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The proposed publication includes a review of contemporary methods in the field of detection of leaks of test and working
media, which are intended for the functioning of systems responsible for the trouble-free operation of aircraft. A new approach
to preserving the viability of modern aviation structures allows for a progressive technological cycle of leak detection and
protection of aircraft from damage. Currently there are elaborated number of methods for leak detection of aircraft. Each of this
approach has own peculiarities and can detect defects with different sensitivity. In this paper we compare possibilities of leak
testing technologies and describe their usage for control of aviation systems. Ref. 13, Tabl. 1, Fig. 5.
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Introduction. Ensuring the requirements of tight-
ness is a necessary condition for the functioning of
assemblies and systems, responsible for safety of
aviation flights. These include fuel tanks and pipes,
hydraulic systems, the fuselage and other elements of
the aircraft [1].

All major aircraft systems are monitored for leaks
during production and operation. An example is the
fuel system leak testing. The design of contemporary
plane tanks has large volume. As a result the place of
leakage («exit» of leak) may be located at a consider-
able distance from the «entrance» of a leak. Therefore
to determine the topology and repair the defect special-
ists have to remove sealant and dismantle part of the
structure [2].

The process of leak testing in fuel tanks-caissons
make it possible to ensure the operability of aircraft
and are highly sensitive. The requirements for them
are due to the flammability of the fuel components,
their high penetrating ability and the need to store
large reserves of fuel for flight. And ensuring of their
tightness is a complex technical task [3].

The kerosene-chalk method (KCM) is traditional-
ly used to test the tightness of aviation fuel systems.
It consists in determining the locations of leaks by
spots of kerosene on a chalk coating. For example,
the kerosene-chalk method is defined as the stage of
testing in the Directive technology for monitoring
the tightness of fuel tanks-caissons of the plane AN-
124 («Ruslany). The effectiveness of the application
of this method is determined by the high penetrating
ability of kerosene. The kerosene-chalk method is a
variant of the penetrant testing (PT) [4], but unfor-
tunately this material is flammable. Therefore, other
materials are being developed, such as colored and
luminescent penetrants to replace kerosene [5].

Then ultrasonic testing is used before carrying
out the KC control to detect large leaks. The acous-
tic method is simple and reliable in operation, do not
violate technological processes and it is safe for the
health of the personal [6].

A few main leak detection techniques are known
[7]. A description of the leak detection thresholds of
different methods is presented in the Table.
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Overpressure methods can be performed by fluid
or gas with which the tested element must be filled. As
a fluid usually the water is used. Observing the out-
side surface the wetted areas show us great leaks and
smaller. We observe small flows with a rate greater
than 1 mbarl/s. Testing with gas, the vessel is subject-
ed to overpressure of some bars (depending on mate-
rial and wall thickness) and immerged into the water.
At leaks the gas bubbles begin to escape. In this man-
ner the leaks up to 1-10~* mbarl/s can be detected. If the
vessel is too great for immersion, the suspected points
should be painted by soap solution and again we can
see the bubbles escaping, if there is a leak. This meth-
od is usable also for very large systems.

Halogen leak detectors are used in the detec-
tor-probe mode, requiring that the system be pressur-
ized with a gas containing an organic halide, such as
one of the freons. The exterior of the system is then
scanned with a sniffer probe sensitive to traces of the
halogen — bearing gas. The principle is based on the
increased positive ions (K or Na) emission because of
sudden halide composition presence. The ion current is
the measure for a leak size. Halogen detectors can be
used also in turned mode: evacuated vessel is connect-
ed to detecting instrument and is sprayed by freon.

Mass spectrometers as leak detectors are used as
most sensitive instruments for stating leak existence
and presence in vacuum systems. They are adjusted
on the atom respectively molecular weight of tracer
gas. It is usually helium because of its small mass and
atom volume assures good supply of gas through a
leak, relative great mass distance from neighbor mass
enables greater sensitivity and its partial pressure in
air is low. The next suitable gas for leak detection
purposes would be H,, but it is dangerous and resid-
ual atmosphere in vacuum systems always contains
this gas. There are also spectrometers adjustable to
other gases e.g. argon.

