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HIATPUMAHHS JbOTHOI NPUJIATHOCTI HOBITPSIHUX
CYJAEH

SERVING AIRCRAFT. MAINTANANCE FLIGHT APPLICABILITY
AIRCRAFT

Bruantsev O.
National Aviation University, Kyiv
Scientific Advisor - Pershukova 0.0
Doc. of Ped. Sc., Prof. of the Aviation English Department

Daily check, this check after travels, post-flight, maintenance pre-flight, service
check, and overnight to name a few. It is the lowest scheduled check. Walk around
inspection by flight crew is not normally a part of a maintenance program. A daily
check is a cursory inspection of the aircraft to look for obvious damage and
deterioration. It checks for "general condition and security” and reviews the aircraft
log for discrepancies and corrective action. The accomplishment of the daily check

requires little in the way of specific equipment, tools, or facilities.

Examples of daily check items include:

« Visually inspect tail skid shock strut pop-up indicator;

* Check fluid levels;

« Check general security and cleanliness of the flight deck;

« Check that emergency equipment is installed.

'A' check. This is the next higher level of scheduled maintenance. It is
normally accomplished at a designated maintenance station in the route structure and
includes the opening of access panels to check and service certain items. Some limited
special tooling, servicing, and test equipment is required. The 'A' check includes the
lower check, then Daily check. Examples of 'A' check items include:

e General external visual inspection of aircraft structure for evidence of
damage, deformation, corrosion, missing parts;

* Check crew oxygen system pressure;

« Operationally check emergency lights;

« Lubricate nose gear retract actuator;

« Check parking brake accumulator pressure;

« Perform Built-in Test Equipment (BITE) test of Flap/Slat Electronics Unit.

‘B’ check. This is a slightly more detailed check of components and systems.
Special equipment and tests may be required. It does not involve, however, detailed
disassembly or removal of components.

Contemporary maintenance programs do not use the 'B' check interval. For a
number of reasons, the tasks formerly defined for this interval have, for many
airplanes, been distributed between the ‘A" and 'C' check.

'C' check. This is an extensive check of individual systems and components
for serviceability and function. It requires a thorough visual inspection of specified
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areas, components and systems as well as operational or functional checks. It is a
high-level check that involves extensive tooling, test equipment, and special skill
levels. 'C' checks remove the airplane from the revenue schedule for 3 to 5 days. The
'C' check includes the lower checks, i.e. 'A,' 'B," and Daily checks. Examples of 'C'
check items:

« Visually check flight compartment escape ropes for condition and security;

» Check operation of DC bus tie control unit;

« Visually check the condition of entry door seals;

« Operationally check flap asymmetry system;

* Pressure decay check APU fuel line shroud,;

* Inspect engine inlet TAI ducting for cracks;

* Operationally check RAT deployment and system.

‘D' check. This can also be referred to as the Structural check. It includes
detailed visual and other non-destructive test inspections of the aircraft structure. It is
an intense inspection of the structure for evidence of corrosion, structural deformation,
cracking, and other signs of deterioration or distress and involves extensive
disassembly to gain access for inspection. Special equipment and techniques are used.
Structural checks are man-hour and calendar-time intensive. The 'D' check includes
the lower checks, i.e. 'A," 'B,' 'C,' and Daily checks. This check removes the airplane
from service for 20 or more days. Examples of 'D' check items include:

« Inspect stabilizer attach bolts;

« Inspect floor beams;

« Detailed inspection of wing box structure.

Cnucok BUKOPUCTAHHUX JIZKepeJi:

1. Amanmonnsle npasmia, AIl-25, pex. 3 ¢ nmompaBkamu 1-7/ MexrocynapcTeHHBIH
Asunarnmonssiii Komurer - OAO “ ABUAU3AAT”, 2014. - 280c.

2.https:/iwww.icao.int/Meetings/STAL10/Documents/
StateAviationQuestionnaire_ru.pdf

IMPORTANCE OF FATIGUE MONITORING, FLIGHT 243

Ishunin E.K.
National Aviation University, Kyiv
Scientific supervisor - Voznyuk A.P.,

Aviation is evolving day by day. Most of the improvements that have made
aviation safer have come from incidents and disasters. Some incidents have affected
specific rules or types of aircraft, and some have changed the world of aviation in
general.

One of the catastrophes that has led to global changes in aviation, namely
technical changes, such as the design of aircraft with other strength calculations, the
prediction of this strength over life, and the aircraft maintenance program is flight 243.
“On April 28, 1988, at 1346, a Boeing 737-200, N73711, operated by Aloha Airlines
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Inc., as flight 243, experienced an explosive decompression and structural failure at
24,000 feet, while en route from Hilo to Honolulu, Hawaii. There were 89 passengers
and 6 crew members on board. One flight attendant was swept overboard during the
decompression and is presumed to have been fatally injured” [1].

This accident started early in the morning of the 28th of April 1988. At that
time only once a day preflight inspection had been performed. Therefore, at 5 a.m.
current crew did the preflight inspection in the darkness where only an apron and
personal light were available. All flight crew was briefed, they took on the passengers
and started their duty. The first duty started with three round trip flights. During the
first duty the aircraft performed completely normal. At 11 a.m. it was time for a crew
change. So, the second duty started and it included three flights. Aircraft flew from
Honolulu to Maui and then on to Hilo, these are the first two flights, the third one is
flight 243. The weather was absolutely clear, and aircraft behavior and indications
were still normal. They took off at 1:25 p.m. and as they leveled off at 24,000 feet,
they heard this horrendous noise which was kind of like a pop and a tear. A huge
pressure change took place there. The captain looked around, the cockpit door was
gone and he had seen blue sky instead of the roof over the first class. Pilots realized a
major structural malfunction of the aircraft. The flight crew started emergency descent
to the maximum of 10,000 feet for safe breathing. Additionally, to the lost part, before
the landing, they got an absence on nose gear extension indication and first engine
failure. At time 1:58 p.m. the aircraft touches down on runway 02 in Maui. It is a
completely normal landing; the aircraft comes to a stop on the runway and as soon as
they stopped evacuation started.

The National Transportation Safety Board came to Maui and started their
investigation. They find initially a section of the overhead part of the aircraft structure
has been ripped apart. It was visible the metal has been kind of shredded in V-form
below the left-hand side and the structure is bent out to 90° over the window level on
the right-hand side. This would indicate that the actual break started on the right-hand
side and it was opened like a can outward to the right side where it is ripped off.

The NTSB started to search for the answer to the main question, what could
cause such a major structural failure. The first important thing that must be mentioned,
Aloha Airlines were flying very special types of 737 flights, a major part of them is
between islands, so the flights are short and aircraft climbs only up to a fraction of the
maximum altitude of 737, also humidity is continuously higher than the normal. When
Boeing constructed the 737 it had given it what we call a safe life. The earlies series of
the 737-200 was designed as semi-monocoque, so what is important here 737-200 has
skin made of metal sheets that were 18 feet long and 0.03 inches thick. These
aluminum sheets were done overlapping what we call lap joints with about three
inches, so there is upper and lower skin and between these three inches when they
overlap Boeing put a cold bonded adhesive and three rows of rivets. After several first
737-200, D-checks Boeing started to realize that cold adhesive wasn’t great, especially
if it was subjected to humid conditions and it had a tendency to disbound. It means all
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forces of constant pressurization changes are kept only by three rows of rivets, in this
case, crack propagation may take place. Boeing knew this and make a service bulletin
where was information about extra inspections of that adhesive and skin. For some
reasons Aloha Airlines skipped this inspection. The structure also has a fail-safe
principle called tear straps. They are fastened to the skin and also with help of
adhesive and rivets. Tear straps are not only reinforcing the full structure but also
redirect cracks, as the same adhesive problem could take place there, so crack
propagates along with the whole body. As a part of the service bulletin maintenance
personal had to check all the tear straps for corrosion of adhesive, which was not
performed by Aloha.

They also find that the thrust control cable, which was running to the left-hand
engine (engine 1), had been torn apart. It turns out that inside of the pressure vessel
the aircraft is pressurized both in the passenger and cargo compartment. Thus, due to
explosive depressurization air flows through the floor, those forces bent and cracked
floor beams. The left-hand side was damaged the biggest and due to bending extra
tension appeared on wire of left-hand engine thrust control. This wire was made of
carbon steel and was subjected to corrosion. As tension increased the wire snapped.
However, several years before the accident Boeing issued a bulletin, where the change
of this wire is required to stainless steel. Aloha Airlines haven performed it.

Like all accidents, it is a combination of these problems and factors. Boeing
had some problems during manufacturing earliest 737-200s, together with the lack of
engineering practices at Aloha Airlines, together with the lack of oversight from the
management of Aloha Airlines, together with the fact that FAA was not managing
Aloha Airlines properly. All these led to the fact the accident happened.

So, this accident becomes incredibly important for the aviation industry, the ability to
understand metal fatigue, the importance of monitoring the number of cycles the
aircraft is subjected to, and how to work with fatigue cracking if it ever appears.

References:
1. Aircraft Accident Report: Aloha Airlines, Flight 243 Boeing 737-200 N73711.
URL.: https://www.ntsb.gov/investigations/AccidentReports/Reports/ AAR8903. pdf

HISTORY AND CURRENT STATE OF CIVIL AVIATION OF CHINA

Jintao Han
National Aviation University, Kyiv
Scientific adviser - Salimov R.M., Ph.D., Associate Professor

Annotation: the article is talked about different stages of the history and
development of civil aviation in China. The main economic dates are analyzed.

The rapid economic development of China at the beginning of the 21st century
was largely ensured thanks to large-scale investments in the modernization of the
transport complex. Civil aviation is the most dynamically developing branch of the
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PRC transport complex. In recent years, China has further expanded its route network,
making it the second-largest air transport system in the world.

In the new China, civil aviation developed gradually, going through four main
stages in the history of its development: the stage of creation from 1949 to 1957, the
stage of regulation from 1958 to 1965, the stage of difficult progress from 1966 to
1976, and a new stage of development, starting with the 1977 year.

Until 1949, there were only 36 airports in mainland China that operated by air
on major routes, including Shanghai Longhua, Nanjing Dajiaochang, Chongging
Shanhuba, Chongging Jiulongpo and other primitively equipped airports. Except for
Shanghai Longhua and Nanjing Dajiaochang airports, which could receive DC-4
model transport aircraft for takeoff and landing, other airports could only receive DC-
2 and DC-3 transport aircraft models of that time. As a result of years of wars and
unrest, the airports were in a state requiring urgent construction and reconstruction.

Civil aviation is the most dynamically developing branch of the PRC transport
complex. Over the past 10 years, the number of passengers transported has increased 4
times, the volume of cargo - 3.5 times, passenger turnover - three times, cargo
turnover - four times. China has become the second-largest market for passenger air
travel in the world after the United States. In 2005-2010 total investment in the
industry amounted to 950 billion yuan, Chinese air transport carried more than 1
billion passengers (14.1% annual growth).

The civil aviation industry in China made a powerful leap forward during the
eleventh five-year plan period: the profits of Chinese airlines exceeded thirty-five
billion yuan. This is sixty per cent of the income of the world air transportation
market. Such data was reported at a press conference by the head of the General
Directorate of Civil Aviation of the PRC Li Jiaxiang. He also noted that the country's
aviation industry demonstrates steady growth and contributes to the rapid and
progressive development of the national economy.

The main passenger flows pass through the leading airports in China (Beijing,
Shanghai and Guangzhou). In 2014, 94 national and foreign airlines operated at the
Beijing International Airport, whose aircraft operated flights to 236 cities in 51
countries of the world. The airport served 86.1 million people, which secured it the
second place in the world in terms of passenger handling. It is estimated to host over
100 million people in 2015. and will overtake the largest airport Hartsfield Jackson
International in Atlanta (USA), which annually receives 95 million people. In
December 2014, the State Development and Reform Committee (SCRD) of the PRC
approved a plan to build a second international airport in Beijing in the Daxing
metropolitan area. According to the documents, its cost is 80 billion yuan ($ 13
billion), it is assumed that in 2025 the annual capacity of the new airport will exceed
72 million passengers, 2 million tons of cargo

In 2017 was amended the civil aviation law for People’s Republic of China.
This Law is formulated in order to safeguard State sovereignty over territorial airspace
and civil aviation rights, to ensure that safety and order of civil aviation activities, to
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protect the legal rights and interests of all parties involved in civil aviation activities
and to promote the development of civil aviation operations. There are the main
principles of it:

- The airspace above the territorial land and territorial waters of the People's
Republic of China will be the People's Republic of China territorial air. The People's
Republic of China has absolute and exclusive sovereignty over its territorial airspace.

- The State supports the development of civil aviation operations and
encourages and supports scientific research and educational undertakings which
develop civil aviation, with a view to raising the scientific and technological level of
civil aviation.

- For the purposes of this Law, the term "civil aircraft" refers to aircraft other
than those used for flight operations by the army, Customs and the police.

- The rights over civil aircraft referred to in the provisions of this Chapter
will include rights in respect of the airframes, engines, screw propellers, radio
equipment and all other related parts which are used on a civil aircraft, regardless of
whether those parts are affixed to the aircraft or temporarily detached.

The state plans to put into operation another 100 airports by 2020, and is
working to expand the access of general aviation aircraft to existing airports. It is
likely that with the introduction of new rules for the use of airspace for general
aviation aircraft, most civil airfields will be opened. In particular, Embraer has
published a forecast for the development of the Chinese air market for 2011-2030,
which states that local airlines will replenish their fleet with 975 new passenger
aircraft over the next 20 years. China's economy is developing very fast, in turn, and
rapid development of regional traffic.

In 2020, after the global lockdown caused by the virus Covid-19, China's
economy stopped developing. The commercial air transport industry in China is
gradually recovering - by the end of March, traffic volumes reached 42% of pre-crisis,
if we take as a starting point the period before the coronavirus epidemic in December
2019. According to the Chinese Civil Aviation Administration (SAAS), the average
number of daily flights reached 65, exceeding 20% in February. Most of these flights
took place in cities located in the Yangtze River Basin (the area with the most
developed industry), including Shanghai, the financial centre of mainland China.
China’s civil aviation industry expects passenger traffic to recover to around 90% of
pre-epidemic levels in 2021.

References:
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SAFETY MANAGEMENT SYSTEM ENHANCEMENT

Sheshenia P.
National Aviation University, Kyiv
Scientific supervisor — Rugain O.V., PhD, Assosiate Professor

The international SMS standards and requirements are represented as
regulations to be implemented. They are created in a way to show “what to do” rather
than “how to do it”. The main objective is to create standards that are set to
accommodate a wide variety of types and sizes of organisations [1]. These standards
are designed in such a way that the operators and service providers may put together
the safety management practices and their own operational models. The increase in the
number of flights leads to the fact that each organization must apply new methods to
increase the level of flight safety to meet international requirements. Below are the
points that will help aviation organizations to achieve the desired results [2].

The following components of a safety management strategy shall be
implemented to reduce the number of accidents and incidents [3]:

o Explicit safety policy ensuring the senior management commitment to safety;

e Hazard identification and risk evaluation by up-to-date risk assessment
methods;

o Safety reporting systems shall be used to perceive, analyse and share
operational safety related data;

e Competent investigation of safety occurrences with the only purpose to
identify systemic safety defalcations;

o Safety monitoring and safety overview in order to estimate safety
performance and eliminate problem areas;

o Dedicated safety training for personnel,

o Safety lesson dissemination and sharing best practices among operators and
service providers;

e Building a corporate safety culture that fosters good safety practices and
encourages safety communications in a non-punitive environment.

Therefore, it’s rather important to improve SMS by the actions mentioned
above to ensure that all safety risks have been identified, assessed and satisfactorily
mitigated. A formal and systematic approach to safety management will maximise
safety benefits in a visible and traceable way that will result in the higher level of
aviation safety.

References:
1. The Safety Management Manual (SMM) (Doc 9859)
2. Safety Oversight Manual (Doc 9734)
3. Access mode:
https://www.skybrary.aero/index.php/SMS _in_Air_Traffic Management

10


https://www.skybrary.aero/index.php/SMS_in_Air_Traffic_Management

POLIT. Challenges of science today, 5-9 April 2021

CONCEPTUAL PROVISIONS FOR AIR CONDITIONING OF AIRCRAFT OF
THE REPUBLIC OF CHINA

Yang Gao
National Aviation University, Kyiv
Scientific adviser - Salimov R.M., Ph.D., Associate Professor

Annotation: This article discusses the state of aviation in the Republic of
China and the main provisions for ensuring the airworthiness of aircraft. The structure
of state regulation of airworthiness of aircraft is considered.

In the world in terms of demand for air travel and traffic intensity are three
regions: the United States, Europe and the Far East, which together account for 2/3 of
world passenger traffic. According to IATA forecasts, by 2014 the number of
transported passengers will be 3.3 billion, which is 800 billion more than in 2012. Of
these, 45%, ie 360 million passengers will be transported to the Asian region, of which
214 million are China (181 million domestic and 33 million international passengers).
Demand for international air travel in Asia is expected to grow by 7.6%. China, Japan
and Hong Kong will be the largest international passenger markets in the region. Thus,
the emphasis on the industry is shifting to the east. Until 2014 1 billion passengers
will be transported in the Asian region, which is 30% of the global number of air
traffic.

ICAO's requirements for flight safety and airworthiness are becoming more
stringent. Airlines need to comply with these requirements to ensure equal
participation in commercial activities in global aviation services markets. Therefore,
more and more attention is paid to ensuring the required level of reliability and
airworthiness of aircraft. And since civil aviation is the most dynamically developing
branch of the PRC transport complex, the conceptual provisions for maintaining the
airworthiness of aircraft become even more necessary. In recent years, China has
further expanded its route network, making it the second-largest air transport system
in the world.

The number of accidents per 1 million flights during the 11th five-year plan
was 0.18%, which is five times lower than the world average. The air transport of the
PRC is one of the safest in the world - by the beginning of 2014, the GUGAK aircraft
made trouble-free flights for 2.4 thousand days. Intending to ensure flight safety in
2009-2013, the government invested more than 2 billion yuan in the development of
anti-terrorism systems. To strengthen control over compliance with safety standards,
GUGAK during the 12th five-year plan began to carry out certification and issuance
of permits for activities for newly created airlines, tightened requirements for the
capacity and safety of new aircraft, both domestic and imported.

In accordance with ICAO requirements, the airworthiness of aircraft is
maintained according to the following principles:
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- the airworthiness of aircraft is laid down during the design taking into
account the previous experience of operation, the requirements of airlines, state
requirements for flight safety;

- development and serial production of aircraft is carried out by certified
enterprises;

- state control over the airworthiness of aircraft, in accordance with the
requirements of SARPs (Standards and Recommended Practices), is entrusted to the
State Aviation Administration;

- each copy of the aircraft is duly registered in the State Register and is
allowed to operate in the presence of a Certificate of Airworthiness, which confirms
the compliance of this copy of the aircraft with the requirements of airworthiness;

- maintenance of airworthiness of each copy of the aircraft during operation
is ensured by the fact that the operator must comply with the established rules of flight
operation, maintenance and repair of the aircraft. In case of violation by the operator
of the requirements for maintaining the airworthiness of the aircraft, as well as the
detection of their dangerous condition, restrictions are imposed on their operation or
the operation of the aircraft is terminated;

- maintenance and repair are carried out by certified maintenance and repair
organizations;

- all types of work to maintain the airworthiness of the aircraft are performed
by aviation personnel who have passed the relevant certification

At the stage of aircraft design, aircraft are developed at plants that have the
necessary certificate. The reliability of all components, systems, types of equipment
and the entire designed aircraft is calculated. Based on these data, the assigned and
maintenance resources are determined, the values of reliability control levels for all
components of the aircraft. The manufacture of aircraft is carried out at certified
factories JSC, where special attention is paid to the strength of the structure, which, in
turn, directly affect the reliability and airworthiness of the aircraft. Before operation,
the compliance of the airworthiness state of the manufactured JSC with the required
airworthiness standards is determined. If the results are satisfactory, the aircraft is
issued a certificate of operation and the aircraft arrives at the airlines, which are
responsible for the airworthiness of each copy of the aircraft in their fleet.
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BUKOPUCTAHHSA «XMAPHUX» TEXHOJIOI'TA JJISI MITPUMKHA
JbOTHOI MPUJIATHOCTI IIC TA MIIBUIIIEHHSA PIBHS BE3NIEKHA
MHOJIBOTIB

Kysbomko O.B.
Hayionanenuii agiayitinuii ynieepcumem, Kuis
Hayxosuii kepisnux — Canimog P.M. k.m.n. Ooyenm

s craTTs TpHCBSYEHA BHKOPHUCTAHHIO «XMapHHX» TEXHOJIOTIH y CBITOBiH
aBiarlii, sKi KOpiHHI 3MiHHM JUI1 EKCIUTyaTaHTIB NpPUHECE BIPOBAKCHHS JaHOI
TEXHOJIOTIi. BBeJeHHS [UX TEXHOJOTIH JOMOMOXKE IIBHJIKO KOHTPOJIOBATH CTaH
PI3HMX arperaris JiTaka, MaTH AOCTYII JI0 TIOKa3HUKKIB PI3HUX HOTO CHCTEM LIBHIKO i
3 OJHOTO IIPUCTPOIO, TaKOX L€ JONOMOXE YHUKHYTH 3aTPUMOK peiciB. Aue
HAMTOJIOBHIIINM JIOCATHECHHSIM Oy/ie 3a0e3MeUeHHsI BUIIIOTO PiBHS 0€3MEKH MOJIBOTY.

Brpara GoproBoro camonucus TijJ yac Katactpodu ayKe CHIBHO 3aTPYIHSE
MTOJTAJIBIIIEe PO3CIIiAyBaHHS KaTacTpodu Ta BUABICHHA 11 ICTHHHUX NPUYWH, K 3HAWTH
BHXIJl C TaKUX CcHTyaliii? BrmpoBapkeHHS «XMapHUX» HaKOMMYYBadiB, BipTyaJbHUX
«YOPHHX SAIMKIBY», BUPIIIUTH Il MATAHHSA, alkKe TaKi TEXHOJOTIi Jal0Th MOXKIHBOCTb
IIBUJIKOTO JIOCTYITY JO BCiX MaHHWX TOJNBOTY KOHKPETHOTO JiTaka 3 OyIb-sIKOi TOYKH
CBITY.

3a ZOmOMOTor0 «XMapHHUX» 0a3 JaHHMX MOXKHA IMiABHUIUTH SKICTh TEXHIIHOTO
00CITyroByBaHHS Ha OCHOBI IaHUX MOJIBOTY Ta CIPABHICTh JIITaKa.

EdekTiBHa mepenada B peKAMI PEaTbHOTO Yacy JAaHHUX IMOJBOTY IOBITPSHUX
CyJIeH HaJla€ aBlaKOMITaHIsIM MOXKJIMBICTh TOJIMIIUTHA POOOTY, 3HU3UTH BUTPATH Ha
TEXHIYHE 00CIyroBYBaHHs 1 3MEHIIMTH Yac 00poOku iHdopmariii. Bee e 3abesmneuye
Oip1I e()eKTHBHHI KOHTPOJIb Ha BCIX eTanax MojboTy.

Sk i OyIop-Ka HOBa CHCTEMa «XMapHi» HAKOMMYyBadi MalOTh CBOI IUTIOCH Ta
MIHYCH, JTO TUTFOCIB MOKHA BiTHECTH:

- TIOXOAWTH, MPAKTHIHO, IiA Bci omepariiiai cucremu, sk IIK, Tak i
MOOILIbHUX;

- jgoctyn i cuHXpoHi3amis ¢aimie xmapu 3 Qaiimamu Bamoi omepamniitHoi
CHCTEMH 3JIC)KUTH BiJl CAMOT0 KITI€EHTa XMapH;

- 1o3Boiisie 0e3KOmTOBHO 30epiraTé (aiimm, ajge y KOXKHOTO CepBiCy Iie
30epiraHHs oOMekeHe MICIIeM 1 yMOBaMH BUKOPUCTAHHS

3 HeIIoJTiKiB XOTLIOCS O BiAMITUTH:

- JUId OTPUMAaHHS JOCTYIY JIO MOCIYT XMapu HEOOXiTHO MOCTiliHE 3'€THAHHS
3 [HTepHETOM;

- HE PEKOMEHAYEThCs 30epiraTd HAWIIHHININ Ui KOMIaHii JOKYMEHTH Ha
y0JIiYHOMY XMapHOMY CXOBHIII.

- TOTpiOHO Oyne mepeHaBUaTH SK HAa3eMHUI TEPCOHAN, TaK 1 MOBITPSHI
eKilaXH, TOMY ISl aBlakOMIaHiH MOXYTh BHHHKHYTH Di3HI CKJIQJHOCTI BBEICHHS
i€l rexnonorii y coe I10.
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Axe omHMM 3 HaMOLIBIMIMX MIHYCIB XOTIOCS O BIAMITHTH BHCOKY BapTiCTh
BIIPOBA/DKEHHS JaHuX TexHouyoriii Ha [IC, BHAacmioK YOro Jeski aBiakoMIaHii
MOXYTb BIJIMOBUTHCS BIPOBAKYBATH 1X B mapk cBoix [1C

Ha chorosisi BBEJCHHAM XMApPHUX TEXHOJIOTIH MIMPOKO 3aiiMAEThCSI KOMITaHist
Boeing, ska cmineHO 3 kommawiero Microsoft pospobmia cumcremy Azure, ska
BHKOPUCTOBYETHCS Oibir HiXK y 300 aBiakOMITaHisIX IO BChOMY CBITY

Takox Rolls-Royce inrerpyBana xmaphi TexHomorii kommanii Microsoft s
cBoro mporpamy Service Solutions. V Hilt BupoGHUK 30Mpae i aHai3y€e BEIHKI MAaCHBH
maHux 3 JitakiB. Ile m03BoJislE 3MEHIIMTH CIOXKHBAHHS MaJIMBa, IIIJBHIIUTH
HAIWHICTH 1 €(peKTUBHICTh ABUTYHIB. ABiaJIBUTYHH CHOTOJHI MAarOTh COTHI JaTYHKIB,
skl TepefaroTh rirabaiiTm maHux 3a koxen noiit. Jsurynu Rolls-Royce Trent,
HalpHKIaJ, BUKOPUCTOBYIOTh 85 aBiakoMmaHii, ski BHKOHYIOTH 50000 peiiciB B
MicCsIb, 400 14 MJIH TBOTHHUX FOJIUH HA PIK.

CHucOK BUKOPHCTAHHX JZKepeJI:

1.006na4yHbIe BEIYUCICHUS: 0030p U PEKOMCHIAIIIHI

2.https://rg.ru/2014/03/21/eksperti-site-anons.html

3.VIIPABJIIHHS  TTAPAMETPAMU TIOJILOTY 3  BUKOPUCTAHHAIM
XMAPHMX TEXHOJIOI'TIA lanarys T.A.

4. https:/fjets.ru/lifestyle/boeing_pereydet_na_oblachnyy_servis_microsoft/

BUKOPUCTAHHSA MOJEJIOBAHHA AJ1A YIIPABJIIHHA PUBUKAMU B
CUCTEMAX HNIITPUMAHHA JbOTHOI MPUJIATHOCTI
EKCIITYATAHTA IIC B YMOBAX KOPOHABIPYCA

Ocramuyk A.IL
Hayionanenuii Asiayitinuii Yuisepcumem, Kuis
Hayxposuii kepisnux — Canimos P.M.., kand. mexu. nayk, 0oy.

CrarTs mpuCBAYeHA MPOOJIeMi YMpaBIiHHSI PU3WKaMU TIOBITPSHOTO CyIHA B
yMoBax KopoHaBipyca. IIpoaHainizoBaHO 00JacTi 3aCTOCYBaHHS MOJEIIOBAHHS JUISt
YIpPaBIiHHS PU3UKaM{ B CUCTEMax MiATPUMAHHS JHOTHOI NMPHUAATHOCTI MOBITPSHOTO
CyJHa.

VYnpaBniHHA 0€3MEKOI0 IOJILOTIB € TOJOBHMM acIEeKTOM eKCIUTyaTailil.
[TpoGnema momnsirac B TOMy, 110 BUHUKHEHHS PU3WKIB CTaBUThH IIiJ] 3arpo3y IOJIiT, a
caMe KHUTTS JIIOJAEH.

Ha croropmimHiii meHs, B yMoBaxX mMmaHaeMii, MOTpiOHO BpaxyBaTH OaraTo
NOJATKOBHX (haKTOPIB, IO BINIMBAIOTH HA PU3UKH B CHCTEMax IiATPUMAaHHS JHOTHOL
MPUAATHOCTI. BiACyTHICTHP TONMMUTY Ha aBialepeBEe3CHHS BHKJIMKAda CEpHO3HHUN
(¢iHaHCOBMI THCK Ha aBiallepeBi3HMKIB, a TaKOX Ha iX obOciayroByBaHHsA. Komu
0OMe)keHHS Ha ITOIOPOKi 3HIMYTHCS, OTlepaTopaM 3HAJA0OIAThCS MOBITPSHI CY/HA, SIKi
Oynu Ha 30epeskeHHi a00 Ha crosiHI [ToBepHYTH X Ha3ax B eKCIUTyaTalilo He Tak BKe
1 JIeTKO 1 iemeBo.
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[Mpuknaau BUNanKiB, MOB'SI3aHUX 3 TPUBAJIOIO CTOSHKOIO 200 30epiraHHsM, SIKi
CepHO3HO BIUIMBAIOTH HA JILOTHY MPUAATHICTS:

- 3aKIMHIOBaHHS BEJHMKE TEPTs KJANaHIB y CHCTEMi MOBITPS ISl MPOAYBKH
JIBUT'YHa, 110 MPU3BOJUTH JI0 IPOOJIEM 3 THEBMAaTUYHOIO CHCTEMOIO IiJT Yac MOJIbOTY.

- [ommikoBa iHOpMaris, Taka sk 3a0pyaHEeHHS i 6JOKyBaHHS cucteMu [liTo
Ta HECTIPABHICTH JIONATOK KyTa aTaKH.

- 3a0pyAHEHHS  TaJIMBHOI  CHUCTEMH, CIPHYMHEHE  HEaJalTOBAaHUMH
iHTEepBaJlaMH BOJIOBiABEICHHS.

- ABapiiiHi 6aTapei, micis 30epiraHHs He B CTaHi 3apsny.

- BucHaxkeHHS THCKY B aKyMyJIATOpi CTOSHOYHOTO TanbMa JITaka, II0
MPU3BOJNUTS JI0 MOMIKO/KEHHS JIiTaka, BHACIIIOK aBapil Ha 3eMJIi.

- Jluki TBapuHHM, IO THI3IASATHCS B JIiTaKy ab0 JABUTYHAX MiJ yac 30epiraHus,
BKJIFOYAIOYHM KOMaX, NITaxiB 1 FPU3YHIB.

MopentoBaHHS - METOJA BUDILICHHS 3aBAaHb, NPU BHKOPUCTaHHI SKOTO,
JIOCHIJPKYBaHa CHUCTEMa 3aMiHIOETBCS MPOCTILIMM 00'€KTOM, KUl ONHCY€E pealbHy
CHCTEMY 1 Ha3MBAE€THCS MOAEIII0. METOI MOJENIOBaHHA B KIHIIEBOMY paxyHKY €
MPUAHATTA OOTPYHTOBAHHX, JOUUTBHUX YIIPABIIHCHKUX PIillICHb.

BukopucToBy10YM MOJIEIIOBaHHS, MA CTBOPIOEMO MOJIEINb, 3a JIOTIOMOTOI0 SKOT
MOXeMO 3MeHINTH pu3nku. CtBopuBmM Monenb Buxony IIC B ekciuryartamito, MU
3MO’KEMO BpaxyBaTH pi3HI YNHHHUKH, SIKi MOKYTh BIZIMHYTH HAa BHHUKHEHHSI PU3HKIB B
cucreMi minTpuMmaHHs Jp0THOI mpumatHocTi IIC. A came pH3HKH, IO MOXYTh
BUHUKHYTH 4epe3 TpUBasie 30epiraHHs MOBITPSHOTO CcyaHA. 3a JOMOMOTOI0 MOJENI,
MH TaKOX 3MOXXEMO BpaxyBaTH OCOOJHUBICTh KOXHOTO BHIIAJKy i BYaCHO BIKHTH
HEOOXiTHUX 3aX0IiB.

Tako MOXkHa CTBOPUTH MOJIEIIb JUIsl CAMOI'O TEXHIYHOT'O 00CIYrOBYBaHHS, TaK
SK TIOJILOTH € He TaKUMHU YaCTUMH, SIK paHille, a TaKoX 31 CBOIMH OCOOJMBOCTSIMH.
[Tangemiss BHecna CBOi KOPEKTHMBH B TiJATOTOBKY JiTaka J0 BWIBOTY. B ymoBax
KapaHTHHY, TOTpiOHO maM'sTaTh Tpo Oe3neKy Macaxupis, JIe3iH(PEKIifo Ta
3abe3neueHHs] HeoOXiqHUX aTpuOyTiB. CTBOPHBIIM MOZEIb, MH 3MOXEMO BpaxyBaTH
BCi Mpo0JIeMH 1 3HANTH Kpaliuii criocid oNnTUMI3yBaTH TEXHIYHE 0OCITyroByBaHHS, IS
TOTO, 00 36KOHOMUTH Yac MPOCTOIB.

Mera nosisirae B TOMy, 1100 MiIBHIIUTH 00i3HAHICTB PO MOXKIIMBI HEOE3IEKH 1
3aIpOINOHYBATH MOXIIMBI CTpaTerii 3MEHIIEHHs PU3HKIB, MOB'I3aHUX 3 TOBEPHEHHIM
JMTakiB B eKCIUTyartamifo micis 30epiranHA. TakuM YHHOM, BHKOPHCTOBYIOUH
MOJICTIFOBAHHS, MH MO>XEMO CIIPOTHO3YBaTH PU3UKH B CHCTEMI MiATPUMAHHS JLOTHOI
npuaaTHOCTI B ymMoBax manaemii Covid-19.

CHucoK BUKOPHCTAHHX JFKepPeJI:

1. Crenenxo, I.B. MonemoBanns cucreM: HaBd. nocid. [ Enexrponmit
pecype, Tekct] / I.B. Crenenko ; M-Bo ocBitn i Hayku Ykpainu, Uepkac. aepx. TEXHON. yH-T. —
UYepxkacu : YATY, 2010. - 399 c.

2. EASA Continuing Airworthiness domain (2020), Return to service of aircraft after
storage: Guidelines in relation to the COVID-19 pandemic, November 2020 [EnexrponHuii
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pecypcl. - Pexum JOCTYIY:
https://www.easa.europa.eu/sites/default/files/dfu/quidelines_for_de-
storage_aircraft_scenario_covid19.pdf

3. Karanesckuii, I.}O. OCHOBBI WMHTAIIMOHHOTO MOJCIUPOBAHUS U CHCTEMHOTO
aHanm3a B yIpaBJICHUH: ydeOHOe nocobue; 2-e nu3a., nepepad. u mom. / J[.FO. Karanesckuit. —
M.: U3parensckuii oM «Jlemo» PAHXul'C, 2015. — 496 ¢

SMIHEHHA MIAXOAY A0 TEXHIYHOT'O OBCJIYT'OBYBAHHA
HOBITPSIHUX CYJEH B YMOBAX IMMAHJIEMII.

lypoBchkuii B.C.
Hayionanvnuii asiayitiniii ynisepcumem, Kuis
Hayxosuii kepisnux — Canimog P.M.., kano. mexu. nayx, 0oy.

CrarTss BUCBITIIOE JesKi 3 TmpoOieM, sKi Oyau BUKJIMKAaHI ITaHIEMIEI0
KOpoHaBipyca. BrumB rmobasbHMX 3MiH B aBiamii Ha Jgedki IpoOsieMu, KOTpi
BIIMBAIOTH Ha OE3MEKy MOIBOTIB.

Ha croromuimHiii neHb NpU pi3KOMY 3MEHIICHI MAacaXHPCHKUX IePEBE3CHD
BUHMKJIO ITUTAaHHA B yTpUMaHi Benukoi KimbkocTi macaxupcebkux jitakiB (IIC) ta
NepCoHally, KOTPHH eKCILTyaTyBaB Il JITaku. SIKIO MOBITPSIHE CYAHO HE NPUHOCHUTH
npuOyTKH, TO JOCHTH JIOTIYHO Oyne mpojaTd Horo iHmiii koMmnadii, abo mepeBecTH
I1C na 30epiranHs. I3-31 miei npuuuHKM Hemae HEOOXiTHOCTI YTPUMYBATH BEIHKY
KUJIBKICTh TpaliBHUKIB Ha MiANpUeMCTBl, skmo Outbmicts [IC mpomaHo um
nepeBeIeHo Ha 30epiraHHs.

SKmo BIAKMHYTH €KOHOMIYHI acHeKTH, KOTpi OyJHM BHKJIHMKaHI MaHIEMI€ro
KOpoHaBipyca, 1 3BepHYTH yBary Ha TexHiuHe oOcmyroByBaHHs (TO), moxHa
BHIUTATH JEsKi MOMEHTH, SKi 3HAYHOIO MipOI0 BIUIMHYTh Ha OE3MEKy IONBOTIB Y
MaHOyTHEOMY.

Posrmsmatoun 3Bu9aitHy npornenypy koHcepsatii [1C citig BiIMITHTH JeKinbka
MOMEHTIB:

- IIpu nanomy Buai odciyroyBanHs [1C takox norpedye GpiHaHCOBHX BUTPAT
Ha yrpumanHs. [lpm He noTpumaHHI npaBwi, mig dac 30epiraHHs, JTaKk MOXe
BIZIHOCHO IIBHJKO NPUWTH B HeCIpaBHHW cTaH. BinamoBimHo, sikmio Oyne motpeda
3aJliTH CyJHO — Lie IPU3BEIe A0 He3aIJIAHOBAHUX BUTPAT.

- HaBitp mpu nmorpumani Bcix mpaBun 30epiranns [IC mpu koHcepsaril
noTpiOHO BpaxoByBaTu KaneHnapHuid pecypc. [IC He Moxke 30epiraTuch Bi4HO Ha
KoHcepBarlii. Uepe3 neskuii yac mMeBHI arperaTw BUHIyTh i3 daxy. Hanpukmnaa rymosi
BUpOOH, a00 TEPMETHKH B TAKMX YMOBaX IIBUIKO MPUIIYTh B HECIIPAaBHUH CTaH.

BpaxoByroun 1mi QakTopm CcIiIx OIe BIAMITUTH HACTYIHY TEHACHIIO. 3
IMOYATKOM IMMaHAEMii KiJTbKICTh aBialliifHUX MOJii pi3ko BHpocia. BilbliicTs BUMAIKIB
OyJla 1oB’s13aHa ¢ MOMMIIKaMHu nepcoHaiy. Lle neMoHcTpye HeoCTaTHIO KBai(iKaIiro
poOiTHuKiB. OTXKe aBiakOMITaHii B IparHeHH] 3a0IIAANTH KOIITH HAa YTPUMAaHHI CBOIX
JIITaKiB JOMYCTHIIA TTIOMUJIKY, IIIO BeJIe 0 3HMKEHHS OE3MEeKH MOIbOTIB.
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B pesynbrari MM MaeMo CKJIaJHy CHUTYyalil0. 3 OJHOro OOKy Yy aBiakoMIaHii
Oylle mapK TeXHiKH, KOTpHH Oy/ie IOCTYIOBO CTapiTH, BiANOBIAHO Oy/e 3HHKYBATUCh
HAIIMHICTh TaHUX JITAKIB, 3 IHIIOTO — HU3bKAa KBali(iKailis poOITHUKIB. 3arOCTPEHHS
yBaru Ha JaHux MpoojeMax J0IMOMOXKEe HAaHTH BUPILIEHHS.

Cnucok BUKOPHUCTaHUX JKepeJ:

1. Excruryarauist aBiauiiinoi texniku: HaBu. moci6. / C.O.[Qmurpies, O.C.Tyrapinos i
np. - K.: Bun-po Han.asiam.ya-ty "HAY-npyx", 2010.- 223 ¢

2. Pecypc u nonroBedHOCTHh aBHaNMOHHOH TexHHKH: yuel. [Toco6. / C.P. Urnarosuy,
M.B. Kapyckesuu, T.I1. Macnak, C.C. FOukesuu. — K. :HAY, 2015 - 164 ¢

ABIAIIIMHI JIBUTYHU TA EHEPTETUYHI YCTAHOBKH

INVESTIGATION OF THE EFFECT OF HYDROGEN ADDITIONS ON THE
PERFORMANCE CHARACTERISTICS OF A DIESEL ENGINE

Kozlenko M.O.
National Aviation University, Kyiv
Scientific supervisor — Andriets O.G, Ph Doctor.

