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ACTIVE CONTROL OF VIBRATIONS

Zbigniew KORUBA", Jerzy STYCZEN"

OF A THREE-AXIS GYROSCOPIC PLATFORM

ON BOARD OF A FLYING OBJECT

SUMMARY

The work presents an algorithm for active control of vibrations of a three-axis gyroscopic platform during pre-
programmed and stabilised operation on board of a flying object. The considerations focus on disturbances resul-
ting from the flying object manoeuvres and short-duration pulses of external forces under the conditions of fric-
tion in the bearings and non-linear platform operation range.
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AKTYWNE STEROWANIE DRGANIAMI PLATFORMY TRZYOSIOWEJ NA POKEADZIE OBIEKTU LATAJACEGO

W pracy przedstawiony jest algorytm aktywnego sterowania drganiami trzyosiowej platformy zyroskopowej przy jej
ruchu programowym i stabilizujqcym na pokladzie obiektu latajqcego. Rozpatrywane sq zaktocenia w postaci ma-
newrow obiektu latajqcego (podstawy platformy) oraz krotkotrwalych impulsow sil zewnetrznych przy istnieniu
tarcia w tozyskach i przy nieliniowym zakresie pracy rozwazanej platformy.

1. INTRODUCTION

It is required that systems for homing, navigation and field
observation used for military or commercial purposes, par-
ticularly in aviation, have a reference unit to improve detec-
ting and pinpointing objects, collecting navigational data,
and tracking moving targets. The reference unit should
maintain constant position and orientation unaffected by
any external disturbances and operate in accordance with
the predefined program. The most suitable device for such
a task is a gyroscopic platform.

The paper discusses a three-axis gyroscopic platform ca-
pable of preventing a stabilised device (e.g. a homing head,
a tracing head, a head for laser illumination of a ground
target, a television camera or an infrared camera) from
being affected by angular variations of the flying object. As
can be seen from Figure 1, the three-axis gyroscopic plat-
form includes two sensor gyroscopes with three degrees of
freedom. The platform has to possess at least two (inner and
outer) frames. The platform as well as the frames are equip-
ped with sensors of angular variations and transmitters of
control moments. The gyroscopes are arranged inside the
platform in such a way that the measurement axes of each
gyroscope are parallel to specified axes of the platform fra-
mes. Gyroscope 1 has its main axis parallel to the Ox,, axis
of the platform, that is why it can measure the platform rota-
tions around the Oy, and Oz, axes. The main axis of Gyro-
scope 2 is parallel to the Oy, platform axis and can measure
the platform rotations around the Ox, and Oz, axes. In
a three-axis platform there is an interaction of motions
around the three axes of suspension. The stabilisation sys-
tems affect one another, which means that disturbances on
one axis are usually passed on to the other two axes. In
addition, assuming that the platform operates under the con-
ditions of vibrations and external disturbances, it becomes

clear that the control parameters need to be optimally selec-
ted at both design and operation stages.

This work deals with simulations of a controlled gyro-
scopic platform model with a closed loop system for optimi-
sing control parameters by applying the LQR method [1].

2. EQUATIONS OF MOTION
FOR A THREE-AXIS GYROSCOPIC PLATFORM
ON BOARD OF AN AERIAL VEHICLE

Due to limited space, the paper discusses a linearised plat-
form model. Thus, if we consider only the case of negligible
angular deflections of the gyroscope axes and the platform
elements axes from their initial positions, negligible veloci-
ty products as quantities of lower order, and if we assume
that the gyroscopes are astatic and the inertia of their frames
is negligible, we have:

— equations describing the motions of the gyroscopes;
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— equations describing the motion of the platform elements (the platform itself, the inner and outer frames);
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Fig. 1. Schematic diagram of a gyroscopic platform on board of a flying object
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moments of iner-
tia of the gyrosco-
pe rotors;
moments of iner-
tia of the platform
elements;

rotor masses of
the inner and
outer frames of
Gyroscope 1;
rotor masses of

the inner and
outer frames of
Gyroscope 2;

distance of the
centres of gravi-
ty of the platform,
Gyroscope 1, and
Gyroscope 2 from
the geometric plat-
form rotation cen-
tre;

angles determi-
ning the position
of the particular
spin axes of the
gyroscope  ele-
ments and the
platform elements;
angular velocities
of the rotors of
Gyroscopes 1 and
2;

linear velocity of
the flying object;
angular velocities
of the flying object;
moments for fric-
tion forces in the
bearings of the
spin axes of the
particular  gyro-
scope and plat-
form elements;
stabilisation mo-
ments produced
by the correction
motors of the par-
ticular gyroscope
elements;
stabilisation mo-
ments produced
by the correction
motors of the par-
ticular platform
elements.

