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Icropist kaminsgpHOro KOHTpoMo moyanacs B 40-X pokax MHHYJIOTO CTOJITTS Al MOTped aepOKOCMiYHOT
MPOMHUCIIOBOCTI. B manuit 4yac BapTiCTh KOHTPOJIIO SIKOCTI B aPOKOCMIYHIN MPOMHUCIIOBOCTI CTaHOBUTH 0 12 - 18%
Big BaprocTi mpoxykuii. [loniOHi oOcsru BUTpaT y siiepHii Ta 00OPOHHIN MPOMHCIOBOCTI HE BIACTAIOThH BiJ IHIIMX
rajxyseil. Hampukian, Uit KOHTPOJIO 3BapHHX 3'€JHaHb Ha(TO- 1 Ta30MpPOBOMAIB BEJIMKOTO JiaMeTpy 1 BEJIUKOI
JIOBKUHH BUTPATH Tpalli Ha iHcreknito gocsaraioTs 10% Bin 3aramsHOi BapTocTi pododoi cumn. MeToa KamiispHOTO
KOHTPOJIIO SIKOCTI 3aCHOBAaHMH Ha 3aTHOCTI IHAMKATOPHUX PIIUH TNPOHMUKATH B IOPOXXKHUHM MOBEPXHEBUX AC(PEKTIB
(po3puBiB). 3a 70 pokiB CBOTO iCHyBaHHS KaIJSIPHUA METOJ KOHTPOIIIO HE 3a3HAaB KapOWHAJIBHHUX 3MiH, 1 Horo
NPUHOWNK 3aJUIIINCS HE3MIHHUMH. Y MDKHApOJHIM TPaKTUIl MPUHHATO CKOpPOYEHE IIO3HAYCHHS THUIIIB
Hepy#HIBHOTO KOHTpOIto (APM), a KOHTPOJIb 3 BUKOPUCTAHHSAM MPOHHUKAr0U0i pinuHN mo3HadaeTses PT. Leit meTox
3aCTOCOBYETBCS JUIsl BHUSIBJICHHS BCIX THIIIB MOBEPXHEBUX IIIyXUX 1 Je(EKTIB, TAKUX SK TPILIMHH, PO3IIAPyBaHHS,
BUTOKH, B BUp0O0OaX, BUTOTOBJICHUX 3 OYyIb-KUX HEMIOPUCTUX MaTepiaiB, BKIIOYAIOYH CKJIO, KEpaMiKy, IJIacTMacH Ta
IHIII HEMeTaJieBl MaTepianu. 3MiHCHEHO aHaJi3 KamiIIpHOTO METOAY HEPYHHIBHOTO KOHTPOJIO MOBEPXHI TBEPIOrO
Tija, TMOKa3aHi MOXJIMBOCTI Ta NUIAXM HOro mosimiieHHs. JleTaJbHO pO3MISHYTO METOA KamIIPHOTO METOIY
HEepYHHIBHOTO KOHTPOJIIO TBEpAOI MOBEpXHi, (i3uUKH cnocody Ta ioro peamizamii. [loka3zaHo, mo 3MouyBanbHa
3JIATHICTB 1 PO3TIKaHHS € BRXKJIMBUMH XapaKTEePUCTUKAMU KaNIIPHUX KOHTPOJBHUX PIZMH; OT)KE, BOHYU ITOBUHHI OyTH
OIliHEHI Ta TIPOAHANI30BaHI MpH pPO3poOI HOBHX, BHOOpI a00 MOpPIBHSHHI BIZOMHX MaTrepialliB KamisipHOT
nedexTockorii. JJoBeIeHO MOXIIUBICTh BUKOPHCTAaHHS eekTy PebiHmepa I BIOCKOHATICHHS KalIIPHOTO METOIY
HEpYHHIBHOTO KOHTpOJIIO TBEPAOi IOBEPXHI. 3alpOIOHOBAHO YTOYHEHMH METOJ KamliIsApHOI aedeKTocKomii 3
ypaxyBaHHSIM 3MOYYBaIbHOI 3/1aTHOCTI, IIUIBHOCTI, B'A3KOCTI Ta BHIIAPOBYBAHHS DIIMHH, IO JIO3BOJIIE 3pOOUTH
ONTUMANIFHUIA BUOIp PIAMHU I 3a0e3MeUeHHs BUCOKOT €(DEKTHBHOCTI MMOBEPXHEBOTO (KAMiISIPHOTO) KOHTPOITIO.
3anpornoHOBaHO BIOCKOHAJICHNWI METOA OLIHKK 3MOYYBaJIbHOT 34aTHOCTI PiJHH, IO JIO3BOJISIE OLIIHUTH 3MOYYBaHICTh
piauH 3a po3MipOM MicCIsl pO3TIKaHHS 1X Kpareib, BpaXOBYIOUH BIUIMB IIIIBHOCTI, B'I3KOCTI Ta BUIIAPOBYBAHHS PiJIHH,
NPU3HAYCHUX JIJIs KalsipHOT 1e(heKTOCKOMIT.

