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Introduction

Problem Statement

There is alient interested in developing a heat shiaténded to be used on
experimental aircraft for military and commercial space trapelications. Tisc | i ent 6 s
potential customerare important companies such as NASA, Virgin, the US Air Force
and Boeing. Thesaustomers are requesting theat shieldor the purpose of developing
a spacecraft that can make a trip into space and return safely in a very short period of
time. The average spacecraft takes up to 6 months té ¢enditioned before it is
certified to return to active dut¥his heat shielanust be developed to withstand the
samehazardougonditionsand meet the strict criteria to return to flight in a shorter time

period.

There is a need to develop a system which monitors the structural integrity of the
shield that has the potential to é@maged due to heat and mechanical vibrations during
re-entry. The form of health monitoring thidie client has requested involves the use of
piezoelectric actuators and sensditge exact name for the method of stress analysis that
is being requested kour client is structural health monitoring. Structural health
monitoring is a very recent technology that has been increasingly evaluated by many
companies in the aerospace industry as a potential approdebréase cosindincrease

the ease of structural inspection.

The test systems used for health monitoring need to withstand a variety of

conditions including high temperatures, varied levels of moisture, and increasingly
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volatile vibrations to name a few. Similar testing methodsekist today are very
expensive and ailemited in regards to the location of analysis poifatlsndon the

spacecraft. Most other testing methods also lack the capability to test under a variety of
conditions or on more than one compon&mezoelectric aciators and sensors allow for

testing to be done at many different places on the structure to be built.

The client is concerned that this method of health monitoring needs to withstand
the various environments and conditions that the structure mustaymthrThe client
has requested that a test system be built utilizing piezoelectric components and simulates
the hazardous conditions that the heat shield must withstand. This system must allow for
the user to determine the integrity of the piezoelectnopmments over a long period of
testing. The piezoelectric components are expected to endure long term tests involving

cyclic tension and compressitoads as well as high temperature fluctuations

The client involved is Dr. Ibrahim Tansel and this projedb help in the
fulfillment of his grant proposaldegradation of Signal Quality of Structural Health
Monitoring Systems with Tinjewhich was developed following his paper on Structural

Health Monitoring [21].
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Motivation

There is a growing markér a system that can perform structural analysis on a
variety of components for a reasonable price. The motivation for this project lies not only
to satisfy the requirements of the above mentioned client, but to also design this system to
be available fopurchase by many other companies in the indwetiy would like to
utilize structural health monitorind@ he focus of this project will be to create the original
design to the specificatiomsquired by thelient which include designing a system that
can analyze the structural integrity thfe piezoelectric components being used for testing
ona given material under a variety of conditions that can lead to failure including high
temperature and severe mechanical vibrations. By improving the methodsctfrst
inspectiona number of structures can be made more reliable and failure can become

more predictable, thus reducing the cost of ownership.

As was previously stated, all the components mentioned in this system exist in
some form or fashion today.awever these components are very expensive and in order
to be appealing to a variety of companies, they must be cost effective. The goal of this
project is to not only achieve a cost effective mannanatyzing this method of
structural analysistilizing piezoelectric componentut to also integrate the individual
testing scenarios into one system. It would be beneficial to the success of this project if it
could integrate the mechanical stress testing in different environments. By doing so, the
systemwould have the appeal necessary to encourage a variety of consumers to purchase

one for their specific needs.
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Literature Survey
In the pursuit of creating this new system, it is important to see what other work
has been done in this field. Itnecessary to learn the good and bad aspects of each
variation of this project and apply what has been learned so that not only does it start off
on the right path, buh thedevelopment of this projedihe mistakes that have already
been madevill be avaded The first step is to determine what the similarities and
differences are between this project and others. After determining the similarities and
differences, there must be an analysis of how relevant each project is to the one being
performed. Itisbt as i mportant t oed but mode speaifitallywhat i s

how each test system has been setup.