Due to the depletion of organic fuels reserves, scientists started to look for
alternative options instead of hydrocarbon fuels. One of them became hydrogen as an
alternative for heat engines. This gas has unique properties: high flame propagation
speed, calorific value, good diffusion and catalytic properties, the ability to use to
clean the combustion chamber and flow path from carbon deposits due to the
environmental friendliness of hydrogen combustion products. Since hydrogen is
expensive and it is difficult and unsafe to store it in large volumes, it is currently
difficult to convert internal combustion engines to hydrogen fuel, but in small
amounts, hydrogen can be produced.

Hydrogen is used as small additive to diesel fuel, that can increase the
operational efficiency of power plants and their environmental safety. Hydrogen
additives have the ability to intensify the combustion of hydrocarbon fuels and affect
the thermodynamic efficiency of the engine operating cycle. Such a hydrogen addition
of 0.1% of the mass consumption of diesel fuel increases the efficiency of engines by
5 ... 7% and soot emissions are reduced by 40 ... 60%, nitrogen oxides - by 30 ... 40%.

As an experiment, consider a MAK6M25 diesel engine with a rated power of
1500 kW and a rotational speed of 750 rpm, with a specific fuel consumption of 182
g/kW-h. In the course of the analysis, the engine operation was studied at various
loads N, = 0.25; 0.5; 0.75; 1.0 and hydrogen additions to the fuel 1.0%; 2.0%; 3.0%;
5.0%; 7.5% and 10.0% by weight of diesel fuel. For each diesel mode, the following
was determined: specific effective fuel consumption b,, hydrogen consumption g, ,
diesel fuel consumption g., the effectiveness of the engine efficiency without
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additives n, and with hydrogen additives n%, change in engine efficiency due to
hydrogen additions Az} and saving diesel fuel due to the addition of hydrogen Ags;.

Hydrogen consumption gy, g/ (kW - h) changed from 1.0% to 10.0% of diesel
fuel consumption and in percent was determined as:

Myy = :‘;—h 100% = gy ~222% g/(kW - h):

Table 1
Hydrogen (H2) content in fuel,%

1,0 2,0 3,0 5,0 7,5 10,0

IS 0,25 2,6 5.2 7,8 13 19,5 26

év'g 0,5 2,1 4,2 6,3 10,5 15,75 21

w2 0,75 2,01 4,02 6,03 10,05 15,075 20,1

1,0 1,82 3,64 5,46 9,1 13,65 18,2

Fuel consumption g, versus engine load:
Table 2
Engine load,% 0,25 0,5 0,75 1
Fuel consumptll?)n, Ger g/ (KW - 260 210 201 182

Specific effective fuel consumption b, was calculated according to the
dependence:
b,=g9.,+284-g,,9/(kW - h),
where 2.84 - represents the ratio of the values of the lowest specific heats of

combustion of hydrogen (121100 kJ / kg) and diesel fuel (42700 kJ / kg).
Table 3

Hydrogen (H2) content in fuel,%

1,0 2,0 3,0 5,0 7,5 10,0

0,25 257,47 255,10 252,86 248,85 244,65 241,38

0,5 207,96 206,04 204,24 200,99 197,60 194,96

Engine
load,%

0,75 199,05 197,21 195,48 192,38 189,14 186,61

1,0 180,23 178,57 177,01 174,19 171,26 168,97

The effectiveness of the engine efficiency was determined as follows:
- when working without hydrogen additions as:

e = 3600 10°/(ge * Qrn), %
Table 4

Engine load,% 0,25 0,5 0,75 1
Efficiency, % 32,43 40,15 41,94 46,32
- when working with hydrogen additives as:
nH =3600-10%/(b, - Qp), %.
where Q, = 42700 kJ / kg is the lowest specific heat of combustion of diesel fuel;

18



POLIT. Challenges of science today, 5-9 April 2021

Table 5
Hydrogen (H2) content in fuel,%
1,0 2,0 3,0 5,0 7,5 10,0
IS 0,25 32,75 33,05 33,34 33,88 34,46 34,93
g»g 0,5 40,54 40,92 41,28 41,95 42,67 43,24
w2 0,75 42,36 42,75 43,13 43,82 44,57 45,18
1,0 46,78 47,21 47,21 48,40 49,23 49,90
Relative change in the effective efficiency of the engine due to the addition of
hydrogen:
H
Ans = <u> -100%
Te
Table 6
Hydrogen (H2) content in fuel,%
1,0 2,0 3,0 5,0 7,5 10,0
0,25 0,99 1,91 2,81 4,47 6,26 7,71
== 0,5 0,97 1,92 2,81 4,48 6,28 7,70
28 0,75 1 1,93 2,84 4,48 6,27 7,73
= 1,0 0,99 1,92 2,83 4,49 6,28 7,73
Saving diesel fuel due to hydrogen additions:
. (ge - be)
Ags = |—]-100%
Ye
Table 7
Hydrogen (H2) content in fuel,%
1,0 2,0 3,0 5,0 7,5 10,0
I 0,25 0,97 1,88 2,75 4,29 5,90 7,16
éﬁ s 0,5 0,97 1,89 2,74 4,29 5,90 7,16
w2 0,75 0,97 1,89 2,75 4,29 5,90 7,16
1,0 0,97 1,88 2,74 4,29 5,90 7,16

Conclusions

The hydrogen addition to the fuel increases the efficiency of the engine, the
more percentage, the higher efficiency. It is effective to use hydrogen as an additional
fuel in modes from idle to nominal, as well as in transient modes. The hydrogen
addition to diesel fuel has an effective increase of the engine economic and
environmental safety performance. Hydrogen additives provide a reduction in the
relative (referred to as the specific consumption of hydrogen) specific effective
consumption of diesel fuel.

References:

1.Pidvyshchennia ekonomichnosti sudnovykh DVZ shliakhom vykorystannia vodniu
yak dobavok do palyva/ Azhmiakov O.V., Andriiets O.H., Kazakov D.A., Hordin Ya.D, Sirota
O.A../l Dvyhuny vnutrishnoho zghoriannia. — Kharkiv: NTU "KhP1",2006. — Nel — S. 63-67.
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DETERMINATION OF CHARACTERISTIC OF ACOUSTIC LINERS
USING AN IMPEDANCE TUBE USING THE STANDING WAVE METHOD

Rymarenko Y.O
ANTONOV COMPANY, Kyiv
Scientific adviser — Doroshenko K.V., Dr. Tech. Sc., Docent

For the modern aviation industry, one of the most important tasks is to
comply with international environmental requirements. For transport aircraft, the
current noise requirements are those of Chapter 14 of ICAO Annex 16 [1]. The
requirements of Chapter 14 are 7 EPNdB stricter than the requirements of Chapter 4
(meet the requirements of An-148-100 and An-158 aircraft) and 17 EPNdAB are
more stringent than the requirements of Chapter 3 (meet the requirements of An-124-
100 aircraft).

Sound-absorbing structures or acoustic liners mounted in in the nacelles
of aircraft engines to reduce the aircraft noise of aircraft are widely used. Most
aircraft engines use single-layer (single-degree-of-freedom) or double-layer
(double-degree- of-freedom) resonant type acoustic liners [2, 3]. Single-degree-of-
freedom and double- degree-of-freedom acoustic liners are effective in reducing
tonal noise, but to increase the efficiency of acoustic liners should reduce noise in a
wider range of frequencies. To increase the width of the absorption frequency
band, various acoustic liners are considered: with variable depth liner configuration
(wide chambers, narrow chambers, narrow bent chambers) [2] and the use of helical
structures [4].

Experimental research methods are used to verify the performance of
acoustic liners, such as sound absorption coefficient and impedance. With the
help of such research methods it is possible to establish a connection between the
geometric and sound-absorbing characteristics of acoustic liners. One of the
applicable methods for determining the sound-absorbing characteristics of acoustic
liners is the method using standing wave ratio [5]. In Fig. 1 shows the appearance
of the experimental setup for determining the sound-absorbing characteristics of
acoustic liners.

Determination of the normal sound absorption coefficient and normal
impedance using the installation in Fig. 1 is performed as follows. The test sample
2 is placed in the holder of the sample 1. By means of the signal generator 10
and the amplifier 9, the required frequency and level of the harmonic signal
supplied to the speaker 5 is set. The sound wave travels through the tube 3 from
the speaker to the sample 2. When the sound wave falls on the sample 2, part of
the sound energy of the wave is absorbed by the sample 2, and the other is
reflected towards the wave from the speaker 5. A standing wave is formed in the
tube 3. The sound pressure level in the tube 3 is measured using a measuring
probe 4 (not shown in Figure 1.), which has the form of a thin tube. The sound
pressure through the probe 4 is transmitted to the microphone 6 located in the
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cart 7. The cart 7 can move freely on the board with a ruler 8 which shows the
distance from the surface of the sample 2. The signal from the microphone 6 is
transmitted to the measuring amplifier 11. From the measuring amplifier 11
through the analog-to-digital converter 9, the measuring signal is fed to the
computer 13 for further processing. To determine the sound-absorbing
characteristics of acoustic liners, it is necessary to move the cart 7 to find the
minimum and maximum sound pressure level in the pipe, as well as the distances
to the first and second minimum sound pressure levels.

Fig. 1. Experimental apparatus for determining the sound-absorbing characteristics of acoustic
liners using the standing wave ratio method

The advantages of the standing wave method include the relative simplicity
of the method of determination (it is necessary to measure only four
parameters) and measurement characteristics of acoustic liners in a wide range of
frequencies from 100 Hz to 6300 Hz. The disadvantages of the method
include the duration of measurements (search for minimum and maximum values
for each frequency and time to replace impedance tubes 3), the need to produce
two samples for the same type of acoustic liners for large and small tubes.

References:
1. Annex 16 to the Convention on International Civil Aviation. Environmental
protection. Volume 1. Aircraft noise. Eighth Edition. Montreal. International civil

aviation organization Publ, 2017, 264 p.

2. Gones M.G. A review of acoustic liner experimental characterization at NASA
Langley [Electronic resource] / M.G. Jones, D. Nark, B. Howerton, M.C. Brown //
Researchgate

— Access mode: https://www.researchgate.net/publication/340815656.  Doi:
10.13140/RG.2.2.15613.10720

3. Azam Q. Numerical comparison of drag coefficient between nacelle lip-skin with
and without bias acoustic liner [Electronic resource] / Q. Azam, M.A. Ismail, N.M.
Mazlan, M. Bashir — Access mode: https://www.researchgate.net/publication/31109474. Doi:
10.15866/ireme.v10i6.9427

4. Versavel. M. Folded spiral-shaped cavities for nacelle acoustic liners: Impedance
and attenuation modelling and comparison to experimental results [Electronic re-source]
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TEXHOJIOT'IS CFD JIJISI MOJEJIOBAHHS TEYIi B B OCHhOBUX
KOMIIPECOPAX

M.B. XuxkHsK
Hayionanenuii agiayitinuii ynieepcumem, Kuis
Hayxosuii kepisnux - K.B. [Jopowenko, 0-p. mexu. HayK

OcCBhOBI KOMIIPECOPH 3HAWIUIM MTUPOKE BUKOPUCTAHHS HE JIMINIE B aBiaiii, a i
Ha(TOBI TPOMHCIOBOCTI, METAIYPTifHIA Ta HaBiTh XOJOMIIFHUX ycTaHOBKax. He
3B)KAIOUM Ha PO3Mip, BOHH JOOPE CIPABISIOTHCS 3 BETUKUMHU 00’ €MaMHM TOBITPS Ta
MTOMIpHUM CTYIICHEM TiIBUIICHHS THCKY. Ta Bce me ctano goctynHuM Jjmme 3 CFD,
camMe Ie Jajgo 3MOTy JOCHI[DKYBaTH Ta TIPOTHO3YBATH  XapaKTEPHCTHUKU
nepcrekTHBHUX KommpecopiB. Texnonoris CFD gae 3Mory maremMaTuuHO BiTBOPUTH
MOTIK PITUHH B MiX JIOMATKOBOMY KaHali, TAKMM YHHOM, Ha MOYATKOBOMY eTami
NPOEKTYBaHHA 1€ Ja€ 3MOTY IIOKpPAIlUTH aepoJMHAMI4HI  XapaKTEePUCTHKU
MaiOyTHBOTO NPOTOTUIY. BaKITMBUMHU CKIIaJOBUMH YHCEJIBHOTO EKCIEPHUMEHTY €
BUOIp Moei TypOYJICHTHOCTI Ta TEXHOJIOTIS PO3PaXyHKOBOI CITKM B cTaTTi [1] BueHi
3BEpPTAOTh yBary Ha Haibinpir nomupeni RANS mozeni TypOyseHTHOCTI, a came K-e,
k-w ta SST. B x01i eKCIIepUMEHTY BOHU OTPUMAJIH AaHi utst mopiBHsHHS Mk RANS
MOJeIAMHU TYpOyICHTHOCTI Ta €KCICPUMEHTANEHUME JAaHUMH Ta IWIUIK 3TOIH, IO
came monens SST nmama BiAMOBIAHO KOPEKTHI pe3yibTaTH B JTaHOMY €KCICPUMEHTI.
IHmi Bueni B crarti [2] Ta [3] onmHCyrOTH Balifamilo CiTKH HAKIAIEHOI HA TEOMETPIFO,
TaKUM YAHOM, BKAa3YIOUH, IMO KUTBKICTh KOMIPOK TE€X Ma€ BIUIMB Ha OTPUMaHHS
KOPEKTHUX JaHUX.

BiamnoBinHO OTpUMaHMM JaHUM, MOXHA 3a3HAYUTH, 10 HA BUKOPHCTAHHS
texnosiorii CFD 3mauno BmumBae wuucenmsbHa wmetoponoris (RANS  momemi
TypOyJICHTHOCTI) Ta 00UMCITIOBAIIbHI pecypcH (CiTka) sKi Mik co0OI0 TICHO MOB’s3aHi.
[TpoananizoBaBIIK BCi OTpUMaHi JaHi, B MOJAIbIIOMY IUIAHYETHCS JOCHIAUTH BIUIUB
Ta 3aNEXHICTh MOZENl TypOYJIEHTHOCTI Ta pPO3pPaxyHKOBOi CITKM Ha CXOJUMICTh
Pe3yIbTATIB MOJICIIIOBAHHS TEUil B OCHOBHUX KOMIIPECOPaX.

Cnucok BUKOPHUCTAHMX /I2KepeJi:

1.Marcelo R., Bruno G., Newton R., Juan Su. Validation of turbulence models for
simulation of axial flow compressor. International Congress of Machinical Engineering. 2009.

2.Ruochi P., Zhaoyun S., Bo L. Optimization design and analysis of supersonic tandem
rotor blades. Aerosp. Sci. Technol. 2020.

3.Boretti A. Experimental and computation analysis of transonic compressor rotor.
Australasian Fluid Mechanical Conference. 2010.

22


http://www.researchgate.net/publication/31382014

POLIT. Challenges of science today, 5-9 April 2021

BE3NLIOTHUM JITAJIBHUAM ATIAPAT JJ151 OBCTEKEHHS 3 IOBITPS
MATI'ICTPAJIBHUX I'A30ITPOBO/IIB

Hyxuua O.10.
Hayionanvnuii asiayitinii ynieepcumem, Kuig
Hayrxosuii kepisnux — Koznog B.B., k-m mexH. HayK, 0oy.

IMomupeHMH NPUYKUHAMHK BiZIMOB Ha()TOTa3ompoBOiB € (izuuHi (MexaHiuHi)
MIOIITKOKEHHS, KOpO3is, AeeKTH o0JiaJHaHHS, JIOJACHKI TOMIUIKH, TPUPOIHI YMOBH,
MOIIKO/DKEHHS  TpeTix oci®é Ta iHmi. 3rigao 3 JIOCITIKEHHSIM 11010
razoHagronposoaie Hirepii [1], crammapTaHuMii TepMmiH Cciy)Od TpPyOOIIPOBOIY
CTaHOBUTH NprOJIM3HO 33 poku, 42% BiIMOB BUKIMKaHI MEXaHIYHUM BIUTHMBOM, 18% -
KOPO3i€r0, CTOPOHHS isIBHICTB - 24%, 10% - gepe3 ekcruryaTamiiiHi MOpyIIeHHS.

IIpo edexruBHicTs Bukopuctanns Oe3ninotHuKIB (BITJIA) s obcrexeHHs
Ha(TOra30mpoBOJIIB CBIMYATh pE3yJILTATH  BHIPOOYBaHh Ha O00'€KTax KOMMAHIl
«PocHepT». B pesynpraTi BukopucTaHHs BIIJIA omnepaTHBHICTH BCTaHOBJICHHS
NPUYMH BUHUKHEHHS BiJXWJICHb B TEXHOJOTIYHMX PEXUMax Ha TPyOONpOBiIHOMY
TpaHcHopTi 3pocia Ha 58%, mNoCWIMBCS KOHTpOJb 3a o0'ekTamMu HadrToras-
OBH/I00YTKY Ta 3aBYaCHE BUSBIICHHS HE3aKOHHOT JiSIIBHOCTI CTOPOHHIX OCi0.

[MpoananizyBaBiu MoxwimBocti i moteniian BITJIA [2], npomonyethes B
skocti mporotuny PD-1  VTOL mraHepHOro Tumy YKpaiHCBKOI —KOMITaHii
UKRSPECSYSTEMS.

Oo6pana xomruekrariiss BIIJIA ckmamaeTbess 3 TakWX KOMIIOHEHTIB: KOPITYC
wranepa, Mmapmosuit apuryH H120100 KV80, gotmpm mix’eMHuMX IBUTYHa -
MOTOR P80I1l KV100, i’site miporieniepis G32x11 Prop-2PCS/PAIR, xamepa Sony
FCB-EV7520A, cucrema Routescene LidarPod, asrominor Veronte, peryasrop xoay
Flame 280A HV ESC series 6-24s 100V, gotupu perymsitopu xony FLAME 80A HV
V2.0, gotupu cepsonpuBoga KST DS135MG, 416 - Garapei tumy LG Chem
18650 HG2, yotupHaausats 6atapeit timy Panasonic NCR18650BE.

Ipormenep G32x11 Prop-2PCS/PAIR  BUrOTOBNCHHWI 13 BYIJICLEBOTO
KoMITO3UTHOTO Matepianmy. Cepex IMOCTI[PKEHWX TBUHTIB, TAra I,OIO T'BHHTA
Haiiumia, sk i KKJ[. IloBepxHsf TBHHTa TJISHIEBA - IPO3OPHH EMOKCHIHUIN
reblIap MOBEpX YOPHOTO TKAHOTO BYIJIELIEBOTO BOJIOKHA. MakcCHMallbHA CHIIA TATH
3aJeXHUTh BiM JBUTyHa 1 BapiloeTbcsi B Mexax 35-55 kr. Jns 3milicHeHHS
PO3paxyHKy TBHHTA 1 XapaKTEpHUCTHK HOro marepiaiy OyJI0 BUKOPHUCTaHO MPOTpaMy
SIMSOLID.

Cnucok BHKOPHCTAHUX JKepet:

1. Jxacmiep ArGakBypy, «TexHonormm oOHapyXeHHS yTe4eK B TpPYyOOIpOBOE:
OLICHKA W MEPCIIEKTUBEI B perroHe neibThl Hureprmy», 2007. — 184 c.

2. Husemur Maxympuap, «PBIHOK IOTPEOHTENBCKUX OECIMIOTHUKOB: aHAIN3
TenaeHuiy, 2016. — 74 c.
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PIIMHHO-T'A3OBI CUCTEMMU JITAJBHUX ATTAPATIB
CAVITATION IN THE CHECK VALVE

Konovalenko V.O.
National Aviation University, Kyiv
Supervisor — Tarasenko T.V., Ph.D., Associate Professor

The operation of hydraulic valves is accompanied by large pressure drops
on the throttle slots of their spools. As a result, in their flowing parts, the
velocities of the working fluid increase, which leads to a decrease in static
pressure, changes in current lines, vortex formation, and under certain conditions,
the rupture of the continuity of the medium. This is the cause of cavitation observed
in hydraulic valves [1].

An urgent technical problem is the numerical simulation of cavitation in
aircraft hydraulic valves. Modeling of cavitation flows is a complex problem both
in terms of modeling thermodynamics during the phase transition and the
component of interaction with turbulence.

The simplest case for a single-stage non-return valve was chosen for numerical
simulation of the cavitation process. The axisymmetric formulation of the problem on
the cross section of the valve with a stroke of 1 mm from the plane of the hole of the
fitting at different pressure drops ( p) was considered. A standard k — & model with

enhanced parietal functions was used to model turbulence [2]. The phases were water
and water vapor, the pressure at the inlet to the valve is equal to the pressure in
aviation hydraulic systems (210 kgf / cm?).

The results of the study at different pressure ratios are shown in Fig.1.

Fig. 1. Cells of cavitation at p = 0,25; 0,2; 0,15, 0,1, 0,05 respectively
According to the results of numerical simulations, it can be observed that in
this formulation of the technical problem, the mass transfer of phases begins at a

relative pressure P close to 0,25, at values from 0,25 to 0,1 gains intensity and at
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values below 0.05 forms an extensive cavitation zone.

References:
1. Persol I. Cavitation. - M.: Mir, 1975, S. 95.
2. ANSYS FLUENT 12.0 TheoryGuide. April 2009. ANSYS Inc.

ONITUMI3ALISI MAPAMETPIB PYJIbOBUX TPUBO/IIB

Bosayp €.C., Kozeneubkuii B.®.
Hayionanenuii agiayitinui ynigepcumem, Kuis
Hayrosuii kepisnux — Tapacenxo T.B., k.m.u., ooy.

OrniHroI0YH IWHAMIYHI XapaKTePUCTUKU PYIbOBUX HMPHUBOIIIB, OCOOIUBOCTIO IX
poOOTH B cHCTEMi KepyBaHHS JITAJBHOTO amapary € oOMeXeHa JKOPCTKICTh OmopHh
KpiIUTeHHs, Ta HEBeNWKI CHIM JeMI(yBaHHS, TMOE€THAHI 3 IHEPUiHHUMHA
HABaHTAXXCHHSIMH YaCTO MPU3BOAATH 10 BTpaTu cridikocti mpuBoaiB [1]. 3amms
onTuMizalii AMHAMIYHUX XapaKTEPHCTHK TiAPaBIIYHOIO PYJIBOBOTO NMPHUBOXLY OYJI0
CIUIAHOBAHO Ta BUKOHAHO EKCIEPUMEHT. [11aHyBaHHS €KCHEPHMEHTY BHKOHYBAJIOCS
3a MeTos10M bokca-Vincona.

IMpu mnanyBaHHI ABOX(AKTOpPHOrO ekcnepuMeHty [2] 3a mapamerp
onrTuMizarii 0yso oOpaHO 3amac 3a aMILTITYIOI0 IPHUBOAY a 3a (pakTopw - mapaMeTpu
’KOPCTKOCTI CHJIOBOT IIPOBOJKH YIPABIIHHS Ta XKOPCTKOCTI KpiluleHHs npuBony. s
moOyIOBH IDIaHY EKCIEpUMEHTy Oylio 3aJaHO IHTEpBall BapitoBaHHSA (aKTOpiB
eKCIICpUMEHTY, MOWCIEPCiI0 MapaMeTpiB ONTHMi3amii 3a 3HAaYeHHSIM KPHUTEPiro
Koxpena. Ha HacTymHOMY eTami OyJi0o BU3Ha4€HO MOXHOKY MapalelIbHHUX JIOCTIIIB Ta
JUCTIepCisl TapaMeTpiB ONTUMI3allii OyJa BU3Ha4YeHA sK OqHOpinHa (Tabm.1).

Tabauys 1.
Matpuus ekcnepMMeHTy, BUXiTHi 1aHi
3anac 32 aMILIITYA010
PiBenn x1 x2
OcHoBHMil 100000000 500000000
InTepBan BapiloBaHHS 10000000 150000000
BepxHiii 110000000 50000000
HukHii 90000000 350000000
. KonoBani 3HaueHHs ¢gakTopiB
Jocainn - 2 y
1 -1 -1 6.331
2 1 -1 6.109
3 -1 1 5.752
4 1 1 5.441
bj -0.133 -0.311
bj x 1j —1.332 % 10° —4.678 * 107
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Iponosxenns tabn. 1
Kpox “Spgggl‘gggoxz Has —1.424 % 10° ~50000000
Jocmiau
5 —0.142 —0.333 6.030
6 —0.284 —0.666 6.150
7 —0.427 -1 6.268
8 —0.569 —1.333 6.383
9 —0.712 —1.666 6.497

Byno mpoBeneHo perpeciiiHuii aHaini3, SKHH BKIO4ae y cebe IepeBipKy
3HAQUUMOCTI KOe(QillieHTIB 3a JONOMOTOK METOJy HaiMEHIIMX KBaapariB Ta
BU3HAYEHHS aJIeKBaTHOCTI MOJieli 3a jonomoroto F-kpurepito. Ha ocHOBI pe3ynbratiB
MIEPEBIPKH TiNoTe3a aIeKBaTHOCTI MoieNi OyiIa miATBepIKEeHA.

OCTaHHIM eTarmoM [OCTI/KEHHS € BHUKOHAHHS KPYTOrO CXOIKCHHA 3a
rpagieHTOM. Y HaIIOMy BUNAJAKY OYJIO NPUHHATO PilIeHHS 3yMUHUTUCH HAa ICBHOMY
3HA4YCHHI MapaMeTpa ONTHMi3amii OCKITbKH 3HAYCHHS (PaKTOpy BHXOAMIIO 32 MEXi
pearsHIX MOKJIMBHUX 3HAYEHB (TA0I. 2).

Tabauys 2.
Pe3yJibTaTaMu NPOBEIEHOr0 eKCIIEPUMEHTY
3armac 3a aMIUTITYI010
Howmep X1 X2 Y
apmi | Ko | Kow | ma | DR S

6.64

1 -1 9 *10n7 -1 35 *10M7 6.33 6.33
6.01
5.80

2 1 11 *10M7 -1 35 *10M7 6.10 6.10
6.41
5.75

3 -1 9*10n7 1 65 * 107 5.46 5.75
6.04
5.16

4 1 11 *10n7 1 65 * 107 571 5.44
5.44
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BIPTYAJBHUN KOMILIEKC JJIA JOCJIKEHHA PIIMHHO-TA30BUX
CHUCTEM JIITAJIbHUX AITAPATIB

€pemenko P.O.
Hayionanenuii agiayitinui ynigepcumem, Kuis
Hayxosuil kepienux — badax B.M., c.H.c., doy.

[MinroroBka ¢QaxiBuiB y ramy3i JiTakoOyIyBaHHS BHUMarae KOMIUIEKCHOTO i
HAOYHOT'O MiIX0/y Y BUBYEHHI (DYHKIIOHAJIBHUX Ta €HEPIeTUYHUX CHCTEM JITAIbHUX
anapatiB (JIA), ix poOoTH, KOHCTPYKIii, B3a€MO3B’SI3KiB 3 IHIIUMH CHCTEMaMH Ha
6opty JIA [1], Tomo.

3HauHy ponb QyHKIiH Ha OopTy JIA BHKOHYIOTH Tak 3BaHi piIMHHO-TAa30Bi
cucremu (PI'C), tobro Taki cmctemu, poOOYMM TIIOM SKHAX € pigvHa (TaTUBO,
rizpaBiiyHa pigWHA, MacTWio), abo ra3 (TOBITPs, a30T, BYTJIEKUCIHN Tra3, XJIaJI0HH,
tomo). Takumu cucremamu Ha Oopty JIA €: rimpaBimiyHa, mManWBHA, THEBMATHYHI
(cuctema BimOOpPY 1 MIATOTOBKH TMOBITPs, CHCTEMa KOHIUIIFOBAHHS TOBITPS,
MPOTHUIIOXKEKHA CUCTEMa, CHCTeMa 3amobiraHHs oOMmep3aHHio), Tomo. JlaHi cucTeMu
SIBJISIFOTH COOOI0 KOMIUIEKCH arperariB, TpyOOIPOBOJIB i €MHOCTEH, MOETHAHUX MIX
co0o10 1 po3MileHux Ha 6opry JIA.

BuBueHHs npuHOMIIB POOOTH, KOHCTPYKWi, THIIB 1 MiAXOAIB J0
NPOEKTYBaHHS JaHUX CUCTEM 0a3yeThCs Ha CIelliali3oBaHil JTepaTypi, JOCTYHHIN
TEXHIYHIH MOKyMEHTallil i KOMIUICKCI BIpaB, NPOTe iCHye TmpoOieMa HasBHOCTI
IHTepaKTHBHOI 1 HATATHOI MaTepianbHOi 0a3u, KOTPYy MoOKHa Oyno O MOBHOIIIHHO
3aCTOCOBYBAaTH y HaBYAILHOMY IIpOLECi /Ui BUBUCHHS BHIE3a3HAYEHHX CHCTEM B
cTpykTypi JIA 3 ycima B3aemomismMu i pexxuMaMu pobotu. MatepianpHa 0aza Takoro
piBHSA MOXe OyTH HasBHa JIMIIEe HAa BUPOOHUITBAX, ajle, IIJIKOM OYEBUIHO, IO JOCTYII
710 Hel Moxe OyTH JIMIIe eri30JUYHUM 1 JIMIIe B 03HAHOMIIIOBAIRHHUX HIISIX, TOMY B
SIKOCTI ONTHMAJIBLHOTO BapiaHTy B KOHTEKCTI MiArOTOBKH (haxiBLiB-KOHCTPYKTOPIB
aBiaIiifHOT TEeXHIKM MO’KHA 3allpONOHYBATH BIpPTyaJbHHM aHAJIOT JOCHITHOTO CTEHIY
PI'C JIA.

MeTor0 po3p00KH AAHOTO BipTYalbHOTO KOMIUIEKCY €:

- Hagannst Harmsmuoi iHpopMartii mpo ckiall, KOHCTPYKIito i po3mimenns PI'C
Ha OopTty JIA y 3araspHOMY HaOMMKEHOMY BapiaHTi B SIKOCTI JOIOMIXXKHOTO MaTepiary
Ha JIEKLIHHNUX 3aHATTSX.

- 3abe3neueHHss 3100yBaviB IHTEPaKTUBHUMH 3aco0amMu JUIi BHKOHAHHS
71ab0paTOPHUX Ta CAMOCTIHHUX POOIT.
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- laTerpamiss MDKIUCHMIDTIHAPDHUX TCOPETUYHUX 3HAHb Ta  TEXHIYHOL
iHpopMalii y KOMIUIEKCHIH IHTepaKTUBHINA MOJIEI.

- PosmoBcrompkennss 1 momymspuzanisi  cepen  3100yBadiB  BUIBHOTO
NPOrpaMHOro 3a0e3NeueHHsl 1 BIANOBIAHUX MOJENeil Ul 3a0XOYeHHS TBOpPYOI Ta
IOCHITHUILKOT JisUIBHOCTI.

IHTEepaKTUBHI pexumMi
3D mogenb nepernsgy AeMoHcTpauii
niTaka-npoToTMna

3acobu BUKOHaHH#A
nabopaTopHux
3aBAaHb

IHTepakTuBHI
3acoby kepyBaHHA mogeni PrC
MOZeNn | napameTpamm

Puc. 1. CrpykTypHa cXeMa BipTyaIbHOTO KOMIUIEKCY.

[lepenbavaeTscst pO3pOOUTH TaKi CKIIAI0BI BIpTyaJIbHOTO KOMIUIEKCY:

- 3D momenp omHOro (AEKiIBKOX) KIACHYHHAX THINB JITAJIbHHAX alaparis,
BiNIOBITHO 710 3arajJlbHOTO BUIVIITY iCHYIOUHMX HPOTOTHIIIB 32 HASBHOIO y BiTHBHOMY
JIOCTYTIi TEXHIYHOIO JTOKYMEHTAIIIETO.

- 3D Tta mporpamui (maremarmuni) mozaeni PI'C JIA, 3 BignoBimHUM
pO3MiIeHHAM, 3ac00aMu I Bi3yadi3amii i iHTepaKTHBHOIO TEKCTOBOIO iH(OpPMAIII€TO.

- 3aco0M KepyBaHHS MoJe/UII0 1 I mapaMeTpamMH JUisi HaJIAIITYBaHHS
KOMIUIEKCY, aKTHBaLil PI3HUX PEKHUMIB JIEMOHCTpAILIil, JIsi BUKOHAHHS CaMOCTiHHOT
poboTu 3100yBayamMu.

- [HTepakTHBHI PEXKUMH JEMOHCTpAIl Ui JICKI[IHHUX 3aHITh Y SKOCTI
JTOTIOMI>KHOTO Matepiany.

Po3poOka gaHOrO0 KOMILICKCY BiOYBa€ThCS 3a JIOTMIOMOIOK IHTEPAKTHBHOIO
cepemouiia UPBGE [2], mi0 € pi3HOBWAOM BUIBHO PO3MOBCIOKYBAHOTO
nporpamHoro 3abesneueHHss Blender i3 BOymoBaHumm 3aco0amu IpOrpamyBaHHS
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Python. Jauwe II3 pgo3Bossic 3a0e3meunTH HEOOXiMHHWN PpIBEHb HAOYHOCTI 1
IHTEPAKTUBHOCTI MOJIEIIi, @ TAKOXK PO3MOBCIOJ)KYBATH MOJICII K OKPEMi JTONATKHU JJIs
pi3HuX riaTdopm.

Cnucok BUKOPHUCTAHUX JIHKepeJ:

1.134 Asiamiiina Ta pakeTHO-KOcMiuHa TexHika: CTaHZapT BHIIOI OCBITH YKpaiHU
Bin 22.12.2018 p. Ne 1441.
URL: https://mon.gov.ua/storage/app/media/vishcha- osvita/zatverdzeni%20standarty
/12/26/134-aviatsiyna-ta-raketno-kosmichna-tekhnika- bakalavr.pdf

2. UPBGE. Engine totall integrated in Blender.

URL: https://upbge.org/

YHUCEJBHE TA AHAJIITUYHE JOCIAIKEHHS YMOB BUHUKHEHHSI
CTOSIYOI XBWJII Y I'JTYXIN BITHI TPYBOITPOBOAY

Jlureus 10.0.
Hayionanenuii agiayitinuii ynieepcumem, Kuis
Hayxosuii kepisnux — Tapacenko T.B., kano. mexw. HayK, 0oy.

Jlnst oummieHHS Bim ocaay NPOTOYHOI YAaCTHHU 3aMKHYTHX TigpaBIIiYHUX
TPYOOIPOBOIB 3aCTOCOBYIOThCS 30KpeMa METOAW HammipHOi HMPOMHBKH, aKyCTHIHI
METOIH YIBTPa3BYKOBOTO KaBiTAIIHHOTO OdYHMIIEHHS [1] Ta pe30HaHCHOTO OYMIIICHHS
[2]. 3anpomoHOoBaHMK METOJ PE30HAHCHOTO OYMIICHHS TPYOONpPOBOIY Oa3yeThCs Ha
BUKOPHCTAaHHI KOJMBaHb CTIHOK TPyOOIPOBOAY, II0 BMHHKAIOTh BHACIHIZOK BIUIMBY
30BHILIHBOTO KaBITalliHHOTO TOTOKY Ha CTiHKY TpyOonpoBoxy. OpHak yMoOBH
PO3IMOBCIOKEHHS TAKUX KOJIMBAaHb NOTPEOYIOTH I0JJaTKOBOTO PO3IIISILY.

Bu3HaueHHsT BIAacHOI 4YacTOTHM KOJNHMBAaHHS MOXe OYTH BHKOHaHO 3a
CIPOLICHOI0 aHAJITHYHOIO MOJEINION, 110 BUKOPHUCTOBYE PIBHSHHS CTOSYOI XBWIII Y
HPSIMOJTIHIHOMY TPYOOIIPOBO/II, 3aIIOBHEHOMY BOZIOIO, 1 KiHIII SIKOTO 3aikcOBaHO:

nv
fo=—
2L
ne N — Homep rapMmoHiku, V = 1403M/c — MBHAKICTH 3BYKY B CEpEIOBHIII,

L =1m — moBxuHa TpyOOIIPOBOLY.

Cnopomena Mozenb He  BpaxoBye  BTpaT  €HEprii, TOMYy  MOXe
BUKOPHCTOBYBATHCh TIUNBKM JUIS JIOBIJKM 1 IIBHMJKOI OIIIHKM PE30HAHCHHMX YacTOT.
OtpumaHni 3HaueHHs s nepesipku: f; = 701,5T'n, f, = 1,4y, f3 = 2,15, f; =
2,8xI'w, fs = 3,51,

VYTouHEeHHUI po3paxyHOK PE30HAHCHHMX YacTOT Uil TPyOONpPOBOAY MPOBEICHO
Ha 0a3i BipTyaJibHOro cTeHIy B cucteMi Simcenter Amesim. CTeHA CKJIalaeTsbes i3
TOJIOBHOT'O TIPOTOYHOTO TPYOONPOBOAY 3 APOCENEM, IIIyX0i BITKH TPYOONPOBOIY, Y
SIKifl cImocTepiraeTscsl JOCHIIKyBaHE SBUINE Ta TeHEpaTopa ITyJabCamid BUTPATH.
3acTocoByeThCSI KOMILIEKCHa Mojens TpyOompoBoxy HLO0040 3 posmoxpineHmMu
napaMeTpamu, M0 JOIUTPHO TPpU JOCHIKeHHI XBWIbOBHX edekTiB [3]. Momenb
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BpaxoBye JeopMallifo CTIHOK TpyOOIpOBOy, CTUCIUBICTE poOOYOi pigunu; Ga3zoBa
¢dopMyna 1l OTpUMaHHS HOXIAHMX THCKY Ha BXOJI 1 Ha IOYaTKaX €JIEMEHTapHHUX
BiJIPi3KiB BU3HAYAETHCS SIK:

op B oQ
—_— =,
ot A ox
ne A — edexTHBHA TUIOIA TIepepi3y, B — epekTHBHNI MOAYIH MPY>KHOCTI.
Takox BpaxOBYIOTBCSI BTPAaTH €Heprii Ha TepTd i IHEPUIHHICTh B 3aJI€)KHOCTI
Bix dactoru. [loXifHI BUTpaTH Ha BHXOJi 1 Ha KIHIFIX EJIEMEHTApPHUX BiAPI3KiB

BHU3HA4YaKOTHCA SK:

2Q _A op ff-Q°sign(Q)
ot p ox  2-diam-A
1€ p — rycTHHA piguny, diam — rigpasiivauii giametp, ff — koediuieHT TepTs.
B moxinHi 06’€MHOi BUTpaTH BHOCUTHCS TIONPaBKa Ha TEPTSL, 10 3aJICKUTD BiJ
vacrotu [4]:

o0Q aq 4v Zk:
a ot R & Y

Iie v — KIHeMaTH4YHa B A3KiCTh, R — pamiyc TpyOompoBoxy, Yi — 3MiHHa CTaHy B M/c,

10 334a€THCS IS KOYKHOI iTeparlii mo riana3oHy 9acToT.

JopxuHa gocmimkyBaHoro TpyoomnpoBoxy 1M, giamerp 10MM, TOBITHHA CTIHKH
1,5Mm, Momyns npykHocTi cTiaku 190I'TIa, poGoue cepenosumie — Boma. I'eomerpis
ZIPOCEISt TOJIOBHOTO TPYOOIIPOBOIY 3MIHIOETHCS TSI BCTAHOBJICHHS JIOKAJIBHOTO THCKY
Ha Bxoi B Mexax Bix 1MIla no 12MI]a.

OTpuMaHuii 4acTOTHMH Bigryk (puc. 1) mokasye, W0 Yy JOCIHiXKYBaHOMY
TpyOOIIPOBOAI CTOSYA XBHJIS BUHMKAaTHME Ha 4acTOTaX, KpaTHUX mpuoimmsHo 7000
(699,7T'n), mepuia rapMoHiKa Mae HaHOLIBIIY aMIUIITYIy, a CMyra IpOIyCKaHHS
0OMEXYEThCSI T’ATOI0 TapMOHIKOIO 3 4acToTor Onm3bko 2,5k, AOGcosoTHe
3HAUEHHsI THCKY YW BUTPATH B TOJOBHOMY TpyOONpPOBOJI HE BIUIMBAE HAa YaCTOTY
BJIACHUX KOJINBaHb, OJTHAK TP 301JIbIIEHH] TUCKY BiTHOIICHHS aMILUTITY 3pOCTAE.