3. CONTROLLING A THREE-AXIS GYROSCOPIC
PLATFORM AND OPTIMISING THE CONTROL
PARAMETERS OF A THREE-AXIS PLATFORM
ON A MOVABLE BASE

The equations of motion for a controlled platform are writ-
ten in the vector-matrix form

x = Ax+Bu )

The vector u illustrates a pre-programmed open-loop
control system. Pre-programmed controls u will be determi-
ned from an inverse problem of mechanics. According to
the general definition, inverse problems of dynamics invo-
lve estimating the external forces acting upon a mechanical
system, the system parameters and the constraints imposed
on the system, with the predetermined motion being the only
possible motion of the system.

Thus, it is essential to formulate the desired controls, the
vector of which is denoted by u,,. A control problem invo-
lves determining time-dependent vector components of u,,
being the control moments that will cause motion of the
gyroscope axis defined with the desired angles (determi-
ning the required position of the platform in space).

Then, the equation of control is transformed as follows

p_AXp'

Bu, =x

The case under consideration is an open-loop control
system of the gyroscopic platform. Figure 2 shows a sche-
matic diagram of such a system.

FLYING OBJECT

p* q* r¥

GIROSCOPIC X f:
PLATFORM

ﬁtff,

GENERATOR X, GENERATOR

<—————— of pre-programmed

platform motion

of programmed
controls

Fig. 2. Schematic diagram of the gyroscopic platform
open-loop control system

The system operates correctly if the initial conditions of
the axis angular positions coincide with those of the desired
positions: x(0) = x,(0). Except for the above mentioned in-
consistencies of program control, it is significant to analyse
the effect of external disturbances, particularly the kinema-
tic impact of the base and non-linear platform motions (con-
siderable angles of deflections of the gyroscope axes), fric-
tion in the suspension bearings, technological inaccuracies,
errors of the measuring devices, etc.
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Fig. 3. Schematic diagram of the gyroscopic platform
closed-loop control system

To maintain the platform stability, however, it is necessa-
ry to apply additional correction control uy in a closed-loop
system (Fig. 3). Then, the equations describing the motion
of a controlled platform will be in the form

X =Ax +Bu, (€))

The system of platform control employs PD controllers
for which the equations of control moments produced by
the correction motors can be written as

My = hoy + ko, “4)

where:

h;, k; — parameters of
a PD control-
ler,
angular coor-
ordinate of the
particular gy-
gyroscope and
platform ele-
elements.
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The stabilisation control law u;, will be defined by means
of the linear and square optimisation method with the func-
tional in the form

J :T[(x* )T Qx’ +u£Ruk:|dt (5)
0

The law can be represented by

u, =-K-x (6)

where:

T
u=[My My My ]

X=[ W1 W1 Bg1 D1 W Vo B2 B @, 9, W, |

The matrix of coupling K in Equation (6) is derived from
the following relationship

K=R!.B".p (7)

The matrix P is a solution of the algebraic Riccati equa-
tion

ATP+PA-2PBR'B’P+Q=0 ®)

The weight matrices R and Q in Equations (7) and (8)
reduced to the diagonal form are selected experimentally,
with the search starting from even values:

1 1 .
i = > i = , (i=12,.n) ©)
2xi 2ul
max max
where:
X; . — maximum variation range of the i-th value of
the state variable,
w ~ — maximum variation range of the i-th value of

the control variable.

After solving the Riccati matrix equation numerically
and determining the matrix of coupling K, one can write the
equations of optimised control moments as follows

Mg = Rt +Eor

(10)

4. RESULTS AND CONCLUSIONS

Figures 4 through 7 illustrate the performance of the stabili-
sation platform. It is clear that if the controller parameters
are not optimised, the transitional period following a distur-
bance is considerably longer.

If the controller parameters are optimised using the LQR
method, the platform immediately regains the initial posi-
tion (Fig. 5). The optimised correction moments in a func-
tion of time are more or less steady (Fig. 7).

Figures 8 and 9 present the performance of a platform in
a pre-programmed motion around a circular cone. In Figu-
re 8§ we can see a predetermined and actual trajectory in
the Wy, and ﬁp coordinates. In the case of optimised con-
troller parameters, the platform, after a short transitional
process, performs a predetermined motion with great accu-
racy. Figure 9 shows time-dependent correction moments
produced by the stabilisation motors of the platform and
Gyroscope 1.
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Fig. 4. Angular variations of the platform for the initially selected parameters of the controllers: a) angular variations;
b) angular velocity variations
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Fig. 5. Angular variations of the platform in a function of time for optimised parameters of the controllers: a) angular variations;
b) angular velocity variations
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Fig. 6. Angular variations of Gyroscope 1: a) for non-optimised controller parameters; b) for optimised controller parameters
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Fig. 7. Optimised correction moments of: a) the platform; b) Gyroscope 1
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Fig. 8. Pre-programmed motion of the platform around a circular cone: a) for non-optimised controller parameters;
b) for optimised controller parameters
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Fig. 9. Optimised correction moments in the pre-programmed motion of: a) the platform; b) Gyroscope 1
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