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DESIGN FEATURES OF MODERN FLIGHT SIMULATION DEVICES,
MOBILITY SYSTEMS AND VISUALIZATION SYSTEMS

Abstract. The aviation system is a complex and dynamic structure, the parts of which interact with each
other, affect each other, and their interaction should be as safe as possible. The safe functioning of this system
ultimately depends on the lives of people, both in the air and on the ground. Training and retraining of pilots,
as you know, goes in several stages, and simulator training takes a significant and unconditional place in the
ground training of future pilots. During the simulator training, the pilot acquires, maintains and improves
practical skills and abilities with the help of devices that simulate the cockpit and flight of the aircraft.

Keywords: aviation technology, simulator, flight simulation, mobility systems, visualization systems,

safety.

Introduction. The use of so-called simulation
dynamic stands-simulators or dynamic simulators
for training pilots, dispatchers and other specialists
associated with the safe operation of aircraft in real
conditions makes it possible to be at the helm of
the aircraft. To feel in real time, without threat to
life, its virtuality and its probable abilities, and the
admissibility of sensations in piloting and control.
The simulators are capable of simulating certain
situations, various meteorological conditions and
special cases when moving on the ground, in flight,
as well as simulating the operation of aircraft systems
using special models implemented in the software
of the simulator's computer complex. They are
economical, reliable, and most importantly, safe,
since a real flight is always associated with a certain
risk, and especially when the pilot who controls it
is not experienced. With the help of simulators,
you can work out many emergency situations, even
those that are not provided for by legislative acts and
flight manuals. In accordance with the Order of the
Minister for Investments and Development of the
Republic of Kazakhstan dated June 5, 2018 No. 431
"On Amending the Order of the Minister of Transport
and Communications of the Republic of Kazakhstan
dated September 28, 2013 No. 764" flight safety
”simulator training on an integrated flight simulator
is performed at least once every 6 months, in the
amount of 12 hours and at least once every 3 months
in the amount of 6 hours [1].

Today, simulators are used to train and maintain a
professional level, both in civil and military aviation,
and the demand for simulator training is increasingly
important, since the human factor still continues to be
the main cause of aviation accidents and incidents. It
should also be noted that the development of aviation
technology and software made it possible to bring the

technical capabilities of simulators to such a level of
perfection that training on simulators becomes more
effective than training on a real aircraft. Of great
importance in the modern process of training and
retraining of pilots and maintaining their professional
skillsis the fact that an aviation simulator allows you to
save significant financial resources in view of the fact
that the cost of operating a real aircraft significantly
exceeds the cost of operating a simulator (despite the
high cost of modern simulators, approaching the cost
of the aircraft themselves).

In addition to training purposes, modern
simulators can also be used for scientific purposes, for
example, to determine the procedure algorithm in case
of violation of the flight parameters specified in the
aircraft flight manual. In military aviation, simulators
are capable of simulating a combat situation, the use
of any aircraft weapons of destruction of the enemy,
which are difficult to implement in the course of
military exercises.

There are three types of simulators: tactical
simulators called Full Mission Simulator, complex
simulators - Full flight simulator, and procedural
simulators - Flight Procedures Training Device. Most
often, complex and procedural simulators are used
in civil aviation. On procedural simulators, pilots
acquire the skills to perform procedures for preparing
and performing a flight, procedural simulators do not
provide an opportunity to acquire piloting skills,
while integrated simulators are able to provide
training for a student in functional duties in aircraft
control.

Methods. Complex simulators are very complex
systems. They are able to simulate the movement of
an aircraft, both along the take-off field and in flight.
They have mobility systems or so-called acceleration
simulators that set the cab in motion, which allows
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and angular accelerations along all three axes, in
addition, it is possible to simulate movement.

Since the simulator platform is limited in its
stroke, the overload can only be reproduced for a
limited amount of time, but even this time is sufficient
for the pilot to be informed of the change in overload
caused by a control error.

Figure 1. Paired gimbal of the mobility system.

Results. The control of the mobility system comes
from the control stand, which includes: a control
computer with drive links of the mobility system for
settings and adjustments; drive link control crate;
uninterruptible power supply; software.

Figure 2. Lower gimbal.

