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Abstract: The study looked at the behavior of the " pilot-aircraft " system in the execution of a turn. The
coordination of movements with the two-channel control lever is modeled with correct and improper operation.

MOAEJNIMPAHE NPELLKA HA NMUIIOTA OT HEKOOPOAUHUPAHU KOMAHOU
NMPU U3MBJIHEHUE HA BUPAX

Knrovyoeu dymu: 6e3onacHocm Ha rosiemume, ModesniupaHe, KOHmMyp 3a yrnpasneHue, OuHamuka
Ha nonema.

Pesrome: B uscriedsaHemo e pasznedaHo rnosedeHuemo Ha cucmemama ‘rnunom-camonem” rpu
u3nbsIHeHUe Ha supax. ModenupaHa e koopOuHayusima Ha d8uXeHusima ¢ locma 3a yrpasseHue o dea kaHana
MpuU NPasusIHO U HerNpaesusIHO yrnpaesreHue.

Studied problem - receiving data for correct and incorrect coordination of movements with the
control lever in the performance of a turn.

Users of the survey results - educators and instructors who train pilots of airplanes, aviation safety
specialists.

Method of investigation - modeling and investigation of the pilot-plane system in "Matlab-Simulink"
environment.

1. Introduction - setting the modeling task

Correct execution of the turn requires several parameters to be tracked: pitch and vertical
speed, overload, air speed, height.

Except transition processes, when entering and exiting the figure the pitch angle remains
constant during any slope - it is equal to the pitch in a horizontal rectilinear flight at the same a speed
and height.

The average vertical speed in the turn is about zero, which is a sign of satisfactory coordination
between the commands in the longitudinal and lateral motion when entering a turn.

1

Overloading meets the condition ny =—;
Cosy

It is assumed that the engine regime, speed and height prior to entering the turn are in line with
the pilot's task.

Movement of the control lever when entering a turn is learned by the pilot and is acquired as a
manner after training. In modeling, this can be reflected by using the simpler, but sufficiently accurate
pilot models and a fast-running control loop.

Pilot mistakes when performing acrobatics flying include incorrect, disproportionate (coarse),
uncoordinated and untimely displacements of control levers. All of them lead to deviation of the plane.
For the turn, the cause of the error may be so "separate buckling and overloading" (initially, a slope is
created, and then the overload to the need is increased). In such operations, the vertical velocity can be
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assumed to reach significant negative values in the turn process. If the vertical velocity Vy is negative
and with absolute values greater than 20 m/s, entry into turn is considered to be a crude pilot error and
the execution of the figure is terminated. With lower absolute vertical speeds, the error can only be
corrected by decreasing the slope. Another rough mistake (especially on small heights and maximum
overload forced turns) is to use the pedals for lifting the nose - by pressing on the pedal outer for the
turn [2 - page 179-183]. With such a command the plane noticeably raises the nose (10-15°) and creates
an illusion eliminating of error, but the plane continues to move in a downward trajectory. At extreme
forced turns the aircraft is at great angles of attack, and putting such a pedal command can complicate
the situation.

The task of modeling is to fix and visualize graphically the cause of error in the coordination
of commands through Simulink's tools.

2. A method for modeling a pilot error of a co-ordinate violation in lever movements in
dual channel control

The research task includes:

* Creating a model to simulate the operation of the "Pilot-aircraft".

» Obtaining data on the handle trajectory from the control lever (general appearance)
with correct and incorrect hand movements coordination.

* Analysis of the results of the pilot actions under different co-ordination.

Fig. 1 shows a general appearance of the model in "Simulink”. The pilot models on the two
control channels are shown in Fig. 2 and 3. The behavior of the airplane is modeled with transmission
functions for varying the overload (longitudinal movement) and isolated slope movement (lateral
movement).

Fig. 1. General appearance of the model with two coordinate control loops.

Block "AIRCRAFT" - model of the airplane in longitudinal movement - overload transmission function;

Block "W (s)" - airplane model for angular velocity around the longitudinal axis;
Blocks "Transfer Fcn 1/ C" and "1 / Ce" - models of loading mechanisms with stiffness ¢ = 1330N / m

and se = 1000N / m, in modeling make the pilot effort to move the steering gear);
Blocks "k" and "ke" - transmission coefficients k = 1rad / N and ke = 2.9rad / N;
Block "PILOT_ny" - pilot model for overload control;
Block "PILOT_ailerons" - pilot model for slope management;
"TRAJECTORY" block - a trajectory visualization;
Subsystem "DRAWING" - visualization of the results of the model's actions of the pilot (movement of the
handle) with the capabilities of the "SINKS" library from "SIMULINK".

