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Abstract:

Aerospace as a whole, primarily aviation and planes, for a short time
after 1903, greatly advance the frontiers of human activity. Initially, unsafe
"flying device" the plane, has become a factor in loose” resolving wars
and one of the reliable means of transport and communication between
people around the world. Quick technical and technological development
required a special approach. Mass production and use of aircraft, brought
in light the need for standardization in the production, testing and lead into
operational use of combat aircraft, as well as in commercial use for the
purposes of air traffic. Testing the aircraft, is now more disciplinary
research activity of a large number of experts from various fields, including
test pilot who is an irreplaceable member. At that goal the test-measuring
equipment (IMO), are specifically designed, and test pilots are trained in
specialized schools for the experiment pilots.

Keywords: aircraft testing, experimental research, necessity of testing,
air force, aircraft aerodynamics, test-measuring equipment, ultra high-
speed cameras, telemetry, theodolites, spin, sound barrier, test pilot.

Introduction

It has only been 113 years since the man's (Wright brothers) first flight
with the aircraft whose specific gravity was greater than the specific gravity
of the air, with the help of self-propulsion (engine) and the lift on the wings
(airfoil). Curiosity, self-assertion and courage as well as an everlasting
humans’ desire to move in the third dimension like birds were the
reasoning behind it (see Figure 1).
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Figure 1 — lkarus — Rogozarski-small Brandenburg, collection Ognjan Petrovi¢
Pucyrok 1 — Nkapyc — Poroxapckuii maneivi BpanaeH6ypr, konnekums OrHsH [MNeTposuy
Cnuka 1 — Wkapyc — ,,Poroxapckv manu BpaHaeHbypr” (konekumja OrkbaH MeTposuh)

It was not before long that military strategists realized the value of the
new vehicle and its ability to be used for military purposes. In many
countries, including Serbia in 1912 (Jani¢, Petrovi¢, 2011), this led to the
formation of a new service of armed forces (at that time the Army), Air
Force (called usually Aviation, Airplane Commands or Units). Names were
initially very diverse, and Air Force (AF) or Air Power (AP) were eventually
adopted. Very soon in the Great War (World War 1), planes were massively
used primarily in air combat but also in operations against enemy positions
and facilities on land and sea. Combat operations from the air were used
on all fronts, especially on the western front, and were performed by all the
warring parties. With the development of new technologies, materials,
structures, aerodynamics, engines, weapons and equipment, these once
unreliable and fragile structures (Jani¢, Petrovic 2011) became a very
powerful and reliable means of combat which soon in World War Il showed
all its value and power; they were often decisive in combat operations.
Realizing that the piston engine was a limiting factor for the plane,
engineers soon developed a turbojet engine (TM) (at the end of 1930s),
which offered completely new solutions and possibilities to the plane.
Aerodynamically speaking, after World War Il, the plane was in a crisis. It
was necessary to resolve the problem of transonic and supersonic speeds.
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The solution was found in suitable airfoil and wing shapes. The door
was open.

All structural variations were possible, especially due to the use of
new materials (composite materials, new electronic technology, ceramics,
etc.). The man soared to unprecedented speed and altitude, and even into
space. What was incredible until recently can be seen today in any serious
air show or exhibition in the world, leaving the audience amazed, not to
mention the use in warfare (Figure 2).

Figure 2 — Aircraft type Sukhoi Su-27
PucyHok 2 — Camonet CyxoMn, mapka Cy-27
Cnuka 2 — ABnoH tuna ,cyxoj” Cy-27

Few people wonder how this was accomplished, and whose efforts
and knowledge enabled it.

Necessity of tests

At the very beginning of aviation, airplanes were a product of work of
one man or a small team of 2 to 3 people who had the idea to fly. They
built airplanes by themselves, checking them constantly. There were many
attempts, many failures, unpleasant and even tragic events. However, they
continued again, realizing where the mistakes were. They solved problems
by feeling and experience, trial and error, until they realized that something
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needed to be measured, analyzed, and appropriate actions taken to
resolve problems with the aim of improving the quality, performance and
safety of the airplane flight (Bilbija, 2014).

