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APPLICATION OF THE SLIDING CONTROLLER FOR THE
GYROSCOPE SYSTEM OF THE ANTI-AIRCRAFT MISSILE

I. Krzysztofik', Z. Koruba™

Abstract: Precision of anti-aircraft missile homing depends mainly on correct determination of the current
angle between the axis of the gyroscope system and the line of sight. The system of automatic gyroscope
control should ensure automatic minimization of that angle, and thus, constant directing of the gyroscope
system axis towards the line of sight, i.e. tracking the target by the homing head. This paper presents a
sliding controller applied to control the gyroscope system. Subsequently, the dynamics of that system during
the process of anti-aircraft missile homing onto a moveable target was studied. Some chosen results of the
simulation research were presented graphically.

Keywords: Gyroscope system, Sliding controller, Missile.

1. Introduction

The process of homing a surface-to-air missile consists mainly in determining the line of sight (LOS) —a
straight line positioned from the homing head to the target (Dziopa et al., 2015 and Grzyb, 2016). The
gyroscope system (GS), i.e. a controlled gyroscope on the Cardan joint, is a drive element of the head. In
the moment when the gyroscope system axis overlaps with the line of sight, it is assumed that the missile
tracks and follows the target. The sensors measure the angle between the line of sight and the missile axis
and transfer it to the autopilot. Regardless of the above, the autopilot measures with its own devices the
angular position of the missile axis in relation to the Earth, and subsequently, determines control signals
and transfers them to the executive control system. Precision of missile homing depends mainly on
correct determination of the current angle between the gyroscope axis and the line of sight. The system of
automatic gyroscope control should ensure automatic minimization of that angle, and thus, constant
directing of the gyroscope system axis towards the line of sight, i.e. tracking the target by the head
(Krzysztofik, 2014).

The errors of the gyroscope system are caused mainly by the friction to be found in the bearings and the
fact that the rotor mass centre does not overlap with the intersection point of the suspension frame axis.
That is why, the gyroscope system reacts to angular motions and changes of the linear velocity of the
missile. Especially great changes of parameters are to be found at the initial stage of homing. The line of
sight might be then determined incorrectly, on the basis of which the missile is directed to the target. With
too excessive deviations of the line of sight from the set position, the sight of the target image might be
lost (Gapinski, 2014a).

Therefore, in order to minimize the influence of all disruptions coming from the missile (basis of the
gyroscope system) on the accuracy of the motion of the gyroscope system axis, the parameters of the
control system should be selected carefully (Gapinski, 2014b and Koruba, 2013). The scope of research
conducted should entail formulation of a proper physical and mathematical model as it was presented in
(Blasiak et al., 2014; Koruba, 2010; Laski et al., 2015 and Takosoglu, 2016).
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This paper includes an analysis of the dynamics of the gyroscope system with the use of a sliding
controller. A mathematical model of motion of non-linear gyroscope system described in a detailed way
in (Koruba et al., 2010) was adopted for considerations. A PD controller with optimal parameters chosen
with the use of a modified method of optimization by Gotubiencew was applied to control the gyroscope
system in this paper.

2. Sliding control for the gyroscope system during missile homing onto a moveable target

For the gyroscope system in question, two sliding surfaces are defined (Utkin, 2008 and Wang, 2011):
Sq1 =€ + A€y (1a)
Sqg2 =€, + AQeV, (1b)

where:

€y =

y—€.€,=y,—0 — control errors;

€, =9, —&; €, =y, —G — change of errors;
A, A, — positive constant;
4y, 4 —angles determining the position of the gyroscope system axis in space;

&,0 —angles determining the position of the line of sight in space.
Sliding controls are derived from the following equations:
Mb :_Klsgn(sgl) + Mbeq (28.)
M, =-K,sgn(Sy;) + M (2b)
where:

Myeqs Meeq — €Quivalent controls;

K,, K, —sliding reinforcements.

Equivalent controls are determined by comparing the derivative of the control surface to zero, i.e.
S =0 and sy, =0.
Signum function is defined in the following way:
—1 for sy, <0
sgn(Sgy2) =9 0 for sy, =0 3
+1 for sy, >0
In order to reduce the phenomenon of the so called chattering, instead of signum function, saturation is
applied (Lee, 2007 and Shtessel et al., 2013):
M, = —Klsat(sgllqi) + Mpeq (4a)
M, =—K,sat(sqy, / @) + M (4b)
where :

¢ — thickness of the border layer.

3. Simulation research

Simulation research of the dynamics of the gyroscope system during missile homing onto a moveable
target was conducted in Matlab/Simulink environment.
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The real and set flight path of the missile and the target was shown in Fig. 1. Figs. 2 - 6 present the results
of the simulation of the missile and GS dynamics during homing onto a moveable target.

thetag, epsilon (deg)

Fig. 5: The trajectories of motion of GS axis
and LOS with the use of a PD controller.
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Fig. 6: The trajectories of motion of GS axis

and LOS with the use of a sliding controller.