Ensuring the tightness of the aircraft structure is
inextricably linked with the control of the integrity of
critical parts. To check the performance of aviation
equipment, other methods of nondestructive testing
are also used. As an example of the search for sur-
face and subsurface defects or microdefects, one can
cite a technology that can lead to damage to fasteners
(bolts for fastening propeller blades). Destruction of
these elements can lead to a decrease in engine lift,
which is equivalent to loss of tightness of the aircraft.
In rapidly rotating and vibrating highly loaded en-
gine parts, destruction, loss of structural integrity and
safety can occur. Therefore, flight stability mainly de-
pends on regular checks of critical aircraft construc-
tions. For this purpose, magnetic luminescent particle
testing (MPI) is used (Fig. 1) [8].

Review of authors’ researches on methods of leak
control. As an implementation option in aircraft in-

ISSN 0235-3474. TexH. giarHOCTMKa Ta HEPYWHIBHMI KOHTpPOnb, 2022, No3

Fig. 1. Schematic indication of cracks on a propeller mounting bolt
Puc. 1. Inaukanist (cnigu) TpilyH HA GONTI KPIIUICHHS TOBITPSIHO-
0 rBUHTA.

dustry of the «PT» method the so-called «bubble»
method is also wide used. In the places of through
defects they form the foam in the emulsion, based on
surfactants. It is available for use and therefore has
been long time applied for the control of tightness.
Foam indicators are widely used in aviation (Fig. 2).

The sensitivity of the bubbles control is compara-
ble to the tightness test with kerosene in the absence
of a fire hazard. The use of vacuum appliance makes
it possible to test the unclosed objects too. There-
fore, the standard aviation fuel system test consists
of a leak testing, using a foam emulsion, followed by
the kerosene testing. Reserves of air are practically
unlimited and available. If the defect is new or well
cleaned, it contains an air only. And the operation of
filling leaks by penetrants is excluded from the tech-
nology cycle. As a result the air is one of the most
widely used testing substances, which is completely
harmless. These benefits are the reason of traditional
usage an air for implementation of «bubble» method
for leak detection. This method is the oldest and most
widely used for technical object’s control.

Another example (Fig. 3) of the penetrant control
is luminescent testing (LT) [9], in which a solution of
phosphors in liquids with high penetrating ability (for
example, environmentally neutral ethanol) are used.
LT control differs from another leak testing methods
by super high sensitivity.

Fig. 2. Leakage detection by means air foam. In the center of
vacuum appliance there is a place of defect (bubble)

Puc. 2. BusiBieHHs BUTOKY 3a JOIIOMOTOIO HOBITPSHOT MiHK. Y
LIEHTPi BaKyyMHOTO MpHIany € Micrie aedekry (Oysapbarika)
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Fig. 3. Luminescent penetrant testing of aircraft constructions
with vacuum appliance

Puc. 3. JlromiHecueHTHUI KaninspHUNA KOHTPOJIb KOHCTPYKIIiH
JITaNbHUX aapariB BaKyyMHOIO YCTaHOBKOIO

Unique features of luminescent capillary con-
trol (Fig. 3) allow to detect defects with the open-
ing width less, than a micron. It is one of an evolving
nondestructive methods through the use of new test
materials, which improve the characteristics of pene-
trant control and allow diagnosing damage to aircraft
skin, searching for initial centers of corrosion under
paint coatings.

Today, the capabilities of penetrant testing are not
exhausted. The further development of penetrant test-
ing may be possible by new approaches. For instance,
when checking the tightness of fuel tanks-caissons,
it is important to determine the topology of the leak.
because the inlet and outlet of the leak may not coin-
cide due to the leakage of the working medium un-
der the sealed internal lining of the caisson. And only
fluorescent flaw detection can identify fuel leaks and
simplify the technology to local repair by replacing
certain fastening connections of tank parts [3].

As one of these approaches can be pointed colored
penetrant «IPC-KOLOR» [10, 11], synthesized from
medical raw material. It prevent corrosion, is fully
un-dangerous and can be solved in water and ethanol.
Many years it is produced in Ukraine.

Among the options for testing the tightness of avi-
ation fuel systems the chemical method should too be
mentioned. During its implementation the controlled
volume is filled with a test medium, for example, air
under excess pressure. During testing the air or liquid
inside of controlled objects are enriched with chem-
ically active additives, for example, 1 % ammonia
admixture. And the outer surface is examined by us-
ing chemical indicators, that react with additives and
form brightly colored or luminescent products (Fig.
4). The development of the chemical control method
is the catalymetric method of leak testing. It is based
on the use of micro-additives of catalytic substanc-
es in the composition of the penetrant. This approach
dramatically expands the possibilities of the chemi-
cal method, since the catalyst is not consumed during
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the reaction. The number of elementary acts of the in-
dicator reaction, initiated by the catalyst particle, is
called the «circulation number».