KuarouoBi ciioBa: HepyiiHIBHUIT KOHTPOJIb, KaliJsIpHUN METOM, TPOHUKHICTh, A1e()EKTOCKOMIsL.

Hcropus xanmwuispHOro KOHTpons Hadaimach B 40-X rojmax MpoHUIOro BeKa AN HYXA adpOKOCMHYECKON
MPOMBIIIJIEHHOCTH. B HacTosiee BpeMsi CTOMMOCTh KOHTPOJISI KaueCcTBa B a’POKOCMHYECKOH MPOMBIIUICHHOCTH
cocraBmsieT A0 12 - 18% ot crommoctn mpoxykiuu. [lomoOHBIE 00BEMBI PacXoIOB B SACPHOH M OOOPOHHOM
MPOMBIIIJICHHOCTH HE OTCTAIOT OT APYrHX oTpacieil. Hampumep, AN KOHTPONS CBapHBIX COSAWHEHHWH HeTe- |
ra30MpoBOJIOB OOJNBIIOTO JHaMeTpa W OONBIIOW IJIMHBEI 3aTpaThl TPpyAa Ha WHCHEKnuto aocturarot 10% ot oOmieit
CTOMMOCTH pabodeld cuibl. MeTox KanmWUIPHOTO KOHTPOJS KayecTBAa OCHOBAH HA CIIOCOOHOCTH HHIMKATOPHBIX
JKUJIKOCTEH TNPOHUKATh B TOJOCTH TOBEPXHOCTHBIX AedekToB (pa3psiBoB). 3a 70 JIeT CBOEro CYIIECTBOBAHUS
KaIMMJUIAPHBIA METOJI KOHTPOJIS HE TIPETepIIeN KapIMHATLHBIX N3MEHEHHUH, U €T0 TMPUHITUIIBI OCTATUCH HEM3MEHHBIMH.
B MexayHapoIHOW MpakTUKe MPUHATO COKpalleHHOe 0003HA4YeHHWE THUIIOB Hepaspylaromiero KoHTpois (APM), a
KOHTPOJIb C MCIIOJIb30BAaHUEM MPOHUKAIOMIEH KUAKOCTH cKazbiBaeTcss PT. DTOT MeTo MpUMeHSIeTCs AJIs1 BBISIBICHUS
BCEX THUIIOB TMOBEPXHOCTHBIX TIAYyXUX U Je(EKTOB, TaKMX KaK TPEHIMHBI, PACCIOCHUs, WCTOKH, B W3JACIHUSX,
W3TOTOBJICHHBIX W3 JIOOBIX HEMOPHUCTHIX MATEPUAIOB, BKJIIOYAs CTEKJIO, KEepaMUKy, IUIaCTMAacChl W JpYTHe
HeMeTamnaeckue Matepuanbl. OCYIIEeCTBICH aHAIM3 KalWUIAPHOTO METOJa Hepa3pyIIaroIiero KOHTPOJIS
MOBEPXHOCTH TBEPAOTO Teja, MOKAa3aHbl BO3MOXKHOCTH M IYTH €ro yiydmieHwus. [1ogpoOHO paccMOTpeH MeTo[
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KallWUISIPHOTO METOJla Hepa3pylIaloliero KOHTPOJS TBEPIOW MOBEPXHOCTH, (QU3UKH CHOCO0a M €ro peaau3alyy.
[TokazaHo, YTO cMayMBaIOIIasi CIOCOOHOCTh M PACTEKaHMs SIBISFOTCS BaXKHBIMU XapaKTEPUCTUKAMH KaIlMJULIPHBIX
KOHTPOJIbHBIX KHMIKOCTEH; CJIeJI0BATENILHO, OHHM JOJDKHBI OBITh OLCHEHB W IPOAaHAIU3MPOBAHBI MPU pa3padoTKe
HOBBIX, BBIOOpPE WJIM CPAaBHEHHHM M3BECTHBIX MaTEpHAJIOB KalWULIPHOH nedexrockonuu. J[okazaHa BO3MOXHOCTh
ucronb3oBaHus dpdekra PeOurgepa s COBEPUICHCTBOBAHUS KaMIILIPHOTO METOAA HEPa3pyILIAIONIEro KOHTPOIIS
TBEpIO MOBepXHOCTH. [Ipe/roskeHo YTOYHEHHBIH METOA KaMWULIPHOW Ae(PEKTOCKONNN C YUETOM CMAadHBAOIICH
CIOCOOHOCTH, IUIOTHOCTH, BSI3KOCTH M WCHAPEHUS JKUAKOCTH, YTO MO3BOJIIET CJETaTh ONTHMAIBHBIA BBIOOP
JKUIKOCTH JJIs1 oOecriedeHus] BRICOKOH 3()()EeKTHBHOCTH MMOBEPXHOCTHOTO (KaNMMJUIAPHOTO) KOHTpOJsL. IlpemmoxkeHo
YCOBEPIICHCTBOBAHHBIH METOJ OLIEHKH CMAYHMBAIOIIEi CHOCOOHOCTH XKHUIKOCTEH, MO3BOJISIET OLCHUTh CMAaYMBAEMOCTh
KHUJKOCTEH 1O pa3Mepy MecTa PAacTeKaHUs WX Kallelb, yYUThIBas BIMSHUE IUIOTHOCTH, BA3KOCTH WM HCIIAPEHUS
KHUJKOCTEH, IPpeAHA3HAYCHHBIX JJIsl KAMMJUIIPHON 1e()eKTOCKOIINH.
KaioueBble ci1oBa: Hepa3pymamnid KOHTPOIIb, KAMWIISIPHBIA METOJ], IPOHUIIAEMOCTD, 1e()eKTOCKOIIHSI.