Production of more aircraft, which was a necessity, required the
consistency and teamwork of aviation experts from various fields
(aerodynamics, engines, weapons, equipment, etc.), where the pilot is one
of the key figures in the team. It was possible to be done only by a unified
approach and standardization, with measurements in the basis. People
realized that only sense and experience can no longer follow the progress
and innovations in all fields of science and technology were applied to the
airplane. Airplane testing - experimental research is scientific and research
work of a large number of aviation experts; it is a multidisciplinary activity
which includes forming a testing team, devising testing methods,
performance testing on the ground and in the air during the flight, data
analysis, drawing conclusions about further activities and the like, with the
aim of bringing a tested vehicle to a state of effective and safe use (Bilbija,
1990).

Test-measurement equipment

Significant development of test and measuring equipment (TME) for
testing aircraft began in Europe in the late twenties and early thirties of the
last century, mainly in France, Germany and Switzerland. These were the
first but significant steps towards the establishment of the base of TME
now used for testing of aircraft, engines, weapons and equipment, without
which one cannot even imagine quality testing, both for development and
verification.

Serbian Air Force, at that time, noticed the value of this approach in
the development of aviation and started the education of its members
(Capt. Eng. Kosta Siv€ev, France, a.Villacoublay), in 1931 (Filipovi¢, 2012)
and the acquisition of available TME. Soon, in 1933, the Air Force Test
Group (VOG) was formed. It was the forerunner of the TPC (Test Pilot
Center) - now the Flight Testing Center — FTC (Dimitrijevi¢, 2003). This
was a logical sequence of events in a desire to follow the world trends. So,
at the end of the thirties (before World War Il), the first lectures about
aircraft testing were held by Prof Nenadovi¢ at the Faculty of Mechanical
Engineering in Belgrade. The first tests and measurements were,
practically, “with stick and rope”; soon new monitoring and measuring
devices appeared, first for individual parameters of aircraft operation,
engine operation and other equipment, and later for monitoring and
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registration of groups or more parameters. The aim was to monitor and
register as many elements — parameters during flights as possible to
analyze them later after landing and allow the continuation of tests and / or
corrections of measurements. After World War |l, equipment and devices
that were preserved (Arhiv Vazduhoplovnog opitnog centra, 2016), or
captured during and after the war were used for testing aircraft, weapons
and equipment (Figure 3). Since the existing equipment was already
obsolete, new equipment for testing in flight (barographs, registering
accelerators, etc.) was purchased in Switzerland in 1949 (Peravia). This
equipment, although of modest capability (measuring a maximum of three
parameters - data reduced to the time base), allowed successful testing of
aircraft and equipment at that time.

=i Mﬂlﬂﬂ S S 1Y ca——

Figure 3 — Pre-war cinetheodolite (Arhiv Vazduhoplovnog opitnog centra, 2016),

PucyHok 3 — [JoBoeHHbIn knHoTeogonut (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 3 — MNMpepgpaThu knHo Teogonut (Arhiv Vazduhoplovnog opitnog centra, 2016)

In line with the development of aircraft, TME also developed so that in
the mid-fifties (1956), the TPC acquired modern A20 series photographic
recorders of the SFIM French company (Figure 4, 4a, 4b, 4c) (Arhiv
Vazduhoplovnog opitnog centra, 2016), (Filipovi¢, 2012).

The purchased photo recorders and cinetheodolites were objective
"witnesses” of what really happened in the course of aircraft operation.
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Figure 4 — A20 photo recorder (Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 4 — ®otoperunctpartop A-20 (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cniuka 4 — ®oto-pernctpartop A-20 (Arhiv Vazduhoplovnog opitnog centra, 2016)
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Figure 4a — The principle of A 20 photo recorders
PucyHok 4a — MpuHuun paboTbl hoTopeructpatopa A 20
Cnuka 4a — MNpuHumn paga doTto-peructpartopa A 20
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Figure 4b — A20 installed on an MIG 21 (Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 46 — A20 yctaHoBrneHHbI B camonete Mul™ 21 (Arhiv Vazduhoplovnog opitnog
centra, 2016)
Crniuka 46 — A20 yrpaheH Ha aBuoH MUT™ 21 (Arhiv Vazduhoplovnog opitnog centra, 2016)
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Figure 4c — Record of the monitored parameters on the photo paper of an A20 register

during the tests (Arhiv Vazduhoplovnog opitnog centra, 2016)