Theoretically it plays the role of an amplifica-
tion factor and determines the sensitivity limit of the
method. The «kinetic methods» of chemical analysis
are based on this principle. The use of kinetic meth-
ods makes it possible to increase the sensitivity of
the analysis of substances by many times and to ex-
pand the list of penetrants. The reliability of the anal-
ysis also increases. Thus, at the locations of through
defects, indicator «traces» are formed and visually
determined.

Chemical control is among the most sensitive
methods of nondestructive testing. It is connected
with unique features of luminescent and color materi-
als (LT, CT) and the properties of the eye, as univer-
sal tool for visual control.

These factors were contributed to the wide dissem-
ination of the chemical luminescent and dye materials.
The use of the chemical method opens up the possibil-
ity of directed synthesis and introduction of new ma-
terials including for testing such important parts as fu-
selage fasteners, turbine blades in engines, etc.

In contrast to the conventional luminescent meth-
od of leak control we proposed the use of chemical
luminescent indicators that glow at the location of
the defect as a result of the oxidation of the sub-
strate with atmospheric oxygen without illuminat-
ing the structure. Liquid penetrants are widely used
in industry for nondestructive testing. Currently, in
order to increase efficiency (quantum yield) of lumi-
nescence we apply cascading composition of different
phosphors. Despite the visible simplicity fluorescent
flaw detection sensitivity has a record data that is not
available by other NDT methods. It can detect surface
defects, which have opening width, less than 1 pm.

As one of the most promising areas of the NDT
penetrant method we studied the use of ultrasonic
capillary effect (USCE) [9].

Fig. 4. Indication traces of leaks after chemical testing
Puc. 4. Ciniay iHaukanii BUTOKIB ITiC/IA XIMIYHUX JOCIIKEHD
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Fig. 5. Visualization of the defect: a — using a magnetic liquid; b —using a magnetic luminescent composition
Puc. 5. Bizyanizauist nedekry: @ — 3a JOIOMOTrOI0 MarHiTHOI PiAMHH, b — 32 TOMOMOTOI0 MAarHiTOIIOMiHECLIEHTHOT KOMITO3HUIIIT.

USCE consists in an abnormal increase in the
lifting height of the liquid in capillaries by the di-
rect effects of ultrasound. Due to the energy of the
ultrasound field (22 kHz), we received the rising of
substances (colored penetrant «IPC-KOLOR» for in-
stance) in capillaries by 10...20 times of magnitude
according to capillary diameter. The dependence of
USCE on the nature of the penetrant and other condi-
tions of the experiment was investigated.

It was experimentally proved, that in this case the
liquid is pushed up not only by capillary forces, but
by standing ultrasonic waves. The main initiator of
the physical and chemical processes occurring in the
liquid under the influence of ultrasound is the forma-
tion of pulsing bubbles in the liquid, which after dra-
matically slam form the front of high pressure field.
Due to the energy of the ultrasound field efficiency
of penetration of liquid substances into the capillaries
increases. This gives additional prospects for the de-
velopment of capillary control.

Another promising integrated method for improv-
ing the tightness control is the way of using magnet-
ic fluid in magnetic diagnostics of aircraft structures.
It is shown that the use of magnetic-luminescent lig-
uids in the magnetic method of nondestructive testing
is characterized by high sensitivity. Magnetic fluids
are sedimentation-stable colloidal solutions of mag-
netic particles with nano dimensions, the distinguish-
ing feature of which is that the entire volume of the
solution is drawn into the applied magnetic field [12,
13]. The combination of fluidity and a high value of
magnetization allows the use of magnetization in var-
ious fields of modern technology. Due to the use of
CoFe O, nanoparticles with sizes from 5 to 30 nm,
the complex method makes it possible to detect small-
er defects and reveal the fine structure of indicator
«traces» in products made of ferromagnetic materi-
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als. Varying the magnetization conditions and con-
trol technology makes it possible to obtain different
configurations of the fine structure of the indicator
«trace» of the same defect, which contains informa-
tion about the behavior of the penetrant in the pres-
ence of a magnetic field.

