Moyka (1996). 

3.1 Structural Design 

In this section we present the design of the primary structure, absorber structure, and the 

combined system. We will present the components of the system relative to each section. 

We will also present the function as well as the dimensions for certain critical 

components. 

3.1.1 Primary Structure Design 

Figure (3.1) shows detail drawings of the side and front views of the primary structure 

assembly and bottom view of the base. The primary structure consists of an aluminum 

cantilever beam and attachment hardware for the absorber structure. The aluminum 

cantilever beam is clamped at ground with a torque force of 3.39 Nm on the two ground 

clamp bolts. The primary beam has a length of 30.5 cm, a width of 1.27 cm, and a height 

of 5.08 cm. The attachment hardware for the absorber is located at a distance of 26.0 cm 

from the clamped end of the beam. The attachment hardware consists of the clearance 

beam, clamp strip, strip bolts, and the base. The clearance beam allows the absorber 

structure to be connected to the primary structure without applying clamping force to the 

threaded rods of the absorber structure. The clearance beam is bolted to the primary 
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beam with a steel strip and two bolts torqued at 1.13 Nm. This clearance beam has 

dimensions of 7.62 cm long, 2.54 cm wide, and 0.952 cm deep. Also, the clearance beam 

contains a vertical hole of 0.635 cm in diam. and 3.17 cm deep so that the threaded rod of 

the absorber can slide in and out of it without contacting the clearance beam. Attached to 

the bottom of the clearance beam is the base. The base serves as the location where the 

absorber attaches to the primary structure. The base is 8.25 cm wide, and its height and 

depth are 1.9 cm each. The base contains two 0.635 cm diam. holes, a third hole drilled 

and tapped for a 1/4 - 20 UNC rod, and a fourth hole drilled at 0.475 cm diam. The 0.475 

cm diam. hole is for housing the displacement sensor. The threaded hole is for the 

threaded rod of the absorber. Finally, the remaining two 0.635 cm diam. holes are for the 

guide rods of the absorber. 
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Figure 3.1: Design of Primary Structure 

30



3.1.2 Absorber Structure Design 

Figure (3.2) shows detail drawings of the absorber assembly. The absorber structure 

consists of two steel guiding rods, a steel threaded rod , a coupler, and a stepper motor. 

The two guiding rods, 0.635 cm diam., are screwed onto the flange of the motor. The 

threaded rod, 1/4 - 20 UNC, is connected to the shaft of the motor with a coupler. 

Guiding Rods > 

Threaded Rod 

- 

i’ 

Stepper 

Motor 

Coupler 

    Screws 

Motor 

Flange 

  

  

      

  

Figure 3.2: Design of Absorber Structure 

3.1.3 Combined System Design 

Figure (3.3) shows a detail drawing of the combined system. The combined system 

consists of the primary structure and the absorber structure. The absorber structure is 

attached to the primary structure at the base’s threaded hole with the absorber’s threaded 

rod. The threaded rod screws in and out of the base as the shaft of the motor turns. The 

absorber’s length is adjusted by the motor shaft turning. The absorber is also restrained 

by the primary structure at the two guide holes. The guide holes and guide rods restrain 

the motor housing from rotating as the motor shaft turns. 
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3.2 Hardware Description 

In this section we present the hardware parts of the control system. 

3.2.1 Stepper Motor 

A 2 phase bipolar stepper motor (Sigma Instruments, Inc.) is used to change the overall 

length of the absorber structure. The stepper motor is powered and driven by a miniature 

high performance microstepper called the Panther LI2 (Intelligent Motion Systems). The 

motor has four leads, each wire is connected to the Panther LI2 at a corresponding pin 

assignment of connector P1. 
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3.2.2 Controller/Indexer 

The Panther LI2 has all the components necessary to drive a motor integrated into one 

piece of hardware. The Panther LI2 contains the microstep driver, indexer and power 

supply. 

The indexer communicates at a 9600 Baud rate using the RS-422 protocol. The line 

settings are: data length (8), stop bits (1), and parity (none). The Panther L]2 has a built 

in RS232 to RS422/485 converter. The Panther LI2 has its own language and 

parameters. A sequence of ASCII characters written to the Panther LI2 are used to 

initialize the Panther LI2 and to control the stepper motor. Some of the Panther’s 

capabilities are programmable trip position, programmable initial and final velocities of 

the motor, programmable speeds (steps per second), step resolution and direction. Step 

motion is controlled at speeds up to 20,000 steps per second. Furthermore, stepper motor 

position and the ramp slope for the motor speed can be controlled. Table (3.1) is a list of 

parameters and their standard defaults to command the Panther LI2... These parameters 

are stored and recovered as a set when the Panther LI2 is turned on. These parameters 

can be changed by sending the appropriate ASCII command characters to the Panther 

L12. 

Table 3. 1: Panther L12 Parameters and their Standard Defaults 

  

  

  

Parameters Standard Defaults 

Initial velocity (1) 400 steps per second 

Slew velocity (V) 3004 steps per second 

Divide factor (D) 0 (Full Step) 

Ramp slope (K) 10/10 

Jog speeds (B) 30,200 

Trip point (T) off 

Step Resolution (H) 1 (Auto Variable) 

Auto power down yes 

Hold/Run current 5/25 

Limit polarity low 

Auto position readout (Z) off 
Name (after reset) undefined     
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Table (3.2) contains the commands used for the control programs. For a more descriptive 

definition refer to instrumentation literature. 

Table 3. 2: Panther L12 Commands Used for Control 

  

Common Commands Function 
  

  

Move at Fixed Velocity 

Set Origin 

Relative Index 

Set Slew (Final) Velocity 

Read Position 

+ Index   +
N
 

P
O
E
 

  

3.2.3 Philtec Displacement Sensor 

A fiber optic displacement sensor (Philtec, Inc.) is used to determine the home position of 

the absorber stepper motor. The sensor is powered by a DC power source of +9 to +30 

Volts. Any suitable voltage readout device can be connected to the output terminals of 

the sensor. The sensor is mounted perpendicular to the motor flange. The sensor can be 

adjusted in and out from the target surface to obtain the largest voltage readout. Next, the 

gain can be changed to make the peak voltage equal to 5.00 Volts. We were only 

concerned with maintaining the same reference point, so we used the current gain setting 

of the sensor and did not recalibrate the sensor. 

3.2.4 All Components 

Table (3.3) is a list of all the hardware components used to conduct the experiments. 
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Table 3. 3: Hardware Used for Control 

  

  

    
  

Instrument Make Model # Serial # 

DC Power Supply Hewlett Packard 6200B N/A 

DC Power Supply Hewlett Packard 6296A N/A 

Microstepper Driver, Indexer Intelligent Motion Panther LI2 59006 

and Power Supply Systems Inc. 

Oscilloscope JDR Instruments 3500 3511008 

Accelerometer Kistler Instruments 8630A50 C84579 

Force Transducer Kistler Instruments 9712A50 C45540 

Impulse Force Hammer Kistler Instruments 9724A2000 C44053 

Piezotron Coupler Kistler Instruments 5112 N/A 

Shaker Ling Dynamic Systems 200 892071 

LTD 

Quadra 700 Computer Macintosh M5920 F1241HLLC82 

Digital Multimeter Micronta 22-194 N/A 

A/D Board National Instruments Lab-NB 180805-01 

Displacement Sensor Philtec, Inc. 88NE3 274 

20 Watt P.A. Amplifier Realistic MPA-25 2A88 

Stepper Motor Sigma Instruments Inc. 20-2215D- N/A 

28185 

Fourier Analyzer Tektronix 2630 B010370 

Voltage Controlled Generator Wavetek VCGIII 129758 

PC Computer WIN Laboratories LTD AT 386 AT91066801 

3.3 Summary 

In this chapter, we have presented the system description. We first presented the 

structural design of the primary structure, followed by the design of the absorber 

structure and the design of the combined system. Following this section, we covered the 

hardware necessary to perform the experiments. 

For the next chapter, Chapter 4, we will present the control program, LabView. We will 

cover the initialization process for the absorber structure and the main program for 

control of the absorber structure. 
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Chapter 4 

4. LabView 

In this chapter we will present the control program LabView. The chapter begins with a 

description of the initialization process for the absorber structure on the combined 

system. We will cover the main program for controlling the absorber structure on the 

combined system. In the main program we will present the table look-up portion of the 

control program and the gradient search portion of the control program 

4.1 Initialization 

In this section we will present the LabView Virtual Instruments (VI's) used to initialize 

the controller/indexer and to set the absorber motor home position. Figure (4.1(a)-(b)) 

shows the initialization VI program used to initialize the system and set the absorber 

motor position. 

