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Abstract

An accelerometer is a device that measures actieleraMost accelerometers are electrical. A tracsd
experiences acceleration and converts it into masitpat measures the acceleration. A device asachis requires a
power source and conditioning electronics, comgligacertain applications. This project proposegealoping a
self-contained, mechanical accelerometer, initiallya single axis device. The device incorpordtesise of a
spring-mass system. A given mass is displacechkapplied acceleration, that displacement recobyea system
of ratcheting teeth. Through the displacementlacaton is found. The method by which the dispiaeat is
recorded is easily reset, enabling repeated usidRrototyping was implemented in order to prggeta model.
This is due to the precision achieved using rapadgtyping, and the speed with which a prototyppreeduced.
Once a model was completed it was calibrated usicgntrifuge. Several different springs and mas&se used in
order to discover which combination of spring arasmwould achieve the optimal range of accelerstibat the
device would be capable of reading. Upon comphetiba successfully modeled single axis acceleremet
conversion into a triple axis device will be possib
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1. Introduction

At present, accelerometer technology is excelleowever these accurate and highly specialized tdobies have
great limitations in their applications due to thelectrical designs. The applications of an amoeheter could be
limitless, if the design could be simplified to &xde the extra electronics and necessary powecsourhe
development of a purely self-contained and meclhaiccelerometer capable of recording acceleratimuid
eliminate these hurdles, enabling applications dnatnot possible with present technology. A maidz
accelerometer would also be less expensive thaprédsent technologies, most of which are electocal
microelectromechanical (MEMS). It is importantrealize that mechanical accelerometers have besgraiz and
marketed, however these previous designs havedatknhanism with which to record the accelerafibhThis
design proposes not only the manufacture of acseifained mechanical accelerometer, but one alsabta of
logging the accelerations experienced by the device

The Rapid Prototyping (RP) process is particuladgful in the development of a new product, such as
mechanical accelerometer. The RP process enabty &rief prototyping phase, and allows for edelsting of an
innovative concept. That has not always been plessMost of the RP machines are capable of exdhgprecise
builds, which include small parts and specific getiies. The RP process also enables the manufaatwery
unique parts that would otherwise be difficult adfficate.



2.  Objectives
2.1 project criteria

There are several criteria to meet in the desighiefdevice. Primarily, no electronics would lmeptoyed. A form
of Rapid Prototyping was required to create a degiptotype. The accelerometer must be entirdfycemtained,
passive, mechanical in design, and capable of daupthe given acceleration that the system expeeie. More
specifically, the system must also include somesiasle to move about. It is through the displacgroéthis mass
that the acceleration can be known. The purposei®accelerometer device is to measure only dak p
acceleration experienced by a given object. Samma bf a reset mechanism is needed to allow fotipieluses of
the system. Initially the accelerometer desigr él single axis. Once a single axis device issssfully modeled,
it could then be converted into a double or trigntés device.

2.2 goals

The primary goal was to develop a single axis @oeheter, which employs a given mass capable of a
displacement. In particular, a spring-mass systas used in order to achieve this goal. The sgnmnigs the
displacement of the mass, and prevents compourgdesation readings from being taken. The incorponeof a
spring and mass could be achieved in a varietyffg#rdnt configurations. Realizing the relationskiat will attain
optimal dimensions and cost parameters is an irapbaspect in the product development process. eMerythis is
simply the design phase, not manufacturing, so safitteese factors, specifically cost, can be igddoe the time
being.

