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Urgency of the research. Flight safety is an actual practical issue which solving influences the future of Ukraine as a transport
state. As a consequence of technical progress aviation technology is becoming more and more sophisticated and reliable. However,
the intensity of the impact on a person caused by various adverse factors, including information overloads, is constantly increasing.
Statistics show that up to 80% of accidents and disasters occur due to pilot errors. The reason for about 35 % of these errors is lack
of professional training, and about 40% of the errors are caused by inexperience of the crew.

Target setting. The cost of aircraft, crew training and the "price"” of error increase simultaneously. Cost of professional
training of helicopter crews on complex flight simulators is an order of magnitude lower than on real helicopters. Therefore,
today the focus of increasing the safety of flights is to improve the level of flight training and flight experience via the use of
flight simulators with a high level of information adequacy to a real helicopter.

Actual scientific researches and issues analysis. In order to ensure the possibility of the trained crew to obtain the appropriate
official documents stating their professional training level, the simulator must be certified according to national and international
requirements, i.e. the adequacy of its handling qualities to the appropriate qualities of a simulated helicopter must be guaranteed.

Uninvestigated parts of general matters defining. The equipment allows simulating the conduct of the helicopter in all
flight modes, including critical ones: control failure, landing in the mode of main lift rotor autorotation, etc., developing
practical recommendations for the flight crew, as well as to train the flight crew to find ways out of emergencies. Receiving
information about the flight mode, the parameters of the onboard systems, the external environment, etc., the crew envision
the information flight model. The information model of the simulator should be as similar as possible to the information mod-
el of the real helicopter. Consequently, the basic components of the simulator are the imitation systems providing the influ-
ence of the information creating the adequate picture of the flight on sense organs of the crew, including eyesight — a visuali-
zation system, flight control equipment, etc.; hearing — a system of aviation noise simulation; vestibular apparatus — a motion
generation system, tactile channel — a system for loading control levers.

The research objective. The listed systems form the informational model of the simulator, which should be coordinated with the
movement of the helicopter. A mathematical model of the helicopter movement dynamics and the models of the mentioned systems
provide this coordination. To provide the operation of the complex flight simulator, nonlinear mathematical models of helicopter
dynamics based on the modified discrete vortex method have been developed. The models describe the flow of the volumetric design
of the propeller apparatus and allow simulating a real-time flight in different modes, including "post-stall” condition.

The statement of basic materials. The principles and approaches to the qualification evaluation of complex flight helicop-
ter simulators in accordance with the requirements of the EU (CS-FSTD (H)) and IKAO (Doc 9625) are analyzed. The perfor-
mance capabilities of a complex full-flight Mi-171 helicopter simulator created by SPA "AVIA" are described. The necessity of
certification of flight simulators in compliance with international standards is substantiated. The analysis of the validation pro-
cedure is performed. The structure and functioning of the software complex designed to automate validation tests are described.

Conclusions. An algorithm for obtaining a conclusion on the test result for one of the tests is presented.
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Urgency of the research. Flight safety is an actual practical issue which solving influen-
ces the future of Ukraine as a transport state. As a consequence of technical progress aviation
technology is becoming more and more sophisticated and reliable. However, the intensity of
the impact on a person caused by various adverse factors, including information overloads, is
constantly increasing. Statistics show that up to 80 % of accidents and disasters occur due to
pilot errors. The reason for about 35 % of these errors is lack of professional training, and
about 40 % of the errors are caused by inexperience of the crew [1].

Target setting. The cost of aircraft, crew training and the "price" of error increase simul-
taneously. Cost of professional training of helicopter crews on complex flight simulators is an
order of magnitude lower than on real helicopters. Therefore, today the focus of increasing the
safety of flights is to improve the level of flight training and flight experience via the use of
flight simulators with a high level of information adequacy to a real helicopter.