[4B]

¥ =G39.0613
¥_1=44.6943

y_ 7= 33,7495
¥_3=34,79137
¥_4=79.81507
¥_5=15 3252
y_6=722,45501

10
Hal

Puc. 1. Yacmommuuii 8iocyx mecmogoi mooeni
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Jana monens Moxe OyTH 3acTOCOBaHA JUIs IOJANBIIOTO BHBYCHHS SIBUIIA
PE30HAHCY B r'iIpaBIivyHUX TPyOOIPOBOAAX i aKyCTHYHUX METOIB iX OUHMIIECHHS.
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CHWJIBHI I CJIABKI T'TIPOYJAPHU B I'TIPOCUCTEMI JIA

Axumenko b.M.
Hayionanenuii agiayitinui ynigepcumem, Kuis
Haykosuil kepignux — JIyk’stHos I1.B., k.¢.-M.H., 1011

[IBuaKicTh 3BYKY B piauHaX 3a3Buyaii craHOBUTH 0au3bko 1000 ... 1500 M / ¢
(mns Bomu ipu 4 © C - 1.435 km / ¢, mpu 45 ° C 1.51 km / ¢ (Mmakcumym), ipu 100 ° C -
1.46 xMm/c) , Tomy B TpyOi 3 BOJOIO TOBKHHOIO 15 METpiB mpoliec MOMUPEHHS yaapHOi
XBWJII BiJ 3aIJIyIIKK 7O BXOAy abo Haszaj 3aiiMe mpuOausHo 10 mimicekyHz. 3a mei
4ac Tijio, MO0 3HAaXOAUTHCS B CIOKOI, MMM €0 TPUCKOPESHHS BIIHHOTO TMaJiHHS
BCTHI'HE HaOpaTH JMIle MBHIKICTE B 9.8 cM/cex 1 mpodTn nuiix MeHme 5 cm. [pn
01111 KOPOTKUX JOBKUHAX LI HU(PPH MPONOPLIHHO 3MEHIIATHCS.

VY da3i po3pimkeHHs BiApUB PIIMHU Bix 3ariayIlKd BiZOYBaeThCs HE 3aBKIH.
JIyist bOTO MIBUIKICTH IMOTOKY IIOBHHHA OYTH JIOCTaTHHO BHCOKOIO, a CTIHKH TPYOH -
JIOCUTh YKOPCTKUMH, 1100 yaap BUHUIIOB pi3kuM. SIKIIO yAap BHUSBUTHCS 3aHAATO
c1abkuM (200 3aHAATO IUTABHKM), TO ITOPOXKHIH 00JaCTi y 3aryIIKH HE YTBOPIOETHCS,
xo4ya B OyIb-KOMYy BUMAAKY Y (asi po3piKeHHS THCK BCEepeawHi TpyOH, B TOMY
qucii 6e3mocepeHb0 y 3arIyliKy, OyJe MEHIIe, Hi’)K THCK HaBKOJMIIHBOTO PiaHHU
30BH.

Jliist Toro, 106 pigrHA 3MOIJIA BiipBaTUCS Bijl 3arJIyLIKH | 3'aBuIacs 00acTh
BiIpUBY, 3BOPOTHUH THCK (B imeami, 0e3 ypaxyBaHHS BTpaT, piBHE MaKCUMaIbHOMY
MIBUIIEHHIO THUCKY HPU CTHCKaHHI) [MOBMHEH MEPEBUIILYBATH THCK CEPEIOBHUINA
30BHI. TakuM YMHOM, BiIPHWB pIJWHUA 3 YTBOPCHHSIM BaKyyMy MOXIUBHH TpU
BHUKOHAHHI YMOBH

P,>F+E+h

ne P,,- MakcumaibHe MiABUIIEHHS TUCKY B (pa3i CTHUCHEHHS MO0 30BHIITHHOTO

THCKY; P o - abcomoTHUI 30BHINIHINA THCK B pe3epByapi Oinst Bxomy B TpyOy (ToOTO

THCK WIOA0 BakyyMmMy, a He aTMocdepu Haj TOBEpXHEIO pinquHM); Py - rigzpocratnyHa

Pi3HHIA THCKIB MiX BXOJOM B TpyOy | 3arjiyIukor, sSKIO Tpyba po3TalioBaHa
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HE TOPU30HTaNIbHO; Pt - HE3BOPOTHI BTpaTH TUCKY NpPU CTUCHEHHI 1 pPO3IIMpEHHI
pimmHM 1 cTiHOK TpyOom B (daszax 2-6. SIkmo 3HeXTyBaTW BTpaTamMH, TO

Pyu>Py [2,3]. Moxe BHHUKHYTH THTAHHSA: SK K€ IMJBUIICHHS THCKY TIpH
ripoyzaapi MoXe MEPEeBUIUTH THCK Ha BXoJl B TpyOy? OnHaK TyT HEMae napajokcy,
TaK SIK CTPUOOK THCKY 3aJI€KHTH JIMIIE BiJ] PI3KOCTI 3yITUHKH MOTOKY 1 HabpaHoi iM 110
OTO MOMEHTY KIHCTHYHOI €HEprii, TOMy »XOpPCTKa Tpy0a 1 HECTHCIHMBA piJWHA
MOXYTh 3a0€3MeYNTH CWIBHUK yJap HaBiTh NMPW HE HAATO BHUCOKIH MIBHUIKOCTI
MOTOKY.

TakuM 4MHOM, TiAPOYJAPH MOXKHA PO3ALIMTH Ha «CHJIbHI», KOJIH YTBOPIOETHCS
00J1aCTh BaKyyMy B 30HI BIIpHBY, i «claOKi», KOJIH MOTYXHOCTI yIapy IJis IIbOTO HE
Buctavae. [Ipu 1poMy citify mam'siTaT, 110 MOBa caMe IPO MOTYXKHICTh yaapy, a He
PO HOTO €HEPTiI0, OCKIIBKY TYT BU3HAYAIBHY POJIb BiIiIrpa€c 9ac 3yMAHKH.

OpHuM 3 Hale()eKTUBHIIIMX METO/IB 3a1100iraHHs TiApoyaapy € BCTAHOBJICHHS
B TiZjpocucTeMi AeMIdepa KOJIMBaHb.

a2

o

0 - =
‘I t, 4ac

Puc.2. 3aTyxaHHs KOJMBaHb B CUCTEMI MPHU HASIBHOCTI JeMIIdepa.

CnucoK BUKOPHCTAHHX JIZKepell
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2. Coopuuk 3amau 1o ruapasirke / pen. B. A. boasmakosa. 1979. 336 c.
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MEHE/JUKMEHT TEXHOJIOT'TI AEPOITIOPTIB

INFORMATION TECHNOLOGIES IN THE FIELD OF INTERNATIONAL
TRANSPORTATION AND LOGISTICS

Bugay A.V
National Aviation University, Kyiv
Scientific adviser - Mazur V.1, senior lecturer

Introduction. In the modern world, logistic as one of the effective tools for
planning the organization and management of material and related flows is aimed at
maximizing profits by all participants in the processes of transportation and
distribution by optimizing logistics costs in a certain space and time [1].

Problem issue. Transport as a branch of infrastructure must develop faster to
promote the rapid economic and social development of the country and its
participation in the international division of labor. Ukraine's accession to international
transport organizations and structures, ratification of a number of international
agreements, conventions and other instruments, organization of transport systems and
transportation were the first steps that began the integration of the Ukrainian transport
complex into the European transport system. In Ukraine, there are 33 airports and 20
state seaports, commercial ports, 8 river, 6 railway, more than 90 aviation and 150
shipping companies of various forms of ownership, more than 75 thousand businesses,
on the balance of which is road transport [2].

Summary. Information and communication technologies are currently the
main tools used to modernize the transport industry. Active implementation of IT
technologies in all areas of business contributes to the development of modern
logistics information systems. Today, logistic companies use local area networks,
telecommunications systems, modern computers and information software. A modern
logistics system can be represented as an interactive structure that includes personnel,
equipment and information technology in combination with information flows
circulating inside.

References:
1. Development of transport and logistics system as a form of realization of transit
potential of Ukraine [electronic resource] - electronic text data - access mode:

http://academy.gov.ua/ej/ej14/txts/Braginskiy.pdf (zara 3Beprenns: 17.03.2021).

2. Transport and logistics centers: foreign experience [electronic resource] - electronic
text data - access mode: https://www.lobanov-logist.ru/library/all_articles/57650/ (mara
3BepHenHst: 17.06.2020)
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ANALYSIS OF ENERGY AND ECOLOGICAL EFFICIENCY OF AIRPORTS

Miedviedieva N. A.
National Aviation University, Kiev

Introduction. Today, the market of aviation activity in Ukraine is revived after
the recession period during the last few years. Regular air traffic between Ukraine and
countries of the world is regulated by 66 intergovernmental agreements. Conceptual
principles of formation and implementation of state policy to ensure the development
of the aviation industry, its stable and effective functioning are determined by the
order of the Cabinet of Ministers of Ukraine Ne. 430-r. dated May 30, 2018 [1].

Problem issue. One of the basic principles of the national transport strategy of
Ukraine is to ensure the integration of civil aviation of Ukraine to European and world
transport systems, compliance with priorities and requirements for the introduction of
an agreement between Ukraine and the European Union on joint aviation space and
ensuring environmental safety and energy saving.

In recent years in the management of international airports, managers and
designers make a lot of efforts to organize not only the entire service and
transportation process more qualitatively and effectively, but also to make the
buildings of aero stations corresponding to the high standards of green architecture
[2]. Energy management is an important part of the enterprise management, which
will contribute to the airport's sustainable development.

Integration of the environmental management system environment with the
energy management system in accordance with international standards of the 1SO
14000 and ISO 50000 series is a guarantee of the so-called "green airport".

Summary. Installation of the roof, which is made from a membrane that filters
water and letting it into technical needs, the use of renewable energy for heating and
to cool the building, equip the tax-park of airports by electric vehicles, the use of a
solar wall that is the wall of the terminal facing the sun and used to heat water, which
then circulates throughout the building; Installation at the airport of energy-efficient
lighting and plumbing cranes that save water; construction of a green roof, in which
there are plants on the roof of the building that can significantly reduce the absorption
of heat and thereby reduce energy needs, in addition, the green roof can reduce
rainwater drainage and serves as a soundtrack on the approach to the runway; realize
the process of digital energy monitoring

References:

1.National Transport Strategy of Ukraine for the period up to 2030 // Order of the
Cabinet of Ministers of Ukraine dated May 30, 2018 No. 430-r. [Electronic Resource]. — Access
mode:  https://zakon.rada.gov.ua/laws/show/430-2018-%D1%80#Text _(1ara 3BEpHEHHS:
17.03.2021).

2.The Eco-Design of Airport Buildings/ICAO.[Electronic Resource].—Access
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LIGHT AVIATION IN THE CONTEXT OF COMMERCIAL AVIATION
WORLDWIDE: EVOLUTION AND MODERN TENDENCIES

Osadchyi Danylo
National Aviation University, Kyiv
Vasukovich O.M. — PhD, Associate Professor

Introduction. In official documents, the following division of aircraft by take-
off weight is proposed:

- Heavy - aircraft with a take-off weight of more than 136 tons;

- Medium - aircraft with a take-off weight of less than 136 tons, but more than
7 tons;

- Light - aircraft with a take-off weight of less than 7 tons.

At the beginning of its existence, all aviation was an exceptionally small
aviation - aircraft made of wood or other light materials. Only after the First World
War, during the "golden age" of aviation, more massive aircraft began to appear,
created for transporting shipment (mainly mail) and as bombers. However, small
aircraft did not stop its development, but on the contrary, the invention of jet engines
marked the beginning of the division of light aviation to aviation with internal
combustion engines and jet engines. Military and civil aviation began to radically
differ, because in military aviation, the carrying capacity and speed of fighters
mattered. Civilian small aviation needed more economical aircraft, in view of which
piston engines are still mainly used there. Today, almost all commercial aviation is
either heavy aircraft due to the number of passengers it carries, or lighter business jets
that sometimes belong to the small aircraft category. In this paper, the following issues
were considered:

- Modern trends in light aviation.

- Possibilities of replacing medium-body and wide-body airliners with more
compact aircraft.

- Necessary upgrades to service programs and training of service personnel to
support the proliferation of small commercial aircraft.

Problem issue. At the moment, small aircraft are used mainly for private
purposes and for the most part, low-weight aircraft are similar in design. However,
since the development of a new type of small aircraft is many times cheaper than the
development of a large airliner, there are many private enterprises in the world
specializing in the creation of this type of aircraft with a wide variety of design
solutions and innovations. Aviation is a relatively young technology compared to
other methods of transporting cargo, so it is still undergoing cardinal changes that are
really changing this entire area. So, we observe that the era of supersonic passenger
aircraft has exhausted itself, and the era of Jumbo Jets is also coming to an end. It is
quite possible that in connection with the issues of economy and profitability of
flights, in a few decades, modern liners that can accommodate hundreds of people will
become a thing of the past. When you look at fuel efficiency, all standard passenger
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aircraft have roughly the same fuel consumption per passenger no matter are they
light, medium or heavy. However, smaller aircraft have a significant advantage in the
cost of maintenance, as well as due to their size, an advantage in the number of
airfield fees. It is worth noting that there are already projects, including those
implemented, of aircraft of small passenger capacity and cargo capacity, the cost of a
ticket for which in its pure form is comparable to a ticket for a business class on a
large aircraft, with a longer range and almost equal to the flight speed. A delicate
topic, however, is the congestion of air and airport traffic, because to replace one
traditional passenger aircraft like the Boeing 737-800, about 20 light aircraft with up
to 10 passengers on board will be required. However, a significant problem will be
more likely to be a problem of workload on air traffic controllers (ATC) than on
traffic in general, because smaller aircraft are characterized by smaller wingtip
vortices, which significantly reduces the required distance between the sides, thereby
increasing the number of sides that can be in the air at the same time and all of them
will need to get in touch with ATC, as well as due to bigger number of possible flight
levels, vertical separation of such aircraft is greatly simplified, which gives even more
room for maneuvers. Nevertheless, in order to reduce the load on airfield lanes,
parking areas, runways, a significant expansion of airfields with the addition of new
runways will be required, which will lead to very large expenses in the event of a
complete replacement of mid-body airliners with narrow-body Jets.

Summary. Small aviation is still a promising part of civil aviation, as well as a
space for testing new technologies and creating new concepts in aviation. Today,
small aircraft are used for commercial activities in exceptional cases, because its
introduction everywhere would have a significant positive impact, mainly on
passengers, but airlines will not receive such benefits from this, which in a short time
would cover such a radical change in the direction of development. And for states, this
promises even greater costs for the modernization, restructuring of airfields and an
increase in their number. In general, light aircraft today have a chance to occupy a
niche in aviation and, thanks to their advantages, be a competitive type of air
transport, and in the context of modern global trends in technology and ecology, such
aircraft have more room for development, which will undoubtedly play a crucial role
in the future of aviation in general.
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TEOPETUYHI ACHEKTH PEBEPCUBHOI JIOTICTUKHA

Pynenxo B.O.
Hayionanvnuii asiayitiniii ynisepcumem, Kuis
Hayxoesuii kepisnux — Jlumsunenxo C.JL., k. e. H., 0oy.

Beryn. Exonoriune HamoBHeHHs peBepcuBHOI Joriku (PJI) BH3HadaeThCs
3a0e3MmeueHHsIM pyXy TOBapiB i Tapu BiA pi3HUX TPYI CIOXKUBAYiB J0 PI3HUX TPYII
BUPOOHHMKIB, 3 METOIO X mepepobieHHst a00 KOPEKTHOI yTHini3amii. A oTxe, HalOUIbII
MOBHUM Ta aJeKBaTHUM Bu3Ha4deHHsM PJI ciijg BU3HATH pO3yMiHHSA ii SIK Ipolecy
IUIAaHYBaHHS, peaii3alii Ta KOHTPOJIO JIOTICTHYHUX TOBapHHUX MOTOKIB, SKi IpH
3BOPOTHOMY PO3IOJILTI TOTOBOI MPOAYKIIT 000B’SI3KOBO MOBEPTAOTHCS 31 chepu 00iry
Ta CIOXXHMBAHHS, 3 METOIO BITHOBJICHHS IX IIIHHOCTI Y KOPEKTHOI yTHJIi3allii.

IMocranoBka mpo6aemu. Cnin BusHatH, 10 PJI 6e3yMOBHO € HeBix’ €MHOIO
CKJIaJIOBOIO  JIOTICTHYHOTO YIPAaBIiHHSA, IO BHU3HAYAETHCS TapaHTIHHUM Ta
MTOCTrapaHTIHHIM OOCITYTOBYBaHHSAM. Y BimmoBimHocTi mo Bu3HaueHHS [I. Jlambepra
ta JIx. Ctoka PJI € ¢yHKIi€IO JNOTICTHKH y TMOBEPHEHHI MPOAYKIii, 3a0e3ImedueHHi
PEIMKIIIHTY, pecypco30epekeHHi, a TaKoXX 3aMiHI MaTepiamiB, iX BiJZHOBIICHHI Ta
mosropHOMy BuKopucTaHHi. Y CIIIA icHye Paga nOTicTHYHOTO MEHEIKMEHTY, SKa
Bu3Haumna, 1mo PJI e mporecom, 3aBAsSKM SIKOMY KOMIAHIT MOXYTb IiJBHIIUTH
3arajbHy  €(EKTHBHICTh 3aXHCTy HABKOJHIIHBOTO CEPEAOBHIIA 32 PaXyHOK
nepepoOIICHHsI Ta IIOBTOPHOTO BUKOPHMCTAHHS MarepialiB, 3MEHIINTH BHUKOPUCTaHHS
MarepianbHUX pecypcis. Lst paja Bu3HaumMiIa psiji BUiB 3BOPOTHUX MTOTOKIB TOBApIB 3
TOYKH 30Dy IX MOJaJIbIIOro (BTOPHHHOTO) BUKOPUCTAHHS: PEKOHCTPYKIis (OUNIIECHHS
Ta PEMOHT IPOMYKTY IJIsl MOBEPHEHHS MOr0 JI0 CTaHy, FOTOBOIO 10 BHKOPUCTaHHS
CIOXHBAadeM); pPEeMOHT (WOXIOHWI JO PEKOHCTPYKII, MpOTe BHMarae OiLTBIIOTO
YIOCKOHAJIEHHsSI BUPOOY); HMOBTOPHE BHUPOOHHMILTBO (CXOXKE HA OHOBJIEHHS, INPOTE
nependavae OUTBITY MOBHOTY Ta MAacIITaOHICTh poOOTH); Mepenpoaax (ToBap MOXe
OyTH TOBTOPHO TIPOJNAHWH, SK HOBHH, 3a aKIIHHOK IiHOIO, Ha po30ip abo
BUKOPHCTAHHS MTOJIETAIBHO).

BucnoBkn. Otxe, ocHOBHOIO MeTol0 PJI € ymockoHaneHHS JIOTiICTHYHOI
JISTIBHOCTI  MIJNPUEMCTBA 3aBJSIKM BTOPMHHOMY BHMKOPHUCTAHHIO IOBEPHEHHUX
pecypciB, YMM MiABUIIYEThCS €(PEKTUBHICTH BHUPOOHMIITBA, IMIJDK KOMIIaHIi SK
€KOJIOTIYHO CBIIOMOT Ta 3MEHIIYIOTh BUPOOHHUY1 BUTpATH.

Cnucok BUKOPHCTAHHUX JKepe:

1. Tapanosceka 0. M., fIaayk T. B. CyTHiCTb Ta 3Ha4€HHS PEBEPCHBHOI JIOTiICTHKHU B
CyJacHUX PUHKOBHX yMoBax // CxinHa €Bporma: ekoHOMiKa, 6i3Hec Ta ynpasmiHH. — 2018. — Ne
17.-C. 17-20.
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2. Po3pobka Ta BIpOBa/KEHHsI CHCTEMH PELUKIIHTY Ha mianpueMctsi [EnexTpoHHuit
pecypc]. - Pexum JIOCTYILY:
https://ela.kpi.ua/bitstream/123456789/35485/1/Trygub_bakalavr.pdf

HOTPAIIVIAHHA ITTAXIB YV AIBUT'YH JIITAKA (ETAII PYJIIHHS)

Crapoxyk A.K.

Hayionanenuii agiayitinui ynigepcumem, Kuis

Beryn. HaiiGuneiry HeOe3nexky npesicTaBisie MONaJaHHs NTaxiB B JBUTYH, L€
MOJKEe CHPHYMHHUTH AeGOpMalifo JOMAaTOK Ha PI3HUX CTYNEHSIX KOMIIpecopa, Micis
4Or0 MOJKJIMBE iX pyHHYBaHHA i BiIMOBa JIBWUTYHA, B JIESKHWX BHIAJKaX HaBITh HOTO
3aropsIHHS.

IMocranoBka mpoduaemu. 3a maHuMu MiKHApOJHOT opraHizallii MHUBUILHOT
apiamii (ICAO), y CIIIA 3a pik crtaetbes Onu3bko 13 THCAY 3ITKHEHb NTaXiB 3
mitakamu. Y cBiti B mepioq 2011-2014 pokiB cranocst moHas 65 TUCSY TAKHX BHUITAIKIB
— 1 ug nudpa 3pocTac 3 KOKHMM POKOM pa3oM 13 3pOCTaHHSIM KiJbKOCTI
aBiarepeBe3eHb.

Haiiyacrime uepe3 3iTKHEHHS 3 NTaXaMH IOLIKO/PKYIOTHCSI JBUTYH 1 KPHJIO
JiTaKa, Ha [i YaCTMHM KOHCTPYKUii npunanarots Ouibiue 40 BiICOTKIB BCIX BUINAAKIB.
Pigme — noboBe ckilo, aHTeHa pajiojokaropa, (ro3ensik, cradinizarop, ¢dapa i maci.
[Tpubau3HO B TPHOX BiJICOTKAX BUMAJKIB MOTPAIUISTHHS NTaXa y ABUTYH BiH BUXOJHUTH
3 Jamy, a IIe 3arpokKye BeJIWYe3HHMMH (iHAHCOBMMH 30WTKaMH. 3a OIliHKaMH
MDKHapOJHHUX €KCIEpTiB, HIOPIYHWIA 30MTOK CBITOBOi KOMEpIIiHHOI aBiamii Bix
3ITKHEHb 3 MTaXaMH CTAaHOBHUTH N0 1,2 Minmbsipaa gosiapiB. Haitbinein HeOe3neuHi s
JIITaKiB 3TPaEBi MTHII — T'YCH, XKypaBJIi, Yallku, TOpoOIi, MmaKky i rpaku (tadm. 1.).

Tabauys 1.
TexHoJioriuHi aii Aucneryepa npu nonaganxi nraxa y asuryH IK

Omuc
IMoTparuissHHs NTaxa y IBUI'YH
OTtpumary iHpOpMaLiIo Bij €KXy PO HASBHY CHTYAIIIO.
[MixTBepauTy iHpopMaIlio 0 HOTPAIUITHHS NTaxa
Mosigomutn KIIK micue3HaxomkeHHs, 3adikCyBaTH 4ac
Iepesiputu Bcranoienus KIIK curnany «JIuxo»
Jlonosictu kepiBanka nonbotiB (KII) npo Burnkuenns OBIT
Ha Gopty I1K
7 YTounuTn noganemi Hamipu KITK
8 [MixTpuMyBaTH ekinax HeoOXigHOO iHpopMaILi€0

oo slwld|k|z
=)

BucnoBku. Haiibinplie NOMMpPEHHS OTPUMald aKyCTHYHI YCTAHOBKH, SIKi
IMITYIOTB KPHMK NTaxiB py HeOe3newi. Takoxk MMPOKO BUKOPUCTOBYIOThCS MPONIAHOBI
rapMaTH, 110 BUJAIOTh 3BYK, CXOXKHH Ha rmocTpii. Jleski aeponopTi po3BOASATh XMKUX
NTaxiB, TAKUX SIK HAIIPUKIIAJ COKIJI.
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EKOJIOTTYHA BE3NEKA CYYACHUX AEPOIIOPTOBUX TEXHOJIOI'TIA

Aperux /1.B.
Hayionanvnuii asiayivinii ynisepcumem, Kuig
Hayxosuii kepisnux — Jluuuk B.1, cm. euxnaoau.

Ha croromHimiHili JeHb €KOJOTiYHE CTAaHOBWINE IUTAHETH TIEPEKUBAE HE
Haiikpami gacu. CydJacHi aepoIOpTOBi TEXHOJIOTII, sIKi OB’ s3aHi 3 00CITyTOBYBaHHIM
nositpsHuX cyneH (IIC) ta BukopucraHHsAM aBiamiiiHoi HazemHoi TexHiku (AHT) B
aepomopTy, TAKOK MAIOTh HETaTHUBHUH BIUTMB HA E€KOJIOTIYHY OOCTaHOBKY aepoOIoOpTYy.
[oripurytoTs exonoriuny 6e3neKy BiIXOAW MacTHIl, Clieliali30BaHuX PiiuH, J0OaBOK
Ta XIMIYHHX cronyk, podora AHT Ha maci aBToMoOINB 3 OEH3WHOBUMHU Ta
JU3EIEHUMHE IBUTYHAMU, Bixoau 3 6opty [1C Torro.

3a migpaxyHKaMu MIKHAPOJIHUX CKCIIEPTIB Ta CICIIANICTIB, AisUTbHICTh aBiamii
npoaykye 1,5-2% BukuniB Byriekucioro rady (CO,) Ta iHIIUX HeOE3MEYHUX
XIMIYHUX PEYOBHH 1 CIHOJYK IO BiIHONICHHS BiJl 3arajibHOTO CBITOBOTO BHUKHUIY IIMX
KOMIOHEHTIB. ExcriepTr, B Tamy3i exoOe3meKkH aBiarlii, ONPITIOIHHUIN PEUTHHTOBI
MTOKa3HUKHM CTOCOBHO CBITOBHX BHKHIIB B pe3yNbTaTi poOOTH PIi3HUX BHUPOOHUUHMX
rairy3ed Ta MicCIie aBiaIliifHOTo TpaHCIOpTY B Hii [1,3]. ABiamiifHa ramy3p CTaHOBHIIA
13% Bukunis CO, y CHiBBIIHONICHHI 0 TJI0OATLHOI CUCTEMH BUKHIIB Ta 3% — y
CITIBBIIHOIIICHHI 10 3arayibHOTO 00csary BukuaiB CO, Ha mpocTopax €BpONEHCchHKOro
Coro3y. B cBoro uepry moOCTiMHI JOCHiPKEHHS Aalld 3MOTY BCTAHOBHUTH, IO 3a
BUILEPO3IIISIHYTUH Tepiox, AisubHICTE €Bporeiicbkoi aBiawiiHOT TpPaHCHOPTHOT
cucreMu cnpuunHWia 22% BHKHAIB BYIJIEKHCIOTO Ta3zy Yy CHIBBIIHOIIEHHI J10
I'no6anbHoi aBianiitHoi TpaHcOpTHOT cucTeMu [3].

CporojiHi, B cepeJHbOMY, KPYIIHUM aepoIiopTaM-xadaM BJAETHCS CKOPOTHTH
npsimMi koHTpossoBaHi Bukuan CO, na 20-40%.

Sk HacHiIOK mpoIecy BUKHIB HEOE3MEUHUX PEYOBHH, 30KpeMa B pe3yibTaTi
3ropaHHS TaiuBa, BiAOyBaeTbcs (GOPMYBaHHSA HOBHX EKOJIOTIYHO-HEOE3MEUHHX,
ra3omnojiOHUX, PIAKUX Ta TBEPAUX PEUOBHH, SKi € TOXIATHUMH BiJ] XIMIYHHX
€JIEMEHTIB, MTOE€HAHb Ta YTBOPEHD, IO MICTATHCS SK Y CKJIAJi BXiTHOTO TajiBa, TaK i
y CKJIaJi BUXITHOTO TAajHBa, 1 BXKE SK Pe3yibTaT y CKIaai aTMOC(EpPHOTO TOBITPS.
OpHak, Bce K TaKH HaMOLIBIIOI HEOE3MEeKO0 B JaHOMY BHUIIAKY € 3MiHU (Di3HUHIX,
XIMIYHUX Ta Ol0JOTIYHMX XapaKTEPUCTHK €KOCHCTEMH, MOPYIICHHS X0y MPUPOIHUX
010JIOTIUHHX IIPOLIECIB, YTBOPEHHS CTIHKUX /10 MIKPOOiOJOTIYHOTO PO3IICIUICHHS IIe
O1IIbII TOKCYHHX CIOJIYK, B SIKMX MICTATHCS KaHIIEPOTEHHI Ta MyTareHHI CKJIaJI0BI.
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AHT, sika BUKOPHCTOBYETHCSI B TEXHOJIOTISIX Ha3eMHOI'O OOCITyrOBYBaHHS, Ta
ABTOTPAHCHOPT JJIsI CHOJYYEHHSM 3 MICTOM 3aMIHIOETBCS Ha €JIEKTpOKapu abo
npaifoe Ha OiomanuBi. barato aeponopTiB mepexoasTh Ha eHepro3oepirarodi
TEXHOJIOTIT Ha3eMHOTro OOCIYrOBYBaHHS, BUKOPHUCTOBYIOTh aJbTEpHATHUBHI JDKEpena
eHeprii, BCTaHOBIIOIOTH COHSYHI maHeni. Hampukman, B aepomopry Llopixa
(IIsefinapist) iX mmiom@a CTaHOBUTHL 6 THC. KB. M. [2]. yisa omruMmizariii BUTpaT
aeporopTH 3aMiHIOIOTh OCBITJICHHS Ha CBITJIOMIOJHE Ta BCTAHOBIIOIOTH Pi3HOMAaHITHI
CHCTEMHU 30epeXeHHsI CHEpPTii.

BIoCKOHATIOIOTHCSI CHCTEMH HAKOMTUYIYBaHHS BiZIXOMIB Ta CMITTS B aepOIOPTY
Ta PO3POOIISIOTHCS IPOTPaMU ISl BIPOBAKCHHSI IEPEPOOKH BiIXOIB.

3a0e3neuyeHHss eKOJIOriyHOi Oe3nekHu sBisie CO00I0 DIMIEHHS KOMIUIEKCY
3aBllaHb 1 peati3aliio MeXaHi3MiB 3amo0iranHs abo MiHIMi3aIlil HEraTUBHOT'O BILUIUBY
JoKepen 3a0pyJHEHHS Ha HaBKOJIMIIHE NpUponHe cepepoBuiie. Came 3aKOHO/aBYA
CTOpOHA, Ma€ HAWOUIBIINIY BIUIMB Ha 3a0€3MCUeHHS CKOJIOTIUHOT OC3MEKU B IIUBLIBHIN
aBiarii, Tak 5K 3a0e3reuye BIPOBAHKEHHS KOHKPETHHUX 3aXO0/IB 3 METOIO 3MEHIICHHS
mkigumBoro BBy [1C Ha atMocdepy Ta CHCTEMHHUI MOHITOPHHT, ONTHMI3aIliio Ta
KOHTPOJIb KITBKOCTI MOJBOTIB Ta OCHAIICHHS MOBITPAHUX cyneH. CyTTeBUM (QakTopoM
KOHTPOJIIO aepOITOPTOBUX TEXHOJIOTIH Ha €KOJIOTIYHY O€3IeKy € BIPOBAKEHHS TaKUX
CHCTEM JIepP>KaBHOTO PETYJIOBAaHHA SK cepTUdIKallis Ta JIIeH3yBaHHSA, IPOBEICHHSI
SIKMX BCTAHOBIJICHO IEp>KaBHUM 3aKOHOJABCTBOM, MIKHApOJHUMH CTaHIApTaMH Ta
sumoramu [CAO [4].

OCHOBHUM MPHUHIMIIOM EKOJIOTIY4HOI CTpaTerii aepomopTy € IporpaMa Io
3aXHCTy KJIiMary, 3a SIKOIO BCTAQHOBJIEHO, IO KUIBKICTh CHOXKHBAHOI aepoIopToM
eHepril MOBUHHA MOCTIHHO CKOPOYYBATHUCS.

Pasom 3 TuM, gaHa cTpareris HaIiiecHA HAa 3MCHINCHHS BHKHUIIB IIKIIIHBHX
ra3iB 3a JIOIIOMOTrOI0 BHKOPHCTaHHS aJbTepHATHBHUX JoKepen eHepril. Cuig
3a3HAYUTH, 110 JUIS JOCSATHEHHsS IIEBHOI €KOJOTridHOI cTabinpHOCTI HeoOXigHa
KOMIUICKCHAa EKOJIOTiYHA CTpAaTeTis: IMMOYMHAIOYM BiJ TEpexXoJy Ha IIOHOBJIIOBaHI
JDKepela eHepril 1 3aKiHIyIUr po3BeACHHAM O/KLT MOOIH3Y aeporopTy.

[MigBoastun MiICyMOK HaBeIeHOI BUIIE iHpOpMaIlii, MOXKHA 3pOOUTH BUCHOBOK,
0 TCOPETUYHHUI aHali3 HOPMATHBHUX BHUMOT Ta Pi3HHX NOTISAIB Ha TpoOieMy
€KOJIOTIYHOT Oe3MeKH CyYaCHHX aepOoIOPTOBUX TEXHOJIOTIH MOKa3ye, IO JUIs il
BUpINICHHA MOTPiOCH KOMIUIEKCHUH MiIXi[, MiJ SIKUM CJIil PO3yMIiTH KOMIDICKC
3axoMiB (mepmr 3a Bce MPaBOBUX), a TaKOX JIIOJCHKI Ta MaTepiaabHI pecypcH,
iHHOBAIlifHI PO3pPOOKHM, Cy4acHI TEXHOJOTii, albTEepHAaTHBHI JDKepena eHeprii,
aNbTepHATHBHE [aJibHE, HAYKOBI JIOCITI/DKEHHS Yy HAMPsIMKY 3aXUCTy JOBKIJIIS
aeporopTiB  Bil HEOE3MEUHUX [JISI HABKOJHWIIHHOTO MPHUPOJHOTO CEpPEIOBHINA
(akTopiB, mo 6a3yeThCSA HA TIEBHOMY, 3a3/IaJI€Tilb BU3BHAYCHOMY y MIKHAPOJHUX Ta
HaIllOHAJILHUX TPAaBOBUX aKTax, PiBHI HEOE3MEKH, CKEPOBYETHCS Ta YTPUMYETHCS Ha
TakOMy PpiBHi, a00 3HIDKYETBCS Jalli I[UIIXOM BH3HAYCHHS (MOHITOPHHIY)
MiHIMaJIBEHUX BUMOT (CTaHJIapTIiB) €KOJIOTIYHOT OE3IeKH.
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GAS TURBINES

CIVIL AVIATION AUTHORITY OF NIGERIA

Anyim lheanyi Micheal

National Aviation University, Kyiv
Scientific Supervisor — Gvozdetsky I.1., PhD, Associate Professor

Introduction. Nigeria is located in the western part of Africa with over 209
million people, having 36 states with 524 native languages, with English being the
Official language. Now talking about Nigeria Civil Aviation Authority (NCAA) was
established in 1999 but was passed into Law in 2006 by the Nation Assembly and was

approval by the President of the Federal
Republic of Nigeria the same year.

Why is CAA Important in
Nigeria? The CAA helps to improve the
aviation safety standards in the local and
international Airports and aircrafts of
Nigeria because it is the biggest country in
Africa with a lot of international and local
trade among different countries in Africa,
Asia, Europe and many more[1].

Local and International Airports
in Nigeria. Nigeria has 31 Airports both
Local and International and all of them are

involved in intense operation today for passenger and cargo transportation.
11 main International Airport lacated in states/capitals are (Sokoto, Port
Harcourt, Kaduna, Enugu, Kano, Jigawa, Delta, Kebbi, llorin, Lagos, Abuja).
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Lagos located in lkeja, Lagos State, Nigeria, and it’s also one of the biggest
airport in Nigeria (Murtala Muhammed International Airport) with 27 different
Airlines and over 42 (countries) destination and also having the longest runway in
Nigeria. Abuja (Nnamdi Azikiwe) Airport named after the first president of Nigeria,
it’s one of the biggest airport which is the busiest airport in Nigeria. With 20 Local
Airport in Nigeria we have over 14 airlines. Main or most popular airlines are (Ank
Air, Air Peace, Kabo Air, Dana Air, Allied Air, Max Air and Azman Air).

History of civil aviation in Nigeria.

First airport in Nigeria Mallam Kano International Airport is the oldest in
Nigeria, and the first aircraft that landed in Nigeria was in Kano in 1922.

The first aircrafts based at this airport were small and powered by piston
engines. These aircrafts did not require long ran ways.

The most famous and respected personalities among Nigerian aviators are the
first female pilot Chinyere Kalu,
born in 1970 (age 51 years) who
has worked with different types of
passenger aircraft in Nigeria for
over 20 years with different
airlines and Past President of
ICAO (1 January 2014, to 31
December 2019) Dr Olumuyiwa

Benard Aliu.
i He was born on the 13th of

April 1960 in Nigeria. Did his
primary and secondary school
" also in Nigeria and then travelled
to Ukraine, to get his, PhD in
Aeronautical  Engineering, in
Kiev’s Institute of Civil Aviation
Engineers [2].

Olumuyiwa Benard Aliu
do not forget his, Alma mater —
NAU and visited to University for
several times having both local
and International awards: African
Airlines Association (AFRAA) in
the year 2011; African Aviation Leadership Achievement Award, 2010.

Modern state of Nigeria civil aviation. Today Nigeria has a modern civil
aviation. Fourteen aviation companies operate here, which have quite modern aircraft
fleet such as Boeing 777, 737-700 NG, Regional Jet CRJ 400/900, Dash 8-400Q,
Business Jet/Turboprop, Helicopters, B777. They annually transport tens of thousands
of passengers both to European capitals and many countries in Asia and Africa, the
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United States and Canada. These airlines employ 130 licensed pilots in accordance
with the ICAO requirements of 2343 Cabin Crew Licence. There are also 1659
Aircraft Maintenance Engineer’s Licence with validation and technicians working
here. They perform the entire range of maintenance and repair of modern aircraft. Air
traffic control in Nigeria's airspace is provided by about thousands of licensed air
traffic controllers and Aircraft Dispatchers’ Licence.

References

1. Access mode: https://ncaa.gov.ng/#:~:text=About%20NCAA-
.Nigerian%20Civil%20Aviation%20Authority%20is%20the%20regulatory%20body%20for%2
Oaviation,the%20Federal%20Republic%200f%20Nigeria.

2. Access mode: https://www.icao.int/Newsroom/News%20Doc%
202013/CV%200f%20Dr.%200lumuyiwa%20Benard%20Aliu%200f%20Nigeria.pdf

ACTIVE MAGNET BEARINGS

Nicholas Nwaribe
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Introduction A magnetic bearing is a form of bearing that uses magnetic
levitation to support a load. Moving parts are supported by magnetic bearings without
any physical contact. For example, they can levitate a spinning shaft and allow relative
motion with very little friction and no mechanical wear. Magnetic bearings support the
highest speeds of any kind of bearing and have no maximum relative speed.

Principle of operation A full radial magnetic bearing may be used to stabilize

the shaft of a rotating machine, can be

Electramagnst it seen in the diagram below (aircraft
1{@ engine rotor). The rotor is controlled by
[ two control axes (X & Y), each with a

Electromagnet X- _'__..._-———-P: Electromagnet X+ - - - .
S T el pair of electromagnets pulling it in

—74 b \{‘\ = . . . . .

::ﬂ‘l:_g L ©z{ ) k opposite directions. All industrial
= S Jt AMBs employ a bias flux to linearize
“‘-?;J-—Jr'-’] the force current relationship of the

actuator. The bias is generated in the
bearing of Figure 2 by passing a steady
bias current through the all of the coils.
The MBC adds a control current to adjust the net current up or down from the bias
level as needed to maintain desired position.

Design An active magnetic bearing works on the principle of electromagnetic
suspension based on the induction of eddy currents in a rotating conductor [1]. As the
electrically conductive material moves in the magnetic field, a current is induced in
the material that counteracts the change in the magnetic field (known as Lenz's Law).
This generates a current that will result in a magnetic field that is oriented opposite to
43
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the one from the magnet. The electrically conductive material thus acts as a magnetic
mirror.

Active magnet bearings in aircraft engines A full radial magnetic bearing
may be used to stabilize the shaft of a rotating machine, can be seen in the diagram
below (aircraft engine rotor). The rotor is controlled by two control axes (X & Y),
each with a pair of electromagnets pulling it in opposite directions. All industrial
AMBs employ a bias flux to linearize the force current relationship of the actuator.
The bias is generated in the bearing of the Figure by passing a steady bias current
through the all of the coils. The MBC adds a control current to adjust the net current
up or down from the bias level as needed to maintain desired position.

Axial support bearing Electromagnets in a form of non-removable ring
located on both sides mounted on the shaft of the thrust disk. The electromagnets are
fixed to the stator. Thrust plate is mounted on the rotor (for example, by shrink
fitting). Axial position sensors, usually located at the ends of the shaft.

Factors to consider when calculating for magnetic bearings
o When calculating for the AMB

Seasor [T (T Ston several factors should be considered: the
l | = / air gap is needed in order to prevent
—— collision with casing; the rotational speed

“El. | needs to be calculated in order to calibrate

the sensor signal; the electro-magnetic

force depends on the loop count, the
= :-.--;H-_;_"&Acr'[\-e magnetic  current, the wire size, and the presence of
thrust bearing — an iron core.

Benefits: Energy efficient: Their low power losses allow machines to attain
faster running speeds, higher efficiency and longer service life than traditional
bearings. AMBs can also be used under harsh environmental situations, including
extremely low temperatures, zero gravity and corrosive environments. AMB systems
don’t need lubrication systems, making them virtually maintenance-free, reducing
initial costs as well as operating and maintenance costs [2].