One of the pioneers with the structural health monitoring in composite structures
is a team of scientists at the Massachusetts Institute of dlegjyn This team tested
different methods in order to identify the best sensors and components to be employed
with SHM. For their experimental set up, this team sent signals to the piezoelectric
actuators at 15 kHz with 5V ped®-peak [L]. It is not speified what waveform this
group employed to perform their experiment. For this case, the combination of frequency
and amplitude was enough to obtain meaningful results. Base on the previous
conclusions, similar values should be employed when charactettigrgystem. The
referenced frequency of 15 kHz is way below the intended maxim frequency for this

project which is 500 kHz.

In 2001,Giurgiutiu [2] performed a series of tests to evaluate the durability and

survivability of piezoelectric wafer sensors used in structural health monitoring on aging
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commercial and personal aircraft. The first test to be analyzed involved preparing four
specimens in different conditions (pristine; with cracks only; with corrosion only; with

a combination of crack and corrosion). For E/M impedance experiments, the

experimental apparatus consisted of a HP 4194A impedance analyzer. For wave
propagation experiments, an BB120 wavegenerator, Tektronix TDS 210 digital
oscilloscope, Trek 50/750 HV amplifier, and data acquisition laptop PC with PCMCIA
GPIB card were used. In total, these components are in a price range in the neighborhood
of $50,000. Although the values tbfe piezoelectric coefficients vary with temperature,

the general aspect of the frequency response curve is not affected, but only shifted. Thus,
it was possible to develop a procedure to compensate for temperature changes, and
maintain the general aspaxftthe E/M impedance spectrum, which is indicative of the
intricate structural dynamics and reflective of damaigsenced]. Giurgiutiu also

performed a self diagnostic experiment in regards to the data obtained from the
piezoelectric materials. Giurgiutand Zagrai (2000) have identified a sensort&sif

procedure that can reliably determine if the sensor is still perfectly attached to the
structure, and can signal when sensebdeding has started to occur. The appearance of
sensor freevibration resonance, and the disappearance of structural resonances constitute
urnrambiguous features that tell that the sensor has become is bonded and can be used for
automated sensor s@lfagnostics. These experiments have shown that positive
identification of defetive sensor installation is possible, and that progressive degradation

of sensor adherence to the structure can be experimentally traced [2].
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The people at Acellent Technologies, Inc. have developed an integrated network
of piezoelectric actuators and sens.The developers of HSMART Layer®system
created a layer of a flexible material to hold as many as 30 active piezoelectric sensors to
be placed over the structure that is to be analyzed. The SMART Layer® was originally
developed at Stanford Univeisiand the acronym stands f8ianfordM ulti- Actuator
ReceiverTransduction Layer [[3This system used piezoelectric elements that are
piezocerami¢PZT). These elements were used as actuators to excite the structure being
tested and send out a propagatiliagnostic wave. That wave would then travel
throughout the structure and be received by the piezoelectric sensors. Any discrepancy in
the frequency of the wave would indicate a condition other than nofimalinstrument
used to drive the actuatorsdsa | | ed t he SMART SuitcasekE.
actuators with a voltage up to 200 volts and a frequency up to 1MHz. It has the capability
to record high resolution data from the piezoelectric sensors at speeds up to J0dS/s.

SMART Layer carbe used in environment up to 350 degrees Fahrenheit. This system

was developed for commercial use by the aerospace and automotive industries.

t
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Figure 1. Schematic depicting the operation of the SMART Suitcasi]

An institution that is actively advancing research in piezoelectric devices is
NASA. Similar to our client NASA plans to employ piezoelectric devices for structural
health monitoring in their Space Shuttle. When performing her research Dr. Stephanie
Wise successfully tesdedifferent scenarios to determine the best electric field to be
applied to certain piezoelectric actuators in order to find the largest displacements. Dr.
Wise determine a range where the maximum displacement in piezoelectric actuator is
observed based dhe input electric field. The electric field is proportional to the voltage
across the device, and those Voltages can be taken into account when designing the phase
| of this project. Dr. Wise optimum operational range for piezoelectric tctugoes
from 5 to 20 kVEém [4]. Translating these values, the optimum range goes from 5 to 50

volts for every millimeter (of piezoelectric actuator thickness). The thickness of the
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piezoelectric actuators intendexibe employed in this project slightly less thag mm,

thus a good testing range for the control box will be from 5 to 20 volts.