PucyHok 4c — 3anuck - oTcrnexvBaeMbix NnapameTpoB Ha doTobymare permctpatopa
A20, coenaHHas Bo BpeMs ucnbitaHui (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 4y — 3anuc cHumMaHux — npaheHux napameTapa Ha oTo-nanunpy permcraparopa

A20 y Toky ncnutusama (Arhiv Vazduhoplovnog opitnog centra, 2016)

o

Bilbija, B., Aircraft testing in terms of methodology, safety and development of aircraft, pp. 45-68



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol 65, No 1

The application of test measurement equipment in our country kept
pace with global trends of that time. The main goal of using TME was to
objectively test and evaluate the quality of the aircraft, arms and
equipment so that they could fulfill their purpose.

Regardless of the cooperation with the SFIM Company, the VOC also
cooperated with other manufacturers buying their testing equipment - for
example the A13 recorder was purchased from SHLUMBERGER. It had a
possibility of monitoring and recording up to 24 parameters during the flight
(Arhiv Vazduhoplovnog opitnog centra, 2016), which significantly improved
the quality and efficiency of tests (see Figure 5).

Figure 5 — A13 recorder (Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 5 — Peructpatop A13 (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 5 — Peructpatop A13 (Arhiv Vazduhoplovnog opitnog centra, 2016)

This is what a so-called "black box" looks like. These recorders are
actually BLACK BOXES. They are highly resistant to impact, high
temperatures, water, and other types of damage. They are painted in
orange on purpose, to make them easier to be identified and found. They
got this name in the aviation jargon, because, when an accident or disaster
happens, they usually bring black news.

In order to study aviation weapons (firearms, rockets and bombs) as
well as the characteristics of aircraft in flight phases, high speed and ultra
high speed cameras for continuous recording are used as in other centers
for testing aircraft worldwide (Figures 6, 7) (Dimitrijevi¢, 2003), (Filipovi¢, 2012).
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Figure 6 — Ultra high speed cameras to record separation of bombs from bomb-carriers
(Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 6 — CBepxCKOpOCTHas kamepa Aansi 3annucu copacbkiBaHusi 6omb c
6ombapauposmkos (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 6 — YnTpabp3e kamepe 3a CHMMake ofBajata 6ombu ca bombo-Hocava
(Arhiv Vazduhoplovnog opitnog centra, 2016)

Figure 7 — Scheme of the bomb separation zone recording
PucyHok 7 — CxeMa CbeMOYHOM 30HbI Npy 3anncu copoca 6om6
Cnuka 7 — lllema 30He cHuMmana ofBajatba 6oMou
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Renowned manufacturers of this equipment also having been used in
this country are: AVIA and Sidetel (see Figure 8), (Filipovi¢, 2012), (Arhiv
Vazduhoplovnog opitnog centra, 2016).

Figure 8 — AVIA camera (Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 8 — AVIA kamepa (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnvka 8 — AVIA kamepa (Arhiv Vazduhoplovnog opitnog centra, 2016)

The digitalization era in the eighties influenced the methodology of
testing aircraft, armament and equipment in the VOC, too (Figure 9). It was
a huge improvement, because it allowed a simultaneous access to tests
data to all participants. In that way, the process of testing and analysis was
significantly reduced.
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Figure 9 — D-V/ISFIM embedded in the cabin of a prototype of the G-4 P-2 aircraft Super
Galeb (Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 9 — "D-V/SFIM" ycTaHoBneHHbIN B kKabuHe npoTtoTuna camoneta -4 M-2 "Cynep
ane6" (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 9 — D-V/SFIM yrpaheH y kabuHu npotoTuna asuoHa -4 M-2 ,cyneprane6” (Arhiv
Vazduhoplovnog opitnog centra, 2016)