Limitations: Loses: The eddy-current losses (Pe) arise when the flux density
within the iron core changes. A compact core acts like a short circuit winding and
generates large eddy currents. The eddy-current losses can be reduced by dividing the
iron core in insulated sheets, or in particles (sinter cores). Precision: Active magnetic
bearings levitate an object, rotating or not, with feedback control of measured
displacement sensor signal. The performance of AMB systems is therefore directly
affected by the quality of a sensor signal. High temperature: In order to utilize the
full advantages of active magnetic bearings, operation in gas turbine and aircraft
engines requires that the magnetic bearing should work properly at high temperatures
quite successful, but the long-term exposure to high temperature needs further
research, as the actual results are not yet convincing [2].
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Conclusion. The active magnet bearings have several advantages when
compared to other bearings. Since they have been discovered they have brought a lot
of benefits to the manufacturing sector. The active magnetic bearings work by
suspending a rotor or shaft using electromagnetic forces. Due to the use of
electromagnetic force, wearing and frictional forces are absent. These bearings also
allow for quiet and environmentally friendly operation due to absent of friction and oil
evoparation. The active magnet bearings today aren’t used in aircraft engines but
research is still being conducted to further optimize them for aircraft engines.
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ACCELERATION THE AIRCRAFT REFUELING SPEED USING THE NEW
CONDUCTIVE SEALING MATERIALS

Zavgorodnia S. A.
National Aviation University, Kyiv
Scientific supervisor — Dovhal A.G., PhD, Associate Professor

Introduction. The static electricity is the most crucial hazard of the big
volumes of fuel transfer from one custody into another. So its research will be urgent
either in civil aviation or in military aircraft operation [1].

Problem issue. The static charge is to be removed or at least prevented during
any transfer processes of petroleum products including the aircraft fuels. Typical
examples of accumulation are illustrated in Fig.1. Static fuel discharge can result an
ignition [2].

{Eanhedslorags
tank .
e +7 |~ Bonding wire
| Stroaming + not connected
+
Liquid fiew N curant
—-.--_++ .|.* ++p $
v
a) b)

Fig. 1. Charge Accumulation on Low Conductivity Liquid in Storage Tank. (a) Charge
Accumulation on an Insulated Conductor Rubber Wheels of Refueller (b).

So the rubber hose is an insulator, and it does not remove the static charge and
even improves it during the fuel flow. The steel pipe can not be made as one integral
section and requires elbows and curvatures to lead it in place precisely, thus the pipe
to pipe bonding is necessary Fig. 2. Adjustible steel bar should have the sealings.
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Fig. 2. Pipe Grounding Jumper for Movable Bars.

The swivel joints are made of non conductive materials, as well as all gaskets
for sealing of easy splitable joints, so as the stuff sealing of metalic surfaces is
impossible.

Research results. So in order to eliminate the static charge accumulation, the
joints of pipes and hoses are to be sealed by conductive guskets. So the conductive
sealing materials of Unites States brand AV-DEC (Aviation Devices and Electronic
Components) are selected for unified aircraft refuelling adapters. First of all the
static resistance of seleted materials was tested. (Fig. 3). However some of them are
to be conductive in order to remove the static charge (Fig. 3.) and some of them are
to be insulators in order to block the static charge dissemination (Fig. 3).

c) d)

Fig. 3. Gaskets Materils Resistance Static Measure: a — HI-TAK Polyurethane
Conductive Gasket standard antenna gasket material (AG XXXXXX-YY) US Patent
No 6,530,577; b — HI-TAK Polyurethane Connector Gasket Material US Patent
6,530,577 (AD 2740X-YY-ZZ); ¢ — HI-TAK TAPE MPN: HT3935-7FR flame
retardent US Patent 6,530,577; d —. HI-TAK Tape: HT3935-7 US Patent 6,530,577.

So the testing result are following in static (unloaded) state the conductive
materials (fig. 3.) has the resistance 2 and 12 Q respectively, and insulating materials
has infinitively big resistance (fig. 3).

Summary. Static resistance check is preliminary to dynamic (loaded)
resistance check modeling the gasket state in the aircraft refueling adapter. It will
enable development the recommendations of gasket manufacture for this firm and it
will be the subject of investigation of my future master thesis.
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ANALYSIS OF THE EFFICIENCY OF A GAS TURBINE UNIT WITH TWO-
STAGE COMPRESSION

Pikul Marina, Otroshchenko Volodymyr
National Aviation University, Kyiv
Scientific supervisor — Volianska L., PhD, Associate Professor

A promising direction in the development of the power engineering is the use
of energy-saving technologies based on gas turbine units, which can significantly
increase the efficiency of using fossil fuel. In a number of cases, the operation of a gas
turbine unit is carried out at modes below the optimum in terms of efficiency.
Therefore, the economic efficiency of the unit is of great interest. During the last
years, gas turbine efficiencies were successfully improved by raising the compressor
pressure ratio and the turbine inlet temperature. The challenge of constantly improving
the gas turbine efficiency by these methods has reached a critical moment, raising of
the compressor pressure ratio and the turbine inlet temperature ran up to the limit [1].
A high level of these parameters require the using of new expensive durable heat-
resistant materials.

A cycle with multistage compression and intermediate air cooling in the
compressor is analyzed. Intercooling is obtained by placing a heat exchanger between
the low and high pressure compressors, allowing the inducted air to be cooled between
compressions, reducing the
compression work (Fig. 1).

Intercooling has some
positive and some negative
effects on the efficiency. The
major effect is the reduction of
the compression work and the
lower temperatures of the
compressed air limit [2]. On
the other hand, more fuel is
needed to maintain the fixed
turbine inlet temperature since energy is lost as heat in the intercooling.

The aim of the study is to optimize the parameters of a two-stage compression
engine with intercooling. For this purpose gas-turbine drive Al-336-1/2-10 was taken
as based gas turbine plant and its parameters are considered. The ambient temperature,
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the temperature in front of the turbine and the pressure ratio affect the optimum values
of useful work and efficiency. The temperature in front of the turbine and the pressure
ratio increase leads to high the efficiency of the plant. However, the higher pressure
ratio the lower temperature of the gases downstream of the compressor turbine. A
decrease in the temperature of gases behind the compressor turbine leads to a decrease
in the efficiency of the power turbine. Obtaining maximum work with these
parameters compensates the lower efficiency, compared to the basic cycle.

A two-stage compression system with inter-cooling is considered. The pressure
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Fig. 2. Efficiency versus pressure ratio.
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ratio optimization was carried out at
the maximum temperature in front
of the turbine (1300 K).
Thermodynamic calculation of the
gas turbine thermal scheme unit was
carried out with computer software
Mathcad.

The analysis of the obtained
dependences shows that optimal
value of pressure ratio is different
for effective work and efficiency

(Fig. 2, Fig. 3).

Thus, optimal pressure ratio
according to maximum cycle work
and to maximum efficiency in the
gas turbine plant are between the
values pressure ratio corresponding to
the maximum work and the maximum
efficiency. In this case, increasing the
overall efficiency by reducing the
cycle work becomes ineffective. The

relative increase in the overall
efficiency is less than the relative
decrease of the gas turbine effective
work. Increasing the pressure increases
the overall efficiency at a given
maximum temperature, but increasing
the pressure ratio, more 35 can actually
reduce the overall cycle efficiency.
Calculations show that the
optimal value of pressure ratio is 35.

With this parameter, useful power is maximal, with a slight decrease in efficiency.
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PREPARATION OF GEOMETRIC DATA FOR 3D PROTOTYPING

Momotenko R., Terzi A., Vlasenko Y.
National Aviation University, Kyiv
Scientific adviser - Pavlenko P., PhD, Associate Professor

Despite the presence of high-tech CAD/CAM/CAE-systems, the problem of
exchanging engineering data, primarily the structural elements of models, remains at
this time not fully resolved. Both open data formats, such as STEP, IGES, etc., and
polygonal STL formats, etc., do not solve the problem [1]. Of course, these problems
increase as the complexity of product models grows, but they also exist when using
3D prototyping technologies [2].

In this report, the authors considered the influence of the parameters of the
tessellated geometry on the accuracy of the resulting model, made on a 3D printer.

The STL and 3MF (aka 3D Manufacturing Format) formats are widely used for
storing three-dimensional models of objects and transferring them in geometric data to
equipment for rapid prototyping.

Three-dimensional geometry in leading 3D CAD systems is described by high-
order surfaces, and during triangulation, the surface of the model is divided into small
triangles - facets. Each facet is described by four datasets: the X, Y, Z coordinates of
each of the three vertices, and a normal vector that describes the orientation of the
facet, pointing outward of the model. For all layer-by-layer systems, it is necessary
that the 3D model be "cut" in horizontal "slices" so that later it will be possible to
reproduce its geometry in the form of a physical model layer by layer. Modern
preprocessors made life easier for the calculator and began to work very efficiently
with the STL format as an input geometry. The preprocessor creates a new mesh on
STL geometry based on the mesh parameters specified by the calculator. First, a
surface mesh is created, and then a volume mesh is created. This algorithm works
reliably with a properly prepared STL file. Most modern CAD systems automatically
create STL files from solid geometry. 3D solid data is converted to a polyhedral mesh
of triangles and saved in an STL file. Models with too low or high resolution can
cause problems in 3D printing and lead to unexpected results. So, for example, we
created a low resolution STL file. Such 3D models will never provide us with the
required surface quality, and, therefore, the print result will be unsatisfactory. Low
resolution means that the triangles in the STL file are large and small. This will result
in "pixel" or polygon printing. However, some people strive for this and create
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amazing 3D models in the LowPoly style. STL file with very high resolution. A file
with this resolution will be "large" in size, which will not allow it to be opened at the
stage of preparation for printing, and this extreme level of detail will not allow a 3D
printer to print our model. However, if you need to have a highly detailed result, and
especially with small dimensions, then you will need to work here. This task requires
the selection of model approximation parameters taking into account the
characteristics of the technological equipment (die diameter of the print head nozzle,
layer thickness, positioning accuracy). The figure shows a flowchart for evaluating the
final accuracy of a physical prototype after printing. An experiment is planned, in
which the parameters of the tessellation of the model size - the maximum allowable
size of the side of the polygonal mesh, and sag - the allowable deviation of the mesh
from the real model on curved sections are selected as controlled variables. In some
design systems [3], the angular measure (the largest allowable angle between the
tangent to the surface of the part and the plane approximating this part of the facet) is
used as a parameter to control the accuracy of tessellation. This method allows you to
equally accurately describe curved sections of different scales. However, for small
elements, the density of grid nodes becomes much higher.

a) Initial model c) Sliced model d) Printed model

—

T

b) Mesh modelﬂ

(size=1, sag=0.1) (size=3, sag=0.1) (size=3, sag=0.3)

The dimensions of the manufactured sample were used as a measured
parameter. The objective function was defined as the standard deviation of the
controlled dimensions from the mathematical model. The samples were grown on a
Creality Ender 3X 3D Printer. Product material - PLA plastic (Monofilament).

As a result of the analysis of a series of experiments, dependencies were obtained that
make it possible to determine the parameters of the grid model in order to obtain the
optimal values of the accuracy of the printed model.
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PROCEDURE OF EDITING EXISTING POLYGONAL MODELS BY
SOLIDWORKS SYSTEM

Rohozhyna N., Samoilenko 1., Meleshko K.
National Aviation University, Kyiv
Scientific adviser — Pavlenko P., PhD, Associate Professor

The ability to use 3D printing technology directly depends on the quality of the
input geometric model. It is usually difficult to see small defects, missing triangles,
convex and other deformations of the grid in slicers [1]. There are online services
stIfixers that fix network models. They quickly fill in defects, but are limited by the
size and number of triangles of the model. In this case, slicers "do not see" the
smallest holes in the grid or one / two triangles that protrude beyond the shape of the
part, such defects are simply not printed, so in most cases stlfixers are quite enough.

To eliminate significant defects or to make changes in the geometry of the
model, the following sequence of actions is proposed using solid-state design tools.

The first step is to check the geometric model. The model is opened in the
slicer program and the layer-by-layer printing process is checked. This procedure
allows you to understand the defects in the model and what points will need to be
addressed. Next, the polygonal model opens in the SolidWorks system, while
immediately converting it into a solid (or, if necessary, a surface body). The sequence
of actions in the system is shown in the figure below.

L

The next step is to recognize the basic geometric components of the model.
The process of recognizing geometric components can take a long time, so it is
desirable to use a powerful processor. Instead, operations such as extrusion, rounding,
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and chamfering are now available, and you can edit the dimensions of the
parameterized model.

It should be noted that in some cases the system cannot recognize the elements
of the model and the automatic recognition operation may end with an error message.
In this case, you should choose the faces for recognition yourself. Then editing the
model becomes a bit more difficult.

Then, since the model is now solid, it is possible to use existing vertices of
triangles to construct planes and sketches. In some cases, planes parallel to the screen
are created to simplify constructions (so as not to move the model to the origin and not
to create planes depending on it).

Then, with the help of basic operations, solid elements are created that allow
fixing the shortcomings of the initial model. The image above shows an example in
which the relief is removed from the face, which is used as the basis of the model
during printing. In addition, the thickness of the protrusion is aligned with the side
inserts, to eliminate the need for unnecessary support in the printing process. Very
often there is a need to scale the model. Slicers also have this function, but the scaling
in them is controlled only by the external dimensions of the model. The use of a solid
model makes it possible to scale individual elements and use an uneven scale. The
next step is to save the model in STL format, controlling the quality of the result.

The disadvantages of using SolidWorks to prepare models for printing include
certain limitations on the complexity of the model, and the peculiarities of working
with solid mesh models, in which, for example, cylindrical surfaces are represented as
faceted instead of continuous (smooth). The latter, however, in no way limits the
possibility of using other tools of the system to prepare the model.

52



POLIT. Challenges of science today, 5-9 April 2021

References:
1. 2021 Best 3D Printer Slicer Software [Electronic resource]. - Access mode:
https://all3dp.com/1/best-3d-slicer-software-3d-printer/

KOHTPOJIb AKOCTIL, CYYACHI MATEPIAJIM TA TPUBO
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METHODS FOR ASSESSING PERFORMANCE OF MODERN COMPOSITE
FILLING MATERIALS FOR DENTAL APPLICATIONS

Magdalena Lepicka, Magdalena Rodziewicz, Yurii Tsybrii, Klaudia Nowicka,
Michal Kawalec
*e-mail: m.lepicka@pb.edu.pl
Faculty of Mechanical Engineering, Bialystok University of Technology, Wiejska 45C, 15-
351 Bialystok, Poland

The formation of dental caries is a dental condition of great importance.
Genetic conditions, lack of proper oral hygiene, or the consumption of certain
products, affect susceptibility of human teeth to decay. Due to the growing demand for
materials for filling cavities, a special interest is given to modern composite materials.
The aim of using composite materials in dentistry is to improve the functional
properties of dental filling materials, without sacrificing their aesthetics.

As new materials are being developed, attempts are made to establish new or
adapt the already existing research methods in terms of assessing the physico-
chemical properties of the dental filling materials. The materials used for dental
fillings must meet numerous requirements which relate to their functional properties.
It is important to provide materials that replace tooth tissues with the properties
similar to those exhibited by natural structures. Functional properties, e.g., mechanical
properties, working and setting time, or wear resistance, are some of them. In order to
check whether a given dental filling meets the basic requirements, various tests are
carried out [1]. The conditions of some are strictly defined in the international
standards [2]. The crucial aspect of material tests used in medical applications is not
only to ensure their repeatability, but also to maintain the possibility of comparing the
properties of a given material with the literature data.

In this work, the methods for assessing selected functional properties of dental
filling materials will be reviewed. Special attention will be given to techniques
applicable for testing dental water-based cements, e.g. glass-ionomers. Selected
aspects of mechanical and tribological studies will be discussed with the use of own
data, as well as experiences from the conducted laboratory works.
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KAHAJI BAMIPIOBAHHS IIAPAMETPIB BIGPAIIIN J1JIS
BUITPOBYBAHB EJEKTPOIIOBYTOBOI TEXHIKA
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PosrisiHyTe muTaHHSA pPO3pOOJICHHS €(EKTHBHOI CHUCTEMM Ul BiOpamiiHMX
BUIIPOOYBaHb TOOYTOBOT TEXHIKH.

[IpoBeneHO aHaNi3 Cy9acHUX aBTOMATHYHHX CUCTEM BiOpAI[ifHOT NiarHOCTHKH.
HaBeneHo mepeBaru Ta HENONIKH PI3HUX THUIMIB JaTuukiB. [loka3aHa IOUIIBHICTH
3aCTOCYBaHHSI €EMHICHHMX JIQTYUKIB, OCKUIBKM BOHM HE € KOHTAaKTHHMH, Ta BOJHOYAC
MaJio 3aJieKaTh BiJl YMOB HaBKOJHIIHBOTO CEPEIOBHUINA Ta CBITIOBIAOWBAIOYOi Ta —
MIOTJIMHAIOYO0] XapaKTEPHUCTHKH ITOBEPXHI AOCTIPKyBaHOTO Ipuaxny [1, 2].

Po3pobnero anroputM poOOTH CHCTEMH, SKiH mependadae: MpoTrpaMyBaHHS
BCIX BHYTPIIIHIX HOPTIiB CHCTEMH; ONMTYBAHHS KJaBiaTypu, BUXITHHUX IEPEMHKAUiB,
SIKi  JJO3BOJISIIOTH  iIeHTH(]iKyBaTH oOpaHHil peXuM poOOTH CHUCTeMH 1 Horo
rapameTpiB; YCTaHOBKa PEXKUMY pOOOTH 33/1aHOTO OTIEpaTOPOM; 3aBJjaHHs [TapaMeTpiB
BUMIpIOBaHHS; aBTO KajiOpyBaHH:;, BUMiptoBaHHs (Ha BXig MUX3 nopaerscst curnan
3 BHUMIPIOBAJILHOTO IepeTBoproBaya); 3amyck ALIIl; 3amuc manux B mam'sate [1K;
NOPIBHSHHA PE3YJIbTATIB 3 JaHUMHU 3pa3KoBUX Mip, OOYHCIEHHS; OTPUMaHHS
pe3yibTara.

Opnietro 3 mineit moOynoBM  BUMIDIOBAIBHOTO — KaHaly -  KOPEKLis
CHCTEMATHYHOI MOXMOKHA BHUMIPIOBALHOTO KaHalmy. B sKocTi MeTomy Kopekiii OyB
o0paHHii MeTOJ 3pa3KOBHX Mip, Tak SK BiH € TpOCTHH B peamizamii (MoXxHa
BUKOPHCTOBYBAaTH [Ba 3axXOM, SKIIO CHCTeMa JiHIi{Ha) Ta J03BOJHMB MOBHICTIO
CKOPEKTYBaTH aIUTHBHI 1 MYJbTUIUTIKaTUBHI ckimamoBi [3]. CymapHa craTudHa
MOXHOKa BHMIPIOBAIPHOTO KaHaly. Po3paxyHKamMM JOBEICHO, IO CyMapHa
MyJbTHIDTIKATHBHA IMMOXHOKA BHUMIpIOBaNBHOTO KaHaimy nopiBHioe 0,14%, cymapHa
aTUTHBHA 3BeIeHa MOXKUOKa Beiei cucremu gopisHioe 0,05%.

3anponoHoBaHa iHQOpMAIifHO-BUMIpIOBallbHA CHCTEMa JJIsi BU3HAYCHHS
mapameTpiB  BiOpamii mOpuM CTEHOOBHX BHNPOOYBaHHSAX IOOYTOBUX HpPHIALIiB
3aJI0BOJIbHSIE TEXHIKO-€KOHOMIYHHMM ITOKa3HMKaM JaHOTO THIy CHUCTEM Ta J03BOJISIE
BHPIIIUTH 3329y BUMIpPIOBAaHHS IMapaMeTpiB BiOpallii Ipy CTEHIOBHUX BHIIPOOYBaHHIX
NMOOYTOBHX NPHIAIIB.
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DIAGNOSIS OF BEARING INSTALLATION DAMAGE IN GAS TURBINE
ENGINES

Ya. Bovma, O. Bashta
National Aviation University, Kyiv
Scientific adviser - P. Nosko, Ph.D. Sciences, Prof.

The work is devoted to solving the problem of constructing a measuring
channel based on an analog interface for diagnosing damage to bearing assemblies in
gas turbine engines at an early stage of their occurrence.

The reliability of gas turbine engines (GTE) is due to the durability of
elements and components, which during operation are under the influence of
mechanical, acoustic, gas and temperature loads.

One of the key components of the gas turbine engine is a bearing assembly,
namely a rolling bearing. An important task of practical diagnostics is to improve
methods and means of vibrodiagnostics of bearing assemblies in the gas turbine
engine at an early stage of damage (defects) based on the construction of a measuring
channel with improved metrological characteristics.

To solve the problem of early vibration diagnostics of bearing units of the gas
turbine engine, the standard points for measuring vibration parameters were
determined and the optimal piezoelectric accelerometer of Briel & Kjer type
4378/4379 with metrological characteristics satisfying the operating conditions of
measurements was selected. The normalization of vibration parameters of the bearing
units of the gas turbine engine is carried out. Analysis of the peculiarities of vibration
processes allowed to determine the frequency range of bearing vibrations of the gas
turbine engine, which in the operating state is from 100 Hz to 3 kHz.

The measuring channel of early vibration diagnostics of bearing units of GTD
on the basis of application of N-channel quadrature tracking notch filters (TNF) and
the new charge measuring amplifier is offered [1]. The proposed measuring channel
differs from the existing ones by improved metrological characteristics - speed is
increased 5 times, signal-to-noise ratio is increased by 55 dB, accuracy is increased
2.5 times (in relation to modern vibration control systems of GTE IB90-C®).

Using the least squares method, the function of transforming the measuring
channel of the system in the form of linear regression is obtained [2]. The budget of
the main error of the measuring channel of the system (dad = 0,042%, y = 0,016%, ¢ =
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0,185%) is made. The calculations prove that the main error of the measuring channel
will consist of the sum of random components of the errors of the quadrature TNF and
the SCR detector and will not exceed 1%.

The conformity of the developed measuring channel to the requirements of
standards, metrological support is determined and the conformity to the declared
technical characteristics is confirmed.

On the basis of the carried out researches the modeling complex for carrying
out the vibration analysis of rolling bearings for the purpose of revealing of character
of damages at an early stage of their occurrence is developed.

The Electronics Workbench software environment simulated a pulse filter,
which showed that the frequency response has a significant height of the side "petals"
and therefore such a filter is most suitable for reducing network interference when
allocating a constant voltage component.

As a result of the research, a new N-channel tracking quadrature notch filter
with window overlap coefficient k = 0.5 was proposed (Fig. 1), which, due to the
reduction of the height of the side "petals" of the filter frequency response by
approximately 20 dB, has a higher equivalent quality factor in the operating frequency
band.
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Fig.1. Scheme of N-channel tracking quadrature notch filter with the coefficient of overlap of
"windows" k = 0,5: LI - logic inverter; TIOP - divider phase splitter by 4; PI, PI, - pulse
distributor for 4 with an overlap coefficient k = 0.5; CP®1, CP®2 - tracking notch filters; TT;,
TT, - T-trigger; &;-&, - schemes of logical multiplication; 6,-6, - control signals "window"; K1-
K4 - analog switches; 11P1-11P4 - iterative integrating converters; Y. - adder; ®HY - low pass
filter; f,, - clock frequency.
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The tools and methods developed in the work can be used in the process of creating
control systems and diagnostics of any rolling bearings of rotary machines based on the
results of vibration measurements on non-rotating parts.

The area of practical use of the results is the possibility of measuring the vibration
parameters of gas turbine engines to diagnose bearing assemblies to determine the nature of
the damage at an early stage.
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ABTOMATHUYHA CUCTEMA KEPYBAHHSI TEMIIEPATYPOIO ¥
CKIIAACBKHUX MPUMIIINEHHAX

Capaoees IL.1., bamra O.B.
Hayionanenuii Asiayitinuii Yunisepcumem, Kuis
Hayrosuii kepisnux — Hocko I1.J1., 0-p mexu. nayk, npog.

PosrissHyTo muTaHHA pO3poOJCHHS e(PEeKTUBHOI aBTOMAaTHYHOI CHCTEMH
KepyBaHHS TEMIIEPaTypol0 Y CKIAJACPKUX INPHUMIMIEHHAX MYJIbTHTEMIEPaTypHOTO
THITy Kiacy «A». [IpoBeieHo aHami3 CydacHHMX aBTOMAaTHYHHUX CHUCTEM KepyBaHHS
TeMieparyporo. HaBeneHo  mepeBarm  Ta  HEIOJIIKM — CHCTEM  KepyBaHHS
LIEHTPaJII30BaHOTO Ta JEICHTPaNi30BaHOTO THIIIB. [loka3aHo, M0 IereHTpalli30BaHUI
THUIT Ma€e U(POBY LIMHY, sKa JIIIIIE aHAJIOTOBOI, ale, y bOMY BUIIAJKY, I KOXKHOTO
JlaT4dKa TOBUHEH ICHyBaTW CBill BUMIPIOBAJbHUI KaHal pa3oM 3 IHU(PPOBUM
inTepdeiicom. lle 3HaYHO MiIBHUIIYE BapTICTh CUCTEMHM 1 POOUTH 11 EKOHOMIUHO
HepeHTa6eﬂbHOIO JJIsI HCBCJIMKUX CKJIQACBKHUX le/lMiHleHb.

HaykoBo o0rpyHTOBaHa MOLINHHICTE BUKOPUCTAHHS ABTOMAaTHYHUX CHCTEM

KEePYBaHHS IIEHTPAIi30BAHOTO THITy Y HEBEJIMKHX CKJIAJChbKHX TMPHUMIIICHb, SKi €
OUTBIII €KOHOMIYHO TPHUBAOIMBUMH Ta JO3BOJISIOTH 3a0€3MEYUTH BUCOKI TEXHIUHI
XapaKTepUCTHKH poO0oTH. B Takux cHCTEMaX BHKOPHCTOBYETHCS TUIBKH OJHH
MYJIBTUILIEKCOpP 13 30UIBLICHHSM BUMIpIOBaJbHUX KaHamiB. [IpM 1bOMy, OCHOBHI
3aBIaHHS, SIKI HEOOXITHO BHPIIIUTH, [I¢ — 3a0e3MCUCHHs IIBHIKOMII, TOYHOCTI 1
3aBaJI03aXUILIEHOCTI aHAIOroBoro iHrepdeiicy, mo BukoHye GYyHKIII 300py,
nepBuHHOI 00poOKu 1 nepenaui B nepconansHuil komm'torep (I1K). ITokazano, mio
BUPIIICHHS LUX 3aBJaHb MOXKJIMBO HA OCHOBI 3aCTOCYBAaHHS @HAJIIOTOBOI IIMHH, B SKOT
aHaJIoroBa CTPyMOBa METJIsI BUKOPUCTOBYETHCS JJIsI MIepeadl aHaJoroBOro CUrHAIy
T10 Tapi MPOBOJIIB B TAOOPATOPHOMY YCTATKyBaHHI Ta B CHCTEMaX yIpPaBIiHHS.
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Ha puc. 1 mnpencraBieHO y3aranbHEHy CXeMy pPOOOTH BHMipIOBaJbHOI'O
kaHanmy. [IpuHOMI OpUHOMI POOOTH CXEeMHM HACTYNMHMH: JaTYUK BHMIpPIOE
TeMIIepaTypy 1 Bigmpasisie ii B IepeTBOpIOBaY, SIKWil, B CBOIO 4eEpry, IeHEpYye
BiJINIOBITHUI CUTHAJ HA BUXOJI [ 0OPOOKH 1 BiANPaBIIsie HOro B aHanoro-mudpoBuit
neperBopioBad (ALIIT). Ha ALIIl aranoroBuii CUTHaJ MEPETBOPIOETHCA B IM(pOBHI
KOJ, SIKAH TOTIM MOJTA€THCS Ha MIKPOKOHTpoJep. MiKpOKOHTpoJIep 3MiHIo€e Ii(poBHit
Kox i mepenae i mani Ha [IK, me xopucTyBay Moxe 0aunTH iX Ha 3pO3yMiTiH HOMy
MmoBi [1].

AHCIAOTORC LUMHES |

1.2

oMl

: JhE R E B
Mymnouexcep 3

Daisy Chisned {591 ) J

Puc.1. Cxema poboTu BUMiproBaIbHOr0 KaHairy: YIM — 4acTOTHO-IMITYIbCHIIT MOYIISITOD;
DAIIY - dpasose aBromiiamryBadns yactori; F/N — mepeTBoproBay 4acToTH B KO/

Po3pobnero cxemy poOOTH aBTOMATHYHOTO TEPMOPETYISATOPA, SKa T03BOJIIE
HATJSITHO TIPOJEMOHCTPYBAaTH poOOTY CHCTEMH THIY «TOYKa-Ha-TOUKY». CTBOpEeHHI
QNTOPUTM POOOTH ABTOMATHYHOTO TEPMOPETYIATOpa, OMHCAHO XapaKTePHCTHUKU
eNeMEHTIB Ta IPUHIMI Horo mii [2].

[Iporpamue 3abe3rneucHHS Ui BUMIPIOBaHHS TemIeparypu ctBopeHo B IDE
Arduino, naHi 3 CHUCTEMHU PETYyJIIOBaHHS TEMIICPATYpU MEPEHAIOTHCSA Yepe3 MOy
B3aemonii. Arduino 3uurye Temmeparypy 3 I2C-matumka temmeparypu TC74A0-
5.0VAT. SIkuio 3Ha4yeHHs MOTOYHOI TemIlepaTypu Oiibine abo JOPIBHIOE 3ajaHiit
TEeMIepaTypi, aKTHBYETHCS KOPOTKOYACHWH CHUTHANI TPUBOTH Ta BEHTHIATOpP. Koim
TeMIepaTypa OMyCTUTHCSA HIYKYE BCTAHOBJICHOI TOUKH, BEHTWIATOP BUMUKA€eThCA. Ha
PK-nucrutei BimoOpaxkaroThCsl IOTOYHA TEMIIepaTypa Ta 3aJilaHa Temreparypa [3].

BupiieHi nuTaHHS ~ 3MCHINCHHS MOXHUOKM CHCTEMH  aBTOMATHYHOIO
peryJoBaHHS, a caMe - aMIUNTYAUd KOJHMBaHHS TEMIIEPATypH B MEXKaX YCTaBKH.
OOrpyHTOBaHO, IO 3 METOK 3MCHIICHHS MOXHOKU aMILTITYJ{ KOJUBAHHS IOLLIHHO
BukopuctoByBatH B cuctemi III/I-perymsatop 1 mporpamy IpONOPLIiHHOTO
perymoBaHHs. BpaxoByrounm HEOOXiZHICTE BHMIPIOBaHHA B CHCTEMi YacTOTH
9aCTOTHO-MOIYJTBOBAHOTO CHTHANy, 3 METOI0 3MCHIICHHA OCHOBHHX ITOXHOOK,
PEKOMEHIOBAHO TMOXHOKY 3aBaJ (IITyMiB) 3MEHITYBATH 32 JOMTOMOTOI0 BIPOBAPKESHHS
(dazoBoro amromiuramtyBaHds dactotn (DAITY); moxmOKy KBaHTyBaHHS 3MiHU
YACTOTH Y. - LUIIXOM BHKOPUCTAHHS «CHCTEMHOTO» METONY, SKI € HaiOiabII
TOYHHM, 3aBaI03aXUIICHUH 1 IBUIKOTIHHUMT.
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Ha ocHOBI mpoBeneHHMX JOCHIIKEHb BCTAHOBJIEHO, IO 3alPOIIOHOBAaHA
cucTeMa aBTOMaTHYHOTO KepyBaHHS TEMIIEPaTypol0 Ha aHAJIOrOBOI IIMHI Ma€ BUCOKI
TEXHIYHI XapakTepUCTHUKH, a caMe - B IIOBHOI Mipi 3aJ0BOJBHSE 3 OCHOBHHM
napaMeTpam: HIBHAKOMIS - 4ac CTOSHHS Ha Touni Menme 0,1 cexyHmu; cHcTeMHa
MYJIbTHUIUIIKATUBHA TMOXHOKa(TOYHICTh cucTemu) He mepeBuinye 0,15%, agutuBHA
npuBeneHa noxuoOka mopiBHIOE 0,05% i ocHOBHa moxmOka Oyme MmOXHOKa camoro
IaTduka, SKui Oyme BUKOPHUCTOBYBATHUCh TIPH TOOYHOBI Takoi CHCTEMU;
3aBaI03axXMIIEHICTh 3HIKeHA 3 30% moxubku Maibke mo Hys [4].

Tomy, 3acTocyBaHHS aBTOMAaTHYHHX CHCTEM KEpyBaHHSA TEMIEPaTypolo i3
BHCOKHMH TEXHIKO-€KOHOMIYHUMH XapaKTEPUCTUKAMH € €KOHOMIYHO PeHTa0eIhbHOIO
Ta JI03BOJISIE JUIsl HEBEJIMKUX CKJIAIIB MPOMYKIIi K1acy «A» 3HAYHO PO3IIUPUTH PUHOK
3aCTOCYBAaHHS TAKUX CHCTEM.
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DEVELOPMENT OF THE MEASURING CHANNEL OF THE PRESSURE
DISTRIBUTION SYSTEM ON THE SURFACE MODEL OF THE AIRCRAFT
DURING THE EXPERIMENT IN THE AERODYNAMIC TUBE

R. Marchuk , P. Nosko

National Aviation University, Kyiv
Scientific adviser - Bashta OV, Ph.D. tech. Sciences, Assoc.

The development of modern aircraft construction is impossible without
accurate aerodynamic tests (weight, drainage, strain gauge, flutter, bench, calibration),
because they: allow to determine the aerodynamic properties of all aircraft and their
parts; provide an opportunity to study the basic characteristics of the flow, especially
when they are combined with methods of theoretical analysis. At the same time, the
statistical analysis of the wind tunnel operation mode shows that the main
disadvantages of drainage tests are the outdated and cumbersome system for
determining the pressure at points with the help of liquid manometers.

The expediency of using a strain-resistive semiconductor sensor HoneyWell
Ultra Low Pressure Sensors, which has indisputable advantages among others,
namely: compactness; the measurement range is 0.01% of the atmospheric pressure.
To reduce the temperature error of strain-resistant transducers, the efficiency of using
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analog compensation devices based on the method of using temperature-dependent
resistors is substantiated.

The method of digital error compensation and the possibility of its use during
modeling of the measuring channel are investigated. The structural scheme of the
measuring channel is developed.

Based on the research, a simplified scheme of a measuring transducer with a
system of digital continuous correction of the systematic component of errors was
developed [1]. The advantages of the proposed scheme are: high noise immunity (the
frequency signals of the functional generator are almost not affected by electrical
noise); transmission of a useful signal over long distances almost without errors; the
generator has a linear conversion function; the output signals of the generator can be
measured directly by the microcontroller.

Developed multipoint computerized IMS to measure the pressure distribution
on the surface of the model during the test, the block diagram of the measuring
channel is presented in Fig.1.
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Fig. 1. - Block diagram of the measuring channel

The following symbols are accepted on the scheme: IIK pneumatic switch;
BJI1-16 - block of sensors (is in MLA); K] - stepper motor (located in MLA); DMUX
- Demultiplexer (located in MLA); BK - Control side (located in MLA); MUX -
differential multiplexer; BIIJCB - measuring amplifier with differential current
inputs; IIIT - iterative integrating converter; BC - Synchronization unit; AIII - to-
analog converter; uC — microcontroller; DC - current source

The main component of IBC is its implementation on the basis of a centralized
type system with high metrological characteristics, ie, the developed multipoint
computerized IBC is not inferior to analogues, which are implemented on the basis of
decentralized type architecture.

The process of measuring pressure is based on the principle of time distribution
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of channels.

A feature of this scheme is a more complete correction of errors compared to
existing counterparts and the ability to increase the number of measuring channels of
the system.

Simulation of analog interface for remote measurement [1]. Using the
NUMERY software environment, the regression equation of the measurement channel
conversion function was determined, which allowed to determine the systematic and
random components of the measurement channel error, without taking into account
the sensor error.

Analysis of the simulation results showed that the dominant component is
multiplicative [2], which does not exceed 0.02%, which is 5 times better than
analogues. Since the only random component in modeling is the quantization error,
the use of a differential method of measuring the output voltage will significantly
improve the metrological characteristics; noise immunity (80 dB) is an order of
magnitude higher than existing analogues, with twice the speed (60 ms).

The measuring channel of the pressure distribution system, designed on the
basis of strain gauge sensors, can be offered for use not only for testing aircraft
models in the wind tunnel, but also in other areas of machine building where it is
necessary to know the value of flow distribution.
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PO3CIFOBAHHS MIITHOCTI KOHCTPYKIIHHAX ABIAIIMHUX
BYTJUIEIIJIACTHKIB B 3AJIE2XKHOCTI BIJI KOHCTPYKTUBHO-
TEXHOJIOT'TYHUX YNHHUKIB.

Hoaot J.B., Tmennunuii JI.A
Hayionanenuii agiayitinuii ynieepcumem, Kuis
Hayxosuii kepisnux: Cemax 1. B., cm. uxnaoay

Po3poOka BHCOKOC(EKTUBHHUX CyYacCHHX aBilalliHHUX KOHCTPYKIH i3
moJiMepHUX ~ KoMmro3uiinaux marepianie  (ITIKM) MoxkiauBa mpu  HassBHOCTI
CTaTHCTUYHO BHMBIPEHUX ITOBHUX JIaHMX XapaKTEpUCTUK MilHOCTI Matepiany. [Ipu
L[OMY BaXXJIMBO 3HATH 3MIHY XapaKTEepHCTUK MIIIHOCTI MaTepiainy Ta IX po3CilOBaHHS
B 3aJIC)KHOCTI BiJI CXeMH apMyBaHHsI IIapiB BYTJIECTPIUKH, KA XapaKTepHa JUIs Tiel un
IHILOT AeTall, BUXOA4H i3 ii IpU3HAYEeHHs i YMOB pOOOTH B KOHCTPYKIII.

Byrnenesa crpiuka JIY-I1-01 BUroTOBISE€THCS OKPEMHMH IMapTisIMH, a TOMY
3a0e3rneunTH BUPOOHHUITBO AeTalieil i3 oaHiel mapTii Marepianry Ha IpOTsA3i 3HAYHOTO
Hepiofy Yacy € He MOXKIIMBUM.
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Tomy B po0OTI y3aranbHeHi pe3yJibTaTH CTATUYHUX BHUIPOOYBaHb Ha
pO3TSTaHHS 3pPa3KiB-CBiIKIB BHIOTOBJICHMX IO 15 HAWOUIBII THIIOBUX CXEMaM
apmyBaHHA mig kytamum: 0°, £ 15° + 45° + 90° pi3Hux mapriii ByriecTpiduky, i3
KijbkicTio mapi Big 4 no 10, ToBmmHOIW MoHomrapy 0,11..0,12 MM i KiJbKicTIO
3pa3kiB Bix 60 mo 348 mryk B maprii. IlizroroBka 3paskiB Ta iX BHIPOOYBaHb
CTaTUYHUM OCHOBUM pO3TATAaHHsAM BHKOHaHa 3rigHo 13 'OCT 25.601-80. Koxna
cxeMa apMyBaHHsA MaTepiamy BiamoBimae meram i3 IIKM, mo mpencrasisie coboro
TOHKOCTIHHY KOHCTPYKIifo. /leTayi BUTOTOBISUIMCH Ha OJHOMY 1 TOMY IIiIIPHUEMCTBI
Ha TIPOTS3i I’ ATH POKiB.

Hnsa  pimenHs  1iei  3agadi  BHUKOpHCTAaHA  MaTeMaTHYHA  TeOpis
6arato(hakTOpHOro IUIaHyBaHHs excriepumenty [1,2]. 3a pesynbraramu BUIIPOOYBaHb
MIPOBEICHO KOPEISAMIAHUI aHalli3, MOOyI0BaHa MOJIC]b 3 METOI0 BU3HAUCHHS BILIUBY
CXEMH apMyBaHHS 11apiB BYIJIECTPIYKH Ha PO3CIFOBAHHS MIIIHOCTI.

Mogenp noctysoBaiach y BUMISLL MOJTIHOMA

y=b, +bx+bx+bx.
B kiHIIeBOMY pillleHHI MO/I€Th OTPUMAaHA B BUTIIAI1
y=11,61379-3,052727-10° X,
ne ¥ i x - koe(ilieHT Bapiallii i rpaHUI MIlHOCTI BiMOBITHO.