Studies were performed @number of issues relating to health monitoring using
piezoelectric materials at the Los Alamos National Laboratory and the Virginia
Polytechnic Instute of State University in 2003’ his method is referred to as a new fnion
destructive evaluation (NDE) method. It is states that the size and weight of the
piezoelectric material is negligible when compared to the structures that they are meant to
analyzeand will not affect the dynamic characteristics of the stru@srean be seen in

figure 2

Figure 2. Relates the size and weight of the piezoelectric sensor to the struct(4g
The sensitivity of the vibraticbased NDE techques in detecting damage is
closely related to the frequency band selected. A frequency range higher than 200 kHz is
found to be favorable in localizing the sensarga while a frequency range lower than

70 kHz covers larger sensing aréae frequencyanges higher than 500 kHz have been
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found to be unfavorablé& his is becausthe sensing region becomes extremely small and
the PZT sensors show adverse sensitivity to their bonding conditithsRLT itself
rather than behavior of a structure monitbrender the high frequency ranges employed
in the impedancdased method, the sensing region of the PZT is limited to an area close
to the PZT sensor/actuator. The localized nature of the sensing region provides an
advantage in that the impedance sensd¢eds sensitive to boundary condition changes or
any operational vibrations, which usually affect loveeder global modes. In general, the
sensingange of an impedance sensor is closely related to the material properties of a
hoststructure geometry, fequency ranges being used, and properties of PZT materials
[5].

By looking at other teams that have successfully tested piezoelectric devices, a
researclprojectperformed by B. Xie and G. Song was found to be relevatibein
project theirresearch utilizea waveform generator that is then amplified to subsequently
be sent to the piezoelectric actuator. The resultant signal is collected with piezoelectric
sensor, converted employing an analog to digital converter and subsequently analyzed

empbying a computer wittMatlab [6].
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PZT Sensor
A
PC with Matlab
X
PZT Actuator
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T —
Amplifier <7———— Waveform Generata AdSPACEInterface

Figure 3. Experiment schematics employed by Xie and Sori§]

Xie and Song employed stadé-the-art equipment to perform their research. Our
client desires to carry out a similar investiga while significantly reducing the cost of
the components. The purpose of this project would be to replicate the results of this
experimental setting while employingteemely inexpensive componeratsd integrating
them into one system named control liwstead of having them separately as Xie and

Song did in their project.

T Actuator PZT Sensor Dspace interface Waveform Generator

e
—

Figure 4. Experimental setup employed by Xie and Soni]



Medina, Roos, Sanchez, Sha®b

The excitation frequencies employed in this project were 10 and 20 kHz, while
the sanpling frequeny was 50 kHz [f Based on their resultsifftire § it is apparent
that the best excitation frequencies correspond to 10, 17, and 21 kHz, because they return
the largest amount of energy. Those values for the different frequencies will be

considered whedesigning the different components of this project.

DE in the first section & second section in the intact plate
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Figure 5. Excitation frequency versus energy distribution by Xie and Sing6]
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Discussion

Structural Health Monitoring (SHM) denotes a system with the ability to detect
and interpret adverse "changes" in a structure in order to improve reliability and reduce
life-cycle costs. The greatest challenge in designing a SHM system is knowing what
"changes" to look for and how to identify them. The characteristics of damage in a
particular structure play a key role in defining the architecture of the SHM system. The
resulting "changes," or damage signature, will dictate the type of sensors that are
required, which irturn determines the requirements for the rest of the compoinahis
system [1].