Theodolites

The Air Force Development Plan from the first half of the 1980s dealt
with the further development and equipping of the VOC with test
measuring equipment (TME). In fact, the development of an NA (new
supersonic jet-plane) started. The NA was supposed to be the Yugoslav
Air Force variant of the OS, for a longer period, as a fourth-generation
multi-purpose aircraft, with the possibility of further improvement (Sredstva
za ispitivanje aviona, 2016).

For the purpose of NA quality monitoring and acceptance, the VOC
made great efforts in training the entire staff and providing modern
equipment for aircraft testing. It was the most modern equipment in the
world at that time.

G
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The optotheodolite system SKYTRACK (Figure 10), of the Swiss
company CONTRAVES, was purchased in 1988 and soon put into
operation for testing trajectory, flight aircraft, missiles, bombs, parachutes
and other means that were tested in the VOC.

Figure 10 — Optotheodolitesystem SKYTRACK
(Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 10 — Cuctema onTtunyeckoro Teogonuta "SkyTrack”
(Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 10 — Ontoteogonutckn cuctem ,SKYTRACK”
(Arhiv Vazduhoplovnog opitnog centra, 2016)

The SKYTRACK enabled the capture of the trajectory (Figure 11) of a
tested asset at distances from 0.5 to 100 km, depending on the size of the
object (combat aircraft and helicopters 15-20 km) being monitored and
recorded (Uputstva za teodolite i telemetriju VOC-a,1989).
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Figure 11 — Trajectory of a tested asset (Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 11 — N3o06paxxeHne TpaekTopum uccrnegyemoro obbekra
(Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 11 — lNpwvkas TpajekTopuje NCNUTUBaHOT CPeacTBa
(Arhiv Vazduhoplovnog opitnog centra, 2016)

The methods of monitoring and recording are triangulation and laser
tracking. The layout of units is given in Figure 12 (Uputstva za teodolite i
telemetriju VOC-a, 1989).

TEODOLITSKA
Y & Y STANICA 1
N,
AT
PCM/FM TELEMETRIJSKI ([} e
SISTEM < [

- ) . GLAVNA STANICA ZA X
DGPS PRIJEMNA STANICA TRAJEKTOGRAFSKO € 2

CENTRALNA ERACENJE TEODOLITSKA
AKVIZICIONA STANICA _amacaz

Figure 12 — Scheme of the arrangement of units (telemetry and theodolites) during tests
(Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 12 — bnok-cxema cbopa AaHHbIX (TernemeTpusi u TeoaonuT) BO Bpemsi
mcnbiTaHun (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 12 — lllema pacnopega jegmHuua (TenemeTpuja u TeofonuTn) y TOKY UCMMTUBaHA
(Arhiv Vazduhoplovnog opitnog centra, 2016)
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Telemetry

The testing of the modern aircraft (named NA in our country) was
accompanied by appropriate highly sophisticated equipment for
aerodynamic tests and testing of engines, equipment and devices
integrated in a plane. For that purpose, in 1989, the telemetry system PCM
! FM, of the American firm LORAL (Figures 13, 14), was purchased. The
system consists of a so-called ground system - receiving station and a
system to be installed on the plane with its sensors and encoders. The
system is able to monitor, record and transmit to the receiver station up to
220 parameters - data in real time at distances up to 200 km (mobile units
to 100 km), (Uputstva za Teodolite i Telemetriju VOC-a, 1989). The data is
immediately registered, monitored and analyzed by the team at the
ground-receiver station, so that the team can react immediately and direct
a test program in the desired direction. This reduces test time and enables
responding to various phenomena in real time during the flight, so that test
risks are reduced to a minimum (Sredstva za ispitivanje aviona, 2016).

