Lecture 22

Micro Vibratory Gyroscope

« Coriolis Force
-Dynamics of a Particle in a Rotating Coordinate System
<Principle of Vibratory Gyroscope
-Tuning Fork
*Gyro Element
-Human-being Gyro
eTechnical Trends of Micro Gyroscope
-Applications of Gyroscope
-Design of Micro Vibratory Gyroscopes

-Tables of Micro Vibratory Gyroscopes
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Accelerated Coordinate System
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Inertial Forces
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Rotating Coordinate System
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Differentiation Moving Vector
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Acceleration in Rotating Coord. Sys. (1)
di’ ,dj’ ., dk’ V=V +X(@xi")+Y(@x])+2(@xK)
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Acceleration in Rotating Coord. Sys. (11)
A2zl 012 7ot

da (dwj L (dcﬁj -
— = +oxXw=|—— = y
t fixed dt dt rot

E%Jv':(f] :( )0|D§
ot
X

d=a'+OxXI +@xV' +@xV' + @ x (&xT')
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OXT'+2H XV +Dx (@ xT")+ A,

X r’ transverse acceleration
2@ xv' . Coriolis acceleration
@x(oxF') :centripetal acceleration
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Dynamics of a Particle in a Rotating
Coordinate System

2SN 25 YHA
ma' =F — mﬂo 2M@xV' —Max ' —mdx (@xF')
F : Physical force

Inertial forces

Coriolis force : ﬁCor =-2maxV'
3| &Sh= HOA LRt = &L 2
SER0A DIL22LHS HHE0

LHEE = SRS

Transverse force 1 F,_ = Mo xF'

2 IS0 Qo 2. 23 AXIHE 0 +=A.

Centrifugal force : F..=-Mdx(@&xf’)
A4
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TuningFork

Tuning forkJt SO B C 22 A FLCH otHAM

HESot AS M tuning forks etz 2=
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Tuning forkJt S & T 5

’
V,=-V,cosat X', V/=V,cosmt X' iy
X
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cor = —2M®D xV
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core = —2MaZ’ x (-V, cos wtX") = 2mwV, cos wty’

/ C?) = (02"
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Tuning forkJt 221 Hol= 477 & torquedlt & E.

=-2maZ'x (V, cos wtX') = —2mwV, cos wty’

Cor,r
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Gyro Element (1)

GYRO ELEMENT GIMBAL
Yge

GYRO ELEMENT
GIMBAL AXIS

Coriolis equation ROTOR

dA dA Lz
— =|—| +oxA
dt fixed dt rot

A:EX ZEHCQ oo H ‘

ROTOR DRIVE

X HEHWAM 2 Gyro element2
Atesy:H

- ~ - ROTOR SPIN AXIS
H=H,+H_ Ix

— — ge

H = spin angular momentum vector of the rotor = | @,

|: = spin axis moment of inertia of the rotor

@, = angular velocity of the rotor relative to the gimbal

H,.= nonspin angular momentum of the gyro element
Gyro element 9/ torque

(dHJ -1 (Ié:gyro element off 7t X[ = torque)
fixed
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Gyro Element (11)

dH dH oz
Coriolis equation2 & & at =|—| +aoxH=16
fixed rot

H=H,+H, o2=z [d;] + de] voxH, +axH, =10
rot rot

(1) , (gimbalOil CH3t rotorel 31 ® 2t )t A" O

dH, o H -
[dt )rm:O- ( szlsws)

(2) HO)H,, o2z
dH .
dt

rot
XM1& : 2 Al. Source of the characteristic dynamics or transient response of the
gyro element giving rise to nutation in a two-degree-of-freedom unit.

+ X I:|S =T ;Basic law of motion of a practical gyroscopic element.

@O % ﬁs =T :Practical gyro element performance equation

Gyro elementJ}t &= torque = _ g x |:|S
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012 Gyro
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(practical gyro element performance
equation)
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Of0[| T ZA|AE| 7] & ZHE MEMS Lect22 12