The client, along with potential clients interested in a system to that performs
structural analysis in an efficient and cost effective manner create the motivation for this
project. The specific needs of the client are to developuatsate that not only must
withstand very large magnitudes of mechanical vibrations it must also maintain its
structural integrity in an extreme temperature environment. This system is being
developed in order to perform the structural analysis of the imlateibe used in these
extreme conditions. It has been discovered, through the use of the literature survey, that
there are similar versions of the system being developed in this profeeknowledge
obtained from the research papers in the literatumeey shall serve as a great reference

to the progress of this project.
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Project Formulation

Overview

The development of this projewatll be broken down intthree phases

Phase I: Control Box

In phasd, a circuit/control boxvill be built to create atsnulus on a piezoelectric
actuator which will excite the systeifhis excitation will be monitored by a piezoelectric
sensor that, along with the actuator, will be placed on material test plate. The
piezoelectric sensor will monitor the signal output fritn@ actuator and transfer this
information back to the control box. The control box will then display the resulés
LED displayand anyinconsistenciesvill be monitored.If the integrity of the
piezoelectric components has been compromised throstihgiethen the results should

show this effect.

Phase 2: Hydraulic System

In phasdl, a hydraulic systemwill be developed in order thave the ability to
apply cxlic loads on the samples that will be tested. fipesof loading that will be
applied tothe test platewill be TensiorandCompressionThis hydraulic system will be
incorporated onto the same table as the control box from phase | so that the test plate can
still be monitoredThis system should be easy to disassemble and put back tagether

prevent any downtime due to the failure of a part from long term testing.
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Phase 3: Furnace

In phase 1} a furnacewill be integrated into the systewith the hydraulic system
from phasdl and the control box from phase I. Because of coststgsteem will be
designed and built specifically for this project in ordehoaise the testing samplasd
apply thermal stresses while being able to control and mah#écgnvironment

surrounding the samples

Project Objective s

Phase |

It was previously established that phase | of the project would consist of
designing, building, and testing a control box that will achieve setasiad One of the
main tasks of the control box is to generate a signal to activate a piezoelectric actuator
There are several signal types that need to be tested and the control box should enable the
ability to vary the different parameters of the signal. The other primary task of the control
box is to read a signal acquired from a piezoelectric sensor, spid\dits value for

constant monitoring.

One of the most important parameters to be varied is the shape of the signal;
initially a square wave wilbe employed for testing the piezoelectric actuators. The
control box will not be limited to a square wavdefe is also the need to be able to

change the mode shape of the input signal. The other shapes that must be enabled by the
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control box include but should not be limited to a pulse signal, a triangular wave, and a

sign wave.

There are other properties dietinput signal that the user must be able to change
at will. Those properties are the frequency and amplitude of the generated signal. The
input signal amplitude is required to be 5 volts, but in order to properly operate the
piezoelectric actuator, théeetric current through the actuator must be large, of the order
of magnitude of 1 amp. The frequency of the signal is one of the critical design criteria;
it, at leastmust be larger than 5 kHz. Moreover, the desirable maximum frequency is 500

kHz to endle a wider variety of testing scenarios.

The control box must also collect information from a piezoelectric sensor, and
display it on a single digit LED display. The idea of this configuration is to actively
monitor the performance of the piezoelectring® as the external operation conditions
changeAny discrepancy between what is expected and what is displayed will show that

the integrity of the piezoelectric components may have been compromised.

Once all the components are characterized and coroextfigured, they must be
packed and confined into a box. The circuit must be protected from external factor that
might affect the performance of the operation before it can be incorporated to the other

phases. The user will only have access to a switthtdlygles the power of the circuit.

Phasell

The objective of the hydraulic system that will be incorporated in phase Il is to apply

cyclic loads on the samples that will be tested. The hydraulic system should be able to
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apply tensiorandcompression tohe testvarioussamples to simulate different
mechanical stresses thaay occur in real life scenarioshis hydraulic systershould be
able to fit on the same table as the control box and test specimens so that the entire

system may be moved if necessary

The goal is to test multiple samples at once to create consistency in the
breakdown of the piezofilm€onsistency in results is designedusng the same
material forthe multiple test plateand applyinghe same load throughodthe

configuration ofthe structure must support this requirement to maintain consistency.