Figure 13 — Telemetry System PCM/FM, US company LORAL - ground receiver mobile
station (Arhiv Vazduhoplovnog opitnog centra, 2016)

PucyHok 13 — TenemeTpuyeckas cuctema PCM / FM, amepukaHckoi komnanmm "LOREAL"
— HazeMHas MoburbHas npueMHas ctaHumst (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 13 — TenemeTtpujcku cuctem PCM/FM, amepuuke dpupme , LORAL” — 3emarscka
npujemHa nokpeTHa ctaHuua (Arhiv Vazduhoplovnog opitnog centra, 2016)
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Figure 14 — Telemetry System PCM/FM, US company LOREAL - operator position,
(Arhiv Vazduhoplovnog opitnog centra, 2016)
PucyHok 14 — TenemeTpuyeckasa cuctema PCM/FM, amepukaHckon komnadmm "LOREAL"
- paboyee mecTto onepaTopa (Arhiv Vazduhoplovnog opitnog centra, 2016)
Cnuka 14 — Tenemetpujcku cuctem PCM/FM, amepuyke pupme ,LORAL” — nosuumje
onepatopa (Arhiv Vazduhoplovnog opitnog centra, 2016)

An example of testing efficiency is a spin, evolution in which the
inertial forces and moments are dominant in relation to the aerodynamic
ones, so performing this evolution can be dangerous (MiloSevi¢,1992).

A spin can be generally performed by any plane; it is necessary to
find ways to enter it and recover from it while determining its conditions
(altitude, speed, entry and recovery). Some fighter jets, from the entry into
a spin until complete recovery and stabilization of the flight, lose even
several thousand meters.

Therefore, in the spin testing methodology, the "step by step" method
is used (a multitude of flights) to reach a complete definition of the
behavior of a certain aircraft in a spin (Figure 15, archives of the VOC,
photographs, 2016, Belgrade).
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Figure 15 — Graphic display of testing cross directional stability and dynamic spin
on the G-4 aircraft
PucyHok 15 — "pacuyeckoe n3obpaxxeHne UCnbiTaHUA NONEPEYHON YCTOMYNMBOCTU U
ynpasnsemocTtu camoneTa -4
Cnuka 15 — 'pacbuykn nprkas n3 ucnMTuBara NonpeyHo-cMepHe AMHaMMYKe
cTabunHOCTM U KOBUTA Ha aBUOHY -4

Telemetry has reduced this kind of tests to a minimum. Instead of
recording certain parameters with a photo recorder, their analysis after
landing, and repeating attempts, telemetry has allowed a "step by step”
method which gives the results only after a few flights, because the control
of flight tests is done in real time.

The test pilot and the whole test team are responsible for the security
of both the crew and the aircraft, as well as for further consequences of
their decision making when determining aircraft performances in a spin,
which are further on defined by the aircraft guidelines.

In my pilot experience as a test pilot, | was the first (on my own
responsibility since it was forbidden) to perform a spin on an "Eagle"
aircraft. | shared this experience with other experiment pilots with whom |
flew. Thus, they gained self-confidence and faith in the means they flew on
(Arhiv Vazduhoplovnog opitnog centra, 2016).
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Test pilot

Testing planes is persistent and painstaking teamwork of a large
number of specialists - experts, including a test pilot who is an important
part of the team (Figure 16). He faces all the problems, successes and
failures, and therefore bears a great responsibility (Bilbija, 2014).

Figure 16 — Test team after a flight (test pilot, Colonel Branko Bilbija, second from the
right), French Test Center Istres Marseille, March, 1986.

PucyHok 16 — KomaHaa neTtunkoB-ucnbiTatenen nocne noneta (JleTymk-ncnoitatens,
nonkoBHWK BpaHko Bunbus, BTopoli cnpasa), PpaHLy3CcKMIn aBUaALMOHHbIN
ncnblTaTenbHbln LeHTp Mictp-Mapcens, mapTt 1986 roga.