[NepeBipka anekBaTHOCTI OTPUMaHOI MOJENI MPOBOAMIACH 3 BHKOPUCTAHHSIM
kpurepis @imepa. B pe3ynbrari JOCHIKEHHS! BCTAHOBJICHO, 10 KOe(ilieHT Bapialii
rpaHuLi MirHocTi Ui Byriemactika KMY-3J1 ipu BUNpoOyBaHHSX Ha PO3TSATraHHS
3MIHIOETBCS B Jliana3oHi 9-15% i He 3aJIe)KUTh BiJ CXEMH apMyBaHHSI.
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OIIHKA MIIIHICTHUX XAPAKTEPUCTHUK I'IBPUJTHOI'O
KOMIO3UIIIHHOT'O MATEPIAJTY
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Y cydacHOMY CBiTi MaIIMHOOYAYBaHHS Ta PUIAT00YyBaHHS MEPCTICKTUBHUM
HaTIPSAMKOM TABUIIEHHS HAIIMHOCTI KOHCTPYKLIH € 3aCTOCYBaHHS KOMIIO3HIIIHHIX
MarepialiB, MO BOJOIIIOTh OiIBII BHCOKOIO MIITHICTIO, TBEPIICTIO, CTIHKICTIO TIpH
BHCOKHX TEMIlepaTypax IpH IOPIiBHAHO Maslii NHTOMIA Ba3i, B IOpIBHAHHI 3
TPamUIIfHUMU KOHCTPYKI[IHUMHU Matepiajamu (CTauTl0, YaBYHOM, JIATYHHIO,
AJFOMIHIEM 1 T.1L.).
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B nmanmit dwac riOpumHi kommnosuuiiii Marepianu (IKM) e nuHamivyHO
PO3BHBAIOUOI0 TPYINOI0 MaTepiaiiB, sKi MOXYTb BHUKOPHCTOBYBaTHCS SIK JUIs
€JIEMEHTIB CHJIOBOTO Habopy i OOMIMBKHM, Tak 1 AJsl jAeTaned iHTep'epy JiTaJbHUX
amapatiB. 3rigHo [1], 10 i€l rpynu BiTHOCATh MaTepialy, 10 MAIOTh B CBOEMY CKJIai
Tpu ab0 OiNbIIe KOMIIOHEHTA, SIKi PErYIIOI0Th BIACTUBOCTI KOMITIO3HTIB. BiamosinHo,
I'KM MoxyTh OyTH NONIMAaTPUYHOTO THITYy, IIO BOJOZIIOTH IBOMa abo OinmbIme
MaTPUYHAMH KOMIIOHEHTaMH, ab0 TIOJIiapMOBAHOTO THITY, AKi XapaKTepU3yIOTHCS
HasBHICTIO PI3HUX BUIB apMYIOUYAX KOMIIOHECHTIB.

Meta koMOiHyBaHHS pI3HHX BOJOKOH — MOXIIMBICTH peaii3amii mepesar
OKpEeMHUX THUIIB BOJOKOH B TiOpHIHOMY MaTepiani i cripoba 3HIKEHHS iX HEIOJIKiB,
110 BUSIBIISIIOTBCS TIPH BUKOPHCTAHHI KOXKHOTO BOJIOKHAa OkpeMmo. Hampukian, MoxHa
3HU3UTH BapTiCTh MaTepiajiB Ha OCHOBI BYIJICIIEBUX BOJIOKOH 0e3 pi3koi BTpaTH ix
YKOPCTKOCTI BBEZICHHSIM B HUX CKJISTHUX BOJIOKOH. TaK sIK CKJIOIUIACTUKU MalOTh OLIBII
BUCOKY nedopMalli€lo Mpu pyHHYBaHHI B MOPIBHSAHHI 3 MarepiajaMd Ha OCHOBI
BYTJICLICBUX BOJIOKOH, TO KOMOIHAI[if CKISHHX 1 BYIJICIICBHX MaTepialliB 3MCHIIYE
HMOBIpHICTh KaTacTpo(hivHOIO pyHHYBaHHS €JIEMEHTIB KOHCTPYKIiH, B TIOPIBHSIHHI 3
MaTepiallaMi Ha OCHOBI TUTBKH BYTJICIIEBHX BOJOKOH [2]. KpiMm Toro, CKIIsSHI BOJIOKHA,
10 BOJIOMIIOTH ORI BHCOKOIO JedopMalli€to Mpu pyHHYBaHHI, MOXKYTh €(EKTHBHO
3YIUHATH picT Tpimuan B [KM.

B nmanwmii yac peainizoBaHi Jaleko HE BCi MOKIIMBOCTI ITO CTBOPEHHIO TIOPUIHUX
KOMIMO3UIIIHHAX MartepialiiB 3 IMiJBUINCHIMH B'S3KICTIO PYHHYBAaHHSA, KOPCTKICTIO 1
MIIHICTIO MIJITXOM KOMOIHYBaHHS Pi3HUX THIIIB BUCOKOMIITHUX BOJIOKOH.

MexaHiuHI BIAaCTHBOCTI 1 MeXaHI3M pPyHHYBaHHS BOJOKHHCTHX KOMIIO3WTiB
BHU3HAYAIOTHCS CITIIBBITHOIICHHSAM TPHhOX MapameTpiB: 1) MIIHICTIO BOJOKOH, 2)
MIITHICTIO 1 )KOPCTKOCTI MaTPHIi, 3) MIIHICTIO 3B'13KY BOJIOKHO-MaTPHIIS.

B poboti mpoBeneHa oOIiHKa MIIHICTHUX XapaKTEPUCTHK JHCIEPCHOrO
riOpuIHOTO KOMITO3UIIIHHOTO MaTepialy BYTJIEBOJIOKHO — CKIOBOJIOKHO — €IIOKCHIHA
MaTpuIl 3 pi3HUM 00'eMHMM BMIicTOM () CKJIQAOBHX KOMIIOHEHTIB (Tabm. 1, 2).
EnokcugHa MaTpuilsi 3 HACTY[THUMH MeEXaHIYHHUMHU XapaKTEPUCTUKAMH: MOMYIIb
npyxHocti (Em) - 4 I'Tla, moxyns 3cyBy (Gm) - 2 TI'Tla, koedinient Ilyaccona (vm) —
0,34, rpanuune nofoexkerus (&) — 5%.

Tabauys 1
MexaHi4yHi XapaKTepUCTHKH apMy04ux ejaemenTiB 'KM
ITapamerp ByrieBosiokHo | CKJI0BOJOKHO
Mopays1b 0310BXKHBOT TIpy)HOCTI, Eq, T'Tla 300 74
Mopnyis nonepedHoi npyxHocri, E;, I'Tla 9 8
Mogyns 3cyBy, Gy, I'Tla 12 24
Koeoiienr ITyaccona, v 0,15 0,22
MiLHICT IPM PO3TATYBaHHI B3IOBXK BOJIOKOH, G, 2,8 2,5
I'Tla
I'pannyHe TONOBXKEHHS TPH PO3TATYBAHHI Y3IOBXK 1 3
BOJIOKHA, £€1,%
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Tabauys 2
06'emunii BMict komnoHenTis 'KM
3pazoxk I'KM ByriieBos10kHO CKJIOBOJIOKHO Crnojiy4yHHK
1 0,3 0,4 0,3
2 0,4 0,3 0,3
3 0,5 0,2 0,3

[Iporno3yBanHsS MPYXHUX BiacTHBOCTeH oOpanoro tumy ['KM mpoBoamioch
3a MPaBWJIOM CyMiIIeH, 3TiTHO 3 SIKUM BHECOK B BEIWYHHY MOy npyxkHocTi KM
BiJl KO)KHOTO KOMITOHEHTA, III0 MICTHTHCSI B HbOMY, NMPOMOPLIHHUI 00'eMHIN HacTIi
nporo kommoHeHTa B I'KM 1 BenmumHI MOAYJS MPY)KHOCTI IIBOTO KOMIIOHEHTA.
PesynbraTi po3paxyHKiB IpeCcTaBieHi B Tabu. 3.

Tabauys 3
Pe3yabTaT po3paxyHKy MinHicTHUX XxapakTepuctuk I'KM
3pazok | E;, I'Tla | Ep, ITla | Gy, I'Tla \ Minnicth Ha po3pus, ['Tla
1 120 8,4 16 0,235 1,21
2 143 8,5 15 0,228 1,43
3 166 8,69 14 0,221 1,66

TakuM 9yuHOM, 301IBIICHHST BMICTY ByTJelieBUX BosiokoH B ['KM mnpu3BoIuTH
JI0 TMIABUIICHHS MOJYJISI MPY)KHOCTI B TIOB3J0BXHBOMY 1 MOMEPEUYHOMY HANpPSIMKax Ta
3pOoCTaHHA MIITHOCTI Ha pO3PHB, OJHAK TIPH I[HOMY 3MEHINYIOTBECA MPYKHI
BractuBocti ['KM, 1o miaTBepKyeThCsl 3HUKEHHSIM MOJYJIS 3CYBY.

Cnucok BUKOPHCTAHUX JKepes:

1.bymanos MM., BopoGeit B.B. TexHonoruss pakeTHBIX U a’dpPOKOCMHUYECKUX
KOHCTPYKIMH U3 KOMIIO3UIMOHHEIX MaTepHaitoB: y4eo. a1s By3oB. M.: M3n-8o MI'TY um. H.O.
Baymana, 1998. - 516 c.

2.IIpoMbllUIeHHBIE TIOMMMEpPHBIE KOMIIO3HUIMOHHBIE MaTepuansl. [lep. ¢ aurn./ Ilon.
Pen. ILT'. babaeBckoro. — M.: Xumus, 1980. — 472 c.

OIIHKA IMPY/KHUX XAPAKTEPUCTHUK OJJHOHAIIPABJIEHOI'O IIAPY
KOMIIO3UIIIHHOT'O MATEPIAJTY

Hamenko M. O.
Hayionanenuii agiayitinuii ynieepcumem, Kuis
Hayxosuii kepisnux — Muayaxanos P.I., 0-p mexn. nayx, npog.

Kommo3uniitni  marepiamn  (KM), Bosofiroud yHIKaJbHAM KOMIUIEKCOM
MeXaHIYHUX 1 eKCIUTyaTaIifHuX BIaCTUBOCTEH, YCHIIIHO 3aCTOCOBYIOTBCSA B 6aratbox
rary3sx MPOMHUCIOBOCTI. 3aCTOCYBaHHS KOMIIO3WTIB B aBiaIiifHINH ramysi J03BOJISE
3HM3UTH Macy TOBITpIHUX cyneH, 30umpmmTin KKJI nBuTYHIB, CTBOPHUTH HOBI
KOHCTPYKIIii, [0 BOJIOIFOTH BUCOKOIO IPAIE3IaTHICTIO 1 HaiifHICTIO.

XapakTepu3yroun CTpyKTypy i BiaactuBocti KM B BUpoOax, cmix Opartm 10
yBaru HEOJAHOPIIHICTh, aHI30TPOTIIIO 1 HecTaOUIBHICT, TOOTO 3aJIEXKHICTh CTPYKTYPH 1
BJIACTHBOCTEH BiJl KOOPJHMHAT Ta BiJ HANpPSIMKY IO BIJIHOLIEHHIO 0 OCEel KOOpAWHAT
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BupoOy. Ile o0OymoBIIOE HEOOXiJHICTH BHBYEHHS 3aKOHOMIPHOCTEH BIUIMBY
ctpyktypu KM i1 Bu3Hauatoumx ii YMHHHKIB Ha BJIACTHBOCTI MaTepialy y BHpPOOI.
3a3HaueHe € HaWBaKJIMBIIIOI YMOBOIO YCHIIIHOTO KOHCTPYIOBaHHS BHPOOIB Ta
PO3pOOKH TEXHOJIOTI iX (POPMOYTBOPEHHS.

Haii0inpm e(eKTHBHUMH IOJO0 MHUTOMHX XapaKTEPHUCTHK KOMIIO3UTIB €
Opi€HTOBaHI MaTepianm, yTBOpeHi 3 Oe3lMepepBHUX BOJIOKOH 1 IoiiMepHOi abo
MeTaNeBoi Marpumi. Taki KOMIIO3HTH BOJIOMIOTH BOMAa DIiBHSAMH HEOTHOPITHOCTI:
MiIKpOHEOTHOPIMHICTIO, TIOB'A3aHOI0 3 HAsSBHICTIO B MaTepiami ABoX (a3 (BOJOKOH i
MaTpuIli), i MaKpOHEOTHOPITHICTIO, TOB'A3aHOI0 3 HASIBHICTIO OJHOCIPSIMOBAaHHUX
mrapiB (abo MoHomapis) [1].

ITpu po3paxyHKy i NPOEKTyBaHHI KOHCTPYKIIH 3a3BUYail BPaXOBYEThCS JINILIE
JpYyruii piBeHb HEOJHOPIIHOCTI MaTepiaiy, TOOTO BBKAETHCS, 1110 BiH CKIAAAETHCS 13
CYKYITHOCTI KBa310JHOPITHMX €JIEMEHTAPHUX IIapiB, BJIACTUBOCTI SKHX BiJOMI.
Bu3HaueHHs 1IMX BIACTUBOCTEH 1 € IPeIMETOM MiKpOMEXaHiKW KOMNO3UTiB. OCHOBHE
3aBJaHHsI MMOJISITa€ B 00YHCIICHHI e(DeKTUBHUX MOAYJIIB IPYKHOCTI, SIKI BU3HAYAIOTHCS
K Koe(ilieHTH, 0 3BSI3YIOTh yCepelHeHi 3a 00'eMOM HampyKeHHs 1 aedopmariii.
EdexTuBHI MomyImi 3aiexkaTh Bif (OpPMH i PO3TallyBaHHA BOJIOKOH i iX 00'€éeMHOTO
BMICTY B Martepiaii.

[lepeBaru i BUCOKI MEXaHiIYHI XapaKTePUCTUKA KOMIIO3HTIB HAHOUIBII ITOBHO
peai3yloThesl B OPIEHTOBAaHMX MaTepiajiax, apMOBaHHMX MapajlelbHUMU BOJOKHAMH,
TOOTO B TaKk 3BaHMX OIHOCIIPSAMOBAaHMX IMapax abo MOHOIIApax, 3 SKUX HIIIXOM
YKIIQIaHHS B PI3HUX HAMpPSIMKax YTBOPIOIOTHCS IIAPYBaTi KOMIIO3UTH.

B po0oTi mpoBeneHa omiHKa MPYKHUX XapaKTEPUCTHK OHOHAMPABICHOTO IIapy
KOMIIO3UTY Ha OcHOBi ckiopoBiHry PBH 13-1260-76 ta emokcumnoi cmoim L-285
(tabm. 1). Po3paxyHku poBoavvCh A5 koedimientiB apmyBanus () 0,4; 0,51 0,6.

Tabauys 1

MexaHiyHi XapaKTepUCTUKM BUXIIHUX KOMIIOHeHTiB KM

IIapamertp L-285 PBH13-1260-76
Mopays1b 0310BXKHBOT TIpy)HOCTI, Eq, T'Tla 4 70
Monyss 3cyBy, G, I'Tla 2,2 40
Koeoiienr ITyaccona, v 0,34 0,22
I'pannyHe MONOBXKEHHS TPH PO3TATYBAHHI Y3I0BXK 5 3
BOJIOKHA, £1,%

ITpu po3paxyHKax BBEJCHI IPHUITYLICHHS:

- Marepiajl OpTOTPOITHHH,

- MIKpOMO/IeJIb KOMIIO3UTY BPaxOBYE JIMIIE NPYXKHI BIACTHBOCTI 1 00'eMHMI
BMICT KOMIIOHEHTIB,

- PO3paxyHKOBi (OPMYITH IPYHTYIOThCA Ha 3aKOHI MEXaHIYHOI CyMIIl, 3TiTHO
3 SKAM BHECOK KOKHOTO KOMIIOHEHTa IPONOPIIHHWK Horo oO0'eMHIN dYacTii.
Pesynbratn po3paxyHKiB IpencTaBieHi B Tabm 2.

65



POLIT. Challenges of science today, 5-9 April 2021

Tabauys 2
Ipy»kHi XapaKTepHCTHKH OJIHOHANIPABJIEHOT0 APy KOMIIO3UTY
Koegiuient MoayJb NPY:KHOCTI Monayas 3cyBy, Koedinient Ilyaccona
apMyBaHHsI Eq, I'lla E,, I'Tla Gy, I'lla Vo1 V1o
0,4 30,4 6,422 3,637 0,235 0,061
0,5 37,0 7,567 4,171 0,228 0,0572
0,6 43,6 9,210 5,081 0,221 0,057

Takum 4ynrHOM, 30UIBIICHHS! BMICTY CKJIOBOJIOKHA B OJIHOHaIIpaBiieHOMYy Inapi KM
3a0e3reuye MiZABUIICHHS MIIHICTHUX XapaKTePHCTHK KOMIIO3WTY, IO IIPOSIBISIETHCS B
3pocTaHHI MOAYJsl pYKHOCTI B 1,43 pasu sIK B TOINEPEYHOMY, TaK 1 B IO3IOBKHBOMY
HanpsMKax 1 B 30uIblIeHHI MOmIyist 3cyBy. CyTTeBa pI3HMIS MOZYJSI HPYXKHOCTI B
TOMEpPeYyHOMY 1 B TO3JOBXHBOMY HampsiMKax OOYMOBIIIOE aHI30TPOIHI BJACTHBOCTI
omHoHampapieHoro KM Tta mpusBomute 1o npyroro koedimieHty Ilyaccoma vy. 3a
IrHaMiKoro 3MiHH KoedinieHTy [TyaccoHa B pisHHX HampsIMKax TaKOXK MOYKHA TIPOCTEKUTH
T BHIeHHS sKopeTKocTi KM 13 30ibIIeHHsIM KoedillieHTY apMyBaHHSL.

3riguo [1], Moaeni 3aJ0BUTFHO Y3TOKYIOTHCS MK cO00I0 1 3 eKCTIEpUMEHTOM
TIJTBKH B BiHOIIEHHI MO3IO0BXXHBOTO MOAYIs npykHOCTi E;. BimHocHO MoxymiB E;
Gy, pesynbraté BiApizHstoTbCs Ha 15..20%, OCKUIBKM CTPYKTypa pEalibHOTO
Marepiaiy, SK NpaBUJIO, JajleKa BiJ iZieanizoBaHol, ika BAKOPUCTOBYETHCS B MOJIEIISIX.
30KpeMa, HasBHICTh Je(eKTiB (HalpHKIal, MOPH) B MaTpHILli MPAKTUYHO HE BILIMBAE
Ha E; 1 3Ha4HO BIunBac Ha E,.

VY 3B'I3Ky 3 UM CIHiBBIJHOIIEHHS MIKPOMEXaHIKH B OCHOBHOMY IpH3Ha4eHi
JUIsl OPIEHTOBHUX OLIHOK 1 SIKICHOTO aHalli3y BIUIMBY MIKPOCTPYKTYPHHX IapaMeTpiB
Ha BIIACTHBOCTI KOMIIO3UTY, 1[0 € HEOOXITHNUM IIPH PO3pOoOIli HOBHX MaTepiaiiB.

CnHcoK BUKOPHCTAHUX [IKepes:

1.Ilepeymmu lO0.C., XepnakoB B.C. IlpoexktupoBaHne u HPOTHO3UPOBAHUE
MEXaHHYECKHX  CBOMCTB  OJHOHANpPABICHHOrO  CJI0S M3 KOMIIO3HLIMOHHOTO MaTepHalia:
VYue6noe nocodue / 10.C. Ilepsymmn, B.C. XKeprakos; Y¢umck. roc. aBuar. TeXH. yH-T. —
Via, 2002. - 127 c.

TPUBOTEXHIYHE 3ACTOCYBAHHSA NOJIIMEPHUX MATEPIAJIIB TA
KOMIIO3UTIB

Mocunaiiko K.P., FOpuuk /1 .10.
Hayionanvnuii asiayitiniii ynisepcumem, Kuis
Hayxosuil kepisnux — Kopnicnxo A.O., kano. mexu. HayK, 0oy.

MeranomnoniMepHi (TiOpuaHi) TPUOOTEXHIYHI CHUCTEMH TEPTS KOUYCHHS 3
NIPOKOB3YBaHHAIM (3yOuacTi mepenayi) Ta KOB3aHHA (HIJIIMIHWAKK 1 HamNpsMHI
KOB3aHHSI) 3HAXOMATh IIMPOKE BUKOPUCTAHHS Y AK y PI3HHX Taly3sxX TeXHOc(hepH.
[MomimepHi  MmaTepiany, 1O BHUKOPHUCTOBYIOTBCS Y  BKa3aHUX  TiOpUIHUX
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TpUOOMEXaHIYHUX cHcTeMaX Oe3 MameHHs, 3a0e3neuyoTh Oe3aBapiiHICTh iX
eKCIUTyaTallii B yMOBaxX TEXHIYHOTO CyXOTO TEpTSI.

Amnamiz  cyyacHHMX  IIOJIMEPHHX  KOMIO3MIIMHUX  MarepiaiiB,  sKi
BUKOPHCTOBYIOTh y BY3J1aX TE€PTsl KOB3aHHS I10Ka3aB, 110 HaHOIIbII TepCIEKTHBHUMU
Bumamu MarepianiB € momiamin (ITA), momiokcumermnen (IIOM), naBcan, abo
nomierunenrepedranat (I1ET), nomiedipedipkeron (IIEEK), momiedipimin (ITEI),
nomidenincynspin (IPC), mnonipenincynspon (IIDPCY), BHcOKOMONEKYISIPHUNA
norniernneH, noiniterpadroperiieH (IITOE, PTFE). EdextnBHUM € BHKOpMCTaHHS
IoJIiMepiB B Mapi 3 METAIEBUMH MaTepiadaMu. ToMy 3 METOIO 3HIKEHHS 3HOITYBaHHS
1 MIBHUIIEHHS JOBTOBIYHOCTI IMX TiOpHIHUX TPUOOTEXHIYHMX CHCTEM IIHPOKO
BUKOPHUCTOBYETHCS HAIIOBHEHHS TIIOJNIMEPHOI MATpPHIll MIDHUMH 1 IKOPCTKUMHU
YaCTHHKAMHM / BOJIOKHAMH Pi3HOTO BHIY 1 CTPYKTypH (aucynbdin Monidoaeny, rpadir,
CKJIO Ta BYTJICBOJIOKHO, OPOH30BHI IMOPOIIOK, TONIETHIICH Ta iH.) 3 pi3HUM 00’ €MHUM
BMICTOM, SIKi MiHIMAJi3yIOTh HEJIOJMIKHA HEMOTU(IKOBAHHX MTOTIMEPIB.

B poGoti mpoBeneHOo aHami3 MEXaHIYHHX BJIACTUBOCTEH 3a3HAYCHUX
MOJIIMEPHUX MaTepialliB Ta BU3HAYECHO MOXKJIMBI BY3IH TEPTS IS iX €(EeKTHBHOTO
BUKOPHCTAaHHS, BU3HAYCHO IEPEBArM Ta HEMOJIKM NPH BUKOPUCTaHHS 3a3HAYEHUX
KOMITO3MTIB B MiJIIMITHUKAX KOB3aHHS Ta METAJIONOJIMEPHUX 3y04aTHX mepejiadax.
ITpoBeneHo iX NOPIBHSUILHUI aHAITI3.

CnucoKk BUKOPHUCTaHUX JKepeJ:

1. Imxenepni mmactuku [Enextponmmii  pecypc]. — Pexmm  moctymy:
https://plastics.ua/industrial/ua/products/engineer/

2. Yepreup M.B. [lo nuTaHHs Mpo METOAMKY BU3HAYCHHS IHIMKATOPIB 3HOCOCTIHKOCTI

MOJNIMEPHUX 3MilTHEHHX MOJIaMiHUX KOMITO3HTIB ISl TiOpHIHUX ITIIIAIHUKIB KOB3aHHS. /
M.B. Yepnens, M.B. Kinnpauyk, A.O. Kopuienko, M.A. T'moBun // Ilpobmemu Tepts Ta
snouryBanus. — 2020. — Nel. — C. 17-22.

JOCJIIKEHHS CTPYKTYPH TA BTIACTUBOCTEN IUTASMOBHX
EBTEKTUYHUX ITIOKPUTTIB, ITIICJISI TEPMOIUMKJ/ITYHOI OBPOBKH

Xapuenko B.B., I'noBun M.A., Kocrenbkuii I.B.
Hayionanvnuii asiayiiniu ynieepcumem, Kuis
Haykosuii kepienux — Kinopauyx M.B., 0-p mexu. nayx, npog.

Hanecenns Ha po60d4i MOBEPXHi 3aXUCHUX Ta30TEPMIYHHUX IMOKPUTTIB € OJHUM
i3 HalWOUIbII eheKTUBHUX CIIOCOOIB 3aXUCTy AeTaliel 1 MeXaHi3MIB BiJ pi3HOTO BHAY
cnpamtoBanHa. Cepel MarepianiB, IO 3HaXOJATh IIMPOKE BHKOPUCTaHHS JUIsl
HalWICHHS, 0COONIMBUII 1HTEpeC BUKIMKAIOTh €BTEKTHYHI CIIABM HAa OCHOBI 3aii3a.
[Tpu razorepMiuHOMY HAITMJICHH] TAKUX NOPOIIKOBHUX MaTepiaiiB, KOJIH KpUCTaIi3amis
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nporikae 3i mBuakoctsvu 10* — 10° °C/c, YTBOPIOIOTECS TOKPUTTS 3 €BTEKTHUHOIO,
MIKpOKpucTaniqyHoro abo amop¢Hoio crTpykTyporo [l1]. VYTBOopeHi mnpu Takux
LIBUAKOCTSAX OXOJIOMKEHHS (a3u 1 CTPYKTYpH IepeOyBaloTh y MeTacTalbiibHOMY,
HE3pIBHOBA)XEHOMY CTaHi, 110 TOBUHHO CHPHATH iXHIH CTPYKTYpHIl camMoopraHizawii
pH TepTi [2].

OpHak, CTIHKICTh TAKHX TTOKPHTTIB, OCOOJIMBO B YMOBAX TUHAMIYHNX HABAHTAKCHD,
a TakoX POOOTH TIPH BUCOKHX TEMIIEpaTypax y PexKnuMi TEIUIO3MiH, sIK TPaBHIIO0, HEBUCOKA B
pe3yabTaTi iXHBOI KPHXKOCTI, TOPHCTOCTI, HW3BKOI aJre3iifHOi MIITHOCTi, BEHKOIO
TpaJieHTa BJIACTHMBOCTEH, TMPOTIKAHHS AWQY3IHHUX TPOIECIB HA TPAHUIN «ITOKPHUTTS-
MMIKITAIKa.

IcHye Oarato croco0iB mMiABUIIEHHS aare3iiiHOI MIIHOCTI Tra30TepMiuHKX
MOKPUTTIB. 3 METOIO IiIBULIIEHHS MIIHOCTI 34ETUICHHS 1JIa3MOBOTO ITOKPHUTTS 13 OCHOBOIO
LIMPOKO BUKOPHUCTOBYIOTH audy3iiine BimmamosanHs npu 1000-1100°C, o nos's3ane i3
BEJIMKMMH €HEPrOBUTpaTaMu 1 HeGaxkaHUM reperpiBoM ctaiti. EexTuBHOTO migBUILIECHHS
a/re3iiHNX BJIACTHBOCTEH MOXHA JOCSATHYTH TUQY3IMHUM BiIIAIIOBAaHHSIM ILIa3MOBUX
MOKPUTTIB y PeXHMi TepMOIMKIIOBaHHA. TepMormkiiuHa o6pooka (TLO) B inTepBai
TEMIIEepaTyp, IO OXOILTIOIOTH MOIIMOP(HI ITepeTBOPEHHSI, IPU3BOJHUTH J0 IHTCHCHU(IKAIIil
($a30BHUX TEPETBOPEHb. YIILTPa3ByKOoBa OOpOOKAa BHACTIZOK MPOTiKaHHS Mudy3iHHNX
MIPOIIECIB CYTTEBO TIJBHUIIYE KOTe3idHY MIIHICTh TMOKpHUTTIB. [Ipm 1ux cmocobax
MiIBUIIICHHS are3iiHoi MIITHOCTI TIOKPHTTIB, OJTHAK, BTPAYA€THCS CIPHUATIUBUAN TpH
TEPTi HEBPIBHOBAXCHHM CTaH CTPYKTYpH (MeTacTabinbHi ¢as3u, mepeHacHueHi TBepai
po3urHU (a3 NMPOHUKHEHHS y Martpuli). B Toil ke wac BizoMo, SKIIO CTPYKTypa 3a
JIAaHNX YMOB HAaBaHTaKEHHs HecTabijgbHA, TOOTO 31aTHa mepedynOBYBaTHCS, TO
eHeprisi aedopmManii TepTsIM PO3CIIOETHCS Ha CHPUSATIMBI pellakcalliifiHi mpouecH, i
CTIMKICTh IPOTH CIIPALIOBaHHS MiJABHUINYEThCS. BUKopucTaHHs mnpu i3oTepMivHOMY, a
TaKOX TEPMOLMKIIYHOMY BiJani MIYHOro O0'€MHOr0 HarpiBy, SIKOMY BJacTHBa
IHEpUIHHICTh HArpiBy Ta OXOJOJDKCHHS, HE JO03BOJISIE OJHOYACHO 3a0e3leuyBaTh
MiIBUIICHHAS are3idfHoi MIIMHOCTI 31 30epe)KeHHSAM TIEBHOTO PIiBHA BHXIiTHOTO
HE3PIBHOBAKEHOTO CTaHy IIA3MOBOr0O IOKPUTTs [3-4].

V¥ 3B'13Ky 3 IUM B po0O0Ti BUKOpUCTOBYBaH TI[O MOKPHUTTIB 3 BAKOPUCTAHHIM
Jasepa, a TaKOXK MOMEpeaHe Tepell HAalMJISHHSM HaHECeHHS Oap'epHHX OOpHIHUX
mapiB, MO OOMEXKYIOTh B3aEMHY IUQPY3il0 €IeMEHTIB TOKPUTTS 1 MiAKIamKH, i
JIerpajialiio iX CTPYKTYpPH.

Jlyist HaHEeCeHHs TIOKPUTTIB BUKOPHCTOBYBAJIN TTOPOLIKH €BTEKTUYHHX CIUIABIB
cucrem 12X18HI9T-TiB,-VC (BTH) i 12X18H9T-TiB,—CrB, (XTH). Hanuneunns
3MIMCHIOBANM Ha IJKIAAKH 13 MaJlo - 1 CEepelHbOBYIJICLEBMX CTajed 1 craii
12X18H9T. 3axucHi Oap'epHi mapy OTPUMYBAIH Ja3€PHUM JICTYBaHHSIM 3 00Ma30K,
mo mictwim amophHui 60p 1 kap6in 6opy. TosuirHa nokpurTs ckiazana Big 100 no
200 mxm. Tepmormkinigay 00poOKy y mianasoHi Temrmeparyp 900—-500°C npoBoammu Ha
nazepHiit ycranoBii «JIATYC-31».

BunpoOyBaHHS Ha TepTs Ta 3HOLIYBAHHS IUIA3MOBHX IOKPHTTIB Y BUXIZHOMY
crani i micist THO mokazano iXHIO pi3HY CTIMKICTh M0 crpamroBands. TLO mo3Bossie
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3MIHIOBATH CTPYKTYPHHUH CTaH 1 TepMOAMHAMIYHY piBHOBary OUIMX IIapiB,
MiABUIYIOYU TMPH I[bOMY KUIBKICTh NUISIHOK i3 OUIbII TUIACTHYHOK CBTEKTUYHOIO
cTpyKTypolo. Taka CTpyKTypa MOXe CHpUMaTH 3Ha4Hy JIOJIO €Heprii i B OumbImii
Mipi peNakCyBaTH HAIPY>KCHHS INPH TEpTi. 3HIDKCHHS KPUXKOCTI 1 MiJBUILCHHS
miacTuaHoCTi MOKpUTTS micius TIO 30imbmye #WOro 3AaTHICTE 0 YTBOPEHHS
BTOPHHHHUX CTPYKTYP, IO CBITYUTH MPO HOTO CIPHUATIMBI PEOJIOTIYHI BIIACTUBOCTI.

Ha moBepxHsx TepTs mokpuTTiB micis TLO yTBOPIOIOTHCS CYNMUTbHI OKCHIHI
IUTIBKA, B TOW dYac sk Ha TMOKpUTTsAX 0e3 TLIO yTBOPIOIOTHCS TUTIBKH Y BHIJISIL
OKpeMHX JUISTHOK. [lepeayMOBOO 1HOTO MOXe OyTH 3HW)KCHHSI KOPO31MHO1 CTIHKOCTI
Oinux mapiB mpu ixHbOMY posnafanHi. CTIHKICTh MPOTH CIPAIfOBAHHS MOKPUTTS
XTH nicast THO migsunyerbes 6inbi icrotHo y nopiBHsHHI 3 BTH, cnocrepiraerses
3HW)KEHHS KoedillieHTa TepTs.

VY pesynbraTi NPOBENEHHX TPUOOTEXHIYHMX BHUIIPOOYBaHb TP BHCOKHX
TEMIIEpaTypax BCTAHOBJIEHO, 110 CTIHKICTb NPOTH CHPALFOBAHHS BUXIJHUX [IA3MOBUX
MOKPUTTIB 1 Ticisi TEPMOLMKIIIOBAHHS IpUONM3HO oxHakoBa. lle mnosicHIoeTHCS
MOBHUM PO3MaJOM TBEPAMX METACTaOUILHUX CTPYKTYP Ta IHTEHCHMBHUM OKHCIICHHSM
TTOKPUTTIB Yepe3 IXHIO MOPHUCTICTh.

PesynbTarmt  BUNIpOOYBaHHS  TaKOoX  CBig4aTh, IO CTIWKICTH  MPOTH
CIIpaIfoBaHHS JBOIIAPOBHUX IMOKPHUTTIB Y BCHOMY Jiamma3oHi TeMIiepaTyp BHUINA HiX
g omHOmAapoBux. lle B mepmry dWepry 3yMOBIICHE MiIBHINEHHSIM aire3idHuX
BIIACTHUBOCTEH, 3HMKESHHIM TPAIi€HTY TBEPAOCTI MO MIHOWHI MOKPHUTTS, i ABUIIICHHIM
TEPMOCTAOIILHOCTI  TIOKPUTTS 3aBASKH Oap'epHUM  BJIACTUBOCTSIM  JIETOBAHOTO
GOpHUIHOTO IPOIIAPKY.

TakuM 4YMHOM, KEpyIOYM BEJIMYMHOIO JWCIEPCHUX KpUCTamiB (a3
MIPOHUKHEHHS 1 OTHOYACHO CTAaHOM METaJleBOI MaTpHIli, MOKHA MifiOpaTH napamerpu
THO, 3a sKkuX IUIa3MOBI MOKPHUTTS OTPUMYBAaTHUMYTh BUCOKY aJre3iiHO-KOTe3iiHy
MIIHICTB 13 OTHOYACHUM ITiIBUIICHHIM TPHOOTCXHIYHUX BIACTUBOCTCH.

CnucoKk BUKOPHCTaHUX JKepeJ:

1.Tapan IO.H. Crpykrypa oBrektmueckux cmiaBoB / IFO.H.  Tapan,
B.H. Mazyp. - M., 1972. - 240c.

2. Kocrenknit B.1. CtpykTypHO — SHepreTHyecKkast IpucrocabImBaeéMoCTh MaTepPHAIIOB
npu tpernu / B.1. Kocrenskuii // Tpenue u 3H0C. — 1985. 1.6. — Ne 2. — C. 850-857.
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3AT'AJIBHI TEXHIYHI YMOBH 3ACOBIB IHAUBIAYAJIBHOT'O
3AXUCTY

lep6a JI.B.
Hayionanvuuii agiayitinii ynisepcumem, Kuig
Hayxosuii kepisnux — Menvuuk B.B., KaHO. mexH. HAyK, 0oy.

Ha panmii wac OCHOBHMM HOPMAaTHBHHM JOKYMEHTOM, IO pETJIaMEHTYye
BuUMoTH 10 OponexuieriB, € JICTY 8782:2018 «3aco0u iHAWBIIYaIEHOTO 3aXHCTY.
Bponexunern. Kimacudikaris. 3aranpHi TEXHIYHI YMOBWY, SKAH HaOyB YMHHOCTI 3 1
yumHg 2019 p.. HuHi Ha BiAMOBIIHICTE HBOMY CTaHAAPTY OIHIOIOTHECS OpOHEKHUIETH,
SIKI 30KpeMa 3acTOCOBYIOThCsSI 30poiiHIMHK cuiamu Ykpainu Ta [lomimiero oXxopoHw,
TOMy B MaiOyTHROMY TIOCTAHOBH IIEHTPAJIbHOTO OaHKy CTOCOBHO 3aXHCHOTO
OCHAIIICHHSI 1HKAacaTOPChKOi CIy)KOM MOXYTh JIOMIOBHUTHCS BHMOT'aMH IIOJO
000B’s13k0BO1 cepTrdikarii Oponexuneris Ha BiamoBiguicts JCTY 8782:2018.

Cranmapt CTY 8782:2018 0ys BBeacuuii Ha 3aminy JJCTY B 4103-2002
«3acobu iHAMBIAYaIBLHOTO 3aXUCTy. bpoHexunern. 3arajabHi TEXHIYHI YMOBWY, SIKMH
nisiB Ha Tepuropii Ykpainu 3 2003 p., 110 NpU3BENO 10 3HAYHHUX 3MiH y 3aCTOCOBHIN
TEPMIHOJIOTIT, KIAacU(iKalil, 3arabHUX TEXHIYHAX BHMOIax [UIs [HOTO BHIY
MPOAYKINI, a TAKOK BUMOTaX IIOJIO METOMIB BHUIPOOYBaHHS, MPaBUIaX MPUHMaHHS,
TPaHCIIOPTYBaHHS 1 30epiraHHs.

PesynbTaty TOPIBHANBHOI XapaKTEpPUCTUKH CBiA4aTh, 10 HOBOBBEICHHI
BAMOTH HaliOHAJIbHOI Kiacu¢ikamii 3aco0iB IHAWBIAyaTbHOTO OpOHE3AXUCTY
TPYHTYIOTBCSI Ha OLTBII CYBOPHMX YMOBax BHIIPOOyBaHHS (y TOMY 4YHCHI B 0OCH3i
NpUIMaNbHO — 3/1aBalIbHUX, EPIOANYHUX 1 THIIOBUX). Y TEpIIy Yepry, lie BUKINKaHO
3MiHaMHU y notpebax BiCbKOBOI ciry:x0H, sika mepedyBae Ha craaii pedopmarii, mio
Opi€HTOBaHA HA JIOCSTHCHHS BIAMOBIJIHOCTI CTaHAapTaM IMPOBITHUX KpaiH €Bporu
(30kpeMa, €BpONEWCHKOi acorianii aKpeIWTOBAaHMX BUIPOOYBAIBHHX LIEHTPIB
CTOCOBHO 0aJliCTUYHOTO 3aXMCTy oniry Ta KoHcTpykuii) ta CLIA (cranpmapram
po3pobnennm HanioHanbHUM 1HCTHUTYTOM FOCTHILIT).

Kpim Toro, 3rimHo 3 monoxxeHHsMH 3akoHy «[Ipo HamioHanbHY Oe3MeKy
VYkpaiHn», BaXJIMBHM 3aBIaHHSM HaIllOHAJIBHOI cTaHmapTu3amii y cdepi 3acobiB
IHANBITyaTbHOTO OpOHE3aXHCTY, 30KpeMa, IMOCTaE BIPOBaKEHHS cTaHnapTiB HATO
(Tak, cranom Ha 01.07.2019 p. B pamkax Ilineit maptaepcTBa Ykpaina — HATO, sxuit
CXBaJICHO Ha PiBHI IJ1aB MOCTIHHUX AeJeraliil nepaB-wieHiB ANbsHCY 23 TpaBHS
2018 p., 3ampoBamkero 76 HopMmatuBHUX NokyMmeHTiB HATO (34 % Bim Tux, mo
MISATaroTh ONpalloBaHHIO B pamkax Llineit mapTHepcTBa).

Cepell BIIPOBaKCHUX CTaHAAPTIB BaximBe Miciie nocimae Yroma HATO 3i
cranpapruszauii STANAG 2920 «Classification Of Personal Armour (Knacudikamis
3ac00iB MEPCOHAJIBHOIO IIAHIEPOBOIO 3aXHUCTY)», sKa mependavae 3IiHCHEHHS
kinacudikanii Ha OCHOBI OaJliCTUYHMX BUNPOOYBaHb, SIKI NPOBOISATHCS 3TiTHO 3
Bumoramu crangapty AEP-2920: Edition A «Procedures for the evaluation and
classification of personal armour — Bullet and fragmentation threats (Ilpouenypu
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OIIIHIOBaHHS Ta KiacuQikamii 3aco0iB MEPCOHATBLHOrO OpOHE3axXUCTy — 3arposu
YPasKeHHS KYJISIMHU Ta OCKOJIKAMH CHapsiia)».

