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Abstract

The subject of discussion is a tank gun stabiliser (in azimuth and elevation). For the investigation of the
considered control system one applied a method of computer simulations. The mathematical model and its numerical
implementation were experimentally verified. The results of experimental and model simulation investigations
showed that the mathematical model and its numerical implementation were worked-out correctly.

Using the verified mathematical model of the system, the simulation investigations of the influence of regulation
potentiometers settlings on stabilisation exactness and transient processes quality were carried-out. The possibilities
of improving performance characteristics of the stabiliser via altering of feedback’s gain coefficients as well as the
influence of disturbing inputs amplitude and frequency (propagated from the hull on the gun and turret) on
stabilisation exactness of a given position were also analysed.

The presented technique is quite general and may be applied to any type of vehicle to study dynamic effects of
several rigid bodies, which move relative to each other (when displacements are small) and are connected by
constraint equations.
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1. Introduction

The battle tanks are equipped with two-axis stabilisation systems. The stabilisation system
compensates the velocities of the vehicle and automatically maintains the position of the gun at a
fixed bearing in space.

In order to simplify identification, the system was divided into appropriate functional parts.
Then, via laboratory tests, dynamic and static characteristics of those parts are obtained, and
numerical values of coefficients of suitable mathematical model of the system were determined.

The structural scheme of the overall system was derived because of the obtained static
characteristics and transfer functions of individual parts of the system. Because of obtained
system of differential and algebraic equations as well as of the knowledge about the system
feedbacks, the overall structural scheme of the system has been found (see Fig. 1).

2. Force acting on a tracked vehicle from the ground

Tracked fighting vehicles move over rough ground where ups and downs are about 4-10 meters
long and 0.05-0.4 meters high. The investigated vehicles are able to fire on the move (stabilisation
system automatically maintains the position of the gun and turret at a fixed bearing in space) only
at speed of 5-20 km/h. In that circumstances, average frequency of the hull motion in roll (y, ) is
about 0.8 Hz, in yaw (/) it is about 0.6 Hz and in pitch (¢, ) it is about 1.1 Hz. Therefore, the
investigations were carried-out for such amplitude and frequency values of disturbing signals.
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Determined force can be obtained while moving the tank around obstacles on a specially selected
shape, size and arrangement. The study stabilizer in the determined obstacles conditions used
obstacles of all shapes and markings of the dimensions shown in Figure 2. The test stabilizer used
two types of obstacles: a low — H1 and high — H2. These obstacles were different dimensions. The
dimensions used obstacles are given in Table 1.

Tab. 1. Dimensions of obstacles used in research stabilizer under conditions determined excitations

1[m] H [m]
low obstacle — H1 4.4 0.17
high obstacle — H2 5.1 0.34
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Fig. 1. Structural scheme of stabilised main armament

Fig. 2. The shape and dimensions of the applied obstacles

Detailed descriptions of requirements were presented in [4, 6, 8, 1012, 18].
To obtain values of over-regulations (/) and the settling time (¢, ), one gives the input function
(disturbing signals) the following form:
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0 t<1,
Y0y ={A[1-(cos2af,1)] for 1<t<t, (1)
0 >t

It is similar to a single irregularity of road surface flattened by tracks (that make the road for
wheels). To obtain attenuation characteristics of the gun and turret angular vibration, one gives the
harmonic function as an input function.

3. Model testing

For the investigation of the considered control systems, a method of computer simulations has
been applied. Calculations were done using MATLAB-SIMULINK program. The mathematical
model and its numerical implementation have been experimentally verified. Mathematical model
of the vehicle and the models of gun stabilisers (experimentally verified because of experimental
investigations results) were tested in common. To this aim:

— the results of model testing (for open-loop system) have been compared with the existing

results of experimental tests carried-out on a real plant;

— tests of the complete closed-loop system have been carried-out and their results have been

compared with the results of numerical computations.

The results of experimental and model simulation investigations showed that the mathematical
model and its numerical implementation have been worked-out correctly. Using the verified
mathematical model of the system, the simulation investigations have been carried-out.