3. Rapid Prototyping/Sterolithography Apparatus

The Stereolithography Apparatus (SLA) is amongttipeRapid Prototyping technologies available. Ppracess
builds a computer aided drafting (CAD) file in laggutilizing an ultraviolet laser beam and a tahkquid
photopolymer (epoxy resin). Before a build begmsupport structure is built onto the platfornis tmakes it easier
to remove the part from the platform post-produttid@he laser traces the shape of the part frorAR file, as one
layer is completed the platform is lowered andrtbgt layer is traced by the laser. (Figure 1)Heslaser traces the
pattern, the liquid photopolymer cures, allowing tiext layer to be completed. Once the entirelgatbeen
completed, the platform raises out of the liquithballowing the part to be removed.
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Figure 1. The Stereolithography Apparatus proceks [

This particular process was well suited to therdesprototyping process for the mechanical acceleter device.
The design of the device is relatively small, ateradf centimeters in length. There are precidaildethat must be
produced to enable the recording of displacem@werall, the SLA material has properties condutivéhose



required in the accelerometer design. The SLA h#socapabilities that enabled a small period fotgbyping,
allowing for a longer testing period.

4. Design

The design shown below (Figure 2) is of the cafimghe spring-mass system. The thought behirgldasign is
that the bottom may be removed allowing for thérgpand mass to be interchanged with other spifigifferent
stiffnesses, and varying masses. This aspeceaddkign was specifically incorporated for theitngsphase.
Should one combination of spring and mass not fanas desired, another combination can be tedtethis way
the optimal combination of spring and mass candbéeaed for the system.
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Figure 2. SolidWorks® Assembly of Mechanical Accelaeter Design

The spring-mass system shown above (Figure 2isatihie need to record displacement, via the impl&ation of
the angled ratcheting teeth shown above. Theettgheffect that these teeth have on the measumatesice will
serve to record the displacement induced by thesmd#thin the device a compression spring, a rigsswn in
green above), and measurement marker (shown ialreek) are positioned. As a force is applied tadibvce, the
mass and marker will compress the spring and dagisment will be measured.

4.1 Spring-mass system

The spring-mass system is really quite self-exgtanyalt includes a spring and mass. The systemksvas a force
is applied to allow, yet control displacement (F&@3). A force will cause the mass to displace]emtt the same
time the spring will control and limit the displanent.
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Figure 3. Spring-mass-damper system [3]

As the system is undergoing the various effecth@fforces at work, one governing differential dgprais very
useful in understanding and predicting the behavidhe system. This differential equation (1) aéses all of the



forces at work in the system, and serves to prélécbehavior of the system. [4] Once values aoseh for the
mass and spring rate all that is needed are iitiadlitions in order to fully anticipate the perfance of the
system.

mx”+kx = f(t) Q)

The first term, mx”, is equivalent to mass timeseleration or Newton’s Law. This term is pregendescribe the
movement of the mass. The second term, kx, is Efsdkaw, that is the spring rate multiplied by thisplacement
of the spring. This term enables understandinhespring’s behavior within the system. The t§tm is simply
the force being applied to the system causing ttreement of the mass.

4.1.1 spring

The spring in the design of the mechanical accaleter is meant to limit displacement. A springiselastic
element whose purpose is to store energy throwgieldeflection, however in this design the spithmore
accurately described as storing acceleration.rfsjrtler to best utilize the spring within the systeill
understanding of the properties of a spring areired. First of all, realize that elastic elememse many
equations and properties that govern their behavithe spring being used in the mechanical acceleter design
is a compression spring, this somewhat limits ttope of properties that must be understood.

Primarily, spring rate is the most important aae familiar with. From spring rate the dimensiari a spring are
established, as are the forces required to prodwestain amount of displacement. (2) This contekhown as
Hooke’s Law, spring rate is equal to the force sgapto the spring over the amount that the spriegldces in
compression or extension from the applied forcg[@B

F = kx (2)
k = fix Q)

A spring rate is chosen based on the range of $diw must be handled by the system. Three sprirege found
that seemed to have an adequate spring rate factieerometer. The springs were tested to disdbeéa spring
rates. It was found that two of the springs hddsraearly identical at 64 Newtons per meter (N/ife third
spring had a rate of 67 N/m. Although these déffees seem very small, in testing it should be gimoo establish
any relationship based on varied spring rate.