Figure (4.1(a)) shows a for loop that will execute seven times beginning with zero. Wired 

to the counter is a case structure. The case structure will implement the internal program 

for each frame based on the value of the counter. The first frame executed is the case 

structure with the value of zero in the header. The first frame sends a “space” to the serial 

communication VI. The serial communication VI will be discussed later in this chapter. 

Using the option ‘\’ Codes Display for the string indicator, LabView will interpret the 

characters immediately following a backslash as a code for non-displayable characters. 

The serial communication VI forwards the command to the controller/indexer. The 

controller/indexer responds with a sign on message. 
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Figure 4.1(a): VI for Initializing the Controller/Indexer and Setting Motor Home Position 

Figure (4.1(b)) shows the remaining case structures for the set-up VI. The second case 

structure sends a “return” to the serial communication VI and waits one second while the 

controller/indexer responds. The “return” command sets the controller/indexer so that it 

can begin accepting commands. The third case structure sets the slew velocity of the 

absorber motor to 1000 steps per second. The fourth case structure implements a while 

loop. The while loop will continue to implement until the voltage from channel two of the 

A/D board becomes larger than 1.14 Volts or is less than 0 Volts. This voltage 

corresponds to the voltage output of the displacement sensor. The sensor maximum 

voltage can be adjusted by the user by changing the gain of the sensor. Refer to 

displacement sensor documentation for further information. As long as the conditions for 

the while loop are met, the program will step the absorber motor in the positive direction 

at 100 steps per iteration. Once either of the conditions of the while loop are not 

37



  

      
      

  

      

Second Case 

Structure 

TP 1 2 Pf 

Serinl 
Serial Caommu-| 
ser MI nication | \s1000%r Commu 

1000 

  

      

Third Case 

Structure 

  

  

Format and appends 
the string and 

numerical value. 

“2d 

  
  
Serial 
|Commu-} 100 Dy 

Voltage r+ |B nication 

from S Concatenates the 

      

sensor\ Bh two strings into a 

single string. 
  

      

  Nth Case 

Structure 

  

  

Fifth Case 

Structure 

Serial 
Brie] [rere / 

While loop that 

executes as long 

as condition is 

am “{@]_ true. 
weeeeeeee - 

  

      

  

      

  

  

Sixth Case 

Structure 

    Serial 
Caranmu-| 
nication       

  

        
Seventh Case 

Serial Structure Cammu-| 
nicatian 

  

    

\ Sets origin of 

absorber 

motor.     

Figure 4.1(b): VI for Initializing the Controller/Indexer and Setting Motor Home Position



satisfied, the loop stops and the fifth case structure begins. This case structure implements 

a while loop, also. The while loop will continue to implement until the voltage from the 

displacement sensor becomes less than 1.14 Volts. As long as this condition for the while 

loop is met, the program will step the absorber motor in the negative direction at 10 steps 

per iteration. Once this condition of the while loop is not satisfied, the loop stops and the 

sixth case structure begins. This case structure implements another while loop. This while 

loop will continue to implement until the voltage from the displacement sensor becomes 

larger than 1.14 Volts or is less than 0 Volts. As long as the conditions for the while loop 

are met, the program will step the absorber motor in the positive direction at 1 step per 

iteration. Once either of the conditions of the while loop are not satisfied, the loop stops 

and the seventh case structure begins. This case structure sends a command to the 

controller/indexer to set this position of the absorber motor as the home position. 

In the next section, we will present the main program for controlling the absorber natural 

frequency. Recall from Chapter 3 that the natural frequency of the absorber corresponds 

to the absorber motor position and, as will be presented in Chapter 5, the absorber motor 

position is also related to the input voltage controlling the forcing frequency. 

4.2 Main Program 

In this section, we will present the VI’s used in the main program for controlling the 

absorber natural frequency. First we will present the general flow of the main program. 

Next we will present the main program front panel and back panel. Then, we will present 

the portion of the control program responsible for the table look-up. Lastly, we will 

present the portion of the control program responsible for the gradient search . 

Figure (4.2) shows the control flow for the main program. The program contains two 

important sections. The first section is the table look-up. This section tunes the absorber 
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natural frequency very near the forcing frequency. The second section is the gradient 

search. This section optimizes the absorber natural frequency by tuning it to match the 

forcing frequency. The program will return from the gradient search section to the table 

look-up section whenever the forcing frequency changes. 

  

    

Gradient 

Search   

  

Figure 4.2: Control Flow of Main Program 

Figure (4.3(a)) shows the front panel for the MAIN VI. This panel has an on-off switch so 

that the program can be terminated when it returns to the beginning of the program and 

the switch is in the off position. The front panel displays the original absorber motor 
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Figure 4.3(a): Front Panel VI for the Main Program. 
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position voltage (input voltage), forcing frequency, final absorber motor position voltage, 

and final rms acceleration level. When the program returns from the optimization routine 

(gradient search) and the on-off switch is turned off, the program will terminate and the 

user can look at the display to see the final absorber motor position voltage and the final 

rms acceleration level of the primary structure. 

Figure (4.3(b)) shows the back panel for the MAIN VI. The MAIN VI begins by reading 

the input voltage, which is related to the forcing frequency (as will be discussed in 

Chapter 5), and the absorber motor position. After the left side shift register receives the 

input voltage value, the program begins the first while loop. This loop will continue 

executing as long as the Boolean switch on the front panel is in the on position. The left 

side shift register reads the input voltage value for the first loop. For all remaining loops, 

the left side shift register receives the voltage value from the right side shift register of the 

previous loop. This allows information to pass from one execution to the next. After 

entering the first while loop, the program enters the second while loop and passes the 

input voltage value to the second while loop’s left side shift register. The second while 

loop is also the table look-up portion of the main program. Once the conditions are not 

met for the second while loop, the program flow passes the voltage value from the second 

while loop right side shift register to the sequence structure. The sequence structure 

implements each frame in order beginning with frame zero. Frame zero contains the 

gradient search routine. When the gradient search routine is done implementing, the 

program will execute frames one and two. Frame one is a half second delay and frame 

two obtains a new input voltage to pass to the right side shift register of the first while 

loop. The input voltage value then goes to the left side shift register and begins the table 

look-up again. 
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The next section will present the table look-up portion of the main program and any sub 

VI's used for the table look-up. 

4.2.1 Table Look-up 

Figure (4.4) shows the detail programming flow for the table look-up. The table look-up 

is used in the initial process of moving the absorber motor to the proper location for the 
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original forcing frequency detected or for a newly changed forcing frequency. The table 

look-up converts the input voltage, which is proportional to the forcing frequency, to a 

particular motor position value, which is directly related to the absorber natural 

frequency. The motor position value is sent to the controller/indexer which in turn sends a 

command to the motor to go to the proper motor position. Once the controller/indexer 

command for motor position is sent, the controls detects the input voltage again. If the 

input voltage (referred to as forcing frequency) changes then the controls will 

reimplement the table look-up. Once the absorber motor is at the proper location and if 

the forcing frequency does not change then the gradient search, which will be discussed 

later in this chapter, is automatically implemented to optimally tune the natural frequency 

of the absorber to the forcing frequency by adjusting the absorber motor position. 

       

  

    
   

    

  

Read Forcing 

Frequency 

    Move Motor 

    Table 

Look-up 
  

Read Forcing 

Frequency 

   
  Frequency 

Changed ?       
  

Gradient 

Search           
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Figure (4.5) shows the LabView table look-up portion of the MAIN VI. This portion of 

the MAIN VI begins when an input voltage value is passed to the left side shift register. 

The table look-up continues to implement as long as the value at the left side shift register 

is either greater than or less than the outputted value from the TMR VI by 0.0075 units. 

The TMR VI transforms the input voltage value to an absorber motor position and sends 

commands to move the absorber motor to this new position. The TMR VI then reads a 

new input voltage from the input source and passes the value back to the MAIN VI. The 

TMR VI will be presented later in this chapter. 

