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In the Gyroscope

7 Bending and torsion effects of beams

7 Translational and rotational inertia effects

© Alr damping effects

1 Capacity effect between two conductive plates
1 Attraction effect of two conductive plates

1 Coriolis effect
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Port definition to make models compatible with each other

. electrical rotational translational
type of variable
network movement movement
thrqugh ) current i torque T force F
variable
"across'- angle ¢ displacement x
. voltage v : .

variable angular velocity w velocity v

Effect Equation Symbol

x,F
2

translational inertia effect of masses F= —md—x

dt 2 InertiaTrans

+ -
phi, T

. . . 2
rotational inertia effect of masses 1=-J, %q,

‘ InertiaRot
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Object Models Created
with Basic Effects

CapPlate | 1 Modeling a comb drive out of basic effects:
. . &1 1 capacity effect between plates
SV X => vl xF*T .
CapPlate Capplate | 2 1 attraction effect between plates
. o - damping effect of moving plates
If 1
CapPlate | N CapCOmb =>
tvl xFt *x,F
xR — A E N — CapComb DampComb
AttracPlate —
X,Ft => n => AttracComb combdrive
DampPlate
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Implementation In
VHDL-AMS

o1: PACKAGE transl ational _system 1S
02:
03:
04:
05:
06:
07:
08:
09:
10:
11:
12:
13:
14:
15:
16:
17 END PACKAGE transl ati onal _system

ATTRI BUTE unit : string;
Di spl acenent in meter
SUBTYPE di spl acenent |'S REAL TOLERANCE "defaul t _di spl acenent”;
ATTRI BUTE unit OF displacenent : SUBTYPE IS "ni;
Vel ocity in neter/second
SUBTYPE velocity |I'S REAL TOLERANCE "default_vel ocity";
ATTRI BUTE unit OF velocity : SUBTYPE IS "m s";
Force in newton
SUBTYPE force IS REAL TOLERANCE "default _force";
ATTRI BUTE unit OF force : SUBTYPE IS "N';
Transl ati onal Natures
NATURE translational 1S
di spl acenent ACROSS
f orce THROUCH
transl ati onal _ref REFERENCE;

Extract from the implementation of
variables types used in translational system
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o1: USE wor k. transl ati onal _system al | ;
02: USE wor k. rotational _systemall;

03:
04: ENTITY Coriolis IS

y VY 0s: GENERIC (width, length, depth : REAL;
06: roh : REAL : = 2.32e3);

S 07: PORT (TERM NAL trans_p, trans_n : TRANSLATI ONAL;

08: TERM NAL rot_p, rot_n . ROTATI ONAL,
09: TERM NAL rot_omp, rot_omn : ROTATI ONAL_QVE®A) ;
10: END ENTI TY Coriolis;
11:

12: ARCHI TECTURE sinple OF Coriolis IS

13: QUANTI TY pos ACROSS trans_p TO trans_n;
Coriolis acceleration éc =2VxW 14:  QUANTITY torque THROUGH rot _p TO rot _n;

15:  QUANTITY onmega ACROSS rot_omp TO rot_omn;
o - L 16:  CONSTANT mass : REAL : = w dt h*| engt h*dept h*r oh;
Coriolis force F =2mvxw® 17+ BEG N

18: torque == 2.0 * mass * onega * pos * pos' dot;

Coriolis torque T =20n HX(VXG)) 19: END ARCHI TECTURE si npl e;

Implementation of Coriolis effect

*t-xF
omega,T

+ . .
- Coriolis
4+ phi,T
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Functional view of the gyroscope readout circuit
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Conclusion
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Basic effect library:

71 constructing most (electro-) mechanical devices
1 controlling simulation speed and accuracy

11 easy extension of the library

Implementation in VHDL-AMS:

1 straightforward implementation of mathematical functions
1 mixed-domain and mixed-signal modeling with one HDL
1 system simulation becomes easy