This hydraulic systershould bedeveloped to produce these different loads for a
period of 240thoursof testing. This requirement means that the system must be durable
enough to withgtnd the forces it will be applying for at least that period of time.
Maintenanceand control processesust not be a concern as the system will not be

monitored by group members at all times.

Phase Il

The objective of phase lll is to integrate a furnaate the test system with the
hydraulic system from phase Il and the control box from phase I. Because of cost, this
system will need to be designed and built specifically for this project in order to house the
testing samples and apply thermal stressefewaeing able to control and monitor the
environment surrounding the sampl€be goal for the temperature range is between 100
°C and200°C. The furnace must be built so that the goal of keeping the entire system on

a moveable table can still behieved.
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Design Specifications

Phase | design.

The signal wll be generated employing a microcontroller (PIC16F690). There are
several advantages when working with this microcontroller. The differamtformcan
be obtained when changing the source addbe microcotroller. For instance, a square
wavecan begenerated when toggling an I/O port on the microcontroller on androff f
the same period of time. In the case of the pulse signal, thegrolietoggled on at the
minimum allowed period of timayhile it is kept off by significantly longer periods of
time. For the triangular wave, a ramp functe@an begenerated employing a FOR lotip

linearly increase the valud the signal, and decreasdiriearly.

Generating a sine wave with the PIC166:68n besomewhat challenging
because the sine function is not embedded in the microcontroller like it would be in a
more sophisticated device. However, the sine weavebegenerated when decomposing
the sine function inta Taylor series expansion, artdriated with a FOR loop. The first
terms of Taylor series can be easily coded in the microcontrditevever, a sine wave
function seems to push the capabilities of the microcontroller and it may not return

significant results.

There are several ways tergerate the source code for the microcontroller, the
program MikroBasic W be usedor the coding because the authors are familiar with this
language. After writing the code, it has to be transformed into a hex file before it can be

uploaded into the miocontroller. The program pickKit 2 was employed to generate the
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corresponding hex file. A sample of the caddée employed can be found ippgendix

A.

The microcontroller is not capable of providing enough power to operate the
piezoelectric actuatat an optimum operating conditio herefore, the microcontroller
will mainly beemployed to modulate the signal. An external power souiltbav
connected to a TIP120 transistehich will be connected to the piezoelectactuator.
The ransistor possessas input and output leg, and a third leg that serves as switch. The
microcontroller wil be connected to the transistor to activate the switch and modulate the
wave shape. The amplitude of the input signal will be controlled with a potentiometer
connectedo the external power source that directly provides power to the piezoelectric
actuators. The frequency of the signal must be varied from the source code in the
microcontroller. Varying the frequency is accomplished by changing the ties on the ports

and saling the signal.

Once the signal is sent to the piezoelectric actuator it will generate a Lamb wave,
which is a mechanical vibration traveling though the solid medium. For the proposed
experimental setting there will be a piezoelectric &otuand a piezoelectric sensor on a
metallic plate. The control box should be able to read the output of the sensor and display
it. The mechanical vibration of the plate will induce a stress in the piezoelectric material
that will generate a voltage diffemce. This voltage difference across the piezoelectric
material is considered to be the output signal. The signal generated by the piezoelectric
sensor will have an order of magnitude of millivolts. It is necessary to scale the signal up

in order to be alelto interpret and analyze it. The piezoelectric sensor will be connected
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to an operation amplifier (LM741CN) that will increase the magnitude of the signal. The
output of the operation amplifier will be monitored with an additional microcontroller
(PIC16F690). Once the signal is sent to the microcontroller, it will be transformed from
analog to digital, and the possible output signal will be classified into 10 cases, each case
represents the intensity of the acquired signal. The second microcontrollgiswitie
connected to a one digit LED display. The result of the scaled output signal will

constantly be displayed for the user to monitor whenever it is required.

