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Abstract

For controlling the aircraft with mathematical modelling of its movement in case of aiming
at surface targets is proposed the use of the transmitting function of the operator, which is in itself a
linear model in a tracking mode.

Introduction

For mathematical modelling of the movement of the aircraft aiming at
surface targets is used the transmitting function of the operator.

The operator monitors the target (angles P11, €1 and the moving grid on a
screen and observing the position of the target relative to the targeting grid, i.e. the
differences B1 — Bi- and €1 — i, attempts to eliminate them utilizing the controls of
the aircraft. The aircraft reacting to the deflection of the controls changes the
parameters of its position relative to the target [1, 3, and 5].

Main body

In order to obtain the model of the aforementioned process, it is necessary
to model the reaction of the operator to the mismatching, i.e. to obtain the calculated
values of the aircraft controls deflection depending on the angles of mismatching:

6131/1 = 6131/1 (81 —&1r )’
661/1 = 661/1 (Bl - BlT )’

where 3.4, den are the calculated values of deflection of the elevators and ailerons (the
angle of the rudder 6, = 0)

)
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The role of the operator as a control unit of the closed system pilot-aircraft
consists in:

- obtaining information from the onboard instruments and the

environment;

- processing the obtained information and determining the amount of

force that needs to be applied on the aircraft controls;

- applying the necessary amount of force on the controls of the aircraft.

The model of control of the aircraft, with participation of the operator, works
based on the principle “tracking with pursuit” or tracking with compensation. In the
system pilot-operator, the operator observing the quantity of the input and output
signal of the system attempts to reduce to minimum the mismatching between the
target and the tracking grid [2, 4].

To adequately describe the work of the operator in the control system, their
transmitting function (or another mathematical definition) has to reflect the main
characteristics of the operator as a

- ability to part of the control system. The main characteristics of the
operator are:

- temporary delay of their reaction by the input signal;

- ability to adapt to the dynamic characteristics of the object of control and
the character of the input signal impact;

- ability to react to deviations of the parameter from the predefined quantity,
to its derivative and the integral of the deviation from parameter;

- intensify the quantity of the force applied on the controls;

- non-linearity of the operator’s characteristics;

- functioning of the operator within the control system as a multi-channel
unit;

- dependency of the quality of operator’s control upon their psycho-energetic
potential.

There are various models (linear, non-linear) in existence that describe the
work of the operator, including the abovementioned characteristics. The linear
models, which are the most convenient from an engineering point of view, have been
developed in details and have been widely applied. These, however, possess certain
disadvantages:

- they do not consider to a sufficient degree the ability of the operator to
forestall the process;

- they are not capable of explaining the experimental data which indicate
that in some occasions the operator manifests discreet behavior.

With a linear model of the operator in tracking mode, they are regarded as a
unit of the tracking system and can be described with transmitting function. It is
assumed that the transmitting functions of all the operators possess identical
structures and their individual characteristics are given an account of through the
values of the coefficients of the transmitting functions. The model of the operator
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provides not an accurate but an approximate account of the characteristics of the real
operator.

To obtain the calculated values of aircraft’s controls deflection depending
on the angles of mismatching

8BI/I = 6BI/I (81 - ng)’ Sen = Sen (Bl _B].T) !
the following transmitting function of the operator is proposed:

_ Kee ™ (Typ+1)K, ,

(2) -
WalP) (Top+1)Tep +1)

I

where 71 is the time characterizing the delay of the reaction to the input signal;

- Ko — coefficient of intensification of the operator;

- T1 — constant coefficient, characterizing the ability of the operator to
differentiate, i.e. to react to the speed of change of the input signal;

- T, — constant coefficient of the inertial (aperiodic) unit of the operator;

- T3 — constant coefficient defining the neuro-shoulder reaction;

- K1 coefficient of intensification of the neuro-shoulder unit.

The structural scheme of the preliminary function of the operator is
illustrated on Fig. 1.

K,
Tp+1 |

Tp+1

Fig. 1. Structural scheme of the transmitting function of the operator

The first unit responsible for receiving data from the instruments and
processing the signals, in its dynamic characteristics is an intensifying unit with a
delay function.

The second unit is a calculating element, performing intensification and
differentiation of the received signals — it possesses the characteristics of
intensifying, inertial and boosting units.