The missile flight was controlled with the use of a PID controller, however, to control the gyroscope
system — a PD controller described in a detailed way in (Koruba et al., 2010) and a designed sliding
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controller were applied. The parameters of the motion of the missile, target and gyroscope system were
the same as in the case of papers. As a result of simulation research conducted, the following parameters
of a sliding controller were selected: 4, =75, K; =15, 4, =150, K, =15, ¢=1. The studies were

conducted with an integration step amounting to dt=0.00001 (Baranowski, 2013).

4. Conclusions

The results of the numerical studies showed great efficiency of the sliding control for the gyroscope
system of the anti-aircraft missile. A significant improvement of the operation accuracy of the gyroscope
system operation might be easily noticed in the case of application of the sliding controller (Figs. 5
and 6).

The selected sliding controller allows stable and continuous maintenance of the target in the field of sight
vision of the homing head. It minimizes the deviation of the gyroscope system axis as a result of the
kinematic influence of the missile onto the suspension of the gyroscope system.

References

Baranowski, L. (2013) Effect of the mathematical model and integration step on the accuracy of the results of
computation of artillery projectile flight parameters. Bulletin of the Polish Academy of Sciences: Technical
Sciences, 61, 2, pp. 475-484.

Blasiak, S., Takosoglu, J.E. and Laski, P.A. (2014) Heat transfer and thermal deformations in non-contacting face
seals. Journal of Thermal Science and Technology, 9, 2, pp. JTST0011-JTST0011.

Dziopa, Z., Buda, P., Nyckowski, M. and Pawlikowski, R. (2015) Dynamics of an unguided missiles launcher.
Journal of Theoretical and Applied Mechanics, 53, 1, pp. 69-80.

Gapinski, D. and Krzysztofik, 1. (2014a) The process of tracking an air target by the designed scanning and tracking
seeker, in: Proc. 15th Int. Carpathian Control Conf. (eds. Petras, I., Podlubny, 1., Kacur, J., and Farana, R.),
IEEE, pp. 129-134.

Gapinski, D. and Stefanski, K. (2014b) A control of modified optical scanning and tracking head to detection and
tracking air targets. Solid State Phenomena, 210, pp. 145-155.

Grzyb, M. and Stefanski, K. (2016) The use of special algorithm to control the flight of anti-aircraft missile, in:
Proc. 22th Int. Conf. Eng. Mech. 2016 (eds. Zolotarev, I. and Radolf, V.), Svratka, Czech Republic,
pp. 174-177.

Koruba, Z. and Krzysztofik, I. (2013) An algorithm for selecting optimal controls to determine the estimators of the
coefficients of a mathematical model for the dynamics of a self-propelled anti-aircraft missile system.
Proceedings of the Institution of Mechanical Engineers, Part K: Journal of Multi-Body Dynamics, 227, 1,
pp. 12-16.

Koruba, Z., Krzysztofik, 1. and Dziopa, Z. (2010) An analysis of the gyroscope dynamics of an anti-aircraft missile
launched from a mobile platform. Bulletin of the Polish Academy of Sciences: Technical Sciences, 58, 4,
pp. 651-656.

Koruba, Z. and Ladyzynska-Kozdras, E. (2010) The dynamic model of a combat target homing system of an
unmanned aerial vehicle. Journal of Theoretical and Applied Mechanics, 48, 3, pp. 551-566.

Krzysztofik, I. and Koruba, Z. (2014) Mathematical Model of Movement of the Observation and Tracking Head of
an Unmanned Aerial Vehicle Performing Ground Target Search and Tracking. Journal of Applied
Mathematics, Article ID 934250, 11 p.

Laski, P.A., Takosoglu, J.E. and Blasiak, S. (2015) Design of a 3-DOF tripod electro-pneumatic parallel
manipulator. Robotics and Autonomous Systems, 72, pp. 59-70.

Lee, H. and Utkin, V.I. (2007) Chattering suppression methods in sliding mode control systems. Annual Reviews in
Control, 31, pp. 179-188.

Shtessel, Y., Edwards, C., Fridman, L. and Levant, A. (2014) Introduction: Intuitive Theory of Sliding Mode
Control, in: Sliding Mode Control and Observation. Springer New York, pp. 1-42.

Takosoglu, J.E. (2016) Control system of delta manipulator with pneumatic artificial muscles, in: Proc. 22th Int.
Conf. Eng. Mech. 2016 (eds. Zolotarev, I. and Radolf, V.), Svratka, Czech Republic, pp. 546-549.

Utkin, V.1. (2008) Sliding mode control: mathematical tools, design and applications, in: Nonlinear and Optimal
Control Theory. Springer-Verlag Berlin Heidelberg, pp. 289-347.

Wang, C.-C. and Yau, H.-T. (2011) Nonlinear dynamic analysis and sliding mode control for a gyroscope system.
Nonlinear Dynamics, 66, 1, pp. 53-65.

533