Forcing Frequency| 
  

  
        

      
  

  

  

Figure 4.5: Table Look-up Portion of MAIN VI 

4.2.1.1 Transform Move and Read (TMR) VI 

Figure (4.6) shows the TMR VI diagram. The TMR VI implements 3 frames of a 

sequence structure. The first slide transforms the input voltage value from the digital 

indicator to the related forcing frequency value and transforms the input voltage value to 

a motor position to be sent to the controller/indexer. Based on the comparison of the 

control voltage values and the input voltage values the greater than or equals and the less 

than or equals logic operators will give a true or false statement. These statements will 

determine whether the respective following true/false case structures will implement a 

true or false case structure. Based on the true/false case structures, the input voltage value 

is either passed unchanged or changed to another value. The control voltage values are 
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Figure 4.6: Transform Move and Read VI for the Main Program 

determined based on at which forcing frequencies the absorber’s natural frequency is to 

be adjusted from the highest of the absorber frequency range to the lowest of the absorber 

frequency range and vice versa. The control voltage values also control] at what range of 

frequencies the absorber is to track the forcing frequency. In the second slide the VI waits 
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for half a second and then goes to the third slide. The third slide reads a new input voltage 

to be sent to the front panel and/or the calling program. 

4.2.1.2 Serial Communication (SER) VI 

Figure (4.7) shows the SER VI diagram. The SER VI initializes the serial port based on 
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the port number transferred to the SER VI from the front panel and/or calling program. If 

there is an error in the initialization, the error handler will give a true statement and 

implement the first and second true case structures; therefore, the SER VI will respond 

with a serial error. However, if the initialization is successful the error handler will give a 

false statement and implement the first false case structure. The first false case structure 

takes the write string from the front panel and/or calling program and sends it to the serial 

port. If this is not a successful operation then the serial-port-write error handler gives a 

true statement to be used by the second case structure. The true statement will implement 

the second true case structure, which will result in a serial error. If the write string is 

successfully sent to the serial port, the error handler gives a false statement for the second 

true/false case structure. The second false case structure reads bytes from the serial port 

based on the Bytes to Read Value. If the read string does not receive at least the proper 

number of bytes before the Serial Read with Timeout has timed out then a read timeout 

error will occur. If the read string receives the proper number or more of bytes from the 

serial port then no timeout error will occur. Additional bytes received in addition to the 

required number of bytes to read are truncated. The SER VI sends the bytes to the 

readstring and returns to the program that called the SER VI or ceases execution. 

4.2.2 Gradient Search 

The gradient search is the process of stepping the motor in one direction and comparing 

acceleration levels for the two positions and deciding whether or not to continue to step in 

that direction. This method is used because it is simple to implement and requires only 

one input to be monitored for the search. Once the forcing frequency reaches a steady 

state value in the table look-up section, the program for the controls begins the gradient 

search routine (See Fig. (4.8)). In Fig(4.8) a counter value is represented by (1) and the 

absorber motor position value is determined by (P). The acceleration level of the primary 

structure is determined for the original absorber motor location. Then the absorber motor 
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is stepped in a predetermined direction and step size, therefore changing the absorber’s 

natural frequency. The acceleration level is determined for this new absorber motor 

position. If the acceleration level increases, then the absorber motor will step in the 

opposite direction and the acceleration levels between the original absorber motor 

position and the new absorber motor position are compared. Based on the comparable 

acceleration levels of the absorber motor’s first step in the opposite direction and the 

absorber motor at its original position, the absorber motor will continue to step in the 

opposite direction or the motor will return to its original position. If the acceleration 

levels of the primary structure are lowest at the absorber motor original position then the 

absorber motor returns to the original position, otherwise the absorber motor continues to 

step in the opposite direction. For each iterative step a comparison of acceleration levels 

is made between the new absorber motor position and the previous absorber motor 

position. If the acceleration decreases as the absorber motor steps in either the original 

direction or the opposite direction, then the absorber motor will continue to step in the 

appropriate direction until either the acceleration level increases or the highest or lowest 

position of the absorber motor is reached. If there is an increase in acceleration during the 

stepping process then the absorber motor will return to the previous step and remain 

there. If the absorber motor reaches the highest or lowest position of the absorber motor’s 

range before an increase in the acceleration level then the absorber motor will stay at this 

highest or lowest position. Throughout points of the gradient search process a check is 

completed to see if the forcing frequency has changed. If a forcing frequency change has 

occurred then the gradient search routine ceases and programming flow returns to the 

beginning of the table look-up routine. 

Upon completion of the gradient search routine, the control system monitors for changes 

in the forcing frequency. If the forcing frequency changes then the controls will 

implement the table look-up. If the forcing frequency continues to change then the 
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Figure 4.8(a): Program Flow for Gradient Search of Main Program
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controls will re-implement the table look-up again. Finally, if the forcing frequency does 

not change then the gradient search method will be reimplemented. 

Figure 4.9 shows the first portion of the gradient search routine (LOC_MIN VI). The 

LOC_MIN VI uses a while loop with several true/false case structures as well as some 

sequence case structures. The LOC_MIN VI receives an input voltage value from the 

main program that corresponds to the forcing frequency and the original absorber motor 

location. This voltage value is sent to two left side shift registers of the while loop. This 

voltage value is used throughout the gradient search routine to determine if the forcing 

frequency changes. The rms acceleration level is determined for the original absorber 

motor location using the collect data VI (cd VI) and sent to the left side shift register for 

the while loop. The cd VI will be discussed later in this chapter. The counter value is set 

to zero and sent to the left side shift register of the while loop. Once all the information 

has reached the while loop, the VC VI compares a new input voltage value with the 

original input voltage value received from the main program and the left side shift 

register. The VC VI will be discussed later in this chapter. If there has been a value 

change, the VC VI will respond with a false statement. This false statement will result in 

the first true/false case structure implementing its false case structure and will cause the 

while loop to cease execution upon the completion of the false case structure. The false 

case structure will pass the most recent rms. acceleration levels of the primary structure, 

voltage value representing the absorber motor position, and counter value to the second 

portion of the gradient search routine (Loc_min2 VJ). The Loc_min2 VI will also receive 

the original voltage value for the forcing frequency as well as the true/false statement 

from the VC VI. If there has not been a voltage change, the VC VI will respond with a 

true statement. The true statement will result in the first true/false case structure 

implementing its true case structure. 
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The true case structure for the first true/false case structure begins by increasing the 

voltage value representing the absorber motor position by 0.05 units. Next, the new motor 

position value is compared with the upper limit and lower limit for the absorber motor 

position. If the new absorber motor position value is outside the absorber motor position 

bandwidth then a false statement is sent to the second true/false case structure. The false 

statement will result in the second true/false case structure implementing its false case 

structure. If the new absorber motor position value is within the absorber motor position 

bandwidth then a true statement is sent to the second true/false case structure. 

The true case structure for the second true/false case structure uses a sequence structure of 

three frames to transfer the absorber motor to its new position, collect new rms 

acceleration levels, and compare the rms acceleration levels of the new absorber motor 

position with the previous absorber position. If the acceleration values of the new 

absorber motor position decrease then a true statement is sent to the third true/false case 

structure and the operator for the while loop, otherwise a false statement is sent. The 

second true/false case structure, regardless if it is the true or false case structure, also 

increases the counter value by one each time it is implemented. The false case structure 

for the second true/false case structure decreases the motor position value by 0.05 units, 

back to its previous value. 

The true case structure for the third true/false case structure passes along the rms 

acceleration value received and the most recent absorber motor position value. The false 

case structure for the third true/false case structure uses a sequence structure of three 

frames to reduce the absorber motor position value by 0.05 units, move the absorber 

motor to the new absorber motor position value, and collect the rms acceleration level at 

this new absorber motor position. The new absorber motor position value and rms 

acceleration value are passed on to the next operation. 
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Upon completion of the true/false case structures and the sequence structures, the most 

recent rms acceleration values, absorber motor position value, original forcing frequency 

value, and the increment counter value are sent to the right side shift register of the while 

loop. As long as the while loop receives true statements and continues to run, the right 

side shift register values are sent to the left side shift register for the next loop. If the 

while loop receives a false statement and ceases to run, the right side shift register values 

are forwarded to the next receiving operations. When the while loop ceases execution the 

original forcing frequency value, counter value, absorber motor position value, the true or 

false statement from the VC VI, and the most recent rms acceleration value are sent to the 

next section of the gradient search routine (Loc _min2 VI). Loc_min2 VI will be 

discussed later in this chapter. After Loc_min2 VI is completed the final rms acceleration 

value and the final absorber motor position value are sent to the front panel of the 

Loc_min VI and/or to the calling program. 