Actual scientific researches and issues analysis. In order to ensure the possibility of the
trained crew to obtain the appropriate official documents stating their professional training
level, the simulator must be certified according to national and international requirements, i.e.
the adequacy of its handling qualities to the appropriate qualities of a simulated helicopter
must be guaranteed. Consequently, a complex scientific and practical task is the development
of an adequate model of flight dynamics of a helicopter.
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The research objective. In order to enable helicopter training crews to receive high-level
professional training, SPA “AVIA”, Kremenchuh developed and produced a complex full-
flight simulator (FSTD) of the Mi-171 helicopter type V (by classification [2]), or level
FFS(D) (by classification [3]). The equipment allows simulating the conduct of the helicopter
in all flight modes, including critical ones: control failure, landing in the mode of main lift
rotor autorotation, etc., developing practical recommendations for the flight crew, as well as
to train the flight crew to find ways out of emergencies.

Receiving information about the flight mode, the parameters of the onboard systems, the
external environment, etc., the crew envision the information flight model. The information
model of the simulator should be as similar as possible to the information model of the real
helicopter. Consequently, the basic components of the simulator are the imitation systems
providing the influence of the information creating the adequate picture of the flight on sense
organs of the crew, including eyesight — a visualization system, flight control equipment, etc.;
hearing — a system of aviation noise simulation; vestibular apparatus — a motion generation
system; tactile channel — a system for loading control levers.

The listed systems form the informational model of the simulator, which should be coor-
dinated with the movement of the helicopter. A mathematical model of the helicopter move-
ment dynamics and the models of the mentioned systems provide this coordination. To pro-
vide the operation of the complex flight simulator, nonlinear mathematical models of
helicopter dynamics based on the modified discrete vortex method have been developed. The
models describe the flow of the volumetric design of the propeller apparatus and allow simu-
lating a real-time flight in different modes, including "post-stall" condition.

The statement of basic materials. The guidance on the criteria for qualifying flight simu-
lators [2] designates the following levels of adequacy: "N (None or Not Applicable)" — not
required; "G (Generic)" — basic; "R (Representative)" — typical; "S (Specific)" — high. For in-
stance, the high level of adequacy S means that a helicopter of the specific type is being simu-
lated, and initial and periodic validation tests should be made on the basis of objective com-
parison of the data of the simulator with the approved data of the helicopter.

FSTD characteristics important for training, testing and checking flight crewmembers
need evaluating. They include the reactions of FSTD in the longitudinal and lateral motion
directions; flight technical characteristics while taking-off, hovering and moving, climbing,
cruising flight, downgrading, landing approach, power-on landing and landing in autorotation;
while performing all-weather flights, as well as checking control systems; and, if necessary,
checking the functions performed at the pilots and the instructor’s workplaces. To guarantee
the correct functioning, the performance of the systems simulating acceleration, vibrational,
visual and sound effects is also evaluated.

The performance data, flying qualities, and other necessary parameters recorded on a heli-
copter by means of calibration system of data accumulation with sufficient resolution and ex-
perimentally proved accuracy that allow forming a set of corresponding parameters, which
can be compared with similar FSTD parameters are considered validation data of flight tests.

The approved data is the performance data of the helicopter, collected through the applica-
tion of the appropriate engineering practice and accepted by the National Aviation Admi-
nistration, which is responsible for the qualification for use. The best sources of such data are
helicopter producers, although the data from other competent sources may also be considered.
For instance, the validation tests of the simulator by SPA "AVIA" rest on the data obtained in
the flight tests [4, 5], agreed with the National Aviation Administration and [6] which states,
that “The Mi-171, Mi-8AMT, Mi-172 and Mi-8MTV helicopters have the same flight per-
formance and operational characteristics”.
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In order to compare the performance data of the helicopter with one of the helicopter sim-
ulator in [2, 3], a system of tests in the form of the table of validation tests is given. The re-
quirements of one of the tests for comparing the balancing curves of the helicopter and the
simulator in the horizontal flight are given in Table 1.