Cnuka 16 — OnuTHW TUM Nocne neTa (ONMTHU NUMOT, NyKOBHUK Bpanko Bunbuja, apyru
3aecHa), PpaHuycky onuTHU ueHTap Mctp-Mapcej, mapt 1986

In the beginning, flight enthusiasts constructed airplanes, flew and
carried out tests. It was a romantic era of aviation, where one person or a
small team solved all the problems. The development of technologies and
their applications in aviation, together with the understanding of the value
of aircraft as a means of combat fully differentiated specific areas where
experts could engage in aviation. It became clear that only a well-trained
pilot could contribute to aircraft development and be a part of the team that
solves the problems in the air, and also cooperate with other members -
engineers and technicians.

The need for a pilot specialist who would be a link with other experts
and specialists was realised in the 1930s. The first attempt to form a
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school of test pilots was at the airport Villacoublay, near Paris, in 1935.
The aim was to train pilots and flight engineers, in order to standardize
testing methodology, unlike the previous practice, where pilots usually had
their personal methods and applied them.

The attempt remained only an attempt. However, due to the need to
standardise the test criteria and to improve the knowledge in specific areas
- aero dynamics, flight mechanics, test techniques and methodologies - for
a better understanding of problems and easier communication among
experts of different profiles from different fields, the first school for test
pilots in the world was established. It was the "Empire Test Pilots School"
in Boscombe Down, England, in 1943.

Training of test (Bilbija, 1986), (Bilbija, 1987) pilots and flight
engineers fully proved its worth in the further development of aviation and
aviation in general. A good example of this is testing the best aircraft climb
rate, which is performed in a strictly straight linear flight, with the full power
of the engine; it is the product of the aircraft power capabilities.

Also, testing aircraft at defined Mach numbers and high speeds
requires appropriate attention and knowledge of testing methodology. In
this kind of testing, in contrast to a spin, the airfoil and shape of the wings
define in advance the potential of the aircraft, especially at transonic and
supersonic speeds. (Milodevi¢, 1981).

Reaching the speed of sound and a value slightly above it with a
transonic plane (NJ-22, " Eagle ") (as shown in Figure 17), is performed at a
steep angle of descent (30-45 degrees), with the full engine power. The
starting height is typically 12,000 m. Thus, depending on the air temperature,
(the speed of sound depends only on the air temperature) the speed of sound
is reached. The height over 10,000 m is recommended for this.

Ca
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Figure 17 — Orao two-seater in which test pilot Branko Bilbija broke the sound barrier
PucyHok 17 — OByxMecCTHbI «Openy, Ha KOTOPOM NeTYnk-ucnoitatens bpaHko Bunbusa
npeogornen 3BykoBon 6apbep
Crnuka 17 — ,Opao” aBocep, KojuM je onuTHu nunot bpaHko Brunbuja npoburo 3By4Hn 3ug

In peace time, flying at supersonic speeds is done above 10,000 m,
due to possible consequences on the ground caused by a shock wave
when a plane flies faster than the speed of sound. A shock wave is
presented in Figure 18, and its visual effect in Figure 19.
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Figure 18 — Shock wave
PucyHok 18 — N3o6paxeHne yaapHOW BOMHbI
Cniuka 18 — lNpukas yaapHor Tanaca
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When an aircraft exceeds the speed of sound and enters the zone of
supersonic speeds, it causes instant changes in the atmosphere around it.
This can be sometimes clearly visible (Figure 19) when the air humidity is
high. The change in air pressure in that moment is manifested as a bang
on the ground. At that moment, the pilot in the cabin does not feel these
changes — everything is silent, and only through instruments (altimeter,
variometer and Machmeter), the pilot receives information that his speed is
above M = 1. Speed reduction and transition to the subsonic zone, which
is usually done in turn, creates a danger of a sudden increase in the load
on the vertical axis due to the change in deflection and the efficiency of the
control surfaces, thus affecting the condition of the pilot and the plane.
Aircraft using a "fly by wire" control system do not have this problem.
Special equipment for supersonic speeds and high altitudes restricts and
complicates the work of pilots in each phase of the flight and requires a
special training.