4.2.2.1 Collect Data (CD) VI 

Figure (4.10) shows the cd VI diagram. The cd VI implements an analog input multipoint 

VI from the functions toolbox of LabView to collect 12,500 acceleration values at 12,500 
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samples per second. The acceleration values are passed to an array for storage. A RMS VI 

from the functions toolbox is used to calculate the root mean square (rms) acceleration 

value from the array of acceleration values. This rms acceleration value is then passed to 

a front panel readout and/or passed back to the calling program. 

4.2.2.2 Voltage Change (VC) VI 

Figure (4.11) shows the VC VI diagram. The VC VI implements an analog input one 

point VI from the functions toolbox of LabView to collect a single voltage value 

representing the forcing frequency. This value is increased and decreased by a value of 

0.02 units. These new values are compared to the original voltage value passed to the VC 

VI from the calling program and/or front panel. If the new voltage value plus 0.02 units is 

greater than the original voltage value then the Greater Than logic operator will return a 

true statement, otherwise if the new voltage value is less than or equal to the original 

voltage value a false statement will be given. If the new voltage value minus 0.02 units is 

less than the original voltage value then the Less Than logic operator will return a true 

statement, otherwise if the new voltage value is greater than or equal to the original 

voltage value a false statement will be given. An And logic operator is used to compare 

the true/false statements given from both the Greater Than and Less Than logic operators. 
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If both are true then a true statement is given. If either statement is not true than a false 

statement is given. The And logic operator true/false statement is passed to the front 

panel true/false indicator and/or the calling program. 

4.2.2.3 Transfer And Move (T&M) VI 

Figure (4.12) shows the T&M VI diagram. The T&M VI transforms the input voltage 
s 

   
    

  

    

  

   

   

    

TM.¥I Diagram 

File Edit Operate Functions Windows Text Help 
  

    

  
  

  

  

Control 

Voltage 
Values 

  
    
   |Cemmu-| 

nication     

    

  

   

    

    

       
    
Pera sagosas PETAR, eeaecaennsis 

a5 (: a e 
Berney S i it 2. 

i ae : . i 
a : es t i r 
a : is ‘4 c : 

5 : kos = i 
: mS Fs] 1 C$... . i 

Aeon 
Parties 

    

  

   

SOOO Ors 

aaeaaens Z oo Roe nns os a : 5 iS 3 
& 
2 cane $ ° @......, ¢ a FalseP| sesecsssesespuseserens 
a : Oa i “a 5 i 5 i ss oy : é ra a? 
os : a ‘ an 

: S 12.67 —— o.. 

    

   
5 rs NOOO DSC EOD AA RRA RAID RI eee envy hae 

Figure 4.12: Transfer and Move VI 

56



value from the front panel and/or calling program to a motor position to be sent to the 

controller/indexer. Based on the comparison of the control voltage values to the input 

voltage value the Greater Than or Equals and the Less Than or Equals logic operators 

will give a true or false statement. These statements will determine whether the respective 

following true/false case structures will implement a true or false case structure. Based on 

the true/false case structures, the input voltage value is either passed through unchanged 

or changed to another value. The control voltage values are based on at which forcing 

frequencies the absorber’s natural frequency is to be adjusted from the highest of the 

absorber frequency range to the lowest of the absorber frequency range and vice versa. 

The control voltages also contro] at what range of frequencies the absorber is to track the 

forcing frequency. 

4.2.2.4 Compare Acceleration Levels (Accel) VI 

Figure (4.13) shows the Accel VI. The Accel VI implements a Less Than operator to 

determine if the new rms acceleration value is less than the previous rms acceleration 

value. If the new rms acceleration value is less than the previous rms acceleration value 

then a true statement is sent to the front panel indicator and/or the calling program. 
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4.2.2.5 Locate Minimum Two (Loc_min2) VI 

Figure (4.14) shows the Loc_min2 VI. The Loc_min2 VI is a sub VI of Loc_min VI. 

Both VI’s are part of the gradient search routine of the main program. The Loc_min2 VI 
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receives the original forcing frequency value, counter value, absorber motor position 

value, the true or false statement from the VC VI, and the most recent rms acceleration 

value from the Loc_min VI. The true or false statement from the voltage change true/false 
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indicator will determine if the true or false case structure for the first true/false case 

structure will be implemented. If the voltage change indicator has a true statement, the 

true case structure will be implemented; otherwise, the false case structure will be 

implemented. 

The true case structure for the first true/false case structure begins by evaluating the 

counter value and then implementing the internal second true/false case structure. If the 

counter value is less than or equal to one, a true statement is sent to the second true/false 

case structure; otherwise, a false statement is sent to the second true/false case structure. 

The first true/false case structure’s false case structure bypasses the second, third, and 

fourth true/false case structures by passing the absorber motor position value to the final 

absorber motor position value indicator and/or calling program and passing the rms 

acceleration value to the final rms acceleration value indicator and/or calling program. 

The true case structure for the second true/false case structure decreases the absorber 

motor position value by 0.05 units and verifies if this new value is greater than or equal to 

1.16 and less than or equal to 2.67. If the new absorber motor position value is within this 

range, a true statement is sent to the third true/false case structure; otherwise, a false 

statement is sent to the third true/false case structure. The false case structure for the 

second true/false case structure bypasses the third true/false case structure by passing the 

original forcing frequency value and the true statement from the voltage change indicator 

to the fourth true/false case structure. The false case structure for the second true/false 

case structure also passes the absorber motor position value and the rms acceleration level 

to the end of the first true/false case structure. 

The true case structure for the third true/false case structure implements the Loc_min3 

VI. The Loc_min3 VI will be discussed later in this chapter. The false case for the third 

true/false case structure decreases the absorber motor position value by 0.05 units and 
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passes this new absorber motor position value along with the original forcing frequency 

value, rms acceleration level, and the true statement from the voltage change indicator to 

the end of the second true/false case structure. 

The true case for the fourth true/false case structure implements a while loop. The while 

loop uses the original forcing frequency value to implement the VC VI discussed earlier 

in the chapter. As long as the VC VI returns a true statement the while loop will continue 

to operate. The false case for the fourth true/false case structure has no operations; 

therefore, the fourth case structure ceases execution. 

4.2.2.6 Locate Minimum Three (Loc_min3) VI 

Figure (4.15) shows the Loc_min3 VI. The Loc_min3 VI is a sub VI of Loc_min2 VI. 

Both VI’s are part of the gradient search routine of the main program. The Loc _min3 VI 

receives the original forcing frequency value, absorber motor position value, and the most 

recent rms acceleration value from the Loc_min2 VI. These values are sent to the right 

side shift register of a while loop. The while loop continues to run as long as the forcing 

frequency value does not change or the absorber motor position value remains within the 

specified bandwidth. The first operation for the while loop is to implement the VC VI. 

The VC VI checks if the forcing frequency value has changed. The true or false statement 

from the VC VI will determine if the true or false case structure of the first true/false case 

structure will be implemented. If the statement from the VC VI is true, the true case 

structure will be implemented; otherwise, the false case structure will be implemented. 

The true case structure for the first true/false case structure verifies if the absorber motor 

position value is greater than or equal to 1.16 and less than or equal to 2.67. If the new 

absorber motor position value is within this range, a true statement is sent to the second 

true/false case structure; otherwise, a false statement is sent to the second true/false case 

structure. The false case structure for the first true/false case structure bypasses the 
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second and third true/false case structures by passing the rms acceleration level and 

absorber motor position value to the end of the first true/false case structure. The false 
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case structure for the first true/false case structure also passes the false statement from the 

VC VI to the end of the first true/false case structure. This false statement is passed to the 

operator for the while loop. 

The true case structure for the second true/false case structure begins by implementing a 

sequence structure. The sequence structure consists of three frames that transfer the 

absorber motor to its new position, collect new rms acceleration levels, and compare the 

rms acceleration levels of the new absorber motor position with the previous absorber 

motor position. If the rms acceleration values of the new absorber motor position 

decrease then a true statement is sent to the third true/false case structure and the operator 

for the while loop. If the rms acceleration values of the new absorber motor position 

increase, a false statement is sent to the third true/false case structure and the operator for 

the while loop. The false case structure for the second true/false case structure increases 

the absorber motor position value by 0.05 units. The new absorber motor position voltage 

value and the rms acceleration level are sent to the end of the second true/false case 

structure. The false statement from the bandwidth check is also sent to the end of the 

second true/false case structure. This false statement is passed to the operator for the 

while loop. 