Ne 3 (17), 2019

Table 1
The requirements of one of the tests for comparing the balancing curves
of the helicopter and the simulator in the horizontal flight
FLIGHT FSTD LEVEL
TESTS TOLERANCE CONDITIONS FFS FTD FNPT COMMENTS
A/B|C|D|1|2|3|1|II|/Il| MCC
f. Level Torque £ 3% Cruise stability |C |/ |V |V |C |V IVIVIVIV | « |Twocombina-
Flight Per- | Pitch angle + 1.5° T T tions of gross
formance |Sideslip angle +2° | Stability & & weight /kg and
and Longitudinal con- |augmentation M M at least two
Trimmed |trol position + 5% |on or off speeds (inclu-
Flight Lateral control posi- ding Vy and
Control tion + 5% maximum
Position Directional control cruise speed)
position + 5% within the flight
Collective control envelope.
position + 5% May be snap-
shot tests.
For FNPT level
1 changes in kg
are not re-
quired.
For FNPT (any
level), only one
stability aug-

mentation case
is required.

The resulting balancing curves should be within the limits of the tolerances with the re-
sults of flight tests.

To automate the validation tests, the software package TSFlightChart (Fig. 1) has been
developed. It allows making the following processes operational:

- receiving real time flight parameters of the simulator and displaying their diagrams on
the flight control officer’s monitor;

- managing recording of flight parameters (recording, stopping, pausing, putting custom
labels, etc.);

- saving flight information records;

- graphing flight parameters changes in time;

- editing diagrams (changing the set of displayed parameters, cutting out the desired areas,
changing the scale, etc.);

- saving the edited records in digital and graphic formats;

- processing flight information in accordance with the tasks of a particular test;

- generating a formal report on the results of the test.

The examples below demonstrate a fragment of the content of the flight task and a general
algorithm for forming the conclusion about the result of the test 1.f. Level flight Performance
and Trimmed Flight Control Positions.
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Fig. 1. Functional structure of the TSFlightChart complex

For a comparison test of balancing curves on the simulator, flights with the minimum and
maximum flight mass and with the extreme front and the extreme rear centering are per-
formed. In the horizontal flight phase without sideslip with the autopilot turned off and on,
several speeds within the permitted range for 10 ... 15 seconds are recorded. The following
algorithm processes the obtained records.

1. Generating a values array of the parameters to be evaluated.

2. Preparing the zones where the constant test speed was maintained during the test. De-
termining the beginning and end reference numbers of the zones (according to the labels
placed during the test), their quantity and length.

3. Calculating medium speed on each of the zones. Generating an array of speeds, which
were kept constant during the test.
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4. Calculating the average parameter value for each of the zones. Generating an array of
average parameter values for each zone.

5. Approximating the discrete dependencies of mean values of the parameters of the re-
sults obtained on stage 4 from average speed by power polynomials with increasing degree till
obtaining a sufficiently large coefficient of approximation reliability.

6. Obtaining continuous balancing curves by spline-interpolation of discrete dependences
obtained on stage 5.

7. Comparing the results of the balancing curves obtained on stage 6 with those obtained
in the flight tests. Identifying the maximum deviation of the simulator. Making conclusion
about the test result.

Adjusting the actual performance data of the simulator in accordance with the tolerance
limits determined by the requirements of validation tests CS-FSTD(H) is used as a method for
refining the parameters of the mathematical model of the complex helicopter simulator.

Determining the list of available (obtained as a result of flight tests) characteristics of sta-
bility and control, performance data and field performance for refining the parameters of the
mathematical model of the complex helicopter simulator is performed by comparing the list
of required characteristics and parameters contained in CS-FSTD(H) with corresponding
characteristics and parameters contained in the Helicopter Test Acts.

Conclusions. Thus, the developed training complex is certified according to the rules of
CS-FSTD, implemented in batch production of SPA "AVIA" and accepted for supply by the
Armed Forces of Ukraine, in accordance with the Order of the Minister of Defense of Ukraine.
To make validation tests automatic, the software package TSFlightChart has been developed.
The next stage of the software and hardware complex development should be the development
and implementation of an automatic flight control system, enabling automatic validation tests.
This, in turn, will significantly accelerate validation tests and reduce their cost.
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IMMPOTPAMHO-ATIAPATHUI KOMIIJIEKC KBAJII®IKAIIMHOT' O
OIIHIOBAHHS TPEHAKEPA BEPTOJIBOTA Mi-171