The combined use of capillary and magnet lumi-
nescent methods makes it possible to control defects
in nonmagnetic materials with using of the magnetic
fluids and increases the sensitivity of the simple cap-
illary method. It is known that the magnetic particle
inspection method is used for nondestructive testing
in aviation only for ferromagnetic parts. And the ap-
plicator of the proposed method expands the possibil-
ities of testing nonmagnetic structures with high sen-
sitivity. Invention of these technologies in aviation is
developed.

Conclusions. The article contains an overview
of existing methods in the field of detecting leaks of
test and working environments, intended for the func-
tioning of systems, responsible for the safe of air-
craft. Traditional and new approaches to maintaining
the operability of modern aircraft structures allow the
implementation of technological cycles of detecting
leaks and defects of individual responsible parts and
systems. Currently, technologies for increasing the ef-
ficiency and sensitivity of leak detection methods are
developed. The work confirms not only the possibility
of using new and different test and working environ-
ments, but also complex leak detection methods. Al-
gorithms for improving capillary, chemical, and mag-
netic powder control are proposed, which increase the
effectiveness of these methods and allow identifica-
tion of flow topology, detection of submicron-sized
defects, expansion of the list of control objects, for ex-
ample, diagnosis of damage to aircraft skin, search for
initial corrosion under paint coatings, etc. The issue of
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testing aircraft for tightness is relevant for use in avi-
ation technology and requires further development of
nondestructive testing technologies.
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[IpomoHoBaHa myOITiKalis MiCTUTB OS] CyYacHUX METOJIB Y TaTy3l BUSBICHHS BUTOKIB TECTOBHX 1 POOOYHX CEpETOBHII, SKi
MpHU3HAYEHI A1 PYHKI[IOHYBaHHS CHCTEM, 110 BiAMOBiIaI0TH 3a Oe3aBapiliHy poOOTy JiTanbHUX anmapariB. HoBuii minxin g0
30epeskeHHS MPale31aTHOCTI CYYaCHUX aBlallifHIX KOHCTPYKIIH JO3BOJISE peali3yBaTi NPOTrPECUBHIN TEXHOIOTIYHUI UK
BHSIBIIGHHS T€Ui Ta 3aXUCTY JITAJbHHUX allapariB BiJl MOIIKOMKEHb. Y TaHUI yac po3poOIeHO psii METOIB BUSBICHHS Tedl
nitakiB. KokeH i3 1ux miixoziB Mae cBOi 0COONMBOCTI Ta MOXe BHSIBISITU Ae()EKTH 3 Pi3HOIO YyTIHUBICTIO. Y IMiif CTaTTi MU
MOPIBHIOEMO MOXKJIMBOCTI TEXHOJIOTi TECTyBaHHs HA FEPMETUYHICTh Ta OIUCY€EMO X BUKOPUCTAHHS [UIsl YIPaBIiHHS aBiatiii-

HUMH cucTeMamu. bibmiorp. 13, tabm. 1, puc. 5.

Knrouogi crosa: memoou konmponio na cepmemuynicms, oegpexm, HepylunieHUT KOHMPOLb
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HOBA KHUTA
Bopuc €BreHoBun4 MatoH. Cnoragn Kuis: «opobeup», 2022. — 236 c., in. ISBM 978-966-2377-69-9

KHura npucesveHa BugaTHoMy ydeHomy XX-XXI ctonitta — akagemiky bopucy
€BreHoBnYy NaTtoHy. XKuTTsa LbOro reHianbHOro y4eHoro i Yy4oBoi, HENEPECiy-
HOT NIOANHY BMICTUNO BENUKI HAYKOBI BIAKPUTTSA B ranysi Marepiano3HaBCcTBa,
METanyprii, 3BaploBaHHS Ta CNOpigHEHUX TEXHOMOTIN, iX Brinckyvy peanisadito
B iHTEpecax eKOHOMIKM i 06OPOHM KpaiHW, HOBAaTOPCbKi 3BEPLUEHHHA B ranysi
opraHisauji Hayku i OCBITMH.
OcHoBY KHUIM cknagatoTb pykonucu akagemika b.€. MNMaToHa: 3anuckn, nucTu,
MaTepianu 4o KHUT Npo BUAATHUX YY4EHUX — NOro Korer i Apy3iB. Opyruin po3ain
KHUrM MIiCTUTb crnoragu CniBpOBITHUKIB IHCTUTYTY enekTpo3BaproBaHHSA, SKi
Manu BenuKy YecTb NpautoBaTy pa3oM 3 Lieto BugaTHoto JliognHoro.

KHuey moxHa 3amosumu 8 pedaKuii xXypHariy.
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