The true case for the third true/false case structure decreases the absorber motor position 

value by 0.05 units. The new absorber motor position value and rms acceleration value 

are sent to the end of the third true/false case structure. The false case structure for the 

third true/false case structure implements a three frame sequence structure to reduce the 

absorber motor position value by 0.05 units, move the absorber motor to the new 

absorber motor position, and collect the rms acceleration level at the new absorber motor 

position. The new absorber motor position value and new rms acceleration value are sent 

to the end of the third true/false case structure. 
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4.3 Summary 

In this chapter we have presented the control program LabView. We first presented a 

description of the initialization process for the absorber structure on the combined 

system. We covered the main program for controlling the absorber structure on the 

combined system. In the main program we presented the table look-up portion of the 

control program and the gradient search portion of the control program 

For the next chapter, Chapter 5, we will present the hardware set-up and procedures for 

the experiments performed for the evaluation of the adaptive absorber system. 
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Chapter 5 

5. Experiments 

In this chapter we explain the hardware set-up and procedures for the experiments 

performed for the evaluation of the adaptive absorber system. The experiments are 

divided into three sections: preliminary experiments, initialization, and adaptive vibration 

absorber evaluation. 

5.1 Preliminary Experiments 

Before we could perform the final experiments or initialize the system, preliminary 

experiments had to be completed to determine settings of the instrumentation and values 

used in the control program. This section will cover those tests necessary before 

initializing the system and completing the final experiments. 

5.1.1 Primary Structure Natural Frequency 

The first piece of information needed was the frequency of the primary structure. The 

primary structure consists of the primary beam and attachment hardware for the absorber 

structure. A shaker test was completed to determine the primary structure's first bending 

natural frequency. 

5.1.1.1 Set-up 

Figure (5.1) is a schematic of the set-up for this experiment. A shaker is coupled to a 

force transducer via a stinger. The force transducer is screwed on to the primary beam. 

The shaker voltage input is connected to the voltage output of the Fourier analyzer 

through an amplifier. A voltmeter is used to read the voltage output of the amplifier. 

The shaker specifications require that the shaker input voltage never exceed 3.5 Volts. 

The accelerometer, placed on the primary beam and with a sensitivity of 96.6 mV/g, is 
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connected to channel two of the Fourier analyzer through a piezotron coupler. The force 

transducer, placed on the primary beam and with a sensitivity of 20.7 mV/N, is connected 

to channel one of the analyzer through a piezotron coupler. The analyzer is connected to a 

PC computer and communicates to the PC computer via the Tektronix 2600 series 
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Figure 5.1 Experimental Set-up for Primary Structure Evaluation 

5.1.1.2 Procedure 

At a distance of 26.0 cm along the axis of the primary beam with respect to the edge of 

the clamp, the base and clearance beam were centrally attached (see Fig. (5.2)). The 

primary structure consists of the primary beam and attachment hardware for the absorber 

structure. 

The transfer function graph (output-accelerometer/input-force transducer) and phase plots 

were used to detect the first bending natural frequency of the primary structure. A random 

input, a base band input from zero to 200 Hz, was used to drive the shaker. A total of 10 

frequency response functions were produced and averaged. In addition, Hanning 
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Figure 5.2: Physical Set-up for Primary Structure Evaluation 

windowing with amplitude window correction was applied to the force and acceleration 

data so that noise could be eliminated. The input from the accelerometer and force 

transducer were autoranged to obtain the full dynamic range of the accelerometer and 

force transducer. Overload reject was used so that if at any time the accelerometer or 

force transducer overloaded, the corresponding block of data was not recorded. The 

coherence graph was used to verify the quality of data. 

5.1.2 Adaptive Absorber Frequency Range 

It was also important to verify that the absorber frequency range included the primary 

structure's natural frequency. Therefore, the absorber frequency range was evaluated. For 

these preliminary tests, the absorber was applied to the primary structure. Shaker tests 

were completed to determine the absorber frequency range. 
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5.1.2.1 Set-up 

Figure (5.3) is a schematic of the set-up for this experiment. A shaker is coupled to a 

force transducer via a stinger. The force transducer is screwed on to the primary beam. 
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Figure 5.3: Experimental Set-up for Absorber Frequency Range Evaluation 

The shaker voltage input is connected to the voltage output of the Fourier analyzer 

through an amplifier. A voltmeter is used to read the voltage output of the amplifier. The 

shaker specifications require that the shaker input voltage never exceed 3.5 Volts. The 

accelerometer, placed on the primary beam and with a sensitivity of 96.6 mV/g, is 

connected to channel two of the Fourier analyzer through a piezotron coupler. The force 

transducer, placed on the primary beam and with a sensitivity of 20.7 mV/N, is connected 

to channel one of the analyzer through a piezotron coupler. The analyzer is connected to a 

PC computer and communicates to the PC computer via the Tektronix 2600 series 

application library. The absorber motor is connected to the controller/indexer. The 
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controller/indexer 1s connected to the Macintosh computer and communicates with 

LabView via the modem port. 

5.1.2.2 Procedure 

At a distance of 26.0 cm along the axis of the primary beam with respect to the edge of 

the clamp, the absorber was attached to the base (see Fig. (5.4)). The absorber structure 

consists of the stepper motor, threaded rod, coupler, and guiding rods. 
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Figure 5.4: Physical Set-up for Absorber Frequency Range Evaluation 

The transfer function graph (output-accelerometer/input-force transducer) and phase plots 

were used to detect the anti-resonant frequency of the combined system for the highest 

and lowest setting of the absorber motor. The range of the absorber had to include the 
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natural frequency of the primary structure and this result was verified. Also, frequency 

response functions were taken for intermediate locations of the absorber motor to 

determine the relationship between the absorber position and the anti-resonance of the 

combined system. A random input, a base band input from zero to 200 Hz, was used to 

drive the shaker. A total of 10 frequency response functions were produced and averaged. 

In addition, Hanning windowing with amplitude window correction was applied to the 

force and acceleration data so that noise could be eliminated. The input from the 

accelerometer and force transducer were autoranged to obtain the full dynamic range of 

the accelerometer and force transducer. Overload reject was used so that if at any time the 

accelerometer or force transducer overloaded, the block of data was not recorded. The 

coherence graph was used to verify the quality of data. 

5.1.3 Absorber Motor Home Position 

The next experiment involved finding a measurable relationship to a home position of the 

absorber motor. The home position was selected to be when the absorber is at its highest 

frequency setting. This worked best with the Philtec displacement sensor used when it 

was mounted to the base. 

5.1.3.1 Set-up 

Figure (5.5) is a schematic of the set-up for determining the voltage output from the 

Philtec displacement sensor when the absorber motor is at the home position. The 

displacement sensor is mounted through a vertical hole located on the base at a distance 

of 28.86 cm from the edge of the clamp. Since the displacement sensor is an optic sensor 

that works best with a mirror like surface, a piece of aluminum foil was placed on the 

absorber motor to increase the reflectivity of the absorber motor flange surface. A power 

supply is connected to the displacement sensor through its input terminals. A voltmeter is 

also connected to the displacement sensor through its output terminals. 
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Figure 5.5: Experimental Set-up for Determining Absorber Home Position 

5.1.3.2 Procedure 

A voltage reading was obtained when the absorber motor was at its highest frequency 

setting. The voltage value outputted by the sensor for the absorber in this position is used 

as the control for the initialization process and for setting the home position of the 

absorber in future tests. 

5.1.4 Relationship Between Input Voltage and Forcing Frequency 

Another test was necessary to determine the settings of the function generator. It is 

necessary due to limitations of the A/D board and function generator that the voltage 

range of 0-5 volts results in a frequency range that encompasses both shift points of the 

absorber. This information was also necessary in determining the relationship between 

the Voltage source voltage and the absorber motor position and the relationship between 

the Voltage source voltage and the forcing frequency. 

5.1.4.1 Set-up 

Figure (5.6) is a schematic of the set-up for determining the function generator settings. A 

voltage source is connected to the VCG function generator at its VCG in terminal. A 

voltmeter is also connected to the voltage source. An oscilloscope is connected to the 

signal output of the function generator. 
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5.1.4.2 Procedure 

The voltmeter was used to obtain a more precise voltage reading from the voltage source. 

From the previous experiments, a frequency range corresponding to the voltage range of 

0-5 Volts was known. The oscilloscope was used to verify that the sine output from the 

function generator for the voltage range indeed spans the necessary frequency range. 

5.2 Initialization 

As a preliminary step between turning on all the equipment and performing the final 

experiments, the controller/indexer had to be initialized and the absorber motor set to its 

home position. This section will cover the initialization and homing process. 

