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ABSTRACT

Tracking the position of an object is an important engineering problem that finds many application areas including
military, industrial, medical, and consumer applications. This problem is effectively solved with gyroscopes, and
these sensors find the orientation and angular velocity Knowing linear acceleration and angular velocity in three
dimensions is enough to track the motion of the system with the help of additional mathematical operations. solved
with gyroscopes, and these sensors find the orientation and angular velocity Knowing linear acceleration and
angular velocity in three dimensions is enough to track the motion of the system with the help of additional
mathematical operations. MEMS piezoelectric gyroscopeis an inertial sensing integrated circuit that measures the
angle and rate of rotation in an object or system. Programmable for targeted applications, this technology relies on
three dimensional axes of sensing, which are X (pitch), Y (roll), and Z (yaw). In this paper, we have reported the
design and simulation of MEMS piezoel ectric gyroscope by COMSOL Multiphysics.
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INTRODUCTION

Gyroscopes have played an important role in aviagpace exploration and military applications. Urgcently,
high cost and large size made their use in autde®hbind other consumer products prohibitive. Whih advent of
Micro-Electro-Mechanical Systems. (MEMS), gyrosc®pend other be inertial measurement devices can now
produced cheaply and in very small packages in rtliero domain. An example of this are the MEMS
accelerometers now used in some automobiles tetdet#isions for air bag deploymertt-f3]. In order to estimate
the absolute angl®,, with a traditional MEMS rate-gyroscope, one vebbhve to integrate the angular rate signal
Q with respect to time. The problem with this metli®that bias errors in the angular rate signahftbe gyroscope
will inevitably cause the integrated angle valueltift over time, since all gyroscopes have attl@asmall amount
of bias error in their angular rate signal. Thipgradevelops a sensor design to directly measw@w@e angle. The
design can also be combined with traditional angute measurement to provide a sensor in an iatedpackage
that measures both angle and angular rate. Thera &rge number of applications where a gyrosdbpe can
measure angle would be usefd]. A common application is measurement of the hegdir orientation of a
highway vehicle. The measurement of orientationsisful in computer-controlled steering of the vihizs well as

in differential braking systems being developedabjomotive manufacturers for vehicle skid contfal.important

additional benefit of the proposed design is thawvould also contribute towards improving the aecyr of the
regular rate gyroscopes.
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The proposed design is novel in that it breaks gesund by introducing sophisticated control systents the
MEMS domain. It is the use of advanced control héghes that leads to a new sensor making the nmexasumt of a
new variable (absolute angle) possitg A number of researchers and research groups Wwavieed on MEMS
vibratory-rate gyroscopes. A good description & thorking of a basic angular rate gyroscope caffobad in
Clark, et.al. Here the gyroscope consisted of glsimass oscillating longitudinally with rotationduced lateral
deflections being sensed capacitiég [The bulk of literature on MEMS vibratory gyrosmss deals with different
embodiments of the above basic sensing conceptildeddn. There are varying designs and impleméntatsing a
number of different fabrication processes. Bernstei.al demonstrated a tuning fork gyroscope usirggmasses
that oscillate laterally. An external oscillationduced oscillation out of plane of the device. Bgeis now
developing a commercial version of this device.ehun et. al. demonstrated a dual-axis gyroscopehwtould
simultaneously measure two rotational rates. Istiad of a rotating disk in which deflection indddby rotations
about two axes were measured out of plane of thieele

Gyroscope History:

In order to discuss MEMS gyroscopes we must firelanstand gyroscopes in general and what role piesy in

science. Technically, a gyroscope is any devie¢ tan measure angular velocity. As early as #94, spinning
devices were being used for sea navigation in foggyditions. The more traditional spinning gyrgseowas
invented in the early 1800s, and the French sciedéian Bernard Leon Foucault coined the term ggpesin 1852.
In the late 1800s and early 1900s gyroscopes waenfed for use on ships. Around 1916, the gymmsdound use in
aircraft where it is still commonly used today. rditighout the 20th century improvements were madierspinning
gyroscope. In the 1960s, optical gyroscopes usisgrs were first introduced and soon found comialesaccess in
aeronautics and military applications. In the tast to fifteen years, MEMS gyroscopes have be&odaoced and
advancements have been made to create mass-proslumesssful products with several advantages oaditibnal

macro-scale devices.

