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MEMS:

Gyroscopes
Accelerometers
Magnetometers



GVYIOSCOPES

* Intro to GYroSCOPES
 Draper luning fork Gyrescope
« Plezoeelectric Gyroscope

« Absolute Angle Measurement using a
Gyrescope

« Optical Gyroescoperand limitations
« Applications



Intre te: GYreSCOPES

« Traditional Gyroscopes
« Working Principle
« Transition to MEMS

« Types of GYyroSCoOpPeS
= Plezoelectric

= Vibratory.

= Ring Laser




Laser RiNg GYIroSCOPES

« TWo signals sent areund ring

« Different path lengths create a
peat freguency.

A — area of ring

P'— perimeter: of ring




Dead Band
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Scaling Difficulties

« Derived Eguation for Laser Gyroscope

— —sinff — £,
P £, |

sin(gr + 1) .

Beat Freq = (M) Angular Velocity - 1/M
Dead Band = 1/M~2

M = Scaling Factor



Scaling Difficulties

M =10+

~Dead Band = 108 times
pIgger
-Time vanying term larger
-Slope of response. lower

Change Bandwidth

To lewer Dead Band, wavelength
could be decreased.

Lower: slepe — Decreased
Sensitivity
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Draper Tuning Fork Gyroe

« [The rotation of tines
causes the Coriolis
Force

« [-orces detected
through either
electrostatic,
electromagnetic or
piezoeelectric.

« Displacements are
measured In the
Comb drive




Advancements

 Improevement of drift

« Improevement of
rlesolution

drift '93 drift '98 Resolution '93 Resolution ' 94 Resolution '97



Perfermance Advantages

* No change In perfermance due to
lemperature

« |Lower voltage noise
= Stronger signal to neise ratio

= Better communication with external devices
= HIgher sensitivity



Piezoelectric GYIroSCOPES

« Basic Principles

= Plezoelectric plate with
vibrating thickness

« Coriolis effect causes — 2
a voltage form the N
material - :-~ Jsitioon cavity
= Very simple design B~
and geometry

Conductive line R Flexural suspension

brnidge




Piezoelectric Gyroscope

« Advantages
= LOwer iInput voltage than vibrating mass

= Measures rotation 1n two directions with a
single device

« Adjusting erientation electronically is pessible
« Disadvantages

= LLess sensitive
« Output Is large when Q =0



ABbselute Angle Mieasurement

* Blas errors cause a drift while integrating

« Angle Is measured with respect to the
casing
= [he mass IS retated with an initial' 6

= \When the gyroscopes rotates the mass
continues to rotate Inthe same direction

« Angular rate I1s measured by adding a
driving freguency wy



[Design consideration

« Damping needs to be
compensated

« |rregularities in
manufacturing

« Angular rate
measurement

Compensation force



APPLICATIONS

« Anti-Lock Brakes
« Military: Munitions
* Inertial Measurement Unit

« Gait-Phase Detection Sensor Embedded
In a Shoe Insole



Anti-Lock Brakes

« Use of Draper T'uning Fork Gyroscope
« Yaw Rate Sensor for skid control
« [ested under rigereus temperature conditions

s
c
2
e
5
=
a
|
2
%
i
o
T
@

Temperature (°C)
Temperature (°C)




Inertial Measurement Unit

« Honeywell acquired
Draper's liuning Fork
technologies

« Replaced Ring Laser
Gyroin eriginal
design

« Developed a lew-cost,
MmIcro-device capable
of accurately
measuring rates and
displacements




Munitions Controls

Draper Laboratoeries working
with Office of: Naval Research
1o develop countermeasure-
Proof munItions

Tuning Fork Gyrescope used
for pesitioning and rates of
displacement

Gyro allows for inertial I GNEC Assemby

movement, bypassing : GNSC Ascembly
countermeasures )




Galt-Phase Detection sensor
Embedded In a Shoe Insole

« Mleasures the angular velocity ofithe foot

« Used to activate a functional electrical stimulator
attached to the foot.

« Over 96% accuracy.




Conclusion