Hapmani npouenypa BunpoOysanns 3a JCTY 8788:2018 moxe Oyrtu
BJIOCKOHAJICHA IIIISXOM 3aIlO3MYEHHS] TaKUX METO/OJIOTIYHHMX EJEMEHTIB 3riHO 3
AEP-2920: Edition A:

a) IIpm BuMiproBaHHI IMIBHAKOCTI CHapsia BIATOBIAHO 3asBICHOMY KIAcy
TPUBKOCTI HEOOXiTHO BpAxXOBYBAaTH KOEQIIiEHT aepoAMHAMIYHOTO OIOpY, IO
BU3HAYAETHCA 32 TUIIOM CHapsizia.

6) [Ipu migTBEepHKEHHS BiAIOBITHOCTI 3asBICHOMY KJIACY CIi OpaTH 10 yBaru
HMOBIPHICTh BHUHHKHEHHS €(EKTy «iHTepBally pyHHYBaHHS OCEpAS», SKHA
NPOSIBIISIETBCS TAKMM YHMHOM: OCEpJsl CHapsja, 10 BIydae y MOBEPXHIO 3aco0y Ha
BIJHOCHO BHCOKIH IIBHJKOCTI, PpO3JIPOOIIOETBCS 1, BIJIOBIAHO, 3YIMUHIETHCS
OpOHE3aXxMCHUM 3aco00M (HEmpoOiif); OMHAK, SIKIIO INBUAKICTH CHapsga € OiIbIl
HU3bKOIO, BIH MO)kKe NpoOUTH 3acid OpoHe3axucTy (depes3 Te, IO CHepris yaapy €
HEJI0CTAaTHBOIO JIJIsl pyHHYBaHHS HOTO Ocepis).

Otxe, y Toil ke 4ac, B 2019 p. HopmaThBHa 0a3za Ykpainu y cdepi 3acobiB
IHAMBITyaTbHOTO OpOHE3aXUCTy 3a3Halla 3HAYHUX 3MiH, 30KpeMa HaOyB UYHHHOCTI
craamapt ACTY 8782:2018, mo BcTaHOBMB NMPUHIKIIOBI HOBI MpaBmiia Kiacupikarii,
3arallbHi TEXHIYHI BHUMOTH, a TaKOXX METOAW BHIIPOOYBaHHS OpOHEKWIETIB, 3
ypaxyBaHHSIM JIOCBiIy BINMOBIMHUX OanicTHYHUX AocmimpkeHb kpaiH €C Tta CIIA.
OpHak, B MOJaJbIIOMY HAI[IOHANEHA METOIOJIOTIS BUIPOOYBaHb OPOHEIKUIICTIB TAKOXK
Moe OyTH BIOCKOHAJIeHa Ha OCHOBI mimxoiiB craHmapTiB HATO (manpukian,
BpaxyBaHHS KOE(DIli€EHTY aepOIUHAMIYHOIO OIOPY MPHU BU3HAYEHHI IBUIKOCTI
CHapsIiB, BHUIIPOOYBaHHSI Ha HAABHICTH €(EKTy «iHTepBaly pyHWHYBaHHSA ocepls
(cHapsiay)» TOIIO).

CnHcoK BUKOPHCTAHUX JIKepes:

1.AEP-2920: Edition A Procedures for the evaluation and classification of personal
armour — Bullet and fragmentation threats. — 2016-09-01. NSO, 2016. -108.
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TH®OPMAILMHI TEXHOJIOI'T B TPUJIAJIOBYJIYBAHHI TA
EHEPI'ETHUIU

UNCERTAINTY OF ELECTRICITY MEASUREMENT OVER SINGLE
CHANNEL OF THE METERING UNIT UNDER REDUCED LOAD

Vasylets K.S.
National Aviation University, Kyiv
Scientific adviser — Kvasnikov V.P., D.Sc., Professor

Metering units are widely used for commercial accounting of electricity in 0.4
kV networks. They include digital meters that are connected to the power grid by
current transformers [1]. The latter are selected according to the rated current of the
consumer. However, often electricity consumption is significantly lower than nominal:
at night, during planned downtime, repairs, under quarantine restrictions [2]. In the
reduced load mode the uncertainty of measurements, which is brought by current
transformers and elements of the digital meter scheme, essentially increases. This
reduces the accuracy of electricity metering and leads to inaccuracies in financial
calculations between electricity market participants.

The purpose of the research is to increase the accuracy of commercial metering
of electricity by estimating the uncertainty of measurement by the commercial meter
unit under reduced load.

The reduced load mode means the load of each phase from 0 to ZI:nin, where

* . . . . . .
Imin — the minimum relative primary current of the current transformer, for which in

DSTU EN 61869-2:2017 the relative error is normalized. Meters NIK2307 ART
T.1600.M2.21, NIK2307 ARP3 T.1600.M2.21 and current transformers T-0,66-600/5
of accuracy class 0,5s were used to study the operation of the electricity metering unit
in this mode, fig. 1.

Fig. 1. Laboratory facility for metering unit operation study under reduced load

The digital transformer connection electricity meter is considered as a
transducer that includes three identical measuring channels. According to the
superposition principle, the measurement uncertainty of such transducer includes
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measurement uncertainties for each channel, corresponding to the phase of the power
grid.
To experimentally estimate the uncertainty of the measurements, 70

experiments were performed in which the currents of phase A I:,= 0+2%, phases B

and C were not loaded. The relative deviation of the readings of the transformer
connection electricity meter from the direct meter was considered as a measured
value. For the obtained sample values of SW on each of the conditional 6 ranges with
a width of 0.3%, the boundaries of the fuzzy intervals were determined at a confidence

level of 0.4 according to the method [3], fig. 2. Thus I;= 0,2% corresponds to the
meter’s sensitivity limit.
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Fig. 2. Experimental points and fuzzy uncertainty intervals of oW obtained for ranges 1-6 of
the low primary current I;

Thus, estimates of the uncertainty of electricity measurement over single
channel of the metering unit under reduced load as the limits of the fazzy intervals
were obtained. It is established that the underestimation of electricity for each of the
phase measuring channels of the transformer connection electricity meter in the
reduced load mode can reach 3-4%, and even 12%. In the course of further research, it
is expedient to approximate the limits of the obtained fuzzy intervals by the LR-
function, which will make it possible to form a mathematical model of the electricity
metering unit under reduced load.
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JIATHOCTYBAHHSA HANNIBITPOBIJHUKOBUX NIEPETBOPIOBAYIB

Mamyka K.B.
Hayionanvnuii asiayininiii ynisepcumem, Kuis
Hayxosuii kepisnux — npogh., 0okm. mexu. nayxk B.I1. KeacHixos,
npog., dokm. iz.-mam. nayk B.B. Kosanvuyx

EnexTpoHHI Ta e€IEKTPOTEXHIYHI CHCTEMH CKIQJalOThCSl 3  MHOXHHH
(YHKIIOHATIFHO 3aBEepIICHNX OJOKIB Ta MiJCHCTEM, IO BHITYCKAIOTHCA SIK OKpeMi
CTPYKTYPHI OAWHHUII 1 He mependayaroTh OCTYNy A0 iX BHYTPIIIHIX €JIeMEHTIB.
HapgifiHiCTs pOOOTH TaKMX CHCTEM BH3HAYAETHCS CTAHOM iX CKIAIOBHX, BUXIJ 3 Jamy
SIKMX TPHU3BOAMTH a00 JO0 HEMOXIMBOCTI BHKOHAHHS 3anaHoi (yHKIil, abo o
TIOTIpIICHHS IOKa3HHUKIB POOOTH.

Mera i 3agaui po6oTru. Mera monsrana y po3poOui eheKTUBHOTO MigXOmILy
JIarHOCTYyBaHHS  HANIBIPOBIIHMKOBUX IEPETBOpIOBaduiB. BukopucraHo meron
BEIBIIET-CIIEKTPIB YaCOBUX 3aJIS)KHOCTEH CTPYMIB Ta HApPYT 3 METOIO IONEPEIKEHHS
panToBUX BiIMOB Ta BU3HAYECHHS HPUYUH IMX BiAMOB. /ISl NOCSITHEHHS TIOCTABJICHOT
METH BHPIIIYBAJINCS HACTYIIHI 3a/1a4i: IPOBEICHHS MOPIBHAIBHOTO aHANI3y ICHYIOUNX
CHCTEM [IarHOCTYBaHHs, CIIOCOOIB OMNpAIfOBaHHS [JIarHOCTUYHUX JaHUX Ta
OCOOIMBOCTEH HAIIiBIIPOBIAHUKOBUX IIEPETBOPIOBAYIB K 00’ €KTIB IiarHOCTYBaHHS;
pO3poOKa aJTOpUTMy MIONO JIarHOCTHUKH IIE€PETBOPIOBAdIB; BU3HAYCHHS KPHUTEPIiB
BuOOpy  0a3Wcy  BEWBIET-TICPETBOPEHHS;  pO3pOOKAa  CHCTEMHM  AIarHOCTUKH
HAMIBIPOBITHUKOBUX  TlepeTBoproBadiB. [Ipm  po3B’sA3aHHI MOCTAaBIGHWMX  3an1ad
BUKOPHCTOBYBAJINCh METOAM MaTeMaTH4YHOI'O MOJICTIOBAHHs, LITYYHOTO IHTENEKTY
TOLIO.

Bucoky edexkTHBHICTh JOBENM CUCTEMH JIIarHOCTYBaHHS LHU(POBUX cUCTEM 3
JTiTaTi30BaHUM KEPYBAHHSM, JI¢ Ha KOKHOMY iHTEpBaJi po3risiay GYyHKIIOHYE JIUIIIE
omuH enemeHT [1]. Crig 3ayBaKuTH, 10 ICHYIOUI, 10 Temep, CUCTEMH JiarHOCTYBaHHS
MIPUCTPOIB CHIIOBOI EIEKTPOHIKU PO3POOJICHI A TaKUX KIACiB 00’€KTIB AK MOTY>KHE
€NeKTPOOOTaTHAHHS, PO3MOMALIPYI  EICKTPOMEPEXKi, EINeKTPOABUTYHU, CHIIOBI
TpaHc(hopMaTOpH, aBialliifHi JBUTYHH, JiHIHHI HETIEPEepBHI CHCTEMH Ta CHCTEMHU, IO
ONUCYIOTBCS TU(PEPEHIIHHUMH PIBHSHHSAMH IIE€PLIOTO-APYroro MOpsIKy, TOOTO €
JIOCTaTHBO CIICIiaTi30BaHUMHM 1 BPaxOBYIOTh cIenM(iKy KOHKPETHHX OO0'€KTiB
nmiarHoctyBaHHs. [lpum gmiarHOCTYBaHHI CKJIQIHMX €JIEKTPUYHUX CXEM BHHUKAE
HEOOXIJHICTB iX IEKOMITO3HUIIi] Ta BUKOHAHHS JiarHOCTYBaHHS YaCTUHAMHU. 3POCTaHHS
MOpSAIKY TUGEPEHIIHHUX PIBHAHB, IO OMUCYIOTh MPOIECH B CXeMi, 0O0YMOBIIIOE
HEOOXiAHICTh 3aCTOCYBaHHsS TpH ii JOCTIKEHHI CIieniaJbHUX METOIIB PO3PaxyHKY,
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30UIbIICHHST 00'€eMIB pO3paxyHKIB Ta YCKJIAAHEHHs aHali3y mnpoueciB. IcHyroui
CrocoOu JiarHOCTYBaHHS, IO JIO3BOJIIIOTH BHMKOHATH IPOTHO3YBAHHS CTaHy
NepeTBOpIOBayiB Ta 1ependaunTy BUHUKHEHHS aBapidHOI cuTyauii, OpieHTOBaHI Ha
3aCTOCYBaHHS B CXeMax JI0 JAPYroro IOpsIKY, a TIPH 3pOCTaHHI IMOPSJIKY CXeMH
BHUMAraroTh 3acCTOCYBAaHHS JONATKOBHX IIPOLENYp Ta JONyIIeHb. BpaxyBaHHA
HENTiHIHHOTO Ta MapaMeTPUIHOTO XapaKTepy €JIEMEHTIB IIepPeTBOPIOBAYIB MPHU3BOAHUTH
IO 3pOCTaHHS CKIAJHOCTI BiAOBIAHAX MaTEMATHIHAX MOJEJIEH, IO iX OMHCYIOTH, i
Ha OCHOBI SIKHX BUKOHYETHCS A1aTHOCTYBAaHHS.

PesyabTaTh i BUCHOBKH. Po3pobneHnii Hamu anroput™M kiacugikamii cTaHiB
MepeTBOPIOBaviB 0a3yeThcss Ha poOOTI 3 AaHUMH, MPEICTABICHAMH B MaTPUIHOMY
BUTIIAL, 1 J0Ope aaanToBaHWM [0 peamizaiii B MIKpOIPOIECOpPHIN cucTemi. 3a
paxyHOK BUKOPHUCTAHHS y3TOJDKEHHX (DIJBTPIB AJIsl JiarHOCTYBaHHS IIEPETBOPIOBAYiB
JIOCSITHYTO MIPUCKOPEHHS npotecy JIarHOCTyBaHHS. JliarHocTyBaHHS
HaMiBIPOBITHUKOBUX IEPETBOPIOBAYIB 3a 3allPOIIOHOBAHOI0 METOJIUKOIO J03BOJIHIIO
CHPOCTHTH BHOIp KiIacU]iKalifHUX MOKA3HUKIB Ta CKOPOTUTH Yac JiarHOCTYBaHHS 32
paxyHOK  3MEHIIeHHs JjeTaiizamii. Po3poOneHi  cucTeMH — JiarHOCTYBaHHS
nependavaoTh 3MiHY KITBKOCTI KaHANIB OTPUMAaHHA [IarHOCTUYHHX JaHUX, IO
JTO3BOJISIE, 301TBITYBATH KUTBKICTh IarHOCTUYHUX MTOKAa3HUKIB.

Cnucok BUKOPHCTAHUX JKepes:
1. M.T'. Haxonkin, ©.®. CizoB. Enementn QynxuionansHoi enexrponiku.- K.: Crioso,
2002.-201c.

CEHCOPHI BJIACTUBOCTI KJIACTEPU30BAHUX MATEPIAJIIB

Cmop:x M.B.
Hayionanvnuii asiayitiniii ynisepcumem, Kuis
Hayxosuii kepisnux — npogh., ookm. mexu. nayk B.I1. KeacHixos,
npog., ookm. @iz.-mam. nayk B.B. Kosanvuyx

BaxnuBUM eNeMEHTOM Cy4YacHHX CEHCOPHHMX IPHWJIaJiB € TBEPAOTLIbHI
TeTepOCTPYKTYpH. [0 Takux MpPHUCTPOIB HAJIEKATh: Ja3epH, CBITIOBI Ti0IU, CEHCOPH,
HepeMHKaui.

Y po0GoTi mocraBieHO 3anady: MpOaHaNi3yBaTH BIACTHUBOCTI NPWIIAMIB, SKi
BKITIOUatOTh TeTeponepexoau (I'TI), mo MicTATh HAHOMETPOBI (T.3B. KBAHTOBOPO3MipHIi
- KBaHTOBI TOYKH, KBAHTOBI HUTKH TOIIIO) CHCTEMH, 30KpeMa, HAHOKIIACTEPHI CIIOTYKH
(HKC).

Bymo 3’scoBano, mo Taki kiacrepm3oBai [Tl 3maTHi 3MiHIOBaTH (i3HKO-
XIMIYHI BJIAaCHI XapaKTEPUCTUKU KOpEboBaHO 1o TeomeTpii Ta po3mipie HKC, a
TaKOXK 3a pO3TAallyBaHHSAM aTOMIB Yy TakuX HaHokiactepax [l1]. YmpaBniHHs
BJIACTHBOCTSIMH TaKUX I'€TEPONEPEXOJiB 3/IMCHIOETBCS MUIIXOM 3MiHH Mopdonorii
mwiiBok. Came Takui MiOXil € HAA3BUYAMHO TEPCHEKTUBHUM MIOJI0 BUPIMICHHS
MPUKIAJHAX aKTyaJbHHX 3a1a4  (QYHKIIOHANBHOI  eneKkTpoHikd. CTBOpEHHS
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pi3HOMaHITHHX 3a MopdoJorieto kinacrepuzoBanux [Tl cnpusie po3BUTKY HOBOTO
HampsiIMKy ~Cy4acHOro NpwiafoOyJayBaHHS - CTPYKTypHO - (DyHKLIOHAJIBHOT
eJIeKTpOoHiKH [2].

VY po0oTi onucaHo TEXHOJIOTIIO, sika MOXKe OyTH BUKOpUCTaHa JuIsi 00poOKU Ta
HakonM4eHHs iHdopMauii y nmpwiazax HOBOro MOKoJiHHA. HaBeneHi pesynbrartn
BUBYEHHS BJIACTHBOCTEH aMOpP(GHMX ILTIBOK KEPMETIB, CTBOPEHMX Ha OCHOBI SiO,-
MaTpuli i MOAN(IKOBaHUX HUIIXOM BBEJCHHS KiacTepHoro pactpy d-metamis. s
orpumanHs maiBkoBoro I'Tl tumy X-SiO,, (me X - mepexiguuii metan: Cr, Mo, NDb)
aTOMapHO-KJIACTEPHOT JMCIIEPCHOCTI BHKOPHUCTOBYBABCS OYMIIEHHH IHEPTHHUH Tas.
Temneparypa ocimanas twiiBkn csraxa ~550°C. Teomerpuuni po3mipu 3epHa
cknagami ~50-70 A°. YV 1pOMy KOHTEKCTI HAMH IOCII[KYBABCS TIeTEpOIEPExin
pCu,S(AKC)-nSi 3 METOI0 CTBOPEHHS OpPHIIHAIBLHOIO IPHUCTPOI0. 3IiMCHEHHS
KOHTPOJIFO 32 TIOJIOKEHHSM TIiKa JIFOMIHECHEHINT s KIacTepru30BaHOI TMOBEPXHi
KpEeMHi0, J03BOJIsI€ OLIHUTH rTeoMmeTpudHi po3Mmipu Si-HKC. IHTeHCHBHICTH
JrOMiHecueHii Hajae iH(opMallio Mpo 3MiHy CUMETpii OCTaHHBOTO.

BucHoBKkH. 3ampornoHOBaHI NpPaKkTH4YHI PEKOMEHAALll LI0J0 BBEICHHS B
o0nacTe p-n HMepexoidiB pi3HUX 3a CBOEIO nmpuponaor nomimok (y ursiai HKC), ski
BiZIIrpaloTh POJIb LEHTPIB peKOMOIHAI] HEBPIBHOBAXEHHUX EJIEKTPOH-IIPKOBUX Iap.
Po3pobiieHo Mozens (OTOeneMEHTY Ha OCHOBI CKJIAQAHOTO 3a Mopdoorieto
knacrepuzoBanoro mapy y I'TI. IIpoBeneHa oiiHKa po3MIpHOI 3aJICKHOCTI CHEPTii
30ymkenHss HKC xpemHilo, sKi CTBOpIOIOTH Kiactepm3oBaHuil mpomapox [TI.
ITokasaHo, 10 ONTHYHI BIACTHBOCTI Ta EJICKTPOHHA CTPYKTYpa KBAHTOBHX CJIEMCHTIB
(HKC) 3MiHIOIOTECS KOPEITFOBAHO 3 PO3MIPOM Ta T€OMETPI€I0 PO3TaITyBaHHS aTOMIB Y
Kjactepi. BusBieHi cnekTpaibHO-iHBEpPCOBaHI OCOOIHMBOCTI TeTEPOPOTOCTCMEHTY
JNOBOAATH HEOOXIJHICTHP CTBOPEHHA KJIACTEPH30BAHOTO INApy HA IOBEpXHi
HamiBIpoBimHUKA (y HAIIOMY BHIIAQAKY - KpemHi0). Jlis Takoro ¢oroereMeHTa
3abe3neuyeTbcss KoMmOiHamiero B oxHoMy [Tl 1BOX CyTTEBO pIi3HMX MeEXaHi3MiB
BEHTHJIHLHOTO (POoTOChHEKTY, PO3AUICHUX MO BIAMOBIAHAM 10 HUX aKTUBHUM 00JaCTsAM

CIIEKTPY.
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AEPOJMHAMIKA TA BE3IIEKA ITOJIBOTIB JIA

DIRECT LATERAL FORCE CONTROL SYSTEM IN CIVIL TRANSPORT
AVIATION

Osadchyi D., Klinduhov A.
National Aviation University, Kyiv
Oleg Truhan - Associate Professor, Ph.D. in Technology.

In recent years, due to the congestion of the airspace near airfields, the
efficiency of transportation by air decreases.

One of the reasons is the poor maneuverability of aircraft in the area of low-
altitude flight modes at low speeds and, accordingly, insufficiently high economic
characteristics in these flight modes.

In this regard, we should pay attention to aircraft configurations that provide
more maneuverable characteristics at low flight speeds and higher descent rates on
landing compared to ordinary aircraft configurations.

This work discusses issues related to the possible use of a direct lateral force
control system (DLFC) on transport aircraft to improve the flight characteristics of an
aircraft in the airspace near the airfield landing strip.

The use of such a system on an aircraft can make it possible to provide: more
accurate execution of an approach, especially its final section; shorter-term execution
of the final descent section, which would reduce the noise level on the landing;
performing more steep planning with a shorter landing distance; lower landing
minimum for instrument landing; more accurate fit on a limited site.

Investigation of the issue of using the DLFC system on an aircraft can go in
three most directions: the use of DLFC on military vehicles to increase the accuracy of
delivery of weapons; the use of DLFC on short takeoff and landing aircrafts to
improve lateral maneuverability in the conditions of an approach without deteriorating
the characteristics of the aircraft in cruising flight modes; use of DLFC on civil
transport aircraft.

The conducted researches show us that the characteristics of the maneuver for
compensating for the lateral displacement depend both on the pilot and on the
dynamic characteristics of the aircraft. The required distance to the start of the
runway, counted from the moment the maneuver began, was taken as the main
parameter characterizing the lateral turnover maneuver.
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INOKPAIIEHHA EOEKTUBHOCTI EJIEPOHIB 3A TOIIOMOI' OO
OB'€EMHUX BUXOPOYTBOPIOBAYIB

Po30unbkmnii B.A., Carrapos A.L
Hayionanenuii agiayitinuii ynieepcumem, Kuis
Haykosuil kepisnux — Yoapyes €.11., 0-p mexn. nayx, npogp.

Pict BukopucraHHs Oe3mimoTHHMX JitanebHUX amapatiB  (BIIJIA) Ta
pi3HOMaHITHICTE cdep iX 3acCTOCyBaHHS 3MYIIYIOTh IIYKaTH HOBI MOXIIHBOCTI
MOKpAIIEeHHsI JTHOTHO-TEXHIYHUX  XapaKTEPUCTUK. XapaKTEPUCTUKH CTIMKOCTI Ta
KEpPOBAaHOCTI € BAXIMBUM (AKTOpPOM Yy MigBUINEHHI HamidHOCTI, 3abe3medeHHi
BcenoroaHocTi Ta aBToHOMHOCTI BITJIA.

Ha mepeBaxsiii 6impmocti BITJIA BigcyTHI NpenkpHiKd, MO OOYMOBIIEHO
3aliBOI0 Macoro, CKJIAJHICTIO KOHCTpYKUIii Ta BMMoramu jao HaaiiiHocti BITJIA. Ile
M/IBUIILYE CKJIAJHICTh KEpPyBaHHS KPEHOM Ha pEXUMax IOJbOTY 3 HU3BKUMHU
LIBUAKOCTSMHM 1 Ha BEJIMKMX KyTax aTakH, TakMx SK 31T 1 nocagka. OcoOiuBo
HeOe3[EeYHNM € TaKuil MOJIT B YMOBaX BEPTUKAIBLHUX ITOPHBIB BITPY.

JocnimkeHHs: kpwia Ha ocHOBI npodimo GA(W)-2 3 enepoHOM IEeMOHCTPYE
HU3bKY €(DEKTHBHICTH KEpPyBaHHs KPEHOM y O0JACTi 3aKpUTHYHHMX KyTiB araku [1].
KpiMm mporo, Oinblie BiOXWICHHS €NEPOHIB NPHU3BOJUTH IO OUIBII Pi3KOTO 3PHBY
MMOTOKY TIPH Tepexo/i Ha 3aKpUTHYHI KyTH aTakd. JlOCHiPKeHHS aepoIuHAMidHHX
xapakTepucTik mpodimo GA(W)-2 n1eMOHCTPYIOTh 3HAYHHM CTATHYHHIN TiCTEpe3nc
KoeQilieHTy MIAOMHOI CHIM Ta MOMEHTY Tauraxy [2]. Takuii rictepesuc Mae
HETaTUBHHI BIUIMB Ha TUHAMIKY 1 O€3MeKy MOIBOTY JITaIbHOTO amapary.

HoBiTHi po3poOku B 00macTi ympaBiiHHS HOTOKOM, Taki sSK 00’eMHi
BUXOpOyTBOproBadi [3] Ta BUXOPOBHMiI MEPEIKPUIIOK, BIIKPUBAIOTH MOKIHBOCTI s
MOKpalleHHs: e(QEeKTUBHOCTI OpraHiB KepyBaHHS, 30KpeMa eJIEepOHIB SIK OpraHiB
KEepyBaHHS KpEHOM. 301IbLICHHsS] KPUTHYHOTO KyTa aTaku Ta JIKBiJALis CTaTUYHOTO
ricrepecucy — aepoJMHaMIUYHMX  XapaeKTPUCTHUK 32  JOINOMOIoK 00 €MHHUX
BUXOpOYTBOPIOBaYiB 3a0e31edye KepOBaHICTh KPEHOM Y OUIBII IIMPOKOMY Jiana3oHi
MOJILOTHUX Ta MOTOJHHUX YMOB.

[lepcieKTHBHUM € JOCHIKCHHS aJalTHBHUX BHXOPOYTBOPIOBAYiB i
BiNIOBITHUX 3aKOHIB aJamnTallii ;Ui MakcuMizamii e()eKTUBHOCTI eJIepOHIB Ha Pi3HUX
peXKHUMax MONBOTY, BKIFOYAIOYX BHXiJ HA BEJIUKI KYTH aTaKd Ta yMOBU BEPTHKAJIEHHX
TIOPUBIB BITPY.
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YHCEJBHE JOCJILKEHHS AEPOJIUHAMIKY KPHJIA MAJIOTO
PO3MAXY 3 OF’€EMHUMH BUXOPOYTBOPIOBAYAMU HA ITEPETHIN
KPOMIII

CatrapoB A.l, Po30nubkuii B.A.
Hayionanenuii agiayitinuii yniseepcumem, Kuis
Hayxosuil kepisnux — Yoapyes €.11., 0-p mexn. nayk, npogp.

CydJacHi BUMOTH J0 TAJIMBHOT €(PEKTUBHOCTI, IIYMY, €KCIUTyaTallii Ta Oe3neKu
MOJIBOTIB JiTaJIbHUX anapartiB (JIA) 00yMOBIIOIOTE aKTYyaJbHICTh JOCIHIIPKEHHS! HOBHX
aepoJMHAMIYHMX NPUCTPOIB Ta CUCTEM KepyBaHHS moTokoM. OpHuMm 3
MEpPCIEKTUBHUX METOMAIB IaCMBHUM YIPABIIHHAM IIOTOKOM € BCTaHOBIICHHS
0e3miboBUX 00’€MHHMX BHXOPOYTBOPIOBAYiB Ha MEPEAHId KpOMII Kpuia s
MOKpAILIeHHs] aepOJMHAMIYHUX XapaKTepUCTHUK KpWiIa Ha BEIMKUX KyTax aTakH.
JocnimKkeHHsT Mozened Takux Kpwil OyinM IpOBENCHI y aepoAMHaMIYHUX Tpybax
HamionamsHoro AsiamiifHoro YHiBepcutery [1].

VY nmanmii 9ac, Bce OUTBIIOTO 3HaYCHHS HaOyBae po3paxyHKOBA TiApOIMHAMIKA
a6o CFD (Computational Fluid Dynamics), sika 3aCTOCOBYETBCS TPH NPOEKTYBaHHI
OUTBIIOCTI CHCTEM 1 KOMITOHEHTIB MEePEeIOBUMU BUPOOHUKAMHU NHBIIHHHX JITaKiB. 3a
mannmu The Boeing Company, tectyBaHHs BUPOOJICHUX MPOTOTUIIIB a6POKOCMIYHUX
KOMITOHEHTIB 4acTO € 3aHaJTO JOPOTMM Ta HETPAKTUYHHM MOPIBHIOIOYHN 3 YHCEIbHUM
nociimkeHHs M. Oco0JaMBO 1€ NPOSIBISETHCS Y BHUMNAAKAX, KOJHM JOCIHIIKYIOThCS
CHUCTEMH, IO BKJIIOYAIOTh CKJAIHI BUXPOBI CTPYKTYpH a00 aKTHUBHE YIpaBIiHHS
nmorokoM. Takmm uyunoMm, CFD MopemioBaHHS Ma€ BEIHKE 3HAYCHHS I
BUIIPOOYBaHHS KOMIIOHEHTIB JITalbHUX amapariB Ta CHCTEM, IOB'I3aHUX 13
CKJIATHUMH BUXPOBHMH MOTOKAMH, TAKUX K 00 €MHI BUXOpOyTBOproBaui [2].

UYucenbHe AOCHIIUKEHHA 3 00’€MHMMH BHXOpPOYTBOpIOBauaMHM Ha MeperHii
KPOMILi KpHuia GyIio mpoBesieHo y nporpamuomy kommiekci NUMECA FINE/Open™.
Ha Bigminy Bix momepenmHix mociimkeHp [3] Oyno BHKOPUCTAHO MiXiJ Ha OCHOBI
moOyIOBH  HECTPYKTYpOBaHOi  CiTKH B OMNIS™/Hexpress.  I'eomerpis
JIOCITIKYBaHOTO KpHJIa 31 BCTAHOBJICHUMH BUXOPOYTBOpIOBaYaMH Y KiHIEBIH YacTHHI
rmokasana Ha puc. 1.

Puc. 1. 'eomerpist JociikyBaHOT MOJENI KpriIa 3 BUXOPOYTBOPIOBAYAMH

AepoauHaMiuHI XapaKTepUCTUKH KpWJa JOCIIKYyBaJMCs y Aiana3oHi KyTiB
aTtaky Bix 3 1o 36 rpagyciB y TypOyJieHTHOMY pexuMi npu uuciai PeiiHonbaca 5.5M, i
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yucii Maxa 0.4, oo BiJmoBiae J03BYKOBOMY PeXHMY MOTOKY. OKpiM iHTErpanbHUX
XapaKTepUCTUK, OyJIO IMpoaHali30BaHO JaHi pPO3MOJAULY THCKY IO KPWIIy Ta Taki
aCIIeKTH CTPYKTYpH TOTOKY SIK JIiHII TOKY, 30HM 3BOPOTHBOI'O IIOTOKY Ta
3aBUXpeHHOCTi. [IpuKiiaj 3MEHIIeHHS 30HM 3BOPOTHHOTO MOTOKY 3a KIHLIEBUMH
BUXOPOYTBOPIOBAYaMHU HA MIOCTKPUTHYHOMY KYTi aTaKy OKa3aHUH Ha pHC. 2.

NUMECA NUMECA

Academic Use A cademic Use

Puc. 2. 30H1 3BOPOTHBOTO IOTOKY Ha KyTi aTakd y 18 rpamyciB Juist 4ucToro Kpuia
(311iBa) Ta KpHIIa 3 KiHIIEBUMH BUXOPOYTBOPIOBauYaMH (CIIpaBa)

OTtpumaHi pe3yiIbTaTH JEMOHCTPYIOTh CYTTEBE 3MEHIICHHS BiIPpUBHOI 30HU 3a
BUXOpPOYTBOPIOBAYaMH, MOKPALIEHHS MOMEHTHHX  XapaKTePUCTHK  CTATHYHOI
cTifikocTi, 30iNbIIeHAS KOoe(ilieHTy MiOHOMHOI CHIM Ta aepOJMHAMIYHOI SIKOCTI Ha
3aKPUTHUYHHUX KyTax aTakd. BcTaHOBJIEHHS BUXOPOYTBOPIOBAYiB HE TiJIbKH y KiHIEBIH,
a I y KOpeHeBill YacTHHI € BasKIMBUM I OTPUMAHHS MakCHMaJIbHOTO HO3UTHBHOTO
e(eKTy Ha BEJIMKUX KyTax aTaKH.

MaiiOyTHI JOCITIDKEHHS MOXYTh KOHLEHTPYBAaTHCS Ha ONTUMi3alii GpopMu
BUXOPOYTBOPIOBAYIB JJIsI PI3HUX THIIB JO3BYKOBUX KPHJI i YMOB IIOJILOTY TaKHX SIK
KpeWcepChbKUi PEXUM Ta PEXKUM 3IIbOTY 1 HOCa K. TaKkoxk MepcerneKTHBHOIO TEMOIO €
ONTUMI3aIlisl aJaNTHBHOTO BUXOPOBOTO MEPEAKPUIIKA K HOBOI OE3IIIIbOBOI CHCTEMHU
MexaHi3aIii mepeaHpoi KPOMKA Kpwia. Pesymerat MOXKyTh OyTH BIIPOBaKEHI IpH
po3poOIli  OUTBIIOCTI THINB TOBITPIHUX CyOeH. OcoONMBO TMEPCHEKTHBHAM €
BIIPOBA/KCHHS BUXOPOYTBOPIOBAYIB y JIETKY Ta OE3MUIOTHY aBialifo, e CTPYKTypa
MIOTOKY MOe OyTH CKJIQJIHOIO Yepe3 HU3bKIi 4rcia PeiiHomb/ca, a BUMOTH 10 TUIaHEpY
JIA mepenbadaroTh MPOCTOTY KOHCTPYKIII Ta HAAIHHICTh €KCIUTyaTalii y MIHPOKOMY
CHEKTPi PEXKUMIB MOJIBOTY Ta TIOTOJTHUX YMOB.
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AUTOMATIC CONTROL SYSTEMS IN AERO-ENGINE

Chen Dejun
National Aviation University, Kyiv
Scientific supervisor — Tovkach S. S., Candidate of Technical Sciences (Engineering),
Associate Professor

Introduction

With the development of aircraft, the technology and performance of engine
are improving very fast. And the operations of engine are very complex, they need
quick and accurate responses. That’s why the need of automatic control system to help
engine operate. The aero-engine control system is developing from the simple
hydraulic mechanical control in the 1950s to the modern full authority digital
electronic control system (FADEC). The aero-engine control system mainly completes
the main and afterburner fuel supply control and various engine variable geometry
control functions.

How it works

The FADEC system consists of a sensing device that senses the working status
of aero-engine and environmental information, a computing device that performs
logical judgment and control operations on the information, a control device that
applies the calculation results to the aero-engine, and machinery and cables that
transmit information between them.

The control computer subsystem is divided into two parts: electronic controller
and embedded software. The electronic engine controller (EEC) is the core component
of the FADEC system. It processes signals from various sensors and switch devices
and converts them into digital quantities through analog/digital conversion. The fuel
subsystem includes booster pump, main fuel pump, fuel metering device, fuel filter,
fuel pipeline, nozzle, etc.

FADEC system generally includes multiple control loops such as speed,
pressure, temperature, etc. Each control loop calculates the control output according to
the corresponding input closed loop and then realizes the purpose of controlling the
engine state.

The electronic controller is based on the engine speed, temperature, pressure,
and other parameters and external conditions (such as flight altitude, speed, engine
inlet temperature, pressure, pilot commands, etc.) and certain internal parameters of
the control system (such as temperature, pressure, displacement, etc.). Through the
calculation of the control law, a control signal is generated, which is output to the
hydraulic mechanical device through the electronic controller output processing
circuit, and the electrical signal is converted into a hydraulic signal to drive the
corresponding actuator to change the fuel flow rate, the guide vane angle, the
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lubricating oil temperature, controls the opening degree, etc. So as to achieve the
purpose of controlling the engine. In figure 1. shows the principle of aircraft fuel
system.
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Fig. 1. Simplified aircraft fuel system

With the improvement of aircraft performance, the performance requirements
for modern aero engines are getting higher and higher. While improving engine
performance, it is also required to reduce emissions and reduce noise. Therefore, aero-
engine will be designed more complex, with more and more adjustable components,
and the control variables of the engine will continue to increase. Increased from the
current 10-12 to more than 20.

Conclusions

The control system occupies a very important position in the aero-engine
system, and its performance directly affects the performance of the engine and the
aircraft. Many countries regard it as an important direction in aviation technology and
spend huge amounts of money on research. Aero-engine control technology has
become an important branch of the engine professional field. Occupying an
increasingly important position in development.
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ANTONOV ENERGY SYSTEM
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Introduction

Electrical and hydraulic systems are used as the energy system of the aircraft at
the same time.In addition to power supply, the electrical system can also ensure
parameter control of the aircraft hydraulic and functional systems.Electricity sources
are installed on the plane:direct current (27V);AC single-phase current (115V,
400Hz);AC three-phase current (36V, 400Hz).

Electricity sources are controlled from the power supply panel installed at the
radio operator's workplace. The function of DC current is to start the the AlI-24VT and
RU-19A-300 engine. AC power is used for aircraft and propulsion system electronic
indicators

How it works

The network of pressure sources of the main hydraulic system includes (Fig.
1): onboard suction and discharge valves,two hydraulic pumps unit 623AN,hydraulic
filter,hydraulic pump unloading machine GA-77N,a hydraulic accumulator of the
common discharge network .

Fig. 1. The network of pressure sources of the main hydraulic system

The pressure source network of the main hydraulic system includes hydraulic
oil tanks, and the hydraulic oil tank pressurization system can ensure that the
hydraulic pump operates without cavitation.

Conclusion

Electrical and hydraulic systems are used as the energy system of the aircraft
at the same time

Reference:

http://an-26.com/An-26/Chapter-4.php#xaruk

83



http://an-26.com/An-26/Chapter-4.php#xaruk

POLIT. Challenges of science today, 5-9 April 2021

AIRCRAFT ELECTRICAL POWER CONVERSION DEVELOPMENT

Nwaribe Nicholas
National Aviation University, Kyiv
Scientific supervisor — Tovkach S. S., Candidate of Technical Sciences (Engineering),
Associate Professor

Introduction

In the year 1958, electronics & crane aerospace have led the way to consistent
aircraft AC to DC power conversion development. The TRUs (Transformer Rectifier
Units) supply an efficient, affordable, as well as consistent power change while
meeting at present the latest rigid power quality necessities. Worldwide, when the
leading supplier of transformer rectifier units & auto-transformer rectifiers used for
commercial aircraft. They offer field-proven, extremely consistent solutions that range
from 125 to 250 amps [1].

How it works

Simply put a Transformer Rectifier Unit (TRU) combines the functions of a
Transformer and a Rectifier into one unit. In aircraft applications, the TRU converts
the 120V AC power generated by the engine or APU generators or provided by a
Ground Power Unit (GPU) to 28V DC power for use by various electrical components
[1,2].

This unit contains thyristors otherwise diodes within the same tank and also
includes voltage regulation. These transformers are used for the industrial process.
This process can be done b using a significant DC supply. The industrial process using
transformer rectifiers mainly includes electrolysis, dc traction, large variable-speed
drive trains, smelting operations, etc. The application of this transformer rectifier will
drive the design considerations which include the following:

- thyristors use the connection like bridge-type used for higher voltages;

- the interphase connection is used for applications like low-voltage and high
current;

- number of pulses (6, 12 and higher with phase-shifting);

- harmonic issues and eddy current.

Voltage regulation can be attained through on-load tap otherwise no-load
changers on the high voltage region [1]. Fine levels of this regulation can be obtained
with the help of saturable reactors in the secondary region. The units of regulation can
be fixed otherwise separate.

A TRU or transformer rectifier unit unites both the transformer & rectifier
functions into a single unit [1-3]. The main function of TRU is to convert AC to DC.
This conversion is known as rectification. The different forms of TRU mainly include
selenium oxide, mercury arc valves, silicon-based and semiconductor diodes.

Apart from altering alternate current to direct current, this current is used as the
power source. These rectifiers detect flames & radio signals & flames. In addition,
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these can be used in a wide range of applications like providing power to radios, TVs,
computers and other devices which need a stable DC supply.

Fig. 1. Transformer Rectifier Unit [1]

The emergency generator is available as a source of power. Switching between
power supply systems is automatic without pilot action. However, the pilot can
selectively isolate power sources and the distribution system in emergency situations.
When operating normally, the buses receive power through a series of contacts and
logic situations, depending on the power source(s) in use. Normal power sources
include external power and the left and right generators. Grounded and ungrounded,
single-phase and polyphase systems also are discussed.

Conclusions

The Transformer rectifier carries out the function of both rectifiers and
transformers."It is a static electromechanical energy conversion device that transfers
energy from one part to another and converts it from fixed AC to variable DC. It
consists of two sections, one of which is a transformer and one of which is a rectifier.
In the basis of a series of twists, the transformer moves up or down the voltage. This
device converts high AC currents in to lower DC currents for various parts of the
aircraft. It is used in most electrical systems especially the aircraft electrical systems
in order to power various components. The transformer rectifier assembly, which
mostly consists of a step-down transformer, takes the AC supply input and, depending
on use, steps down to a lower stage.