5.2.1 Set-up 

Figure (5.7) is a schematic of the set-up for initializing the controller/indexer and setting 

the absorber motor home position. The displacement sensor 1s mounted through a vertical 

hole located on the base at a distance of 28.86 cm from the edge of the clamp. Since the 

displacement sensor is an optic sensor that works best with a mirror like surface, a piece 

of aluminum foil was placed on the absorber motor to increase the reflectivity of the 

absorber motor flange surface. A power supply is connected to the displacement sensor 

through its input terminals. The output terminal of the displacement sensor is connected 

to the Macintosh computer software via the A/D board. The computer software is also 
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connected to the controller/indexer via the modem port. The controller indexer is 

connected to the stepper motor. The computer software, LabView, was used for the 

initialization and setting of home position process. 
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Figure 5.7: Experimental Set-up for Initialization Process and Setting Home Position 

5.2.2 Procedure 

The first process was the initialization of the controller/indexer. Once the 

controller/indexer was initialized, it would be ready to receive commands from LabView 

through the modem port. Initializing the controller/indexer requires a space followed by a 

carriage return. Next, the LabView initialization program would monitor the voltage 

output from the Philtec displacement sensor through the A/D board. If the voltage from 

the displacement sensor is smaller than the voltage value predetermined from the earlier, 

absorber home position, experiment when the motor is in the home position, then 

LabView would send a command to the controller/indexer for the motor to step a 

predetermined step size toward the sensor. Due to the large step size the motor position 

tends to overshoot causing the final voltage readout from the displacement sensor to be 

larger than the control voltage. Once the displacement sensor voltage is larger than the 

control voltage, LabView sends a command to the controller/indexer instructing the 

motor to step a smaller predetermined step size away from the sensor. Again, due to the 
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step size the motor position tends to overshoot causing the final voltage readout from the 

displacement sensor to be smaller than the control voltage. Once the displacement sensor 

voltage is smaller than the control voltage, LabView sends a command to the 

controller/indexer instructing the motor to step at its smallest step size toward the sensor 

until the sensor voltage equals the control voltage value. The motor is now located in the 

home position. After this process, LabView sends commands to the controller/indexer to 

set this position of the motor as the home position or zero position. After the completion 

of the initialization process, the experimental set-up is ready to perform the final 

experiments. 

5.3 Adaptive Vibration Absorber Evaluation 

After the completion of the preliminary tests, initialization of the controller/indexer, and 

setting the absorber motor home position, we are ready to perform the final experiments. 

This section will cover the experimental set-up for completing the final experiments and 

the procedure for collecting the final experiments data. 

5.3.1 Set-up 

Figure (5.8) is a schematic of the set-up for this experiment. A shaker is coupled to a 

force transducer via a stinger. The force transducer is screwed on to the primary beam. 

The shaker is connected to the output of the function generator through an amplifier. A 

voltage source is connected to the VCG in of the function generator. A voltmeter is used 

to read off the voltage source in order to obtain an accurate reading of the voltage output. 

The DC voltage is also read by LabView via the A/D board of the Macintosh computer. 

The accelerometer, placed on the primary beam and with a sensitivity of 96.6 mV/g, is 

connected to channel two of the Fourier analyzer through a piezotron coupler. The force 

73



  
  VCG   

    

       

   

            
  

  
  

  

    
    

          

  

          

  

          

Voltage Function 

Source Generator Amplifier 

z Force Transducer Shaker 

on Back of Beam Accelerometer 

| ZA _™~ / on Back of Beam 

XxX A my |S 

Z Fn 
Voltmeter Absorber 

Macintosh Computer Motor 

: Software is 

ae vor oo. Controller/Indexer Piezotron 

: Modem: Couplers 
A\D : Port 

| I 
        

      
  

  

   PC Computer 

Fourier Analyzer Force Transducer Signal 

  

    
Figure 5.8: Experimental Set-up for Adaptive Vibration Absorber Evaluation 

transducer, with a sensitivity of 20.7 mV/N, is connected to channel one of the analyzer 

through a piezotron coupler. The analyzer is connected to a PC computer and 

communicates to the PC computer via the Tektronix 2600 series application library. The 

accelerometer signal is also read by LabView via the A/D board of the Macintosh 

computer. LabView is connected to the controller/indexer via the modem port of the 

Macintosh computer. The absorber motor is connected to the controller/indexer. 

5.3.2 Procedure 

At a distance of 26.0 cm along the axis of the primary beam with respect to the edge of 

the clamp, the absorber is attached to the base (see Fig. (5.9)). The absorber structure 

consists of the stepper motor, threaded rod, coupler, and guiding rods. 

The source voltage is incremented by 0.2 Volts from 0 Volts to 5.0 Volts and data is 

collected at each value. Each 0.2 Volt increment results in a 4.0 Hz increment of the 
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Figure 5.9: Physical Set-up for Adaptive Vibration Absorber Evaluation 

function generator for a total frequency range of 30.0 Hz to 130.0 Hz. Data is also taken 

at non-incremental frequencies around critical frequency points such as the shift 

frequency points of the adaptive absorber and near the primary structure natural 

frequency. Shift frequency points are defined as where the absorber transitions from its 

highest frequency location to its lowest frequency location and vice-versa. The 

autospectrum graph of both the accelerometer and the force transducer are used to 

calculate the magnitude of the frequency response function at the forcing frequency. The 

phase plot is also evaluated to determine the phase at the current forcing frequency. A 

sine input is used to drive the shaker. The frequency of the excitation force is determined 

by the Voltage source voltage. A total of 10 time averages are taken for each frequency. 

In addition, Hanning windowing with amplitude window correction is applied to the force 
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and acceleration data so that noise could be eliminated. The input from the accelerometer 

and force transducer are autoranged to obtain the full dynamic range of the accelerometer 

and force transducer. Overload reject is used so that if at any time the accelerometer or 

force transducer overloads, the block of data is not recorded. The coherence graph is used 

to verify the quality of data. 

5.4 Summary 

In this chapter, we have covered the hardware set-up and procedures for evaluation of the 

adaptive absorber system. The experiments were divided into three section: preliminary 

experiments, initialization, and final experiments. The experiment set-ups and procedures 

were described for each section. 

For the next chapter, Chapter 6, we will present the results from our experiments, as 

presented in this chapter. 
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Chapter 6 

6. Results 

In this chapter we present the results obtained from our experiments performed in 

Chapter 5. This chapter is divided into three parts. First, we present the results from the 

preliminary experiments. Next, we present the results from the adaptive vibration 

absorber evaluation. Lastly, we will present comparisons for the different systems. 

6.1 Result of the Preliminary Experiments 

This section will cover the results of the preliminary experiments. These results are 

needed for the control program and for comparisons in the final evaluations. 

6.1.1 Primary Structure Natural Frequency 

Using the testing procedure described in Chapter 5 for the primary structure, the primary 

structure’s frequency response function is obtained. Figure (6.1) is the graph of the 

frequency response function of the primary structure obtained from the experimental data 

showing the resonance corresponding to the 1° structure mode. The transfer function 

magnitude plot and phase plot are used to determine the natural frequency of the primary 

structure. Results from this data yield a 1° mode natural frequency of 72 Hz. 

Next, the absorber frequency range is evaluated to confirm that the primary structure 

natural frequency is within the absorber frequency range. The next section will present 

_ the results obtained for the absorber frequency range experiments. 
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Figure 6.1: FRF of the 1st Mode of the Primary Structure 

6.1.2 Adaptive Absorber Frequency Range 

Using the testing procedure described in Chapter 5 for the absorber frequency range, the 

combined system’s frequency response functions are obtained. Figure (6.2) is the 

frequency response function graph of the combined system for the absorber’s longest 

length of 8.89 cm, measured from bottom edge of base to top of motor flange. The 

transfer function magnitude plot and phase plot are used to determine the anti-resonant 

frequency of the combined system. Recall from Chapter 2 that the natural frequency of 

the absorber structure corresponds to the anti-resonance of the combined system. Results 

from this data yield the absorber’s lowest natural frequency to be 53.5 Hz. 
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Figure 6.2: FRF of the System with the Absorber Tuned at Lowest Frequency 

Figure (6.3) is the frequency response function graph of the combined system for the 

absorber’s shortest length of 5.08 cm. Results from this data yield the absorber’s highest 

natural frequency to be 84.0 Hz. 