Name of characteristic | Units of Value of Note
measurement | characteristic

Maximum consumed kw 90

electric power

Carrying capacity Kg 9000

Maximum linear m The characteristic value must be at least

displacements of PDS as specified in the table.

(operational)

longitudinal X

vertical Y +1,38..1,07

transverse Z +0,88...-

1,01+1,12

Maximum angular degree

displacements of PDS

(operational)

longitudinal X +24.9

vertical Y +27,9

transverse Z +25...-29

Maximum travel speeds | m/s 0,6 The maximum movement speed of the

along each of the three PDS is created by a harmonic signal with

axes of rotation of the an amplitude of 0.2 m and a frequency

PDS at which the PDS movement speed of
0.6 m /s will be achieved

Maximum rotational °/c 20,0 The maximum rotation speed of the

speeds for each of the PDS is created by a harmonic signal

three axes of rotation with an amplitude of 5 grams and a
frequency at which a rotation speed of
20°/s will be reached.

Name of characteristic | Units of Value of Note

measurement | characteristic
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7 Maximum acceleration | m/s? 6,0 The maximum acceleration of the
of movement along displacement of the PDS is created by
each of the three axes of a harmonic signal with an amplitude of
rotation 0.03 m and the frequency at which the

acceleration of displacement of the PDS
is6m/s?

8 Maximum acceleration | °/s 60,0 The maximum acceleration of the PDS
of rotation on each rotation is created by a harmonic signal
of the three axes of with an amplitude of 0.03 m and a
rotation frequency at which an acceleration of

rotation of 60 deg / s> will be achieved

9 | The characteristic of the Yckopenue nepeMelieHNs Iac
quality (smoothness) CO3JaeTCsl TapMOHUYECKHM CHUTHAJIOM
of movement when ¢ ammuutynot 0,3 M M yactoToil mpu
controlling movement KOTOpOH OyzeT HOCTUTHYTO YCKOpEHHUE
along the yaw axis Y nepemernenus [1J1C 0,6 m/c?

Deviation of the m/s? 0,04

acceleration of

movement along the

yaw axis (Y) from the

specified, no more

Parasitic acceleration of | °/s? 1,0

rotation about the roll

axis (X), no more

Parasitic acceleration of | °/s? 1,0

rotation relative to the

pitch axis (Z), no more

Frequency response for The amplitude of displacement at the

each of the 6 degrees of initial frequency of OHz is 0.25 m, and

freedom the amplitude of rotation is 6 degrees,
the final frequency is 10 Hz.

Attenuation of dB 0...-1,0

the amplitude of -1,0...-2,5

displacement at the -2,5...-4,0

following frequencies No increase in

<0,5 amplitude

0,5...1,0

1,0...2,5

2,5...10

Visualization systems are of great importance in
flight simulators. They reproduce images that reflect
reality as much as possible. These systems change
the off-cockpit environment depending on the pilot's
procedures. The images have to be perceived correctly
by the pilot and this is a very big problem. There are
two systems for visualizing the outside of the cockpit
environment, projection and collimation. Each of
them has its own advantages and disadvantages.
A projection system for visualizing the outside of
the cockpit environment. A screen is located at a
distance of about 3-5 meters from the trained pilot.
The projector projected onto the screen an image
corresponding to the manipulations made by the pilot,
generated by the software. The advantage of such a
system is its simplicity and low cost. The projection
system does not require the pilot to "get used" to the

image and, consequently, the pilot's visual organs are
not fatigued. Among the new training technologies,
promising projection laser technologies are currently
leading [3].

Conclusions. The disadvantages of such a
system include the underestimated realism of the
image. Collimation system for visualization of the
out-of-cab environment. This system uses mirrors,
beamsplitter and spherical concave, and also uses a
projector. The beam of light rays from the projector
propagates radially and refracts in such a way that the
specified light rays in the beam become parallel to
each other. The best performance is possessed by an
imaging system based on optical collimation devices
(spherical mirror + beam-splitting plate) and several
projection monitors (from 3 to 5). A rational optical
design, a special power structure and an almost ideal
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sphericity of a glass mirror make it possible to easily The disadvantages of this system are its
assemble multi-window visualization systems from complexity, high cost, as well as a negative effect on
such OCDs, which ensure the fusion and continuity the organs of vision, which is expressed in the rapid
of a panoramic image [4]. fatigue of the pilot's eyes.