References:

1. Elprocus. Access mode: https://www.elprocus.com/transformer-rectifier-and-its-
applications/

2. Skybrary-Aero. Access mode:https://www.skybrary.aero/index.php/Rectifier

3. Watelectrical. Access mode: https://www.watelectrical.com/what-is-transformer-
rectifier-working-features-applications/

85


https://www.elprocus.com/transformer-rectifier-and-its-applications/
https://www.elprocus.com/transformer-rectifier-and-its-applications/
https://www.skybrary.aero/index.php/Rectifier

POLIT. Challenges of science today, 5-9 April 2021

AUTOMATIC FLIGHT CONTROL SYSTEM

Yakovlev Yaroslav
National Aviation University, Kyiv
Scientific supervisor — Tovkach S. S., Candidate of Technical Sciences (Engineering),
Associate Professor

Introduction

Automatic control system is a system, where output is fed back to the input.
So, the control action is dependent on the desired output [1].

The error detector produces an error signal, which is the difference between the
input and the feedback signal. This feedback signal is obtained from the block
(feedback elements) by considering the output of the overall system as an input to this
block. Instead of the direct input, the error signal is applied as an input to a controller.

So, the controller produces an actuating signal which controls the plant. In this
combination, the output of the control system is adjusted automatically till we get the
desired response. The automatic control systems are also called the closed loop control
systems or feedback control systems. For example, you can take a traffic light control
system with a sensor at the input

Some properties of automatic control systems:

- control action is dependent of the desired output;

- difficult to design;

- more expensive than other control systems;

- more accurate than other control systems.

How it works

One example of an automatic aviation control system is the automatic flight
control system (AFCS) [1, 2]. The automatic flight control system combines the
autopilot and flight director systems. The AFCS system consists of two interlinked
flight control computers (FCC 1 and FCC 2), a two axis autopilot, two yaw dampers,
automatic elevator trim control and assorted servos and actuators. The flight control
computer receives the mode selection from the flight control panel, and the sensor
information is obtained from the air data system, navigation systems, direction and
direction reading system, inertial reference system, altimeter and surface position
sensor. The FCC sends flight control commands to the autopilot, which gives control
signals for control of servo drives of aileron and the elevator. The flight director
provides computed steering commands using a command bar on the attitude director
indicator portion of the PFD’s. Steering commands allow the pilot to visually control
the flight as defined in the selected operating modes.
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Fig 1. AFCS interacts with other parts of aircraft control system
Conclusions
Automatic control systems are a complex but reliable autonomous control
system that we use in all areas of our lives, especially in aviation. An automatic flight
control system, which is based on an automatic control system, is an integral part of
the autopilot used on most aircraft.
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ELECTRICAL EQUIPMENT OF AIRCRAFT SYSTEMS
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Associate Professor
Introduction

The Electrical Power Generation and Distribution System (EPGDS) is used to
supply the electrical energy for all onboard electrical equipment. The EPGDS has DC

and AC generating systems. The DC generation system includes a battery system.
The EPGDS provides for energy conversion, distribution, monitoring, control,
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protection, storage, and indication to the flight crew. Provision is made for external
connection of DC or AC external power while on the ground.
How it works

DC generation system is supplied from three NiCad batteries, two starters /
generators driven by the engine, two transformer rectifier unit (TRU) and auxiliary
power unit (APU). The TRUs supply 28VDC and are powered by two engine driven
Alternating Current (AC) generators that supply 115Volts Alternating Current (VAC).
Power is distributed via the electric bus. To connect ground power unit (GPU) have
external connectors DC and AC.

Main batteries. On gound, two 24 V Ni-Cad batteries (36 Ah) provide the
primary distribution source for the entire distribution system before the APU starts.
BAT 1 supplies power to run the APU. The batteries are located in the front service
compartment.
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Circuit breaker panel o
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./:
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Fig 1. Equipment location
Engine-driven generators. The engine of rectifier generators is driven by an
additional gearbox of each engine. The shear shaft in the generator prevents damage to
the additional reducer in case of jamming of the generator. The damper in the
generator shaft prevents vibrations. They are designed for 12 kW and regulated 28.5
VDC corresponding generator control unit (GCU).
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Engine-driven GCU. Two generator control units (GCU) provide current and
voltage control and protection for the corresponding generator: Control: GCU
regulates the voltage of 28.5 V DC. It monitors the output current to provide
protection from peak power (above 400 A). Protection: GCU automatically disables
the associated generator after disabling constraints in achieving electrical load or
surge.

Conclusions

The Electrical Power Generation and Distribution System (EPGDS) is used to
supply electricity to all onboard electrical equipment. EPGDS generation system has
DC and AC. The system includes generating DC battery system. EPGDS provides
power conversion, distribution, storage, control, protection, monitoring and indication
of the flight crew.
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Introduction
Different types of aircraft according to their mission and application
environment, the composition, function and configuration of its electronic system has
certain differences. Civil electronic system (figl.typical civil electronic system) is one
important and complex component in an airplane, with the rapid development of
aircraft, Aircraft electronic system is becoming more and more important to aircraft.
The main functions of the electronic system are: in the course of large aircraft
operation, according to its mission needs and environmental characteristics, to
complete information collection, mission management, navigation guidance and other
basic flight processes, to provide basic human-machine interface for the flight crew, to
ensure the flight crew's situational awareness and aircraft system control capabilities,
so that the flight crew can manage and control in a timely and effective manner.
Reliable flight according to the scheduled track, efficient completion of related tasks.
How it works
With the progress of the times, the principles of electronic systems have not
changed, but new and innovative technologies have been introduced. As we all
known, aircraft electronic system plays an important role in the airplane.so there are
requirements for the aircraft electronic system:
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1. It must have high safety, because aircraft are related to the safety of dozens
or even hundreds of lives.

2. It has so high reliability that it doesn't suddenly stop working.

3. It must be convenient for polit to control the airplane, which can reduce the
workload of driver.

4. Environmentally friendly: reducing system weight and power consumption,
route optimization and thrust management improvements can reduce fuel emissions
pollution.

5. It must be convenient for inspection and maintenance, which is composed
of complex circuits, inspection and maintenance has certain difficulties.

Many of these advances have been integrated into modern aircraft and are
improving aircraft and air transport systems , For instance, notable advances include
a significant increase in the use of commercial shelf-based data bus networks and
significant improvements in cockpit displays using rectangular COTS glass. The trend
for cockpit displays with larger display surfaces has continued and is now being
gradually improved and upgraded.
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£ Y, : F 400Hz
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Notes:

Most High power loads are 115 Vac
Mast Electronic/Avionic Loads are 28 Vde
Fig 1. Typical civil electronic system

The display equipment in civil aviation electronic system has been gradually
developed from multiple traditional instruments to multiple integrated displays.

EFB can be a fixed display device or a handheld display device. It has the dual
functions of the onboard database and the onboard computer. Flight manuals,
aeronautical charts, meteorological data and other traditional paper materials are
stored in electronic form, making the cockpit "paperless”

Although the aircraft's electronic instruments can accurately display the aircraft
and terrain data, but a wide variety of data to the pilot has brought a larger workload,
the pilot is easy to the aircraft relative to the terrain location error or because of the
lack of situational awareness of the wrong operation. Therefore, after the information
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is integrated and visually displayed, improving the efficiency of man-machine is the
inevitable trend of the development of civil aviation electronics.
Conclusions

In solving the problem of acceptability , the integrated aviation and tying
system will still move towards a more integrated , informational , technological ,
modular and intellectual. Development, and integrated aviation and tying the system's
functions, sexual ability and can be relied upon, maintenance, protection, testability
and comprehensive efficiency will also be a breakthrough leap.
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FLEXIBLE WHITE / GREEN /RED LED LIGHT STRIP GLARE SHIELD
LIGHTING AND DIMMER BY SPT
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Associate Professor

Introduction

Superior Panel Technology has developed a brighter, wide-angle LED Light

strip with your choice of RED, GREEN, or WHITE for aircraft panel illumination.
The 39” LED light strip includes 60 wide-angle LEDs. The LED light strips are
adaptable for both 14V and 28V aircraft and can be cut to length as needed (every
third LED). When on full power, the LEDs produce a nice flood light that is
amazingly bright and produce enough light to read charts.

Fig 1. Panel with LED lights
How it works
The LEDs are fully dimmable using the SPT Pulse-Width-Modulation (PWM)
dimmer that was specifically designed for the low current draw LEDs. The dimmer
allows for a gradual dimming without the brightness steps often found in dimmers not
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designed for low current draw items. The very compact dimmer is only 1” wide and is
VERY easy to wire. There is a + (power in), - (ground) and terminal for power out to
the lights! You can choose to have an internal circuit breaking off switch in the
dimmer or a dimmer without a circuit breaking off switch (normally only used when a
master lighting switch is used to cut power to multiple dimmers. See article in the
document section on "Choosing the Correct Dimmer".

Aircraft Spruce and SPT have worked together to offer a discount on the LED
Light Strip and PWM Dimmer when purchased as a package.

The SPT LED Light Strips also pass the FAA burn test 14CFR 23.853 (a) and a
copy of the burn test results is included with the light strips.

Measure and cut the LED Light Strip to length as needed (again, cut only
across the copper-colored tabs as the LEDs are grouped in threes with a resistor).

Strip approx. 1/8” of the red and black wires. Always tin the wires and the
copper tabs with solder before joining.

Look carefully at the LED Light Strip and you will see a “+” and a “-” sign
beside the copper tabs. You can solder the wires to any copper tab (or at the center
point of the lamps where there are two copper tabs that already have solder on them).
Solder the red wire to the “+” side and the black wire to the “- “side using minimal
heat from a solder gun.

Cut the one piece of adhesive lined .375” dia. x .5” heat-shrink tubing
lengthwise. Place it over the wire connections and heat it while holding with a
screwdriver as shown and pinch it together. Heat only until pliable. Do not overheat.
While wearing a glove, press down to adhere.

Remove about an inch of the release liner at the ends of the LED Light Strips
and place the .25” diameter heat shrinks over the ends of the LED Lights Strips.
Shrink by applying heat with a heat gun so that it the ends looks like those in picture
#4 and trim any access.

One example of an automatic aviation control system is the automatic flight
control system (AFCS) [1,2]. The automatic flight control system combines the
autopilot and flight director systems. The AFCS system consists of two interlinked
flight control computers (FCC 1 and FCC 2), a two axis autopilot, two yaw dampers,
automatic elevator trim control and assorted servos and actuators. The flight control
computer receives the mode selection from the flight control panel, and the sensor
information is obtained from the air data system, navigation systems, direction and
direction reading system, inertial reference system, altimeter and surface position
sensor. The FCC sends flight control commands to the autopilot, which gives control
signals for control of servo drives of aileron and the elevator. The flight director
provides computed steering commands using a command bar on the attitude director
indicator portion of the PFD’s. Steering commands allow the pilot to visually control
the flight as defined in the selected operating modes.
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Conclusions

1. Leave a service loop of the wire on the backside of the panel where it passes
though the top of the panel.

2. Although flexible lengthwise, the SPT LED Light Strips will not make
compound curves. Take your time to temporarily position the strips first with masking
tape before adhering them permanently into place.

3. The LEDS are bright and there should be a shield that prevents the pilot and
passengers from directly viewing the LEDs. If necessary, we recommend that some
type of shielding be added. A black quarter round flexible weather stripping works
well.
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Introduction

With the wide application of composite materials and the deepening of practice
and theoretical research on raw materials, composite technology, interface theory, and
composite effects, people have a more comprehensive understanding of composite
materials. Now people can more actively choose different reinforcement materials
(particles, flakes, fibers and fabrics, etc.) and matrix for reasonable performance
(functional and mechanical) design (such as macro-layer design, micro-structure
design, etc.) Using a variety of special processes to make it composite or cross-
combined, so as to produce higher performance than the original single material or
develop properties and use performance that a single material does not have, such as
excellent mechanical properties, physical-chemical multi-function (electrical , Heat,
magnetism, light, ablation resistance, etc.) or biological effects of various advanced
composite materials. Therefore, the scope of "composite” is becoming wider and
wider: from macro-scale composite to micro-scale composite; from structural
materials to structural and functional integrated materials and functional composite
materials; from simple composite to non-linear composite effects Composite materials
to composite structures; from material mechanical design to bionic design.

How it works

The aerospace pursuit of performance-first characteristics has made it a
battlefield for the first experiment and transformation of advanced composite material
technology. The development and demand of the aerospace industry has promoted the
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development of advanced composite materials, and the development and application
of advanced composite materials has promoted Advances in aerospace. After
aluminum, steel, and titanium, advanced composite materials have rapidly developed
into one of the four major structural materials, and their amount has become one of the
advanced signs of aerospace structures. The use of advanced composite materials in
aerospace structures can reduce weight by 20% to 30%, which is an effect that is
difficult to achieve with other advanced technologies. The Langley Research Center of
NASA in the United States pointed out in the aerospace advanced composite material
development report that the application of various advanced technologies can enable
subsonic transport aircraft to obtain 51% weight reduction (relative to take-off weight)
benefits. Among them, aerodynamic design and optimization technology Weight
reduction by 4.6%, composite wing fuselage and aerodynamic tailoring technology,
weight reduction by 24.3%, engine system and thermal structure design weight
reduction by 13.1%, advanced navigation and flight control system weight reduction
by 9% , It shows that the application of advanced composite materials reduces the
weight the most. Increasing the amount of composite materials has played a vital role
in promoting the lightweight, miniaturization and performance of weapons and
equipment.

Starting from the F-18 military aircraft in 1980 in foreign countries, the latest
fighters studied all use composite wings, and a large number of advanced composite
materials are used on the fuselage, accounting for 25% to 50% of the structural
weight. The SEPDCs are located in the Main Avionics Bay and the SPDBs are
distributed through the cabin and the cargo compartments, so every SPDB is
configurable (software programmable) according to installed loads in every
compartment. That means, it is possible to change more rapidly and efficiently the
cabin layouts with better accessibility.

Conclusions

One of the signs of the advancement of new aerospace vehicles is the
advancement of the structure, and advanced composite materials are an important
material basis and leading technology to realize the advancement of the structure.
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Introduction

The traditional analytical models for AG channels are free-space model and
two-ray model which are attractive for their simplicity. While obstacles around ground
stations can cause inaccuracies associated with multipath components. Other factors
like atmospheric ducting and attenuations, though occurring with a lower probability,
also affect the accuracy of signal modeling. Curved earth two-ray model takes into
account the curvature of earth which is more suitable for longer transmission distance.
Classical rough terrain model, for instance, Longley-Rice model does not consider
MPCs. So geometry-based model are suggested. However, geometry-based models
like ray-tracing methods are computational intensive and incorporate diffuse
components, which increase complexity. [1] The more recent method geometry-based
stochastic channel model save computation resources by randomizing obstacles
placement. [2] Another issue associated is the available spectrum for UAS
communication in which the allocated spectra is restrictive with L band in
17MHz(960-977MHz) and C band in 61 MHz( 5.03-5.091MHz.

Methodology

The basic geometry scheme is shown in figure one below. The basics for
modeling contain two major components including line of sight (LOS) and ground
reflections. Other useful parameters also include aircraft GPS coordinates and GS
GPS coordinates. Altitudes and elevations are also measured accordingly with respect
to each measurement. Test signals are transmitted through the antenna at GS station
and received by the antenna in the aircraft and routed back to the receivers at the
ground station. Simulations are available for the LOS and ground reflection
components and MPCs could be counted according to different ground roughness
setups. Represented MPCs could be modeled accordingly both analytically and
statistically. A measurement campaign alike could be set up and power delay profiles
could be gathered including phase information. A series of AG characterization
campaign was performed in the earlier literatures with several ground obstacles. [1, 3,
4]

There are a few details needed to be prepared prior to measurement campaign.
Unless micro UAS are used, the trajectory and flight route need to be reported to the
national aviation authority. The permission for signal transmission for radio testing
has also to be reported to the radio administration authority. Also, careful tuning of
testing equipments against environment parameters are required for gaining accurate
results. According to previous test experience, electronic noise from other aircraft
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systems coexist while testing. Therefore, in order to cancel out associated noise
signals and background noise, a control group is recommended for convenience.
Conclusions

Empirical like path loss model and wideband tapped delay line 3-ray dispersive
channel model (WTDL3R) was proposed for the over water settings. [1] Though later
works would count for different ground obstacle types, a universal analytical model
should be suggested according to more detailed classification of multipath
components types. Hence, more detailed MPC analysis model should be considered in
further investigation. The current AG characterization model was based on
randomizing obstacle objects using statistical method. Rather than saving computation
resources, more accurate multi-ray method should be promoted and wider bandwidth
should also be suggested accordingly due to the potential increasing application of
UAV.
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Introduction

In civil aircraft, the main functions of the avionics system are: provide aircraft
data transmission network, display warning aircraft indication information, perform
flight task management and distribution, support aircraft navigation and flight
management processes, ensure normal communication between airborne equipment
and timely crew members Know the aircraft information to ensure that the aircraft can
complete the scheduled flight tasks safely and reliably.

The basic composition of civil aircraft avionics system mainly includes
integrated modular avionics, indication and recording system, airborne health
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management system, airborne information system, navigation system, communication
system and flight management system.
How it works

The civil aircraft navigation system uses a variety of navigation sensors to
collect and measure aircraft movement information in real time, and obtain flight
safety threat information such as dangerous terrain and severe weather through various
monitoring methods to guide the aircraft to fly safely and on time according to the
scheduled route The typical primary fight display interface (PFD, primary fight
display) of the destination airport is shown in the figure. Basic navigation information
is displayed on the interface.

The disk-like indicator bars on the upper two sides of the figure show the
current airspeed and altitude of the aircraft. The indicator bar on the upper right shows
the vertical speed of the aircraft. The lower curve indicates the turning rate of the
aircraft. The abbreviation of the southeast and northwest direction symbols is used to
display the heading of the aircraft and related navigation information.

The civil aircraft navigation system mainly includes aircraft environmental
data, integrated surveillance and radio navigation systems.

The aircraft environmental data system is mainly composed of an air data
system and an inertial reference system. It provides the aircraft with information such
as altitude, airspeed, temperature, angle of attack, heading, attitude and position,
which are displayed on the main flight display screen in the figure above.

The integrated monitoring system is mainly composed of weather radar,
transponder, terrain sensing and warning system, and traffic warning and collision
avoidance system. It provides aircraft with terrain, weather, and air traffic information,
and prompts the crew in time when a dangerous situation occurs to ensure the aircraft
Flight safety.
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Fig. 1. Primary Flight Display
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The main components and equipment of the radio navigation system include
radio altimeters, global positioning systems, VHF omnidirectional beacons,
rangefinders, automatic directional indicators, instrument landing systems and
pointing beacons, which provide integrated radio navigation information for the
aircraft.

Conclusions

The avionics system is responsible for all aircraft data network information
transmission, key information recording, cockpit crew navigation information display
and warning, aircraft health management, aircraft communication and flight
management tasks. It is a very important part of the entire aircraft-level system.
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Introduction

Recent implementations of drones and UAVs past ten years have been
increased extremely, they can serve multiple purposes and can be implemented in any
sphere — military, observations, dangerous environment discoveries — it can be used
anywhere, providing with information for a user. However, there is a huge limitation
for such devices, as a duration of the session, that requires recharge. That is where
arsenide-gallium solar cells can make a huge breakthrough. It is a thin layer of solar
cells that can absorb solar energy highly effectively and improve specifications.

How it works

Gallium arsenide solar cell (Fig. 1) is a compound of a gallium and arsenide,
that are widely used nowadays in small electronics. Material absorbs solar radiation
very effectively, so that it can be applied with a layer of only a few microns. Such thin
layer application will not deteriorate aerodynamics of UAVs or drones, which
underlines its superiority. With a combination of performance and resistance to
radiation, these characteristics makes the cells suitable for use in the space industry
also. Furthermore, adding various kinds of impurities, such as phosphorus, indium,
aluminum allows customer to adjust the parameters of gallium arsenide, thus
expanding the possibilities of creating solar cells with precisely defined parameters
and structure.

Gallium arsenide takes a world record efficiency 28.7% for single junction, and
for multi-junction efficiency could take more than 40%. Not only that, GaAs solar
cells are flexible, heat-resistant, which makes it being able to be mounted on any
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surface. Comparing to Silicon solar cells, it takes a huge advantage over it. For
example, Gallium Arsenide is capable to change compositions of layers, which means
that it is possible to adjust it to any system you want to apply it into. Apart from that,
GaAs can work with radio frequencies and microwave technologies.

Fig. 1 — Gallium Arsenide Solar Cells

There are three technologies, which are necessary to work with for mass
manufacturing. First of all, metalorganic chemical vapor deposition (MOCVD) tool
allows for the simultaneous growth of thin GaAs film on top of single crystal GaAs
wafers. This technology relies on the gas phase transfer of the materials to be
deposited on the substrate, the deposition ultimately occurs via a chemical reaction at
the substrate surface and typically results in high-quality, epitaxial thin-film
deposition. Second is Epitaxial Lift Off (ELO) allows to separate GaAs film from the
wafer. It is used to transfer the epi-layer to a flexible substrate and reuse the Ge or
GaAs wafer to grow another epi-layer. Last but not least, matrix assembly tool allows
to build customized solar modules to match customer power requirements.

GaAs can take over a huge market of different industries. There are already
existing developments of aviation with electric motors, UAVS, drones — all of these
could be easily improved with implementing of solar cell technology. Electric cars are
now under mass manufacturing, covering the top of car with a small layer of GaAs,
and performance will be extended for couple hours. There is also a reserve for future
for the internet of things, like sensors, battery replacements and remote devices.

Conclusions

Gallium Arsenide technology looking really promising. Comparing to Silicon
technology, it overtakes it by all parameters and it is possible to adjust the power of
GaAs solar cells for the customer needs. Ultra lightweight and flexibility makes these
panels to fit perfectly to Aviation and it most likely is going to be nearest future of
aviation.
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Introduction

The aircraft electrical power system consists of a primary, emergency, and
secondary electrical power supply, sometimes including an auxiliary electrical power
supply. The main electrical power supply consists of the generator of the aviation
engine transmission, the electrical power supply control protection equipment, etc.,
which is supplied in flight.

When the aero engine is not working (e.g. ground testing), the main electrical
power supply does not work, and the auxiliary electrical power supply is used.
Aircraft batteries or auxiliary electrical power units (a electrical power unit consisting
of small on-board engines, generators, hydraulic pumps, etc.) are commonly used
auxiliary electrical power supplies. In the event of a failure of the main electrical
power supply in flight, the battery or emergency generator becomes the emergency
electrical power supply.

How it works

Aircraft electrical power supply system has experienced the development
process of low-voltage DC, AC and high-voltage DC, in which AC electrical power
supply has experienced constant frequency, variable speed, variable speed variable
frequency.

Constant-speed constant frequency AC electrical power system

The main electrical power supply is a 400-Hz, 115/200-volt three-phase AC
electrical power system consisting of a constant-speed drive and alternator. Rated
capacity is 20, 30, 40, 60, 90, 120 and 150 kV Ann. It uses a transformer as a
secondary electrical power supply, which consists of an aircraft battery or an
emergency alternator. The electrical power supply system is large in capacity, light in
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weight and reliable in operation, and is suitable for high-performance, high-electrical
power aircraft, such as bombers, medium- and long-range transport aircraft and fighter
jets. The frequency of AC in aircraft is 400 Hz, which is much higher than the normal
mains frequency. High electrical power frequency can reduce the volume of
electromagnetic and electrical components such as transformers, chokes and filter
capacitors in electrical equipment, and the high speed and light weight of electric
motors can meet the requirements of high-speed motors such as gyroscopes.

Variable speed constant frequency AC electrical power system

The brushless AC engine and frequency converter, caused directly by the
aviation engine, form the 400-Hz three-phase AC electrical power system of the main
electrical power supply. In 1972, the first set of 20 kV A variable speed constant
frequency AC electrical power supply installation, mainly used in advanced strike
aircraft. This electrical power supply system has high electrical power quality, few
moving parts and easy maintenance, and can form a brushless start/electrical power
generation dual-function system.

Variable frequency AC electrical power system

The variable frequency AC electrical power system is the first AC electrical
power system used on aircraft. In the variable frequency AC electrical power system,
the alternator is driven directly by the engine through the decelerator, so the output
AC frequency varies with the engine speed. It is mainly used on aircraft or helicopters
with turboprop engines and turboshaft engines and is called a narrow variable
frequency AC electrical power system.

Hybrid electrical power system

The main electrical power supply is made up of a low voltage DC electrical
power supply and a variable frequency AC (sometimes constant frequency AC)
electrical power supply. Battery for emergency electrical power supply, converter for
secondary electrical power supply or stationary converter. Some transport aircraft and
helicopters with mild and anti-ice and other equipment use a lot of electricity, their
work is independent of the electrical power frequency, can use variable frequency AC.
The variable frequency AC electrical power system consists of an inverter alternator
and a voltage regulator moved by an aero engine, which is relatively simple. Electrical
power is supplied by a low voltage DC electrical power supply system to the main
electrical equipment on the aircraft , and is commonly used to start/generator.

High-voltage DC electrical power system

This electrical power supply system has the advantages of low voltage DC
electrical power supply system and AC electrical power supply system: high
efficiency, light weight, easy to achieve non-disruptive electrical power supply, strong
anti-jamming ability, do not need constant speed transmission device, so simple,
economical, convenient maintenance, but circuit switching devices, electrical power
conversion devices, electrical power conversion devices and brushless DC motor is
more complex.
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Conclusions
Aircraft electrical equipment does not work at the same time throughout the
aircraft process. Different aircraft missions or different flight stages of the same
mission use different equipment. Different devices have different electrical power
types, quality and electrical power requirements, and different working hours.
Therefore, the electrical power of the aircraft electrical power supply system is
designed according to the mission and flight stage with the greatest electrical power.
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Introduction

The F2000EX EASy uses DC power for control, operation and indication of
the various systems installed in the airplane. The electrical power supply system
consists of a 28 VDC on-board generation system designed to minimize electrical
fluctuation and power interruption. It supplies, controls and distributes DC power to
the on-board electrical equipment through three main buses (LH, ESS and RH buses).

How it works

The system is powered by two engine-driven generators and two batteries. It
can also be supplied by an Auxiliary Power Unit (APU) driven generator. On ground,
it can be supplied by an external DC Ground Power Unit (GPU).

On ground, two 24 V (36 Ah) Ni-Cad batteries provide the primary source of
DC power to the entire distribution system prior to APU starting. The BAT 1 supplies
electrical power for starting the APU. As soon as one generator is connected, batteries
are reloading and flatten generator electrical spikes. They are also capable of an
emergency in-flight source of power for a limited period if all engine-driven
generators fail. In that case, battery autonomy would be around 78 min (including 5
troubleshooting minutes) with maximum load shedding.

The Auxiliary Power Unit (APU) is equipped with a starter-generator. On
ground, it is capable of power the entire DC electrical system, in addition to charging
batteries. It is rated at 9 kW and regulated at 28.5 VVDC by its associated GCU.

An approved 28 VDC Ground Power Unit (GPU) may be used for prolonged
periods to power the DC system in order to facilitate maintenance and servicing. The
GPU may also be used for APU starting (recommended power is 1,000 A). When the
GPU is connected and operating, generators and batteries are automatically
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disconnected from buses. If the airplane is equipped by the option charging batteries
by GPU then it is possible to connect batteries to the buses when GPU is connected.

Feeder cables are protected by current fuses located inside the two main
electrical boxes. Circuit protection is provided by conventional trip-free circuit
breakers located on the circuit breakers panel.

The circuit breakers panel is divided into different sections. Each section,
delimited by different colored frames, corresponds to airplane major systems. In case
of failure of one engine-driven generator, certain items, not essential for the flight, are
automatically load-shed.

Main
electrical boxes

APU GCU
GCU 1 ==

GCu 2

Tempearature

probes | BAT 2

BAT 1./

Fig. 1. Electrical Power Units [1]

The auto load-shed system is disabled when the airplane is on the ground,
allowing normal operation of all cabin facilities. The BUS TIED rotary switch normal
flight position is vertical, isolating left side buses from right ones. In case of
overvoltage or short-circuit on one side, the other side is not affected. The ESS and
MD buses can be temporary tied, for ground operations with no engine-driven
generator assistance for example. When ESS and MD buses are tied, the contactor
provides protection between them in case of overload on one side.

Conclusions

The electrical power supply system in turn consists of systems for generating
electricity and its distribution. The electrical power generation system is usually
divided into several independent or parallel operating channels, each of which
includes a generator drive, regulating protective equipment, and a network area from
the generator to the central distribution device. The system of distribution the
electrical power is called a set of devices used in the transmission of electrical energy
from the central distribution device to distributive devices and from them to
consumers of electrical energy.
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Introduction

1.1 Discrete structure. From the beginning of the 20th century to the 1950s,
modern military aircraft were in the discrete structure stage. The measurement
equipment of combat aircraft was mainly fire control radar and optical sight. Its
subsystem has its own unique display, sensor, controller and computer, and the central
computer does not control the entire system. This structure is suitable for strong
specificity, but it is difficult to exchange a large amount of information, and the
flexibility is poor. If it is to be adjusted, it must be realized by processing the hardware
system.

1.2 Centralized structure. From the 1950s to the 1970s, the development of
microelectronics technology became faster and faster, and avionics systems faced
many urgent problems. The US Air Force Wright Laboratory began to introduce the
digital avionics information system to the public. Using LSL and MSI, the control part
and avionics system can be integrated. At that time, because the subsystems were all
analog, the integrated performance effect was greatly reduced.

1.3 Joint structure. From the 1970s to the 1980s, the joint structure appeared
under the background of the development of software technology, microcomputer
technology and digital communication.

1.4 Comprehensive shared structure. After the 1980s, microelectronics
technology developed faster, and ASIC technology promoted the enhancement of the
volume, performance and reliability of electronic systems. Wright Lab hopes to
expand the scope of integration to the antenna aperture and RF channel level through
the Pavepace project.

How it works

Through the application of microelectronic technology, military aircraft have
greatly improved various capabilities, such as air-to-air combat capabilities; precision-
guided weapons have the ability to attack the ground. This is the same as the
application of microelectronics technology.

2.1 Ultra-high-speed integrated circuits. Ultra-high-speed integrated circuits are
components that make up avionics. In the third and fourth generation fighters, we
mainly adopt silicon ultra-high-speed integrated circuits. Ultra-high-speed integrated
circuits have allowed the miniaturization of electronic devices, greatly reducing the
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total number and volume of integrated circuits. Equipment failures have also been
reduced. Speed up data processing speed and increase storage capacity. However,
silicon ultra-high-speed integrated circuits cannot fully meet our requirements, and
gallium arsenide integrated circuits are more efficient than silicon ultra-high-speed
integrated circuits. It is foreseeable that the application prospect of gallium arsenide
integrated circuits in avionics will be more extensive.

2.2 Dedicated integrated circuits. According to the needs, the microelectronic
chip of the special integrated circuit is manufactured and used in the avionic system to
improve the performance. Equipment confidentiality is enhanced. The fourth-
generation aircraft in the United States has already applied application-specific
integrated circuits, mainly assembled in confidential microelectronic components such
as communications. The manufacturing cost of ASIC is relatively high, so this also
hinders its development.

Development trend of avionics system

3.1 The role of new microelectronics in promoting avionics. Modern weapon
systems benefit from the application of microelectronics in the aviation field, and have
been unprecedentedly enhanced in terms of combat capability and power. With the
continuous development of microelectronics technology, its volume is getting smaller
and more reliable, which can realize the function improvement and miniaturization of
the whole machine.

3.2 The development of microelectronics technology in aviation
microprocessors. In the display control processor and the task processor, the aviation
micro-processing chip is indispensable. With the improvement of the processing
power of the aviation micro-processing chip, the data processing and analysis ability
of the task computer is also continuously improved. Mainly manifested in two aspects.

Conclusions

The development of microelectronics technology will inevitably lead to the
continuous innovation of avionics, and will make great progress in performance and
function. With the continuous development of technology, the mode of war has also
undergone major changes. Microelectronics technology will play an irreplaceable role
in the current field of war technology. Avionics equipment has experienced discrete
and combined types. , Continue to deepen and improve. It is conceivable that in the
future, with the continuous development of microelectronics technology, it will
inevitably promote a more complete avionics system, and continue to develop towards
the goal of modularization, integration and intelligence.
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Introduction

The quality of intersystem information interaction in aviation engine control
systems largely depends on the volume and structure of the transmitted data [1].

The transfer of data is accompanied by a solution to the problem: on the one
hand, it is necessary to transfer as detailed information as possible so that the
receiving party can correctly interpret the received data, on the other hand, not all
available data are transferred, which is due to the observance of the confidentiality
mode.

In this regard, when implementing information interaction in aviation engine
control systems, preliminary data conversion is required in order to generate their
representation in a format understandable for the receiving side, but taking into
account the restrictions imposed by the transmitting side [1].

How it works

When constructing control systems for aviation engines in conditions of
parametric uncertainty, only one technological scheme of data processing can be
independently implemented, which is based on the method of teaching pattern
recognition. The effectiveness of the functioning of such a system is assessed by two
main indicators: accuracy, duration of the learning process for making control
decisions.

When analyzing the engine control system scheme (Figure 1) for the accuracy
indicator in the absence of a priori information about the parameters of the object, at
the same time obtaining a posteriori information in the process of multiple evaluation,
it is advisable to integrate the technological construction schemes (integration
methods).

For the duration of the learning process, the integration of information
technologies for processing measurement data (information flows) can be proposed.

Hybrid approach. The methods used by data integration applications depend
on both the needs of the enterprise and the technology requirements [1].

The data integration application uses a hybrid approach that includes several
integration methods. An example would be Customer Data Integration (CDI) is
providing a consistent picture of customer information.

The simplest approach to CDI is to create a consolidated warehouse of
customer data from primary systems. The backlog of information in the consolidated
warehouse will depend on the mode of data consolidation (operational or packet) and
on the frequency of updating this information.

Another approach to CDI is data federation, defining virtual representations of
customer data in primary systems.
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Fig. 2. Data dissemination
Conclusions

A hybrid approach with data dissemination (Figure 2), that uses data

consolidation and federation, can also be implemented. General customer data (name,
address) can be consolidated into one warehouse, and data that is specific to the
primary application (packet) can be federalized. If a customer updates their name and
address during a transaction, then these changes can be sent to the consolidated data

warehouse and from there propagated to other primary systems.
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Introduction

An aircraft electrical system is a self contained network of components that
generate, transmit, distribute, utilize and store electrical energy.

An electrical system is an integral and essential component of all but the most
simplistic of aircraft designs. The electrical system capacity and complexity varies
tremendously between a light, piston-powered, single-engine general aviation aircraft
and a modern, multi-engine commercial jet aircraft. However, the electrical system for
aircraft at both ends of the complexity spectrum share many of the same basic
components.

All aircraft electrical systems have components with the ability to generate
electricity. Depending upon the aircraft, generators or alternators are used to produce
electricity. These are usually engine driven but may also be powered by an APU, a
hydraulic motor or a Ram Air Turbine (RAT). Generator output is normally 115-
120V/400HZ AC, 28V DC or 14V DC. Power from the generator may be used
without modification or it may be routed
through transformers, rectifiers or inverters to change the voltage or type of current.

The generator output will normally be directed to one or more distribution Bus.
Individual components are powered from the bus with circuit protection in the form of
a Circuit Breaker or fuse incorporated into the wiring.

The generator output is also used to charge the aircraft battery(s). Batteries are
usually either of the lead-acid or NICAD types but lithium batteries are becoming
more and more common. They are used for both aircraft startup and as an emergency
source of power in the event of a generation or distribution system failure.

How it works

Electric Power Generation.

An airplane contains two major electrical circuits and one alternate circuit. The
two circuits, one on each side of the aircraft, are linked to a generator. It is this
generator that produces electricity, using the mechanical energy supplied by one of the
engines. This is what we call electric power generation.

Labinal Power Systems (Safran) produces alternating-current (AC) and direct-
current (DC) electrical power generators, as well as the corresponding Generator
Control Units (GCUs) at its plants in Pitstone (UK) and Twinsburg (USA).

Electric Power Distribution.

The electricity produced by the generators is transported to the "electrical
cores" by thick cables known as "feeders." These cores, which take the form of
electrical cabinets or boxes, receive the electricity produced by the generators.
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The constant speed governor consists of: sensitive element, error detector,
amplifier, servo mechanism, control device and drive unit.
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Fig. 1. Aircraft electrical power supply systems
Conclusions

The electrical system of the aircraft is divided into power distribution system a
nd power generation system. The power generation system is divided into primary po
wer generation, secondary power generation, and emergency power generation.

Aircraft electrical equipment cannot work at the same time during the entire air
craft process. Different aircraft missions or different flight phases of the same mission
use different equipment. Different devices have different electric power types, qualit
y and electric power requirements, and different working hours. Therefore, the power
of the aircraft power system is designed with the maximum power according to the mi
ssion and flight phase.
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Introduction

Electrification of avionic equipment and subsystems fulfills extremely tight
requirements with regard to reliability and safety. The main function of an electrical
system is to generate, regulate, and distribute power throughout the airplane. Aircraft
performance is directly connected with the reliability of electrical systems and
subsystems [1]. Generally, aircraft electrical systems utilize both AC and DC powver.

How it works

The distribution systems used in modern aircraft create a complexity that
impacts power system design, physical layout of components, wire routing, and wire
selection. The benefit of these complex systems is that they can rout power around
localized faults to maintain airworthiness. One such example among modern aircraft is
the Boeing 787 Dreamliner. The Boeing 787 runs power from the generator to the
electrical equipment bay, then distributes the power from various locations within the
aircraft

AC BUS DISTRIBUTION SYSTEM

The distribution system consists of five three-phase ac buses, which are listed

below: ¢ Left main ac bus « Right main ac bus ¢« Monitor ac bus ¢ Ac essential number
one bus ¢ Ac essential number two bus The left and right main ac buses provide power
to nonessential equipment throughout the aircraft. The monitor ac bus currently has no
load attached to it. When used, it provides power to nonessential equipment only.
With both generators operating, ac essential buses number one and number two and
the 115-volt ac instrument bus power safety-of-flight equipment. The main generators
normally supply power to these two buses, but they also tie in to the emergency
generator when it is in operation. A step-down transformer supplies 26 Vac for
instruments and navigation systems. The output of the transformer also provides
power to safety-of-flight equipment

DC BUS DISTRIBUTION SYSTEM

The main sources of dc power are the left and right TR units. These units
receive power from the left and right main ac, three-phase buses, respectively. The left
and right main dc buses provide power to nonessential dc systems. When both
generators are operating, the monitor bus provides power to nonessential equipment
only. The automatic flight control system (AFCS) bus and essential buses numbers
one and two provide power to safety-of-flight equipment. The TR units normally
supply these three buses, but they receive power directly from the emergency
generator when it is in operation.
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The two main generators and two TR units of an external ac power source
provide electrical power. If engines are operating and hydraulic pressure is
available, the emergency generator is available as a source of power. Switching
between power supply systems is automatic without pilot action. However, the pilot
can selectively isolate power sources and the distribution system in emergency
situations. When operating normally, the buses receive power through a series of
contacts and logic situations, depending on the power source(s) in use. Normal power
sources include external power and the left and right generators. Grounded and
ungrounded, single-phase and polyphase systems also are discussed.

Conclusions

Aircraft performance is directly connected with the reliability of electrical
systems and subsystems. Generally, aircraft electrical systems utilize both AC and DC
powe. As the aircraft industry is moving towards the all electric and More Electric
Aircraft (MEA), there is increase demand for electrical power in the aircraft. The trend
in the aircraft industry is to replace hydraulic and pneumatic systems with electrical
systems achieving more comfort and monitoring features. Moreover, the structure of
MEA distribution system improves aircraft maintainability, reliability, flight safety
and efficiency.

References:

1. Electric flight. Access mode: https://www.airbus.com/innovation/future-
technology/electric-flight.html.

2. Thomas K. Eismin. Aircraft Electricity and Electronics, McGraw-Hill Education,
2013, 521 p. ISBN-13:978-0071799157.

111


https://www.airbus.com/innovation/future-technology/electric-flight.html
https://www.airbus.com/innovation/future-technology/electric-flight.html

POLIT. Challenges of science today, 5-9 April 2021

AUTOMATIC CONTROL SYSTEM

Yuan Ziwei
National Aviation University, Kyiv
Scientific supervisor — Tovkach S. S., Candidate of Technical Sciences (Engineering),
Associate Professor

Introduction

ASC consists of an Engine as controlled object, and several automatic devices,
which are matched with an engine by the property and which have an influence upon
the engine operation process in a such way that required performance of GTE are
obtained.

So, the engine is first component of any ACS. The engine components
characteristics such as rotor moment of inertia, work volume of combustion chamber,
air flow rate, fuel flow rate influence characteristics of automatic devices, which are
used in certain ACS. That is why for each new engine the new ACS must be created
and developed.