The history of capillary control began in the 40s of the last century for the needs of the aerospace industry.
Currently, the cost of quality control in the aerospace industry is up to 12 - 18% of the cost of products. Similar
amounts of expenses in the nuclear and defense industries are not lagging behind other industries. For example, for
the control of welded joints of oil and gas pipelines of large diameter and considerable length, the labor costs for
inspection reach 10% of the total labor costs. Capillary quality control method is based on the ability of indicator
liquids (penetrants) to penetrate into the cavities of surface defects (discontinuities). Over the 70 years of its existence,
the capillary method of control has not undergone fundamental changes, and its principles have remained unchanged.
In international practice, the abbreviated designation of types of non-destructive testing (AWS) is adopted, and the
control with the use of penetrating liquid denoted RT. This method is applicable to the detection of all types of surface
dead-end and through defects, such as cracks, delamination, leaks, in products made from any non-porous materials,
including glass, ceramics, plastics and other non-metallic materials. The analysis of the capillary method of non-
destructive testing of the surface of a solid body is carried out, the possibilities and ways of its improvement are
indicated. The method of the capillary method of non-destructive testing of a solid surface, the physics of the method
and its implementation are considered in detail. It is shown that the wetting ability and spreading are important
characteristics of capillary control fluids; therefore, they must be evaluated and analyzed when developing new ones,
choosing or comparing known capillary flaw detection materials. The possibility of using the Rebinder effect to
improve the capillary method of non-destructive testing of a solid surface has been proved. A refined method of
capillary defectoscopy is proposed by taking into account the wetting ability, density, viscosity and evaporation of a
liquid, which makes it possible to make an optimal choice of liquid to ensure high efficiency of surface (capillary)
control. An improved method for assessing the wetting ability of liquids is proposed, which makes it possible to
evaluate the wetting ability of liquids by the size of the spreading spot of their droplets, taking into account the
influence of density, viscosity and evaporation of liquids intended for capillary flaw detection (penetrants).

Keywords: non-destructive control, capillary method, penetrations, flaw detection

practice, the abbreviated designation of types of non-
destructive testing (AWS) is adopted, and the control
with the use of penetrating liquid denoted RT. This
method is applicable to the detection of all types of

Introduction

The history of capillary control began in the 40s of
the last century for the needs of the aerospace industry.