Axkmyanvnicme memu oocnioxycenna. besnexa nonvomie € akmyanibHoO npakmuiHo0 npodaemoio, 8i0 8upiuleHHs AKOT
3anedicums maubymue Yxpainu, ax mpancnopmuoi oepacasu. B pesynomami mexniunoeo npozpecy asiayitina mexmika cmae
6ce Oinvui dockonanow i naditinoio. OOHax, nocmitno 36iN6bUYEMbCA THMEHCUBHICMb 6NAUBY HA JIOOUHY DIZHOMAHIMHUX
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HecnpusAmaugUX axmopis, 3okpema ingopmayitinux nepesanmadicensb. Cmamucmuxa cgiouums, wo oo 80 % asapiii ma
Kamacmpo@ cmacmocs uepes nomunku niroma. Ilputomy, npuuunoio 6insa 35 % 3 yux nomunok € neoocmamms npoghecivina
niozomoska, i uwje onuzvko 40 % nomunox mMarome npuULUHOIO0 HeAoC8IOYeHiCmb eKinaicy.

Ilocmanogxa npobnemu. /[ 3a6e3neuenHs MOACIUBOCI OMPUMAHHSA NIO20MOBNIEHUM eKinadcem 6i0nosioHux ogiyii-
HUX OOKyMeHmi8 npo pisensb npogheciiinoi niocomosxu mpenasjicep mac 6ymu cepmudikosanuii 3a HayioHATbHUMU MA C8IMo-
BUMU BUMOAMU, MODMO Ma€E OYMU 2apanmosana adeKeamHicmy 1020 NIIOMAdICHUX AKOCMell 8I0N0BIOHUM AKOCMAM MOOe-
JIbOBAHO20 BEPIONLOM.

Ananiz ocmannix oocnioscens i nyonixayii. bynu posenanymi ocmanni docniodicens, RpuHYUnU i nioxoou 0o Keanigixayii-
HO20 OYIHIOBAHHS KOMNTIEKCHUX TbOMHUX MpeHadicepis eepmonbomis 32iono 3 sumocamu €C (CS-FSTD(H)) ma IKAO (Doc 9625).

Buoinenns nedocnioxcenux paniwie wacmun 3a2anvnoi npodnemu. Ingopmayiiina mooens mpenadicepa noguUHHA AKO-
Moea MeHute @iopisHamuca 8i0 inghopmayitinoi mooeni peanvrHozo eepmonvoma. Bionogiono, basucnumu KOMnoHenmamu
mpenadicepa € cucmemu iMimayii, wo 3abe3neuyoms 6NIUE HA Opeanu GiOuymmia exinaicy ingopmayii 0na cmeopenns ade-
K68AMHOI KAPMUHU NOTLOMY, Yy MOMY HUCi: 3ip — cucmema gi3yanizayii, nilomaddcHo-nagieayiini npunaou, mowjo; ciyx —
cucmema imimayii agiayitinux wiymie, @ecmuOyiApHull anapam — cucmema pyxXiugocmi, MAKMUlbHUll KaHanl — cucmema
3a6aHmMadicents gaicenis kepysans. [{na 3abe3neuenns pooomu KOMHIEKCHO20 TbOMHO20 mpeHadicepa po3pobneHo Henitill-
Hi MamemMamuyHi Mooeni OUHAMIKU 8ePMONbOMA, HA OCHOGI MOOUPDIKOBAHO20 MemMOOY OUCKPEMHUX 8UXOPI6, AKI ONUCYIOMb
06miKanHsa 06’€MHO20 KOMNOHYBAHHA 28UHMOKPULO20 Anapama i 00360410Mb MOOeN08amuy HOAIM Y PeanrbHoMy Macumaobi
4acy Ha Pi3HUX PEACUMAX, BKTIOUAIOUU «3AKPUMUYHIY.

