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MODEL OF A DYNAMICALLY TUNED GYROSCOPE
Diana Cotoros1, Dumitru Nicoara1
1 Transilvania University, Brasov, ROMANIA,  e-mail dcotoros@unitbv.ro
Abstract :  The paper aims at generating a model for a dynamically tuned gyroscope, provided with  two inner rotors, connected at 900. Firstly the model is represented at rest, using mathematical functions within  the  Mathcad programme. It is necessary to create representations for both the rotors and also for  the torsion bars linking the rotors and the rotors to  the gyroscope spinning axis. Then we may introduce a rotation angles matrix and changing the  mathematical  functions accordingly, we get the visualization of the inner rotors displacements and also of the torsion bars. The rotation angles matrix may be changed according to the parameters to be studied and the programme offers immediately the new positions of the inner rotors. Their displacement provides valuable information for the gyroscopice devices, which equip all types of aircrafts or even landvehicles, such as gyrocompasses or directional gyros.
Keywords:  dynamically tuned gyroscope, rotor, torsion bars
1. INTRODUCTION
A dynamically tuned gyroscope consists of a number of rotors connected to a spinning shaft and one to each other. The link between the rotors is represented by a suitable number of torsion bars, which ensure small displacements of the rotors. They allow measuring two perpendicular components of the gyroscope frame angular velocity with respect to the inertial frame. In order to be dynamically tuned, the parameters of the torsion bars and inner rotors and also the magnitude of the rotor angular velocity should be chosen so that the torsion stiffness of the bars compensate the rotor dynamical swinging moment.

According to the device it is used for (gyrocompass, directional gyro, angular velocity gyro, etc.), the gyroscope may consist of two or three rotors, having two or three degrees of freedom. Before assembling the gyroscopic devices on the aircraft, they should be tested, among others, for the stability of their indications. Usually the experimental measurements are expensive and take much time and accuracy. This is why it appears to be necessary to create a virtual model on the computer and visualize the rotors displacements.
2. MATHCAD REPRESENTATIONS
The present paper deals with the two rotors dynamically tuned gyroscope, which looks like the one in Fig.1.
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The device is provided with two transducers 4 and 5, one for angles and the other one for couples measurement. The shaft 3 is set into motion by help of an electric motor 6, while 1 and 2 represent the inner rotors, linked with perpendicular torsion bars.

First we are going to generate, using Mathcad and suitable mathematical functions the model at rest. The matrices corresponding to the rotations around axes Ox, Oy and Oz are the following:
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(3)
The circles representing the shaft (cross – section) and the two inner rotors are generated by help of the following functions:
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(6)
The torsion bars are represented according to the following expressions, allowing the modelling of a perpendicular connection between the rotors:



[image: image7.wmf](

)

T

j

j

A

Rz

q

+

-

×

÷

ø

ö

ç

è

æ

=

1

2

0

p









(7)


[image: image8.wmf](

)

T

j

j

A

Rz

q

-

-

×

÷

ø

ö

ç

è

æ

=

1

2

1

0

p









(8)


[image: image9.wmf](

)

T

j

j

B

Rz

s

+

-

×

=

1

)

0

(

0










(9)


[image: image10.wmf](

)

T

j

j

B

Rz

s

-

-

×

=

1

)

0

(

1

0









(10)


In fig.2 we obtained the representation of the model at rest.
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Figure 2: Model at rest

We create now a matrix containing the angles values corresponding to the rotors rotations due to the deformation of the torsion bars.


For example
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The rotation is given by
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The new positions of the inner rotors are generated using the following functions:
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The corresponding positions of the torsion bars are simulated by help of the following expressions:
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The matrices A, B and A1, used in equations (7) – (10) and (13) – (18) are expressing the dimensions for the rotors and the torsion bars, adjusted to those encountered in various gyroscopic devices.
The new positions of the inner rotors and of the torsion bars can be visualized in fig.3.
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Figure 3: First visualization of the rotors and torsion bars
In order to check again the model we will try some new positions given by the following angles:
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Starting now from the positions in fig.2 as initial values, the functions expressing the inner rotors will be structured in the same way as those given by (13) – (18). The new position is shown in fig.4. This helps us checking the proposed algorithm.
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Figure 4: Checking positions
3. CONCLUSIONS
By changing the values of the rotation angles, the program allows the visualization of any position of the inner rotors. The representations in fig.2 and 3 use higher values of the angles than those occurred in real life, in order to obtain a clear representation. In fact the angles are smaller and can be determined by the small transducers assembled on the inner rotors. The information are transmitted to various gyroscopic devices, which provide the pilot with everything he needs to assure the flight safety.
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Figure 1: Dynamically tuned gyroscope








PAGE  
1

_1190733347.unknown

_1190733630.unknown

_1190733677.unknown

_1190733754.unknown

_1190733797.unknown

_1190734127.unknown

_1190733775.unknown

_1190733753.unknown

_1190733655.unknown

_1190733390.unknown

_1190733608.unknown

_1190733367.unknown

_1190733240.unknown

_1190733298.unknown

_1190733326.unknown

_1190733259.unknown

_1190733085.unknown

_1190733210.unknown

_1190732215.bin

_1190733027.unknown

_1190732217.bin

_1190732206.bin

_1076395638.doc
[image: image1.png]