To obtain values of the amplitude of the first over-regulation (4,) and the settling time (¢, ),

that are the main parameters that describe transient processes quality, after disturbances caused by
the reference signal given by the operator (U, ) the input function was given as a rectangular
impulse of voltage.

Using the verified mathematical model of the system the simulation investigations of the

influence of regulation potentiometers settings Cy,Cp,Cy,Ce, Pyp,> Pyx (Within blocks of the

stabilizer in Fig. 1) on stabilisation exactness and transient processes quality (i.e., setting time and
magnitude of the first over-regulation) have been carried-out. These investigations show that
appropriate settings have essential meaning for obtaining right performance characteristics of the
stabiliser. By contraction of the area of admissible regulation settings, the performance
characteristics may be improved even about several percent.

The possibilities of improving performance characteristics of the stabiliser via changing of
internal feedbacks gain coefficients have also been analysed. Although alteration of gain
coefficients of these feedbacks does not require essential intervention in construction of individual
modules of the stabiliser, however the results show that these attempts are inefficient. On the other
hand, it is observed that alterations of construction parameters of the gun-turret as well as
cooperating conditions in the interlinking of hull and gun-turret have essential more influence on
the quality of stabiliser performance. In the result of investigations, the quantitative and qualitative
effects of structural changes of the system have been determined.

Improvement of the turret armour (in order to increase ballistic protection of combat vehicle)
lead to an increase of the turret moment of inertia and coulomb friction. Similar effects cause
increase of gun calibre (in order to improve firepower of combat vehicle). The ranges of the turret
and the gun moments of inertia (J,,,J,), moments (M ,,,M ,) acting on the turret and the gun

due to coulomb damping between the turret and the hull as well as the gun and the turret were
chosen for wide kind scope of tanks (from light tanks to heavy tanks). The main parameters that
describe transient processes quality, after disturbances caused by the reference signal given by the
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operator (U, ) as a rectangular impulse of voltage and after disturbances propagated from the hull
on the gun and turret, are the amplitude of the first over-regulation (4, ) and the settling time (¢, ).

Figures 3, 4, 5, 6 show the exemplary characteristics of the amplitude of the first over-
regulation as well as of the settling time versus turret and gun moment of inertia.
To confirm the simulation results, one can mention the effect of modification of the real tank.

After improvement of the turret armour, its moment of inertia increased from 11780 kgm® to

13740 kgm® and the effect measured in the tank confirmed the simulation results [20].

The influence of input amplitude and frequency of disturbing signals (propagated from the hull
on the gun-turret) on stabilisation exactness of a given position was also analysed [4, 6, 8, 12, 18].
The investigations showed that the performance quality of the stabiliser could be essentially
improved via a proper choice of the tank suspension characteristics (mainly characteristics of
damping elements and shock absorbers). The suspension allows the road wheels to follow the
vertical motion of tracks without transferring too much of that motion to the hull and stabilised
armament.

All changes leading to increase negative effect of transient processes first over-regulation and
increase of settling time are unfavourable.

4. Conclusion

For the investigation of the considered type of control systems a computer simulations method

has been applied. Because of the mathematical model an algorithm and computer program has
been worked-out. Making use of the MATLAB-SIMULINK program, a scheme for numerical
computations has been worked-out.
The author is of the opinion that the proposed methodology of simulations investigations
represents a significant level of generality. It comprises a complex analysis of the system of gun
and turret stabilisation beginning from identification of individual functional parts of the system,
through the algorithm of mathematical model building, up to detailed investigation of system
properties.

In technique that has been presented whereby the equations of motion are associated with a
military tank. The technique is quite general and may be applied to any type of vehicle to study
dynamic effects of several rigid bodies, which move relative to each other (when displacements
are small) and are connected by constraint equations.
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Fig. 3. Amplitude of the first over-regulation versus gun moment of inertia
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Fig. 6. Amplitude of the first over-regulation versus turret moment of inertia
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