Projector

Spherical dividing screen

@ Pilot

Spherical mirror

Figure 3- Layout of the functional parts of
the visualization system
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YUY YINTH KYPBLIFBUIAPBIH KACAY EPEKIIEJIIKTEPI,
YTBIM/bIK KYUEJIEPI ’)KOHE BU3YAJIM3ALIUA )KYUEJIEPI

AHHOTauus. ABUAIMAJIBIK KYHe — Oy KypZemi >KoHe AMHAMHKAJIBIK KYPBUIbIM, OHBIH Oemikrepi Oip-
OipimeH acepieceni, Oip-OipiHe acep eTelli xoHe oJapIblH 03apa OPEKeTTeCyl MyMKIHIITIHIIE Kayilci3 00Iybl
Kepek. byit xkyleHiH Kayilci3 ®)yMbIC icTeyi, CalbIll KeIreHae, afaMIap/IblH dye/e Jie, JKeplae Je oMipiHe
0aifmaHpICThl. ¥IIKBIIITAPIbI Naspiiay jKoHE KalTa Jaspiiay, e3/epiHi3 OineTiHael, OipHele Ke3eHHeH oTell
JKOHE NAaWBIHJBIK JKATTBIFyJapbl OOJIallaK —YIIKBIITAP/BIH XKep YCTiHJE AaspiiayblH/la MaHbBI3Ibl KOHE
ce3cCi3 OpbIH anajpl. JlaiibIHABIK OKYy/IaH O©TKEH Ke3/Ie ThIHAAYIIbl KAOMHAHBIH XKOHE 0ye KEMECIHIH YIIybIH
HMUTAUSIIANTBIH KYPBUTFBIIAP/IBIH KOMETIMEH MPAKTUKAIIBIK JAFIbIIap MEH ICKePIIKTEP/Il aajbl, YCTai Ibl
YKOHE KETUIIpeI.
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KOHCTPYKTUBHBIE OCOBEHHOCTH COBPEMEHHBIX YCTPOMCTB UMHUTALIUA
HOJIETA, CUCTEMbI IOABUKHOCTHU U CUCTEMbI BU3YAJIM3ALIUU

AHHOTauus. ABHallMOHHAsI CUCTEMA IPEACTABIsET cOOO0M CIOKHYIO U JUHAMUYHYIO CTPYKTYPY, YaCTH
KOTOPOH B3aMMOACUCTBYIOT MEXAy COOOH, BIMSAIOT OPYr HA Opyra U MX B3aUMOACHCTBHE JOJKHO OBITH
MakcuMasbHO Oe3omacHbIM. OT 6e30nacHOro (PyHKIMOHUPOBAHUS STOM CUCTEMBI B KOHEUHOM UTOI'E 3aBUCAT
KHM3HH JIIOICH Kak B BO3AyXe, TaK M Ha 3emiie. [loAroToBka u nepenoAroToBKa nNuiioToB, KaK U3BECTHO, HAET
B HECKOJIBKO 3TAIOB, U TPEHAXKEPHAs MOATOTOBKA 3aHUMAET 3HAYUTEIbHOE 1 0€3yCI0BHOE MECTO B HA3EMHON
MOATOTOBKE OyAyIIMX NWIOTOB. [IpM NpPOXOXKIEHUM TPEHAXEPHOH IOATOTOBKM HHJIOT HPUOOPETACT,
MOAJICPKUBACT U COBEPLICHCTBYET MPAKTUYECCKHUE HABBIKA M YMEHHS C IOMOLIBIO YCTPOMCTB, UMUTHPYIOLIMX
KaOMHY U TOJICT BO3LYLLIHOI'O Cy/HA.

KiroueBble c/10Ba: aBualMoOHHAsh TEXHUKA, TPEHAaXKEp, MMHUTALMs MOJETa, CHCTEMbI MOJBHKHOCTH,
CHCTEMbI BU3yaJIU3all1, O€30MaCHOCTb.
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