How it works

The constant speed governor consists of: sensitive element, error detector,

amplifier, servo mechanism, control device and drive unit.

TPE
l ¢ ED " i Tgl
cb }4"‘—{ sM }-i{ Amp }_A_'@ Fo SE
L= | TCL

Fig.1 Indirect action speed governor without feedback of Al-24"

SE-sensitive element sensers and measure continuously the actual value of rotational
speed and to transform measured value into centrifugal force.

SD-drive unit sets up desired value of rotational speed.

ED-error detector compares current value and desired value of rotational speed.

Ampl-amplifier is used to amplifier the parameter.

SM-servo mechanism used to correct the performance of error detector.

CD-control device change the current value of controlling factors.

In this functional diagram the rotor rotational speed n is an input signal for a
tachometric sensitive element (SE), and the centrifugal force F is an output signal of
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SE. The ay is the input signal of drive unit(SD). The output signal spring force Fg, of

drive unit (SD). The centrifugal force F and Fg, is directed to error detector (ED).

The signal Al from the ED is amplified and A1, enters the servomechanism (SM),

and its output signal of control device (CD)is the angle of the propeller blades setting.
Conclusion

The number of degree of freedom is 2. Since the Al-24 is designed for a
sufficiently high altitude, in order to reduce the weight of the engine, its automatic
control system changes fuel consumption at maximum mode according to two
different control laws depending on flight altitude H.

At altitude less than the power limit altitude (H < Hj,,), the automatic fuel
metering unit changes the flow rate Gf to ensure that the constant value of the torque
power of the engine Nyoq is maintained at the maximum level (N max).

At altitude greater than the altitude of the power limit (H > Nj,,), the ADT-24
changes the fuel consumption so as to maintain a constant maximum value of the gas
temperature in front of the turbine T4 = const .
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BOEING 787 AVIONICS SYSTEM
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How it is work

The Boeing 787 aircraft adopts a large number of advanced technologies and
the latest research results of the aviation industry, which will play a vital role in
reducing the operating cost of the aircraft and improving the reliability of the aircraft,
but it will also bring to the traditional aviation maintenance industry. Serious
challenges.

All the energy on the Boeing 787 aircraft comes from the aircraft's power
system, eliminating the traditional air source system. This design optimizes the use of
aircraft energy and improves engine efficiency. As the various components of the air
supply system (valves, pipes, etc.) are eliminated, the weight of the aircraft is greatly
reduced, the reliability of the system is significantly improved, and the maintenance
cost of the aircraft can also be effectively reduced.

The power system of the Boeing 787 aircraft is very different from the previous
Boeing aircraft. The power supply on the aircraft is composed of four 230V AC
250kW inverter generators installed on the engine and two 230V AC 225kW inverter
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generators installed on the APU. , The frequency conversion system replaces the
traditional constant frequency system, and this frequency conversion power system is
also applied on the Airbus A380. After frequency conversion, rectification, and
variable voltage distribution, the power supply forms the four power modes of the
aircraft, namely the traditional 115V AC and 28V DC and the new 230V AC and
270V DC. Among them, 230V AC and 270V DC power supplies are mainly used for
system components driven by air supply systems in the past.
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AIRCRAFT ELECTRICAL POWER SUPPLY SYSTEMS
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Introduction

The electric power supply system is one of the most important research areas
within sustainable and energy-efficient aviation for more- and especially all electric
aircraft.

An electrical power supply system is a set of devices intended for the
production, transformation and distribution of electric energy with regulatory, control
and protective equipment and the system of consumers.

The main function of the Aircraft Electrical Power Supply Systems is to
generateelectricity and transmit the electric energy generated by the aircraft generator
to the electrical equipment.

How it works

The electrical power supply system (EPSS) in turn consists of systems for
generating electricity and its distribution. The electrical power generation system is
usually divided into several independent or parallel operating channels, each of which
includes a generator drive, regulating protective equipment, and a network area from
the generator to the central distribution device (CDD). The system of distribution the
electrical power is called a set of devices used in the transmission of electrical energy
from the CDD to distributive devices (DD) and from them to consumers of electrical
energy.

All aircraft electrical systems have components with the ability to generate
electricity. Depending upon the aircraft, generators or alternators are used to produce
electricity. These are usually engine driven but may also be powered by an APU, a
hydraulic motor or a Ram Air Turbine (RAT).
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An airplane contains two major electrical circuits and one alternate circuit. The
two circuits, one on each side of the aircraft, are linked to a generator. It is this
generator that produces electricity, using the mechanical energy supplied by one of the
engines. This is what we call electric power generation.

Like most engine-driven vehicles, airplanes generate electricity using either an
alternator or generator. These devices use the engine's rotational power to spin
magnets mounted within a field coil, which produces electricity.

The aircraft power distribution system then transmits the electric energy
generated by the aircraft generator to the bus bar in different wire systems and
different distribution modes, and then to the electrical equipment through the bus bar.
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Fig. 1. Aircraft Electrical Power Distribution System

Conclusions
As an aircraft becomes increasingly more electric (i.e., hydraulic and
pneumatic systems are replaced with electric systems), the electric power system
becomes increasingly critical for safe operation. Electricity is essential to the
operation of the aircraft, and the aircraft power supply system ensures the normal
operation of the aircraft.Promote the power supply system more perfect, safe and

reliable, efficient is what we should do in the future.
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Introduction

Aircraft electrical power can be derived from a variety of sources; these are
categorized as either primary or secondary. Batteries are primary sources of electrical
power found on most aircraft delivering direct current. There are several types of
battery used on aircraft, defined by the types of materials used in their construction;
these include lead-acid and nickel-cadmium batteries. The choice of battery type
depends mainly on performance and cost. Other types of battery are being considered
for primary power on aircraft; these include lithium and nickel-metal hydride.
Electrical power delivered by batteries is used for a variety of applications, e. g. lights,
radios, instruments, and motors. This paper focus on the battery connection.

How it works

The main aircraft battery is a primary source of electrical power; its use can be
controlled by the pilot or by automatic means. The main battery provides autonomous
starting for the engine(s) or auxiliary power unit (APU) when external ground power
is not available. Typical current requirement during APU starting is 1000Aalbeit for a
short period of time. Batteries also supply essential loads in the event of generator
failure. It is an airworthiness requirement that the main battery(s) supplies essential
services for a specified period of time. Other aircraft systems are supplied with their
own dedicated batteries, e.g. aircraft emergency lights. Individual computers use their
own battery sources to provide non-volatile memory. Battery type and maintenance
requirements have to be understood by the aircraft engineer to ensure safe and reliable
operation and availability.

These depend on the type of battery and aircraft installation. On smaller aircraft
the cable connections simply ft over the terminal lugs and are secured with a nut, bolt
and washers. On larger aircraft, the main batteries have quick-release connectors, see
Fig. 1. These provide protection for the terminals and cable connections, the aircraft
connector is a plastic housing with two shrouded spring-loaded terminals (for
connecting the battery cables) and a hand-wheel with lead-screw. The battery
connection is a plastic housing integrated into the casing; it contains two shrouded
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pins and a female lead screw. When the two halves are engaged, the lead screws are
pulled together and eventually form a lock. This mechanism provides good contact
pressure and a low resistance connection. The main battery(s) is connected into the
aircraft distribution system.

Fig. 1. Batter connections
Conclusions

Batteries must not be exposed to temperatures or charging currents in excess of
their specified values. This will result in the electrolyte boiling, rapid deterioration of
the cell(s) eventually leading to battery failure. Removal of the aircraft battery can
result in loss of power to any clocks that are electrically. It will usually be necessary to
check and reset the clocks on the flight deck when battery power is eventually
restored.

Some aircraft main batteries are heavy and may require a hoist for
removal/installation into the aircraft.
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NPUHIUININ NOBYAOBHU NEPCIIEKTUBHUX CUCTEM
EJIEKTPOIIOCTAYAHHSA NOBITPAHUX CYJAEH

Huodyabebka T.II.
Hayionanenuii agiayitinuii ynieepcumem, Kuis
Hayxosuii kepisnux — €nyeg C.B., 0-p mexu. nayx, ooy.

EnexrpoeHepris € OAHUM 3 OCHOBHUX BHIIB CHEPrii, BUKOPHCTOBYBAaHOI Ha
oopry nositpsaux cyzaeH (IIC). 3a moseu HOBuX TumiB [IC [1], 3MiHU TEXHIYHUX
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BUMOT 3MIHIOBA€THCACS SKICHUHA 1 KIIBKICHHHA CKJIaJl CHCTEM CICKTPOIIOCTaYaHHS,
YJIOCKOHATIOIOThCSL HOro Xapakrepuctuky . [linBuiuenus pisHs enekrpudikanii [1C,
NpUpoJHO, OyJe CyNpOBOJKYBaTuCs 30UIBHIEHHSM THOTY)XHOCTI SK JDKepel
eNIeKTPUYHOI eHeprii, Tak 1 cucremu enektporocradannst (CEIl) B wminomy.
Hocnimxenns mnokazamu [2], mo mnoryxkHicth CEIl IIC mae Oytu 30inpmieHa
npubmm3Ho B 2-3 pasm 3anexxHo Bix Tumy [IC, a MOTY)XHICTP OZHOTO KaHATY
reHepyBaHHs Moxke gocsrat 300 xB-A. B maHwmii yac Ha 3aKOpAOHHUX JIiTaKax 3
MiIBUIIICHAM PiBHEM eJeKTpudikaliii Bke BCTAHOBIIOIOTHCS T€HEPATOPH, TOTYKHICTD
sikux repesuinye 200 kB-A.

Tak, Ha JjiTaky Boeing 787 BCTaHOBIIOIOTHCS 4 OCHOBHUX TeHEpaTopa 3MiHHOTO
cTpyMy NoTykHicTIO 250 KB-A KOXeH, siKi IPUBOAATHCS B 0OEPTaHHS Bij aBiarlitHuX
IBUTYHIB 1 JBa TEHEpaTOpH MOTYXHIcCTIO 225 kB-A, a 3arampHa BCTAaHOBJIICHA
MIOTYXKHICTb JKEepel eJeKTpuuHoi eHeprii ckianae 1450 kB-A.

Ha Tenepimniit yac [3] nepcnektuBauMu € CEIl 3MiHHOTO CTpyMy 3MIiHHOT Y4acTOTH
(y miamazoni 360-800 I'm) i cmcTema eNeKTPONMOCTadyaHHS IOCTIHHOTO CTpyMy
migsrmenoi Hanpyru (U=270 B). IlpomoHyeThcs Ha "NOBHICTIO EIEKTPUIHOMY
JiTaKy" MTHATH piBeHb HAIPYTH 3MiHHOTO CTPYMY B 2 pa3u, a MOCTIHOTO CTpyMy — B
10 pa3iB 1O BiJHOIIECHHIO JI0 3araJIbHONPUHHATHX B JaHWi 4ac piBHAM. I1iIBUIICHHS
piBHS Hanpyrd NPU3BOJAMTH 1O 3MEHIIEHHS BEJIMYMHH CTPYMY 1 BIiANOBIZHOTO
3MEHIIECHHS EIeKTPUYHUX BTpPaT.

Jis MiATPUMKM HamnpyTd TEHepaTopiB B 3aJaHUX MeKaxX B CTaTUYHHX Ta
OUHAMIYHHX pPEXUMax BHKOPHCTOBYIOTh peryisrtopu Hanpyru [1]. Kpim Toro,
PETYIATOPH HANPYTH 3a0€3MEeUYIOTh PIBHOMIPHUHA PO3MOJII CTPYMIB MK IapaneibHO
MIPAIFOIOYNMH TEHEPATOPaMH ITOCTIHHOTO CTpyMy ab0 peakTHBHUX CKJIAJIOBUX CTPYMY
MK TeHepaTopamMH 3MIHHOTO CTpyMy. CucTeMma peryioBaHHsS Hampyru (puc. )
cKIanaeTbesi 3 o0'ekra perymoBanHs OP i perynstopa, 10 BKIIOYA€E IMPUCTPOI:
BumiproBanbauil BII, 3amarouwmii 3I1, nopiBusuibamid I1I1, migcwmroBaneamic ITill,
Bukonytounit BukIl i kopuryrounii KII. ¥V psai perynaropiB nesiki 3 UUX eJIeMEHTIB
BiAICyTHI, a nmesiki 06'equnani [1].

KepoBanuMm 00'eKTOM € TeHepaTop MOCTIIfHOTO CTpyMy a0 CHHXPOHHHM
reHeparop. Hampyra o0'ekta perymtoe Kepylodwii opraH, IO TIPEICTaBisie COOOI0
qacTUHY 00'ekTa — OOMOTKY 30yMKCHHsS TeHepaTopa abo OOMOTKY 30YMKCHHS
30ynHuKa. Y JESKHX pEryJisiTopax BUMIPIOBAJIbHUM MPUCTPIH - IepeTBOpIoBaY
perynboBaHOI BEIWYMHH Yy BEIMYMHY IHINOT (i3MYHOI THPUPOIH, 3pYyYHOIO JUIS
MOJAJBIIOT0 BHKOpPHCTaHHS. XapakTepHoro BnactuBicTio BII € mocuts Mane
cnoxuBaHHs eHeprii. lle o3Havae, 110 BOHO MPAaKTHMYHO HE POOWUTH BILIMBY Ha CTaH
perynpoBaHOrO 00'€KTa, TOOTO HAa 3HAYEHHS PEryIbOBAHOI BETMUHHH.

3amarounii TPUCTPIA CIAYXWUTHh JUIS BCTAHOBJICHHS HEOOXiTHOTO 3HAYCHHS
perynboBanoi BenmuuHHU. Sk 1 BII, BoHO WacTo € meperBoproBadeM. BenmmumHa Ha
Buxofi 3I1 moBuHHA OyTH OJHAKOBOIO (Di3MUHOT MPUPOIU 3 BEIMYMHOIO HA BHUXOII
BII. TlopiBHIOIOUMH TPHUCTPI BUSABISAE BIAXWICHHS PETYIHOBAHOI BEIMYMHHU Bij
3aJ]aHOTO 3HaYEHHs (CHIHAJI IOXHUOKN).
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36ypeHHna

Pnc.1 OynknionansHa cxeMa CHCTEMH PETYIIIOBaHHS HAPYTH
Jnst crabimizamii  Hampyrd — aBiallifHUX ~— TeHepaTopiB  HaidacTime
BUKOPHCTOBYIOTh TPHHIIUI PETYIIOBAaHHSA 3a BIOXWICHAM a0o KOMOiHOBaHHIA
NPUHOWI, SKHH IONsra€e B TOMY, IO B CHUCTEMi OJHOYaCHO BHKOPHUCTOBYIOTbH
NPUHIMIKN PETYJIIOBaHHS 32 BIAXWIEHHIO 1 30ypeHHIO. Y KOMOiHOBaHIi cucTeMi
pEeryiIoBaHHS, SIK TPABUIIO, BUMIPIOETHCS OJIHE 30ypEeHHS — CTPYM HaBaHTa)KEHHS.
3a cnocoboMm (opMyBaHHS CUTHAJIY YIpPaBIiHHS, TOOTO B 3aJIe)KHOCTI BiJ
XapakTepy BIUIMBY Ha OOMOTKY 30yKEHHSI, pETYJISTOPH HAlpyTrd MOKHA OAUIMTH Ha
OesnepepBHI 1 JUCKpeTHI. Y peryisitopax Hampyru OesmepepBHOI aii Kepyroumi
BIUIMB, 3a3BHYall TIPOMOPIIMHWN CHUTHANY MOXUOKH, SBIsSE CO00K0 Oe3lepepBHY
¢yHKmio. Jlo TakuX perynsaToOpiB BITHOCATBCS BCi KYTOBI PErymsTOpH 1 OesKi
pErylsITOpH HAIPYTd HAa MArHITHUX MiICHIIOBayax. Y peryisiTopax Hampyru
IUCKPETHOI Jii KepyHo4Hi BIUIMB 3aJIS)KUTh BiJl JHUCKPETHHX 3HA4YCHb CHTHAITY
moxuOku. 3a crmocoboM auckpeTn3amnii (CrmocoOOM KBaHTYBaHHS) PO3PI3HSAIOTH TPHU
BHIH PETYIATOPIB HANIPYTH TUCKPETHOI Hii: IMITYIIBCHI, peJIeiHi Ta MU(PPOBI.
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HEPCIIEKTUBU TA POJIb TEXHOJIOTII 3D-IPYKY B 3AJTAYAX
BUTI'OTOBJIEHHA BUPOBIB 31 CKJIAJJTHUMHU ITIOBEPXHAMUA

Mimenko O.1O.
Hayionanenuii agiayitinuii ynieepcumem, Kuis
Hayxosuii kepignux — €nues C.B., 0-p mexn. nayx, ooy.

3D apyk — 1ie iHCTPYMEHT, IO JO03BOJISIE MEpPeXOoauTH Bix kouuemnii (3D-
Mozeni) 1o Oe3mocepenHboi MaTepiamizallii 00'ekTa, He3alneKHO Bi popMu 00'€kTa,
CKOPOYYIOUH Yac MK KOHIIENTYaIbHUM JIU3aHHOM 1 BUTOTOBIICHHSAM NPOAYKTY.

Texnonorii 3D-apyKyBaHHS 3'SBUIIHCS JIUIIE KiTbKa JAECATKIB POKIB TOMY, aje
BOHH JAMHAMIYHO PO3BHBAIOTHCS 1 BXKE BUKOPHUCTOBYIOTHCS B 3HAUHIHM KiTBKOCTI cdep
JOACHKOI MismbHOCTI. Hampuximan, y meaumuHi po3podieHo neprri 3D-npuaTepH, 32
JIOTIOMOTOIO SIKMX MO>KHa JIPYKYBaTH €JIEMEHTH JUI1 OPTOIE il Ta Xipyprii, 1 3 KOXKHIM
POKOM 3’SIBIISIIOTBCS. HOBI CepH 3acCTOCYBaHHS JaHMX TEXHOJIOTiH, BKJIIOYHO i3
JPYKyBaHHSIM OpraHiB. AKTHBHIILIE TEXHOJIOT1] BUKOPUCTOBYIOTBCS y IIPOMHCIIOBOCTI.
Hanpuknan, kommnanis Boing Bxxe BukopuctoBye 3D-apyKyBaHHs AJisl BUTOTOBJICHHS
Ta MPOEKTYBaHHS CBOIX ABUTYHIB. Jlocninuuku 3 YHiBepcurery CayHI€MITOH 3MOTIIN
Ha 3D-npuHTEpi MOBHICTIO BUTOTOBUTH OE3MUIOTHUI JiTaK (IPOH).

3D-mpykyBaHHS € aTUTHBHOIO TEXHOJIOTI€I0. AUTHBHI TEXHOJOTii — OJHA 3
(opM TEXHOJIOTIH aJIUTHBHOTO BHPOOHHUITBA, 3 BUKOPHCTAHHIM SIKOI TPUBHMIpHUI
00'€KT CTBOPIOETHCS HUIAXOM HAKIAJaHHS TOCIIIOBHUX IIapiB Marepiany (Tpoiiec
IpyKyBaHHS 200 BHPOIIIYBaHHS).

IlepeBarn BHKOpHCTaHHS CydacHHX 3D-TpUHTEpiB OYEBHAHI: 3HIKCHHS
c00iBapTOCTI BUTOTOBJICHHS MPOAYKII Ta CKOPOUEHHS! TEPMIHIB 1i HOSBH HA PUHKY,
MO/JICTIIOBAHHS €JIEMEHTIB JIOBUIbHOT (OPMH 1 CKJIAIAHOCTI, IIBUIKICTH Ta IOCHTH
BHCOKa TOYHICTh BUT'OTOBJICHHSI, MOJIMBICTh BUKOPHUCTAHHS PI3HUX MarepiaiiB Jyis
3D-mpykyBaHHs. Y rany3i HPOMHUCIOBOTO BHPOOHHUIITBA JUIsi MPOEKTYBaHHS HOBOI
MPOIYKINI 3aBXKAWM HEOOXiTHO CTBOPIOBATH MOJENI — NPOTOTUIH MalHOyTHBHOI
MpoAyKIli. 3a3Buuail i nuX IiyIell BUKOPUCTOBYIOTHCS TaKi TPagULiHHI METOIH, SIK
MexaHiqYHa 00poOka Ta JauTTs. Ha BUTOTOBIICHHS NOCHIHOTO 3pa3Ka BHTPAYaOTHCS
THKHI a00 HaBiTh Micli KpomiTkoi podotu. Lle mocuTs mOporuii Ta TPYIOMICTKHUMA
eTar BUpOOHHUIITBA.

BukopucroByroun 3D-mpuHTEpH, MOXHA 3HAYHO IIPUCKOPHUTH BECh IPOIIEC.
TakuM 4YMHOM EKOHOMJIATHCS pecypcu Ta uac. OcoOnMBO L€ aKTyajabHO JUIst
MalIMHOOYyBaHHS Ta 0araThOX IHIIMX rany3eil BApOOHUITBA. AHAJII3 CTBOPEHOTO 32
norioMororo 3D-IpykyBaHHS MakeTy JoTIOMara€ 3HaWTH HEAONIKH B KOHCTPYKIIi IIIe
Ha eTarr po3pooKH.
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ACHUHXPOHHUWI IBUT'YH 3 TOKPAIIEHUMH ITYCKOBUMHU
XAPAKTEPUCTUKAMU

Mikyas M.O.
Hayionanvuuii agiayiiniu ynieepcumem, Kuis
Hayxosuii kepignux — Tuxonos B.B., k-m mexn. Hayk, 0oy.

[ITnpokoro mommpeHHsT HaOYNMM AaCHHXPOHHI OBUTYHH 3 KOPOTKO3aMKHEHHUM
poropoM. Henonikamu aHOTO TPHCTPOIO € HEMOXKIMBICTh PETYIIOBAHHS IIBUAKOCTI
oOepTaHHs Ta 3aJIEKHICTh IIBUIKOCTI OOEpTaHHS BiJl HaBaHTa)XCHHS Ha Bawy. s
BUDIMIEHHS JaHOT 3ajayl 3alpOlOHOBAHO MOJENb ACHHXPOHHOIO JBHIYHa 3
MOKPaLIeHUMH ITYCKOBUMH XapaKTePHCTUKAMHU.

KoHcTpykuisi 1i€i Mozeni CKiIagaeTbcss 3 TOPLEBOrO poTopa Ta JBOX
po3HeceHux craropa. Jlo apyroro craropa KpiUTbCS MAarHiTHUW IOYHT JUISt
MOJKJIMBOCTI PETYyJIOBaHHS IIBHIKOCTI 00epTiB aCHHXPOHHOTO IBUTYHA. PoTop Mmae
IBi 0OOMOTKH, OJTHA 3 SIKUX BUKOHAHA Y BUTJISI CTPHIKHIB 3 MiTHOTO CIDIABY, a JpyTra —
3 Marepially 3 MiIBHIICHAM MUTOMHM OIIOPOM 3 METO 30UIBIICHHS ITyCKOBOTO
MOMeHTy. PoTop KpimuThes 3a JOMOMOTOI0 MAaTOYMHM Ha Banmy. Ilepepi3 cTprkHIB
KOPOTKO3aMKHEHOT OOMOTKHM 3 MIiJHOTO CIUIaBYy OOMPA€ThCS TAKMM YHHOM, II00 mpu
HOMiHAJTEHOMY peXXHMi pOOOTH ABUTYH MaB MiHIMalIbHE KOB3aHHSI.

OCHOBHUMH XapaKTEPUCTHKAMHU IYCKY aCHHXPOHHOTO JIBUI'YHa € ITyCKOBHH
MOMEHT 1 BEJIMYMHA ITyCKOBOTO CTpyMy. HeoOXiHO 3a/10BOJILHUTH HACTYITHI BUMOTH
[1-3]:

1) myckoBHMIi MOMEHT TOBHHEH IE€PEBHUIIYBAaTH 30BHIlIHIK MomeHT. Porop
JIBUTYHa TpUiie B oOepTaHHS 1 JIOCSATHE HOMIHAJIBbHOI 4acTOTH OOEpTaHHS, SIKILIO
ITyCKOBUH MOMEHT, CTBOPEHHH IBUTYHOM, Oyne OuIbIle MOMEHTY OIOpy Ha Baly,
CTBOPIOBAHOTO MIPUBOJHAM MEXaHi3MOM

2) TycKOBI CTpyMH TIIOBHHHI HE ICPEBHIIYBaTH JOIMyCTHMHUX 3HA4YCHB.
[TyckoBuii cTpyM HEOOXiIHO OOMEXHTH 3HAUYEHHSM, SIKE HE € HEOE3IeYHUM JUIs
HOPMAITLHOTO PEXUMY POOOTH MEpeki, MEXaHIYHOI 1 TepMIYHO MIIIHOCTI OCHOBHHX
€JIEMEHTIB JIBUT'YHA.

3) cxema MycKy MOBHUHHA OYyTH MO MOXJIHMBOCTI MPOCTOIO, & YUCIIO 1 BapTIiCTh
ITyCKOBUX MPUCTPOIB MiHIMaIbHUMH.

Ha puc. 1. 300pakeHa KOHCTpYKTHBHA cxema (TO3IOBXKHIH mepepis), SKHi
CKIIQJa€Thes 3 cTatopa 1, cratopa 2 3 MarHiTHAM ITYHTOM 3, Kopiycy 4, potopa 5,
PO3MIIIIEHOT0 32 IOTIOMOTOI0 MaTOYMHM 6 Ha Baiy 7.

Crarop 1 mMae MarHiTonpoBia 8, SIKHH BHKOHYETHCS KPYUYEHHUM 3 CTPIUYKOBOI
€JIEKTPOTEXHIYHOI CTalli TIOPOKHIMU 3 palialbHIMH BIIKPUTHMH I1a3aM{ Ha OJHOMY
TOpIIi, Ie PO3MIIIy€eThCsl TOpoigainbHa TpudazHa 0OMOTKa 9.

Crarop 2 mae MarHiTonposin 10, skuil BUKOHYEThCSI KDYYEHUM 3 CTPIYKOBOI
€JIEKTPOTEXHIUYHOT CTajJl MOPOXHIMU 3 pajialbHUMHU BIAKPUTUMH T1a3aMH Ha 000X
TOPISX, JIe PO3MILLYEThCS TOpOinaibHa TpUuda3Ha oomoTka 11.
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3 cTaTtopoM 2 CTHKA€ThCS MAarHiTHUH HIyHT 3, sSIKWM Mae Maritonposinx 12,
BUKOHAHMH KpPY4YEHUM 3 CTPIYKOBOI EJIEKTPOTEXHIYHOI CTajli NOPOXXHUCTUM 3
paniaTbHUMH BIJKPUTHMH T1a3aMH Ha OJJHOMY TOPIIi, 1€ PO3MIIIYETHCS TOPOinanbHa
00MOTKa mijiMarHigyyBanHs 13.

3 MeTOoI0 3MEHIICHHS 3a30piB B CTHKax MarHiTompoBoxy 10 cratopa 2 i
MAarHiTONnpoBoxy |2 MarHiTHOrO IIyHTa AOTHYHI TOPIIi MOBHHHI JOCTAaTHHO TOYHO
00poOIATHCS.

1 89 14 5 2 10 11 12 13 3

J

7

M — N

7

21

6 18 1517 16 19 22 20 4

Puc. 1. KorcrpykruBHa cxema (10310BXkHiil mepepi3) aCHHXPOHHOTO JBHIYHA 3 MOKPAICHUMU
MyCKOBUMH XapaKTEPUCTUKAMU

Potop 5 mae marHiTonpoBin 14, sKkuii 32 JOOMOTOI0 MaTOYWHU HAIPECOBaHUH
Ha BaJsl 7. MarHiTonpoBia 14 BUKOHYETHCS KPYUYEHHM 3 CTPIUYKOBOI €JIEKTPOTEXHIYHOT
cTaji Mae nas3u 3 000X TOPILIB Je po3MileHi oOMoTka 15 i ooMoTka 16.

Ha pwuc.2 HaBeneHo monepeyHHi mepepi3 poTopa B MICIi pPO3TAIIyBaHHS
obmoTkH 15. OO6MoTKka 15 BUKOHAaHA y BHUIVIAI CTPUIKHIB 3 MiJHOTO cruiaBy. Topui
CTPIDKHIB  3aMKHYTI HaKOpoTko Kimbmsmu 17 1 18. Ilepepis cTpmxkHIB
KOPOTKO3aMKHEHOT 0OMOTKH 15 00HMpaeThesi TaKMM, 11100 MPH HOMIHAJIIBHOMY PEXHMi
poOOTH IBUTYH MaB MiHiMalIbHE KOB3aHHS.

O6moTka 16, puc. 1, BUKOHAHa y BUIJBIAI CTPWXKHIB 1 CIDIABY 3 MeETamly
(OpoH3M) 3 MIBUIIEHAM MHTOMHM OMOpPOM. Topmi CTPIKHIB 3aMKHYTI HAKOPOTKO
Kimemsamu 19 1 20.

Mix marHiTonpoBoaoMm § cratopa 1, marHinpoBogom 10 craTopa 2 i poropom 3
TOPIIEBHX IIOBEPXOHB € MOBITPsHI 3a30pu 21 1 22.
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4 i5 17 12 6 7

Puc. 2. [Tonepeunuii nepepi3 poTopa B MiCLi po3TallyBaHHsI 0OMOTKH
Ha puc. 3 mpencraBineHa cxema BKIIOYCHHS 0OMOTOK aCHHXPOHHOTO JIBUTYHA.
OOMOTKa 9 BMHKAETBCS 32 CXEMOIO «TPUKYTHHUKY», 8 0OMOTKA 11 1Mo cxemi «3ipKay.

3~
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Puc. 3. Cxema BKIIOUEHHS 0OMOTOK ACUHXPOHHOTI'O IBUT'YHA

OOMoTKa migMarHiayBaHHs 13 oTpuMye >KUBICHHS Biff OJIOKY peTyIOBaHHS
MIBUAKOCTI 00epTaHHs 23.

ITyck i mporec peryIroBaHHSA IIBUAKOCTI 0O0epTaHHS aCHHXPOHHOTO JBUTYHA
BiZI0YBAETHCSI HACTYITHUM YHHOM.

EnexTpomMarHiTHUI MOMEHT aCHHXPOHHOT'O JBUT'YHA CTBOPIOETHCS B3aEMOJIEI0
CTPYMIB B KOPOTKO3aMKHEHiil 0OMOTIII 15 3 MarHiTHUM IOJIEM BiJl CTPYMiB B OOMOTIII
9 i CTpyMiB B KOPOTKO3aMKHEHOIO OOMOTII 16 3 MarHiTHUM TIOJIEM BiJ CTPYMIB B
obmotmi 11.

Tak sk oOmoTka 16 Mae MigBUINEHHA OmIp TO B MPOIECI IMYCKY
€IIEKTPOMArHiTHUA MOMEHT 3HAYyHO BHWIIE, HIK Y AaCHHXPOHHUX IBHUTYHIB 31
3BUYaiHOI0 00OMOTKOI0. TOMY ITyCKOBHI MOMEHT IMPOMOHOBAHOTO BUTYHA BHIIE, HIXK
B IIPOTOTHIII.

3 orsgy Ha Te, MmO oOMoOTKa cratopa 11 BKIIOYEHA 33 CXEMOIO «3ipKa»
ITyCKOBI CTPYMH MOXYTh OYTH 3MEHIICHI 3a MOPIBHSAHHA 31 CXEMOIO, BKIIOUCHOI B
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«TPUKYTHHUK» B TpH pa3u. Tak SIK JBUI'YH Mae OOMOTKY 9 IO CXeMi «TPUKYTHHK» 1
0o0MOTKy 11 1Mo cxemi «3ipka» IycKOBi CTPYMH JIBUTYHA 3HI)KYIOTHCS B ITOPIBHSHHI 3
nporotunom Bix 1,5 no 2 pasis.

Jlist  perymoBaHHS — IIBUJAKOCTI  OOEpTaHHS  aCHHXPOHHOIO  JIBUTYHA
BUKOPHCTOBYETHCS OOMOTKa TMmiAMarHiuyBaHHA 13, sKka BKJIIOYeHa Ha OJIOK
perynroBaHHA 23.

MarHiTHHI TIOTIK, CTBOPIOBAaHUHA CTPyMaMH, IO MPOTIKAIOTh Yepe3 OOMOTKY
craropa 11, 3aMuKaeThCs Yepe3 MarHITONPOBiA 14 poTopa i Yyepe3 MarHiTHAN IIVHT.
3MIHIOIOYH BETMYMHY MAarHiTHOTO IOTOKY ITyHTa 12, MOKHa 3MiHIOBATH BEIHMYUHY
MAarHiTHOTO TIOTOKY pOTOpa.

Tak npw 30inbIIEHH] CTPYMY B 0OMOTII MiMarHidyBaHHs 13 MarHiTHH{ omip
myHTa 12 3pocrae. Ile Beme 10 3MEHINEHHS MAarHiTHOTO MOTOKY MIyHTa 12, mio
BUKJIMKA€E 301IbLICHHS] MarHITHOTO IIOTOKY, 110 3aMUKA€ETLCS Yepe3 MarHitonposia 14
poropa. EnekrpomarHiTHMA MOMEHT aCHMHXPOHHOIO JBHTYHA 3pOCTa€, a 3HAYMTH 1
3pocTae MBHAKICTH 00epTanHs poropa [5].

TakuM YHHOM, 3aIpPONOHOBAHUI ACHHXPOHHUN IBUTYH, J€ CTATOpP i POTOP
MaloTh TOPIIEBY KOHCTPYKIIIO, 3 OOMOTKaMH, BKJIIOYEHHUMH 3a CXEMaMH «3ipKa» Ta
«TPUKYTHHK», JO3BOJsS€ 30UIBIINTH ITyCKOBHH MOMEHT J[BUTYHa MpH 3HIDKCHHI
CHOXXHBYOTO cTpyMy. Po3MimIeHHS Ha OXHOMY 31 CTaropiB MarHiTHOTO IIyHTa 3
0OMOTKOIO TiJIMarHivyBaHHS Ja€ MOJMJIMBICTh PETYNIOBATH MIBHIKICTh OOCpTaHHS
ACHHXPOHHOTO JBUTYHA B IIMPOKOMY Jlialla30Hi.
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AIRCRAFT ELECTRICAL SYSTEM EQUIPMENT

Shykula Yulia
National Aviation University, Kyiv
Scientific supervisor — Tovkach S. S., Candidate of Technical Sciences (Engineering),
Associate Professor

Introduction
The Cessna 172 Skyhawk is an American four-seat, single-engine, high wing,
fixed-wing aircraft made by the Cessna Aircraft Company.
The aircraft is very reliable and very reliable in design and further operation.
More than 43,000 aircraft have been built in more than 25 modifications since 1956.
The power supply system deserved the investigation.
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How it works

The aircraft is equipped with a 28 V DC electrical system (fig. 1). Generator 60
As a belt drive provides power to the system. The main 24V battery is located inside
the engine fairing on the left-hand firewall. The generator and main battery are
controlled via the MASTER switch near the top of the pilot's switch panel.

Power (fig. 2) is supplied to most of the electrical circuits through two primary
buses (ELECTRICAL BUS 1 and ELECTRICAL BUS 2), the main bus and the
loopback bus are connected between the two main buses to provide power to the
backup equipment. The system is equipped with a secondary or backup battery located
between the firewall and the dashboard. The STBY BATT (Battery Backup) switch
controls power supply to and from the backup battery. The back-up battery provides
power to the main bus in the event of a generator and main battery power failure.

The primary buses are powered when the MASTER switch is on and are not
dependent on the starter motor or external power supply. Each bus is also connected to
the avionics bus through the petrol station and the AVIONICS BUS 1 and BUS 2
switches. Power is supplied to each avionics bus when the MASTER switch and the
corresponding AVIONICS switch are in the ON position.

ELECTRICAL SYSTEM (Continued)

Sies B 2
L

SR

Fig.1
Both BUS 1 and BUS 2 avionics switches must be disabled to prevent
unregulated voltage damage to electronic equipment before turning the MASTER
switch on or off, starting the engine, or using an external power source.
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The aircraft is equipped with a distribution module located on the left front side
of the firewall. The module contains all the relays used in the aircraft electrical
network. The alternator control unit (ACU), main battery current sensor and external
power connector are also located inside the module.

SECTION T CESSMA
AFPLANE AND SYSTEMS DESCRIPTION  MOGDEL 1827 NAV I

ELECTRICAL SYSTEM o«

TH2TPHALS 04

Fig.2.
Conclusion
It can be concluded that the Cessna aircraft gained its popularity due to the ease
of control, repair and design of its systems and components. Based on the presented
work data, you can get acquainted with one of the main systems of the Cessnal72S
aircraft - the power supply system.
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MODERN AVIATION TECHNOLOGY

Amrami Mustafa Mohamed
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Associate Professor

Introduction
The classical circuit breakers based on the electromechanical technology are
designed to trip the electrical supply to a dedicated system, protecting it in case the
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specified limit current is reached. Some factors always affect this widely used
technology like excessive dust particles, shock or vibrations, to perform correctly the
wiring protection function. Arcing of contacts has occurred too In addition to this, it is
necessary to verify physically the status of the circuit breaker as well as to manually
trip and tag it for maintenance operations. A380 removes all these problems with the
Solid State Power Controller Technology (SSPC) and the programmable Remote
Control Circuit Breakers (RCCB).
How it works

Modern Aviation consistently delivers the highest level of services at its
locations. The Company uses a combination of industry-leading training programs and
proprietary processes to continuously train employees to maintain world-class service.
Aviation technology is a broad field that covers various aspects of the equipment,
hardware, and software used in flight operations, flight training, aircraft maintenance,
aircraft security, and airports. Technology developed for the aviation industry is often
more advanced as compared to other industries. Modern Aviation consistently delivers
the highest level of services at its locations. The Company uses a combination of
industry-leading training programs and proprietary processes to continuously train
employees to maintain world-class service. Aviation technology is a broad field that
covers various aspects of the equipment, hardware, and software used in flight
operations, flight training, aircraft maintenance, aircraft security, and airports.
Technology developed for the aviation industry is often more advanced as compared
to other industries."Fly-by-wire" technology translates the pilot's actions into
electronic signals, which computers use to manipulate flight controls. The computers
constantly monitor pilot input and prevent the aircraft from exceeding its flight
envelope, thereby increasing safety. Computers have become crucial to the airline
industry. They are used to book tickets, plan flights, schedule aircraft and crew,
oversee maintenance, and set fares. From ticket reservations to aircraft design and
manufacture, computers have helped airline operations become more efficient and
flexible.

Aircraft Technology Roadmap; Aviation has long been the focus of public
attention for its environmental impact, such as noise, pollutant emissions and, more
recently, carbon dioxide (CO2) emissions. While aviation emissions have consistently
grown in absolute terms over the past, the global share that they represent among all
man-made CO2 emissions has been fairly constant with 2% (see Figure 2, from data
by the Carbon Dioxide Information Analysis Center. This means that the emissions of
aviation, despite being one of the most strongly growing sectors with a continuous
growth rate between 4 and 5% p.a., have not been growing faster than the average of
all man-made CO2 emissions. Achieving aviation’s climate goals is a highly
challenging task and requires the combination of all possible contributions from all
stakeholders and all pillars of the IATA strategy,

Evolutionary Aircraft Technologies; Evolutionary aircraft technologies are
those that can be fixed on a classical tube-and-wing aircraft configuration with jet
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fuel-powered turbofan engines. Within the next 15 to 20 years, all new technologies
for commercial aircraft will still be evolutionary, as radically new configurations will
require more time to reach technical maturity. The current progress of evolutionary
technologies allows the short-term carbon reduction goal to be met until 2020 (1.5%
average annual fuel efficiency improvement). They have a potential to improve fuel
efficiency in the order of 30% by around 2030 compared to 2005. However, beyond
around 2035, further fuel efficiency potential from evolutionary technologies may
slow down.
Conclusions

From this report, it can be seen that a broad range of technological innovations
is under development to improve aircraft fuel efficiency and reduce their CO2
emissions. The global focus on climate action has triggered a strongly increased
intensity of research and technology (R&T) activities to improve energy efficiency
and expand the use of renewable energies. More specifically, R&T in aviation has
been inspired by the Industry’s high-level goal to reduce the global CO2 footprint of
air transport by 2050 compared to 2005, and similar goals and targets. A humber of
conclusions can be drawn from the assessment of these technologies: There has been a
constant evolution of the current tube-and-wing aircraft configuration powered with
hydrocarbon fuel combustion engines. Since the early jet age, aircraft fuel burn per
passenger-km has been reduced by over 70%, and there is potential to reduce today’s
fuel burn by another 30% approximately without going to radically different aircraft
configurations and propulsion. The potential of these evolutionary technologies,
mostly in the areas of aerodynamics, lightweight materials and structures, new engine
architecture and aircraft systems, will however diminish over the years. Evolutionary
technologies will thus not be enough to keep a similar CO2 emissions reduction rate
as today and contribute significantly to the 2050 CO2 emissions reduction goal, more
radical configuration changes will be required in addition.
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