Figure 19 — Display of the visual effects for an aircraft passing Ma = 1 "sound barrier ”
PucyHok 19 — U3obpaxeHue su3yarnbHbIXx 3¢hghekmos rnpu rnpoxoxoeHuu camosema
Ma = 1 "cmeHa 38yka ”

Cnuka 19 — Npwvkas Bu3yenHor edekata npw nporacky aBnoHa Ma=1 3By4HM 3ug
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The aforementioned has pointed out the need for the specialization in

certain stages of testing such as:

— Development testing — these are construction tests performed by
pilots and teams of constructors - in this case, the design/-
construction team was most often the VTI ( MilitaryTechnical
Institute), Zarkovo, and tests were also carried out by the test
pilots from the Test Pilots Center - VOC (today CLI). These are
the tests performed by the designer/constructor to prove whether
tactical and technical requirements are met. After successful
development testing, a decision is made to move to the next
stage.

— Verification testing - in the Test Center, to confirm/verify the test
development, performed only by the experts and test pilots from
the VOC. It is sometimes possible to include other experts —
aircraft designers and manufacturers — for specific purposes.

— Tactical tests - for the needs of the tactical use, they are
performed in particular Air Force units.

— Tests after the start of the aircraft series production and after
performed checks in Overhauling Institutes (RZ), in a tactical unit
during regular aircraft maintenance in a unit, done by test pilots
trained in the VOC for that type of activity.

The testing process generally finishes in this moment although certain

interventions are possible throughout the whole operational life of the
aircraft.

Conclusion

This paper, without going into detailed explanations (otherwise it
would have been a lengthy work), intends to show to a layman reader what
happened in aviation and what happens next.

One hundred years is a long time, but for aviation it is a very short and
dynamic period in which it has developed by leaps and bounds. Designers,
engineers, test experts, test pilots and many others are connected, like by
Ariadne’s thread, by the desire to progress and to achieve new goals. All
participants are equally important.

As a final synergetic result, joint work leads to new products.
There is no greater satisfaction than success!

<>
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NCTBbITAHNA CAMOJIETA C TOYKW 3PEHUA METOLONOT NN,
BE3OMNACHOCTU 1 PASBUTUNA ABUALMOHHOWM TEXHUKWA

BpaHko b. bunbus
reHepan B oTcTaBke, I. benrpag, Pecny6nuka Cepbus

OBNACTb: aBnauusi, BoeHHasi aBmauusi, UCnbiTaHUSA U UCCreaoBaHUs
caMoneToB

BWO CTATbW: opurmHansHas Hay4Has ctaTbs

A3bIK CTATbW: aHrnuickmin

Pe3some:

Asuayus 6 uyesioM, a 8 4YacmHocmu passumue KOHCmpPyKUuul
camoriemos, 8 medyeHue Kopomkoz2o epeMeHu, HadyuHasi ¢ 1903 2o0da, e
3HayumernbHOU  cmeneHuU  pacwupunu  epaHuybl  Yesiogeyeckol
OesimernibHocmu. [lepabie «8030yxonnasamesibHble CHapsiObly MpPYyOHO
6b110 Hazeamb 6e3omnacHbIMU, HO 8CKOpe caMosiembl cmarsiu pewiarouum
¢hakmopom 6 8olHax U OOHUM U3 caMbIX HalexXHbIX cpedcms
nepedswxeHuss U ces3u Mex0Oy modbMu o ecemy mupy. bbicmpoe
MexXHUYeCcKoe U  MEeXHOMo2UYecKoe  passumue  HyX0aroch
cneyuansHol memodosioauu. Maccosoe npoussodcmeo U fpuMeHeHUe
nemameribHbIX annapamos eblsi8uUnIuU Heobxodumocmb
cmaHOapmu3ayuu 8 obracmu rnpou3sodcmea, UCnbimaHuli U UX
8HEOPEHUST 8 B0EHHO-60EBYH0 IKCIITyamauyuto, @ maKXe 8 KOMMEDPYECKYIO
aKcryamauyuro 8 yersx 6030yWHbIX NMepeso3oK. Takum obpas3oM, Ha
Ce200HSAWHUU OeHb ucrnbimaHusi camornemos eKrroYarom
MynbmuOUCUUNIIUHapHble  MemolObl, 8  MPUMEHeHUU  KOMOpPbIX