Currently, the cost of quality control in the aerospace
industry is up to 12 - 18% of the cost of products.
Similar amounts of expenses in the nuclear and defense
industries are not lagging behind other industries. For
example, for the control of welded joints of oil and gas
pipelines of large diameter and considerable length, the
labor costs for inspection reach 10% of the total labor
costs.

Capillary quality control method is based on the
ability of indicator liquids (penetrants) to penetrate into
the cavities of surface defects (discontinuities). Over the
70 years of its existence, the capillary method of control
has not undergone fundamental changes, and its
principles have remained unchanged. In international

surface dead-end and through defects, such as cracks,
delamination, leaks, in products made from any non-
porous materials, including glass, ceramics, plastics and
other non-metallic materials. The capillary control
method is allowed at ambient temperatures from — 40 ° C
to + 40 ° C and relative humidity not exceeding 90%.
The most effective capillary method for non-destructive
testing of large areas (especially with complex
geometry). For example, equipment for oil and gas
pipelines, chemical and oil refining industries, pressure
vessels, etc., taking into account that many of them have
already exhausted their resources.



ISSN 1993-9981 print

ISSN 2415-3575 online e 1 (42) 2019

Methods

According to the current GOST 18442-80 [1],
capillary non-destructive testing methods are classified
as:

- Brightness (achromatic).

- Color (chromatic).

- Luminescent.

- Luminescent and color.

Depending on the method of identifying the indicator
pattern, capillary control methods are divided into

- Luminescent method (for especially important
assemblies and parts), based on registration of the
contrast, luminescent in the long-wave ultraviolet
radiation of the visible indicator pattern, against the
background of the surface of the test object;

- Color method, based on the registration of the
contrast of the color in the visible radiation of the
indicator pattern on the background of the surface of the
test object.

With a sufficient degree of accuracy, the
hydrodynamics of the flow of indicator liquids in
capillaries obeys the equations derived for Newtonian
fluid. Newtonian fluid obeys in its flow the Newton's
viscous friction law, that is, the shear stress and velocity
gradient in such a fluid are linearly dependent. The
proportionality coefficient between shear stress and
velocity gradient is the viscosity of the indicator liquid.
Penetrants (indicator liquids) are made, as a rule, on the
basis of kerosene and alcohol [2-4].

Penetrants fill the end-to-end and dead-end capillary
in various ways. In a dead-end capillary, the vapor-air
mixture, locked in the depth of the capillary, limits the
depth of penetration, and the filling proceeds in two
stages. At the first stage (capillary stage), the indicator
liquid under the action of capillary forces begins to
quickly penetrate into the depth of the defect and ends
when the capillary pressure of the liquid approaches the
pressure of the vapor-gas mixture in the dead end
capillary. The second stage is the diffusion stage, when
the gas compressed in the cavity of the defect gradually
dissolves in the indicator liquid and diffuses to the mouth
of the defect [5, 6]. Therefore, it is of practical interest to
identify patterns of filling with various liquids [7-11]
and a comprehensive assessment of the wetting process
of solid surfaces with a liquid [12].

Results and discussion

The main feature of the capillary control method is
the absence of significant and non-essential operations.
Each operation does not allow negligence, any missteps,
deviations from the technology; any of these errors
negates all previous efforts, because it is almost
impossible to correct the mistakes. To detect dangerous
defects, it is necessary to reproduce the capillary control
from the very initial operation.
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In capillary inspection operations, the surface of the
defect comes into contact with various flaw detection
materials. As it is known, the necessary conditions for
the detection of defects by the methods of penetrating
liquids are the absence of pollution and other foreign
substances both in the discontinuity itself and in its
mouth to penetrate the penetrant into it, as well as good
wettability by the penetrant of the material of the test
object. At the same time, the depth of defects should
significantly exceed the width of the penetrant opening.

Table 1. Comparison of non-destructive testing methods by
defect size and sensitivity according to AMS-2644 standard.

Method Crack Sensitivity level
opening, micron
Capillary 0,2 v
Ultrasonic 5 i
Eddy 10 1l
current
Visual 50 1

It should be noted that the sensitivity levels according
to AMS-2644 are directly opposite to GOST 18442-80.