4.1.2 mass

The mass used in the accelerometer design musriggrecise in size. The final volume that the snascupies in
the accelerometer design is approximately one awdmitimeter. In order to utilize this small voluméense mass
was required. Two materials were used to creassph@ad and cero bismuth, two of each. Thesenfasses were
placed on a scale, and it was found that they ifrgen 8.23 grams to 9.10 grams. In testing it waged that the
four masses would serve to establish a relatiorshife how mass affects the performance of thderceeeter.

5. Applications

There are many possible applications for a mechanirelerometer. As previously mentioned, present
accelerometer technologies are not adequate tfousertain applications. The new design of a raaatal
accelerometer capable of saving the displacemend ¢ used for any application requiring mobiktyd
flexibility. Some of these possible applicatiomsltl include use in sports equipment for injurylgsis, or
placement within vehicles for use in accident retauttion. These applications would not be possitath present
accelerometer technology, due to the dependengeesént technologies. These applications wouldl ladst be
served with a multi-axis accelerometer. A twoloee axis accelerometer would allow for vectorralgsis to be
performed. Vectorial analysis would aide in untirding the forces at work and how these forceewapplied to
the system being analyzed.



6. Testing & Calibration

Once the accelerometer design is completely asseimibimust first be calibrated before any usagsldsved.
There are various tests used to calibrate exigliectrical accelerometers. These tests primardiude varying-g
pendulum testing and centrifuge testing. The veyyg pendulum test has limitations in that onlyederations of
one g and below will be measured. The mechanaalarometer design is intended to measure actielesdarger
than one g, therefore this test may prove to béeqaate.

Fig\ure 4. Centrifuge Test

The centrifuge test involves placing the acceletemento a platform that will rotate and utilizestbentripetal
acceleration in calibrating the accelerometer. efattrical tachometer (Figure 4) will read the detions per
minute (RPM) and this will be translated into aginency. A relationship between frequency and acagbn can
be established in order to then create a relatipristtween the acceleration experienced by theleraeeeter and
the displacement created by that acceleration ®@évice. (4) The radius term was taken as arageeat each
location where the marker could stop.

a = 4rerf? 4)

Testing that was performed using the centrifugel ia® of the three springs and all four masseschEaring was
tested in combination with each mass, a total gifiteiest runs.

7. Results
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Figure 5. Graph of test data



The data shown in the above graph is from two téBigure 5) One mass was used in both testsa different
spring was used for each test. This graph vemiyidemonstrates how varying the spring rate chatige
performance of the system. Spring #1 from aboweahate of 64 N/m, less than that of spring #2.

The testing data that was taken from keeping theggonstant and varying the masses proved tdéxio
evident relationship. The masses all took faingilsr acceleration readings, as long as the spengained
constant.

8. Conclusion

The data resulting from the centrifuge testing pba few things about the accelerometer desigre i©that the
device is capable of measuring quite a range daflarations, from eight to thirty-eight g's (84.7sb 372.5 m/3
depending on the spring-mass combination being.us#étiough eight g's is slightly high, it is stifiractical,
however thirty-eight g's is not very practical fase on earth. The key to adjusting the range offgit will be read
by the device lies in the spring rate. In ordelotwer the g's the device can read, the springoéthe spring being
used needs to be lowered. This alone should etiadléevice to take readings of lower acceleratinaking
applications of the device more practical. Implatirgy a spring with a lower rate is also a veryertask.

Another thing that the testing proved is that tegide measures only the peak acceleration expedeng the
device. (Figure 6) No compound acceleration regalimere taken during testing. This was a probleticipated
early on in the design process. Use of the spriaigjintended to prevent compound acceleration mgadi

Figure 6. Displaced mass in accelerometer

Once a self-contained mechanical accelerometeitlisdeveloped, possible applications will be breaed due to
the independence and recording features of thisdemsign. Eventual expansion into a three axisagewill also
further increase the applications of an acceleremet
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