Ilocmanogka 3aédanna. [lepepaxosani cucmemu gopmyroms ingpopmayitiny modens mpenadicepa, AKa nOGUHHA Oymu
CKOOpOUHOBANA 3 pyXom eepmonvoma. Lo koopounayito 3abe3neuye MamemamuiHa Mooenb OUHAMIKU PYX)y 6epMOIbOMA Ul
MoOeni PYHKYIOHY8AHHA BKAZAHUX CUCTEM.

Mema pobomu. Ananiz npoyedypu eanioayilinux unpodysans mpenagicepa.

Buknao ocnoenozo mamepiany. Kepignuymeom 3 kpumepiig keanighikayitinoco oyiHIo8aHHs MpeHadicepHux npucmpois
imimayii nonvomy [2] eusnaueni nacmynui pieni adexgeamnocmi: "N (None abo Not Applicable)" - ne sumacacmuvcs; "G
(Generic)" - 6azosuii; "R (Representative)” - munosuii; "S (Specific)" - sucoxuil. 3oxkpema, sucoxuii pigenv adexgammocmi S
03HAYAE, WO IMIMYEMbCA BEPMONIM KOHKPEMHO20 MUY, A NOYAMKOGi i nepioouuni eanioayiiini oyiHIOBaAHHs Ci0 NPOBOOU-
MU Ha OCHOBI 00'€KMUBHO20 NOPIGHAHHA OAHUX MPeEHadicepa 3 3ameepodcenuMU Oanumu eepmonvoma. Heobxiono oyinosa-
mu xapaxmepucmuxu FSTD, axi matoms eadicnuge 3uavenus 0ns nio20moeKu, mecmy8anis ma nepesipku 4ieHie 1bOmHux
exinasicie. Bonu exnouaroms peaxyiio FSTD 6 n0300821cHbomy i 60KOBOMY HANPAMKAX PYXY; TbOMHO-MEXHIYHI XapaKmepuc-
MUKU Npu BUKOHAHHI 316bOMY, 8 PEICUMAX BUCIHHA [ nepemilyenHs, Ha emanax Habopy 8UCOMU, KPelcepcbKo2o HONbOmY,
SHUDICEHHS, 3aX00Y HA NOCAOKY i NOCAOKU 3 NPAYIOIOUUMU O8USYHAMU § HA pedcUMi asmopomayii; npu GUKOHAHHI 8CEN0200-
HUX NONbOMIB, A MAKOJIC NePegipKU cucmem YRpaeuints, i, y paszi HeoOXionocmi, nepesipku QyHKyill, AKi GUKOHYIOMbCA HA
Ppobouux micysax ninomis i incmpykmopa. /s eapanmii npasunbHocmi QyHKYIOHY8AHHA OYIHIOEMbCSA MAKOIC poboma cuc-
mem imimayii akcenepayitinux, giOpayitiHux, 8i3yanbHux i 36yKOGUX GNIUBIE.

Banioayitinumu oanumu n1bomuux 6unpoOy8ans 88adlCAIOMbCA TbOMHO-MEXHIUHI XAPAKMePUCTUKY, XapaKmepucmuxu
cmitikocmi i keposanocmi ma iHwi HeoOXiOHI napamempu, 3apeccmposani Ha 8epMOIbLOMI 34 ONOMO2010 MAPOBAHOT CUC-
memu HaKONUYeHHs: OAHUX, WO MAE QOCMAMHIO PO30LNbHY 30AMHICMb | eKCNePUMEHMATbHO 008e0eHy MOYHICMb, W0 00360-
a5€ chopmyeamu Habip 8i0ON0GIOHUX nAPAMEMPIB, 3 AKUMU MOJICHA nopieHamu anano2iymi napamempu FSTD.

Bucnogxu 6ionogiono oo cmammi. Hagooumocs aneopumm ompumMaHHs UCHOBKY NPO pe3yIbmam npoxo0diCceHHs Ol
00H020 3 mecmis.

Knrwouogi cnosa: 6e3nexa nonvomis; nomMunKu niioma; 160muuti mpenasicep, ingopmayiiina modens,; eanioayiini eu-
npooy8amnHs.

Puc.: 1. Tabn.: 1. bién.: 12.
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