Table (6.1) shows the system anti-resonant frequencies (absorber natural frequencies) 

versus incremental absorber lengths. This table shows that for an absorber length range of 

5.08 cm to 8.89 cm the absorber natural frequency ranges from 84.0 Hz to 53.5 Hz, 

respectively. This corresponds to a 1.0 cm per 8.0 Hz length to frequency ratio. Also, 

these results are summarized in Fig. (6.4). Figure (6.4) shows the linear relationship 

between absorber length and absorber frequency for this absorber’s range of frequencies. 

This information is needed in the control program for leading to a relationship between 

the input voltage and the absorber motor position. 
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Figure 6.3: FRF of the System with the Absorber Tuned at Highest Frequency 

Table 6. 1: System Anti-Resonant Frequency vs. Absorber Length 
  

  

Base to Flange Anti-Resonant 

Length (cm) Frequency (Hz) 

5.08 84.0 

5.72 78.5 

6.35 72.0 

6.99 66.0 

7.62 62.5 

8.26 57.5 

8.89 53.5     
  

Next, the absorber motor home position had to be determined such that a relationship 

between the absorber control position and the absorber natural frequency could be 
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Figure 6.4: System Anti-Resonance Frequency vs. Absorber Length 

determined. The next section will present the results obtained for determining the 

relationship between absorber control position and the absorber natural frequency. 

6.1.3. Absorber Motor Home Position 

Using the testing procedure described in Chapter 5 for determining the absorber motor 

home position, the displacement sensor voltage is found to be 1.14 Volts. This voltage 

corresponded to a home position of zero, an absorber length of 5.08 cm, and an absorber 

frequency of 84.0 Hz. A clockwise rotation of the absorber motor shaft (looking from 

primary structure to motor) results in a negative step for the motor position. Since the 

threaded rod used is 20 turns per 2.54 cm and the absorber motor resolution is 200 steps 

per turn, a clockwise rotation of the absorber motor shaft to an absorber length of 8.98 cm 

results in a motor position of -6000 and an absorber frequency of 53.5 Hz. This motor 

position resolution information results in a relationship of 1539 steps per 1.0 cm of 

change in absorber length. 

Next, the function generator settings are determined such that a relationship between DC 

power supply voltage and the forcing frequency could be determined. The next section 
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will present the results obtained for determining the relationship between input voltage 

and forcing frequency. 

6.1.4 Relationship Between Input Voltage and Forcing Frequency 

Using the testing procedure described in Chapter 5 for determining the relationship 

between input voltage and forcing frequency, the following relationships are obtained. 

Table (6.2) shows the function generator frequency versus DC power supply voltage. 

This table shows that for an input voltage range of 0.0 Volts to 5.0 Volts there is a forcing 

frequency of 29.85 Hz to 131.58 Hz, respectively. This corresponds to a 20.35 Hz change 

in forcing frequency per 1.0 Volt change in input voltage. Figure (6.5) graphically shows 

the linear relationship between the input voltage and the forcing frequency. 

Table 6. 2: Function Generator Frequency vs. DC Power Supply Voltage 
  

  

Volts Frequency 

0.0 29.85 

0.5 40.00 

1.0 50.25 

1.5 60.60 

2.0 71.43 

2.5 80.64 

3.0 90.90 

3.5 101.01 

4.0 111.73 

4.5 121.95 

5.0 131.58       

A relationship of 3950 steps per 1.0 Volt input voltage is determined using: the previous 

relationships of 20.5 Hz change in forcing frequency per 1.0 Volt change in input voltage, 

a change of 1539 steps per 1.0 cm change in absorber length, a 1.0 cm change in absorber 

length per 8.0 Hz change in absorber natural frequency, and an absorber motor position 
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Figure 6.5: Function Generator Frequency vs. DC Power Supply Voltage 

equal to the step number. Using an input voltage of 2.67 Volts and its relation to the zero 

motor position as well as the relationship between the motor position and the step value 

S, the following relationship is made between motor position P and input voltage V: 

p =? 39505 *v-10609 #8). 6.1 
S V 

Once the preliminary experiments are completed and the controller/indexer initialized, 

the final control program can be executed and the final steady-state vibration amplitudes 

of the primary structure can be found for various steady-state forcing frequencies. The 

next section will present the final experiment's results for a primary structure with an 

adaptive absorber and comparisons of the primary structure with no absorber and the 

primary structure with a passive absorber. 

6.2 Results of Final Experiments 

Once the preliminary experiments are completed and the controller/indexer initialized, 

the final control program is executed and the final steady-state vibration amplitudes of the 

primary structure are found for various forcing frequencies. This section contains two 
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subsections. In the first section, we will present the steady-state vibration amplitude 

results for a primary structure with an adaptive absorber. In the last section, we will 

present comparisons of the primary structure with an adaptive absorber, the primary 

structure with no absorber, and the primary structure with a passive absorber 

6.2.1 Adaptive Absorber Evaluation 

In this section, we will present the vibration amplitude results for a primary structure with 

an adaptive absorber after the forcing frequency has reached a steady-state and the 

absorber has adapted to the forcing frequency. Figure (6.6) shows the frequency response 

function for the primary structure with an adaptive absorber. The frequency response 

function range of frequencies are from 30 Hz to 130 Hz. The transfer function magnitude 
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Figure 6.6: FRF of the System with the Adaptive Absorber 
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plot shows a maximum vibration amplitude of 16.4 dB at 110 Hz and a minimum of -23.5 

dB at 78 Hz. Throughout the adaptive absorber tuning range of 54.0 Hz to 84.0 Hz the 

vibration amplitude is consistently around -20 dB. From the phase plot we expect to see a 

phase of 0 degrees for the ranges of 30 Hz to 42 Hz and 84 Hz to 108 Hz with a transition 

from 0 degrees to -180 degrees at 42 to 42.5 Hz and 108 Hz to 110 Hz. We expect the 

phase to be -180 degrees in the ranges of 42.5 Hz to 54.0 Hz and 110 Hz to 130 Hz. We 

expect the phase to be either 0 degrees or -180 degrees throughout the 54.0 Hz to 84.0 

Hz. This varies, because, the optimization routine could easily settle at a frequency 

slightly lower (0 degrees) or slightly higher (-180 degrees) than the forcing frequency. 

The phase plot coincides with our assumptions of. the phase. Throughout the adaptive 

absorber tuning range the absorber optimized at a frequency slightly lower than the 

forcing frequency. However, by evaluating the phase, at 66 Hz the absorber optimized at 

a frequency slightly higher than the forcing frequency. 

By treating the absorber as a passive absorber tuned to the lowest and highest frequencies 

of the adaptive absorber tuning range, a transfer function is obtained at each frequency 

location. Figure (6.7) shows a comparison between the primary structure with an adaptive 

absorber versus the primary structure with a passive absorber tuned to the lowest 

frequency of the adaptive absorber tuning range. It is expected, from the control program, 

that the system with the adaptive absorber will have the same vibration amplitudes as the 

system with the passive absorber for the frequency ranges of 42.5 Hz to 54.0 Hz and 110 

Hz to 130 Hz. This result is verified in this comparison. Figure (6.8) shows a comparison 

between the primary structure with an adaptive absorber versus the primary structure with 

a passive absorber tuned to the highest frequency of the adaptive absorber tuning range. It 

is expected, from the control program, that the system with the adaptive absorber will 

have the same vibration amplitudes as the system with the passive absorber for the 

frequency ranges of 30.0 Hz to 42.0 Hz and 84.0 Hz to 108 Hz. This result is verified in 

this comparison. 

85



Adaptive Absorber Natural 

Frequency Range 
  

  

        
        

    

wal 
Primary Structure 

100 r w/ Passive Absorber - - 

  

           
  

Phase 

(degrees) 

-100+---- ; 

-200 1 _r a —__I —__ a a | i —l K 

30 40 0 60 70 80 90 100 110 120 
Frequency (Hz) 

Figure 6.7: FRF of the System: Adaptive vs. Passive (Absorber length = 8.89 cm) 

Adaptive Absorber Natural 

Frequency Range 
  

  

       
       

  

        
  

  

   
      

   

      

     
   
   

T T Tt T T l l 
AQF ---- en a a Ae eee donnny 

zo} ----i LLL Lhasa 
dB Lf ae 

Dy y., a Ay r oo rT 

po b----b-- L ee Lago ——> Primary Structure 

r ' ! ' ’ 84. w/ Adaptive Absorber 

3040 | 50 60 70 a 100 110 «120 

200 — - 7 + 
/ Primary Structure . 

100 | --. w/Passive Absorber -.4i----L---- 

Phase ' ee 

(degrees) ° WG oT : . 