The third unit according to its dynamic characteristics is inertial and reflects
the neuro-muscular influence on the object of control. Experiments show that the
operator changes their transmitting characteristics depending on the quantities of the
controlled object and the type of the functions of the interference. Experience,
training and fatigue influence the type of the transmitting characteristics, i.e. the
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operator does not possess a certain, defined transmitting function but they can “tune”
for work in accordance with any given function of a certain class.

For a certain type of tasks and specific aircraft the values of the coefficient
of intensification Ko and K1 and the constant coefficients Ty, T2, and Tsand t vary in
small range.

The transmitting function of the operator is used to calculate the angles of
deflection of the controls of the aircraft when mismatching signals are fed to it.

€1—€1p Opy
W ’
BBy | MO

Fig. 2. Transmitting function of the operator

Using the Taylor series and restricting it to the use of only the first two
members

@) e ™P=1-1p,

and introducing the symbols:

(4) € — 81 = &115
Br =By =Bu1
we obtain:

(5) 831/1 —_ KC.B (Tlp + 1)(1_ ‘Cp) ;

& (sz + 1)(T3p + 1)

Spe _ Kee(Tip+1M1-1p) |
B11 (sz + 1)(T3p + 1)

where K.= KoK is the summary coefficient of intensification.

The higher the value of T1 is, the more difficult the control process becomes
for the operator. Moreover, the necessary intensification of T requires greater
precision in determining the speed of change of the input signal of the operator.

With a proficient enough operator the transient process fades faster, if the
following values of the quantitates t, Ty, T2, and Ts are adopted:

(6)

(7) t=0.1sT1=0.1s,T,=0.1s,Tz=0.15s.
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From formulas (5), (6) and taking into consideration (7) are obtained the
following differential equations for the longitudinal and lateral channel of control:

(8)  8,,+205,,+1005,, =K, +100e;,K,,.
©) Oepr 203, +1003,, =B1,K . ~100By; K.
Introducing the symbol:
(10) z,=9,,+205,, +K &,
after differentiation we obtain:
1) 2, =98,,+205,, + K &
Then from equations (8) is obtained:
(12) 2, =100Ke,; —1005,, -
Introducing the symbol:
(13)  z,=8,, +K,é
from formula (10) is obtained:
14)  z,=27-203,,.
From formula (13) it can be written:
(15) 8, =25 Kty

After integrating with zero input conditions:

(16) 3, =2, - K&

BHU

And, finally, from equation (8) is obtained the system:

6BI/I
2,=2,-2008,,;
11 = 100KCB811 _1008BH

=2, —Ku&;
(17)

Analogically, from equation (9) is obtained:
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Ben =24 + KePas
2,=25-200,,;
23 = _100KCCB].1 _1008614'

(18)

As a result of the integration of these equations are obtained the angles,
required for control of the aircraft:

(19) 63 = 6131/1 + 83.6:111;
Oe = Oeu ,

where: 8.4, dcu are the values of the angles of the elevator and the ailerons, calculated
using the transmitting function of the operator;
ds.0ax — the balanced value of the angle of deflection of the rudder.

Conclusion

The problem of mathematical modeling of the movement of an aircraft with
the use of the transmitting function of the operator consist in determining the
summary coefficients of intensification K., K. based on the minimal time of fading
of the preceding process using the accepted values of the quantities T1, T2, T3, T and
known symbols in the transmitting function for the longitudinal and lateral channels
of control.
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MOJEJI HA OIIEPATOPA 3A YIIPABJIEHUE
HA JIETATEJIHUS AITAPAT 1P MATEMATHYECKO MOJEJIMPAHE
HA IBUKEHUETO

0. Cmoiikoe

Pe3rome
3a ynpaBieHne Ha JeTaTeTHAS anapaT MPH MaTeMaTHIeCKO MOIETHpaHe Ha
HEroBOTO ABMXXCHUEC C IIPHUIECIBAHE 110 3€EMHHU ILCIIN CE IIp€jiara M3IIOJI3BAHE Ha
npeaaBaTeiiHaTa (byHKIlI/ISI Ha oneparopa, npeacTaBjidBalia JUHSCH MOACI B PEKHUM
Ha CJIC/ICHE.
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