e



3adelicmeosaHa 6orblwasi KomaHOa crieyuanucmos U 3KCrepmos,
npedcmaesnsrowux pasnuyHble obriacmu HayKu U MeXHUKU, a 2rasHbIM
yyacmHukoM OaHHOU KOMaHObl HEMUHyeMo sersemcsi J/1em4yuk-
ucnsimamenb. [ns Hy>0 ucribimamersibHbIX Meporpusmul crieyuanbHO
paspabambigeaemcsi KOHMPOJSIbHO-U3MepumesibHoe 0bopydoeaHue, a
camu Jilemquku rpoxodsim crieyuanbHoe OobydYeHue 8 UeHmpe ro
noG2omoekKe riem4yukos-ucriimamered.

Kntouesble crioea: ucrbimaHusi camoriema, uccriedosaHusi,
HeobxoOuMocmb 8 UCHbIMaHUsIX, B0eHHasl aeuauusi, aspoluHaMuKa
camorsiema, KOHMPOJIbHO-U3MEPUMESTbHbLIE MPUBOPbI, C8EPXCKOPOCMHbIE
Kamepbl, merniemMempusi, meodonumasl, WmMornop, 38ykoeol 6apbep,
Jiemyuk-ucribsimamerib.

NCTMNTUBAHE ABMOHA CA ACINEKTA METOOONOIJE,
BE3BEAHOCTU N PASBOJA NETENWLIE

Bbpanko Bb. bunbuja
reHepan y neHauju, beorpag, Penybnvka Cpbuja

OBNACT: Ba3gyxonnoBCTBO, paTHO Ba3gyxOMnfoBCTBO, ONUTHA UCTpaXunBaka
Ba3ayxonsosa

BPCTA YJTAHKA: opyrHanHu Hay4Hu YnaHak

JESNK YJTAHKA: eHrneckm

Pes3ume:

Ba3sdyxonnoecmeo y uenuHu, a npe ceeaa asujayuja U aBUOHU 3a
Kpamko epeme, HakoH 1903. 200uHe, ysesnuko cy rnoMepusiu 2paHuue
reydcke OenamHocmu. O4 knumasux” u Hebe3bedHux nemehux cripasa,
asuoH je nocmao pewasajyhu ¢hakmop y pamosuma U jedHO 00
rnoy3daHux cpedcmasa rpeeo3a U KOMyHUKauuje mehy rbyduma wupom
ceema. bp3u MexHUYKO-MEXHOMOWKU pa3eoj 3axmesao je u rocebaH
npucmyn. MacosHa nipou3dsodra u Kopuwhere aguoHa UsHedpunu cy
nompeby 3a cmaHdapdusayujomM y npoussoOmH-U, ucnumueary U
ysohere y onepamusHy yrompeby 6opbeHux asuoHa, Kao U yeohere
asuoHa 3a nompebe ea3dywHoe caobpahaja. Vicnumueare asuoHa
OaHac je euwe OuyuniuHapHa ucmpa)xueayka axkmueHOCm BerluKoe
bpoja cmpy4yrbaka U3 pasnuyumux obsiacmu, mehy Kojuma je onumdu
nurom He3zaobunasHu 4naH. Padu moea ce ucrnumHo-mepHa orpema
(UMQO) nocebHo OusajHupa, a onumHuU nugomu obyyasajy Yy
crieyujanu3ogaHuM WKonama 3a ornumHe fuaome.

KrbyuHe peun: ucriumuearse 6a3dyxoriosa, OfumHa UCmpax usarsa,
Hy)XHOCM —ucnumuearba, pamHo 8a3dyxomnnoecmeo, aepoduHaMuka
aelLoHa, UCMUMHO-MepHa ofpema, ynmpa 6p3e kamepe, menemempuja,
meodonumu, Koeum, 38y4Hu 3ud, ONUMHU NUIom.
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