LED Display
Power Source Power Source

Amplified Qutput

Signal Signal
PIC16F690 TIP120 LM741CN PIC16F690
Signal Generator Transistor Op-Amp Signal reader

Amplified Input Signal Qutput Signal

Piezoelectric Piezoelectric
Actuator Sensor

Mechanical
Vibrations

Figure6. Qrcuit Schematidor Signal Generation arféignal Interpretation

Phase Il

The purpose of the hydraulic system that will be design and fabricated in phase 2
is to test the piezoelectric materials in cyclic loading (tension and compression) and
bending. A way has been devised to test several pezdelmaterials at once by using

adjustable gripgFigure7). The grips allow the user to easily zero all forces on the
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materials before beginning the testing, therefore eliminating loading errors due to

material expansion/contraction while being gripped.

The actual hydraulic system will function as follows. It begins with fluid being
circulated into thggpumpwhich is drawn from theeservoirand pressurized. The fluid
then leaves the pump and enters the selector valve and either goes to the fromfor rear
thehydraulic ram A programmable logic controller (PLGYill automatically manage
the movement of the fluid by switching theitch valveback and forth to cause a
Acyclico |l oad on the materials beiresgest est e
which then causes thezoelectric actuatato vibrate (while receiving square wave
pulses from the control box at the same time) and send waves across the material to the
piezoelectric sensawhich is being read by the control box. The control siwdies how
steady the voltage is, which can be interpreted with the proper formulas and used for
health monitoring on materials and mechanical systems. All materials used in phase 2
must have high tolerances against higher temperatures as they wiidomsigle the

furnace for phase 3.

3 Linear
Fluid : Displacement
Reservoir T Pump

Figure 7. Schematic for Hydraulic System
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|
Adjustable Grips |

Allows for easy setup

Fixed Support ]
Holds Fixed Grips, /

Grounded to 1” Steel.

Piezoelectric Sensor

Receives vibrational waves.

Hydraulic Ram Mount
Holds 3 Adjustable Grips

Selector Valve
Will create the oscillating load.
)  (Will use microcontroller to manage this switch.)
= -

Control Box !
Receives signal from
Piezoelectric Sensors.
% Displays Reading.
s, ."

LY et

Reservoir
Hydraulic Fluid Storage

Figure 8. Initial Solidworks M odel of the Health Monitoring Test System

Phasellll

In phase 3, the same hydraulic system will be used; however the material will
now be encased in a custom made furnace designed to meet the specific requirements of
this testing (200 C to 400 C). The furnace must have ports for measuring the materials, as
well as a large ram for the hydraudiglinder. The materials will then be tested again in
cyclic loading (tension and compression) and bending. The main goal for phase 3 will be
to continue testing several materials at once while being able to gatheatacesults.

Figure 8 shows an initial solidworks model for ttevelopment of Phase | and II.
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Constraints and Other Considerations

Phase |

It is important to note how the proposed design employs two microcontrollers
instead of just one. The microcoriteo PIC16F690 possesses 3 different I/O ports. The
project requires one port to generate the input waveform signal, one port to monitor the
output signal, and another port to send the commands to the LED display. Although one
microcontroller is enough tmanage the needs of the project, employing just one
microcontroller would sacrifice some performance and the maximum input signal would
be significantly reduced. Because the microcontroller employs serial processing, it would
require some additional comgatibnal time to read the output signal and to send a
command to the LED display. In this project, to meet the frequency requirements the
capacity if the microcontroller is being pushed to the limit; thus, the necessity of a second

microcontroller to readral interpret the output signal.

Phase Il and Il

The system must be able to perform the task required without much supervision
or maintenanceTlhat means that the parts used to build the hydraulic system will need to
be durable for not only thmechanical stressésplaces on itself, but also for the thermal
stresses that will be applied to a number of its components from phaReel ressure
applied in the hydraulic system will limit the maximum force that it will be able to

produce. The matials necessary to withstand the temperature that are intended to be
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used are costly but must be used to have a reliable system. Because the goal is to
integrate all three phases of this project in to a single system on a table, space is major
consideratn. Considering all of the restrictions and considerations necessary for this
system, the cost of the components to construct the hydraulic system and furnace may

become significant.