Traditional Gyroscope Function:

Gyroscopes function differently depending on thgpe. Traditional spinning gyroscopes work on basis that a
spinning object that is tilted perpendicularly ke tdirection of the spin will have a precessiorhe Pprecession keeps
the device oriented in a vertical direction so #mgle relative to the reference surface can be uneds Optical
gyroscopes are most commonly ring laser gyroscopElese devices send two lasers around a circatr in
opposite directions. If the path spins, a phasi can be detected since the speed of light alwaysain constant.
Usually the rings are triangles or rectangles witirors at each corner. Optical gyroscopes areatgmprovement to
the spinning mass gyroscopes because there isam greater reliability and smaller size and weight

Analogue gyroscope model.

The Move to MEMS:

Even after the introduction of laser ring gyroschpa lot of properties were desired. MEMS vibmtimass
gyroscopes aimed to create smaller, more sengsitvices. The two main types of MEMS gyroscopegudised in
Micromachined Vibrating Gyroscopes: Design and [ealion, are the tuning fork gyroscope and the atibg ring

gyroscope. In this paper, we will look at two athges of gyros; the macro laser ring gyroscopkthe piezoelectric
plate gyroscope.
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MEMS gyroscope

WORKING PRINCIPLE:
Piezoelectri Effect:
A. The production of electricity or electric polarlty applying a mechanical stress to certain crystals

B. The converse effect in which stress is produited crystal as a result of an applied potentidlecénce
piezoelectrically.

The generation of an electric charge in certaincmmducting materials, such as quartz crystalscanamics, when
they are subjected to mechanical stress (such essyme or vibration), or the generation of vibnmadion such
materials when they are subjected to an electeid.fiPiezoelectric materials exposed to a fairlgstant electric
field tend to vibrate at a precise frequency wigwlittle variation, making them useful as timeskéng devices in
electronic clocks, as used in wristwatches and caenp.

L
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Fig: Reversible Piezoelectric effect

1. Designing of Gyroscope
Design is done according to the requirement.

MESHING:

Discretizing of the model into small and simpleggg is called the meshing. For discretization psepae are using
the different shapes and sizes. In this module igeuaing the FREETETRAHEDRAL, and then distributeche
total module through distribution technique. Foplgmg the meshing we follow the following steps.

Free tetrahedral:-
In the Model Builder window, right-click Model 1>Mb 1 and choose More Operations>Free Tetrahedral.

Distribution:-
Click the Build Selected button. Total meshed dtriiecis as shown in the following figure.
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WORKING:

When the total device is kept stable and straigbtshown in the figure below. The total weight leé platinum
body inside is exerted on the piezoelectric slatbeurit. Now tilt the device with some angle ther theight of the
pt body is shared with other two slabs.

Fig: total weight falling on the down slab Fig: - Total pt weight falling on lower three &b
So the piezoelectric slabs which are experienciamit will deform and produce electric potential.
RESULTS AND DISCUSSION

For view the output of the device we are using 3Beplot groups. 3D plot groupl is used for the defation
analysis. 3D plot group?2 is used to analyze thetetepotential produced.

Fig: -3D plot groupl

Fig: -3D plot group2

SIMULATION: The performance of the device depends on sevesijrdeparameters and material properties.
Simulation is done by varying density is very highe obtained are tabulated.

The design of MEMS based piezoelectric gyroscops made by using COMSOL Multiphysics software vaisio
4.3a. In which by using electric potential produdeddifferent piezoelectric slabs the angular dispiment or
orientations of body is calculated.
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On the other hand when materials are changed &iinther weighted body platinum gave better rehdntthe
structural steel.

Applied Material for the inside body | Max Deformation | Max Electric Potential

Structural steel 1.3843x10"-5 0.5v
Platinum 0.1124 1lv
CONCLUSION

MEMS technology exploits the existing microeleciosninfrastructure to create complex machines amicaometer
scale. Extensive applications for these devicest @xiTracking the position of an object is an impot engineering
problem that finds many application areas includinititary, industrial, medical, and consumer apgtions.

MEMS piezoelectric gyroscope used to measurerlyéeaand rate of rotation in an object or systerngfRammable
for targeted applications, this technology reliestliree dimensional axes of sensing, which areit¢ip Y (roll),

and Z (yaw). The devices can accurately track cemphotions without being influenced by factors swh
magnetic fields. Once occupying transports and cke$j this technology now turns up in a host ofsconer
technologies.
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