100 b----t}-}+---- Ue -Ag----p- Bebe kee ---     
  

30 40 50 60 70 80 90 100 110 120 
Frequency (Hz) 
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Next, we will present comparisons of the primary structure with an adaptive absorber, the 

primary structure with no absorber, and the primary structure with a passive absorber 

6.3 Comparisons of Different Systems 

In this section, we will present comparisons of the primary structure with an adaptive 

absorber, the primary structure with no absorber, and the primary structure with a passive 

absorber. First, we will present the frequency response function of the primary structure 

with a passive absorber (tuned to the natural frequency of the primary structure). Then, 

we will compare the primary structure with no absorber to the primary structure with the 

passive absorber. Next, we will present a comparison of the primary structure with no 

absorber to the primary structure with an adaptive absorber. Then, we will present a 

comparison of the primary structure with the passive to the primary structure with an 

adaptive absorber. Lastly, we will show a summarized comparison between the primary 

structure with no absorber, the primary structure with the passive absorber, and the 

primary structure with an adaptive absorber. 

Figure (6.9) shows the transfer function magnitude plot and phase plot of the primary 

structure with a passive absorber (tuned to the natural frequency of the primary structure). 

From the transfer function magnitude plot and phase plot the resonant frequencies are 

located at 43.5 Hz and 108 Hz with amplitudes of vibration of 26 dB and 39 dB, 

respectively. The anti-resonant frequency is located at 72 Hz with a vibration amplitude 

of -30 dB. The glitch in the transfer function located at 144 Hz is twice the absorber 

natural frequency and can be attributed to impacts in the absorber structure. 

Figure (6.10) shows a comparison of the transfer function magnitude plot and phase plot 

of the primary structure with no absorber to the primary structure with the passive 
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Figure 6.9: FRF of the System with Passive Absorber Tuned to Primary Structure’s Natural Frequency 
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absorber (tuned to the natural frequency of the primary structure). As is expected, the 

system with the passive absorber offers significant reduction to the vibration amplitudes 

throughout the 50 Hz to 98 Hz range with reductions as much as 70 dB at the primary 

structure natural frequency. However, the tradeoff is that there now exists two resonances 

located at 43.5 Hz and 108 Hz. The system with the passive absorber increases the 

vibration amplitudes throughout the frequency ranges of 30 Hz to 50 Hz and 98 Hz to 180 

Hz. Also, there are increases in vibration amplitudes as much as 27 dB at the second 

resonance of the passive absorber system. 

Figure (6.11) shows a comparison of the transfer function magnitude plot and phase plot 

of a primary structure with no absorber to the primary structure with the adaptive 

absorber. As is expected, the system with the adaptive absorber offers significant 

reduction to the vibration amplitudes throughout the 45 Hz to 108 Hz range with 

reductions as much as 60 dB at the primary structure natural frequency. Also, the 
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absorber consistently gives at least 30 dB reductions in vibration amplitude throughout 

the absorber tuning range of 54.0 Hz to 84 Hz. However, the tradeoffs are that there exists 

increases in vibration amplitudes throughout the frequency ranges of 30 Hz to 45 Hz and 

108 Hz to 130 Hz with increases in vibration amplitudes as much as 10 dB at 42.5 Hz. 

Figure (6.12) shows a comparison of the transfer function magnitude plot and phase plot 

of the primary structure with a passive absorber to the primary structure with an adaptive 

absorber. As is expected, the system with the adaptive absorber offers significant 

reduction to the vibration amplitudes throughout the 42 Hz to 71 Hz range and the 73 Hz 

to 130 Hz range with fairly consistent reductions of 20 dB throughout both ranges. 

However, the tradeoff is that there exists increases in vibration amplitudes throughout the 

frequency range of 71 Hz to 73 Hz with increases in vibration amplitudes as much as 10 

dB at 72.0 Hz (natural frequency of the primary structure). 
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Figure (6.13) shows a comparison of the transfer function plots between the primary 

structure with no absorber, the primary structure with a passive absorber (tuned to the 

natural frequency of the primary structure), and the primary structure with an adaptive 

absorber. As is expected, the system with the adaptive absorber offers significant 

reduction to the vibration amplitudes, as compared to the other two systems, throughout 

the 45 Hz to 71 Hz range and the 73 Hz to 108 Hz range. There exists increases in 

vibration amplitudes throughout the frequency range of 30 Hz to 45 Hz and 110 Hz to 

130 Hz for the system with the adaptive absorber as compared to the primary structure 

with no absorber. However, these increases are still less than the increases that are 

observed by the system with the passive absorber. The system with the passive absorber 

offers lower vibration amplitudes for a limited frequency range of 71 Hz to 73 Hz as 

compared to the system with the adaptive absorber. 
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6.4 Summary 

In this chapter we presented the results obtained from our experiments performed in 

Chapter 5. We presented the results from our preliminary experiments. Next, we 

presented the results from our adaptive vibration absorber evaluation. Lastly, we 

presented comparisons for the primary structure with no absorber, primary structure with 

a passive absorber (tuned to the natural frequency of the primary structure), and the 

primary structure with an adaptive vibration absorber. In general, the system with the 

adaptive tuned vibration absorber offered significant vibration amplitude reductions 

throughout a significant range as compared to the primary structure with no absorber and 

the primary structure with a passive absorber. 

We will conclude our research with Chapter 7. In Chapter 7, we will discuss our 

conclusions and recommendations for the project. 
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Chapter 7 

7. Conclusions and Recommendations 

In this chapter we will present the conclusions for this project and the recommendations 

for future study or work for this project. 

7.1 Conclusions 

Our objective for this project was to develop an adaptive absorber located on a primary 

structure to a forcing frequency applied to the primary structure throughout a frequency 

range that includes the natural frequency of the primary structure. Also, our objective was 

to evaluate the final acceleration level obtained by the optimized system. In addition, to 

keep costs low, the acceleration was evaluated on only one structure. Our objective of this 

thesis was to create such an absorber system. 

In order to accomplish our objective we incorporated a previously designed TVA and 

made any necessary changes to the TVA to make it adaptive. Next, we obtained the 

hardware and software necessary to control the system. This involved evaluating different 

approaches to accomplish the task. Once a solution was found, we proceeded to obtain 

the necessary equipment. 

Once the equipment was obtained, preliminary experiments were done to determine 

control parameters and instrumentation settings. After the necessary control parameters 

were known, programming the LabView software to accomplish the control was 

completed. 

The last task of this project was to demonstrate the effectiveness of our adaptive TVA. 

The primary structure with the adaptive absorber offers significant reduction to the 
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vibration amplitudes, as compared to the other two systems, throughout both the 45 Hz to 

71 Hz range and the 73 Hz to 108 Hz range. There are rare instances where there is an 

increase in vibration amplitudes for the primary structure with the adaptive absorber as 

compared to the primary structure with no absorber. This occurs throughout the 

frequency range of 30 Hz to 45 Hz and 110 Hz to 130 Hz. However, these increases are 

still less than the increases that are observed by the primary structure with the passive 

absorber. The primary structure with the passive absorber offers lower vibration 

amplitudes for a limited frequency range of 71 Hz to 73 Hz as compared to the primary 

structure with the adaptive absorber. 

7.2 Recommendations 

Future work for this project could be to incorporate a frequency to voltage converter and 

eliminate the need for the input voltage source. This would more realistically simulate a 

real world condition of monitoring a motor frequency and converting it to a voltage value 

that varies with the frequency. 

We also recommend eliminating beam torsion from the design by reorienting the absorber 

so that it is aligned with the beam and maximizing the effectiveness of the absorber by 

moving the attachment location of the absorber to the free end of the beam (the location 

of greatest displacement of the primary structure). This would simplify the theoretical 

model of the absorber structure and of the combined system as well as allow the absorber 

to oppose more of the excitation force. 

A future test could also evaluate a similar structure with an adaptive absorber that has a 

larger frequency range. This could be accomplished by replacing the current guiding rods 

and threaded rod of the adaptive absorber with longer guiding rods and threaded rod. I 

believe that an absorber with a larger tuning frequency range would result in lower 
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vibration acceleration levels for the primary structure with the adaptive absorber for 

frequencies outside the absorber tuning range. 

Another comparison, that might yield interesting results, would be to vary the primary 

structure natural frequency for a given adaptive absorber frequency range. In addition, the 

experiment would not necessarily have to include the primary structure natural frequency 

within the absorber tuning frequency range. 
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