Discussion

In phasd, a circuit/control boxvill be built to create atenulus on a piezoelectric
actuator which will excite the systeifhis excitation will be monitored by a piezoelectric
sensor that, along with the actuator, will be placed on material test plate. The
piezoelectric sensor will monitor the signal output fritn@ actuator and transfer this
information back to the control box. The control box will then display the results on an
LED display and any inconsistencies will be monitotaghasdl, a hydraulic system
will be developed in order thave the abilityd apply cglic loads on the samples that
will be tested. Theypesof loading that will be applied to the test platéh be Tension,
Compression, and Bendinghis hydraulic system will be incorporated onto the same
table as the control box from phassolthat the test plate can still be monitored. In phase
[Il, a furnacewill be integrated into the systewith the hydraulic systemfrom phasdl
and the control box from phase |. Because of cost, this system will be designed and built

specifically for ths project in order thouse the testing samplasdapply thermal
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stresses while being able to control and mortherenvironment surrounding the

samples

The desigrspecificationswill take a lot of time and effort from each group
member to be completedihese desigspecificationsare limited by a number of factors
including size, durability, and cost. In order to successfully complete the taskatlea
been specified, the system may need to be altered as the project progresses. The cost of
materials nay lead to the design and construction of each component necessary to build
this system. That being considered, this project is scheduled to be completed in a 6 month
period so time becomes an additional constraint to the completion of this project. The
main goal is to create an efficient system that can achieve accurate results in a cost
effective manner, so this project will need to be open to design alternatives as it

progresses.
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Design Alternatives

Design Alternatives for the Control Box

Generating a function waveform is a problem that has been sfodiatbng
time. There are very sophisticated waveform generatotiislprojecthad unlimited
funding, the best alternate solutimould be to buy an ofthe-shelfstateof-the-art
waveform generatoif a testing frequency of 500 Wz wants to be achieved, the price of
a stateof-the-art the waveform generator oscillates around $30 TP0f[a less
sophisticated waveform generator at more affordable price is sought, the frequdrey of
signal would le significantly lower than 500 M. For instance, the waveform generator
Agilent-33250A is commonly employed in universities for its balance of price and
performance, but its maximum frequency is 80 MHz, and its price starts at $8}571 |
Because the budget of the project is significantly constrained, the most feasible solution
is to build a custom waveform generagmnploying a microcontrolleto integrate into the

control box.

Generating a waveform is just one of the tasks that theatdnatx has to
accomplish. There is another primary task that must be integrated to the waveform
generator. It is necessary to acquirelémb wave withthe piezoelectrisensor and
display it, b enable the usgrermanent monitoring of thegnal at altimes. If the project
had an unlimited budget, the best alternate solution would be to combine a computer with
real time data acquisition software such as MATLAB data acquisition too#ewith

the waveform generator, to complete the control box.
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Figure 9. Agilent-33250A 80 MHz Function/Arbitrary Waveform Generator [8]

Table 1. Comparison Table for the Control Box

Env. Waveform
Control Box Type Price | Performance| Reliability [ Impact range Total
CustomMicrocontroller
circuit 5 3 2 3 2 15
Agilent33250A +
Matlab 1 5 4 1 4 15

It is interesting to note that the combination of a waveform generator Agilent

33250A plus Matlalwith the data acquisition toolbox outperforms the custom
microcontroller circuit. But the difference in price is extremely large. Because the budget

of the project is so limited, it becomes improbable to obtain the combination of Agilent

33250A + Matlab.

Detection and Display Circuit

A 7 segment LED display can driveither from a microcontrollesr through an

analog circuit using a BCib-SevenSegment Drive(SN75LS47). The driver is

designedspecifically to simplify the contrand handlingpf a 7 segient LED display.