The management is hydro-mechanical and the forces are artificially formed by loading
mechanisms.
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Fig. 2. Astatic pilot model for control over normal overload in the channel of the controllable horizontal stabilizer
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Fig. 3. Pilot Control Model in the Aerial Channel

Exit from the pilot model are the efforts on the control lever P and Pe in Newtons. Index "e" is

the ailerons control channel. Lever shift results — the dependence X = f(xe ) is obtained in the

DRAWING subsystem (Figure 1). Inputs data after the "Transfer Fcn 1 / C" and "1 / Ce" blocks with
loading mechanisms with relevant stiffness attached to the control lever. The standard tools in Simulink,
the fourth version, are used to visualize the results. All modeling is done in GOST standard.

3. Results and conclusions

Figures 4, 5, 6 show the modeling results of correct and coordinated control over the two
channels.
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Fig. 4. Pilot arm movement with the control lever to create a left slope of 60 degrees and overload 2
with proper motion coordination

Fig. 5. Deviation of controls and vertical speed for coordinated control of the airplane

Fig. 6. Angles of pitching and attack when performing a correct coordinated turn
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The results demonstrate the performance of the model as required in the introduction of the
research task in the introduction (p. 1).

Incorrect motion coordination can be modeled by delaying movements in the longitudinal
channel, etc. "Separate channel management". This is done by adjusting the block K of Fig. 2 from 100
to 10. The results after such adjustment show clearly how the movement delay in the longitudinal
channel is reflected on the airplane trajectory. The turn degenerates into a downward spiral, and the
vertical velocity of introduction reaches — 8 m/s; on exit - significant negative values -16 m/s. In this
case, the execution of the turn is usually terminated at the beginning of its execution, but it is possible
to correct the ailerons to reduce the slope and maintain the vertical velocity around zero.

Fig. 7. Non-coordinated execution of the turn

Simulation with vertical speed correction (Fig. 9) can be obtained with another model of the pilot
controlling the aelerons. Such a model is shown in Fig. 8.

Fig. 8. Pilot model to control ailerons when reading the vertical speed; the accuracy of the control is —
at a vertical velocity AVy = + 0.1 m/ s, and at a slope angle Ay = + 0.10 (Dead zone)
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Fig. 9. Curve modeling results at 270 degrees with uncoordinated entry into the turn, but corrected by the pilot
model by slope adjustments

Conclusions

- The proposed model, based on elementary contours for longitudinal and isolated slope
movement, can demonstrate a significant portion of the pilot's actions when executing a or turn with
correct commands or uncoordinated movements of the control lever.

- Modeling confirms the importance of vertically controlling the initiation and execution
of the turn.

- The model is fast enough and works practically in real time. It can be used in the training of
pilots and aviation safety specialists.

References:

1. Galashev, ES, NM JlbiceHko u gp. AspogMHaMuka 1 gnHamuka noneta MaHeBpeHHbIx camoneTos, BU, Mockea
1984.

2. Mednikov, B. H. Maneuvering of the self-righteous warrior, Moscow, 1975.

3. Yordanov DV Computer models of aircraft and helicopter control systems - two parts 75 pages and 85 pages,
2005 and 2006; ed. of TU-Sofia.

4. Jordanov, D., Gecov P. “Unmanned aircraft — modeling and control”, Third Scientific Conference with
International Participaton, ,SPACE, ECOLOGY, NANOTECHNOLOGY, SAFETY*, 27-29 June 2007,
Varna, Bulgaria.

5. Jordanov, D., Gecov P., "CONTROL THROUGH MODEL OF UNMANNED AIRCRAFT", XV International
Conference on Transport, Construction, Road and Lifting Transport Equipment and Technologies,
18-20.09. 2008 Sozopol, http: vww.trans-MOTOAUTO.com

6. Jordanov, D., S.Fotev “Autopilot Failures During Operation of the Unmanned Complex” International
UNMANNED VEHICLES Workshop UVW 2010 10-12 June , Istanbul, Turkiye, www.hho.edu.tr/uvw2010.

7. Getsov, P.,Wang Bo, D. Zafirov, G. Sotirov, St. Nachev, R. Yanev, P. Gramatikov, V. Atanassov, H. Lukarski,
S. Zabunov. AN UNMANNEDAERIAL SURVEILLANCE SYSTEM IN URBAN ENVIRONMENTS,
Aerospace Research in Bulgaria,2018,29,http:/www.space.bas.bg

Acknowledgements

I. The study was performed with the use of the base:
1. Set up under the project BG161P0O003-1.2.04-0053 "Information complex for aerospace
environmental monitoring" (IKAMOS), financed by the operational program "Development of the
competitiveness of the Bulgarian economy "2007-2013, co-financed by the European regional
development fund and from the national budget of the Republic of Bulgaria.
2. Project "Strengthening and Expansion of the Aerospace Technology Transfer Office in the Field of
Protection of Citizens' Health in Disasters" - BG161P0O003-1.2.02 under the Operational Program
"Development of the Competitiveness of the Bulgarian Economy" 2007-2013".

II. The authors gratefully acknowledge the support of K. C. Wong Education Foundation.

142


http://www.hho.edu.tr/uvw2010