As is known, for the capillary control, various
physical and functional-technological properties of
indicator liquids (penetrants) are important. During the
development and selection of indicator liquids
(penetrants) for use in capillary control, their various
physical and functional-technological properties are
examined: surface tension, viscosity, dissolving ability,
diffuse and color characteristics, corrosivity, etc.

A longer penetration time (longer discontinuity)
holds a greater amount (volume) of tracer fluid in the
damage (crack). Drying of the penetrant on the test
surface is also not allowed; therefore, the test surface
must be wetted by the penetrant during the entire time of
capillary control. The resulting pattern is a "trace of a
defect"” and is subject to processing for visual inspection.

In capillary control, the length of damage (cracks) is
usually the main parameter of the size of the indicator
pattern, which ensures its visual detection. In capillary
control, the shape of the wake and its geometrical
characteristics (area, length and width), as well as energy
characteristics — the contrast of the indicator pattern and
its brightness are decisive factors. The sensitivity of
capillary control methods is determined by the ability of
a set of flaw detection materials (penetrants) to detect
discontinuities of a given minimum width of disclosure
at a certain depth, and actually reaches 0.2-0.5 pm.
Moreover, the more the defect is filled with penetrant,
the greater the likelihood of its detection. Detection of
defects having a disclosure width of more than 0.5 mm is
not guaranteed by capillary methods. The author was
faced with the real problem of determining a defect when
the ratio of the depth of the defect to its width is less than
9.
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Very thin cracks and damage create a drawing that is
too narrow for visual inspection. For example, the
author’s studies showed that surface pattern of 1.32 mm
length in 94% of cases can be detected and surface
pattern of 0.23 mm in length - only in less than 33% of
cases (studies were conducted with a confidence of
0.95). Similar and comparable data were also obtained
by colleagues in [13].

Flaw detection materials are selected depending on
specific requirements. From the point of view of the
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author, for the field conditions the most versatile and
optimal is the MAGNAFLUX SK3-S Kit (United
Kingdom) (Fig. 1). Defects are detected as bright, clear
red lines on a white background. This kit conducts
surface inspection of any non-porous surfaces at

temperatures from 0° to 65°C for surface defects
ranging in size from 1 micron. Nevertheless, the author
received satisfactory results for the control of surface
defects at - 3 ° C. Which is much better than the popular
set of Sherwin (USA).

Fig. 1. Flaw detector kit MAGNAFLUX SK3-S Kit (UK).

Known methods for assessing the wetting ability of
liquids intended for capillary flaw detection are
imperfect. In liquids intended for capillary flaw detection
(penetrants), there is no static equilibrium wetting angle.
They spread well on the surface of a solid and form a
variable (dynamic) wetting angle, the value of which is
close to zero. Therefore, to assess the wetting ability it is
necessary to use metal capillaries. It is very difficult to
determine the height of raising liquids in a metal
capillary with the required accuracy. Therefore, the
author has developed an improved method for
comprehensive assessment of the process of wetting with
liquids and spreading over the surface of solids.

The most common in capillary flaw detection method
is a comparative assessment of the wetting ability of

liquids by measuring the radius or diameter of a spot
formed by a drop of the normalized volume of the test
liquid that spreads on a horizontal solid surface at a
given temperature over a set time, or determining the
change in the diameter of this spot with time (spreading
rate). It is believed that the greater the radius (diameter
or area) of the spreading spots, ceteris paribus, the better
the wetting ability of the liquid. However, in this way, it
is not wetting ability that is evaluated as the degree of
interaction between a solid and a liquid and their ability
to form a stable liquid-solid surface, and spreading.
Nevertheless, wetting and spreading are two different,
albeit related physico-chemical phenomena, which
correspond to two different parameters of the quality of
liquids.
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As shown in [12], the wetting ability is a function of
surface tension (specific free surface energy) and does
not depend on viscosity, density, and other fluid
parameters (it can depend only on temperature). Since
the wetting ability and spreading are important
characteristics of capillary control fluids, they must be
evaluated and analyzed when developing new ones,
choosing or comparing known capillary flaw detection
materials. Therefore, the author conducted research on
changes in the radius (diameter or area) of the spreading
spot depending on these parameters in the hydrodynamic
viscous mode. During the experiment, the spreading time
ranged from tens of seconds to several minutes. An
empirical relationship was obtained, which allows the
wetting ability of liquids to be estimated from the size of
the spreading spot of their droplets, taking into account
the effect of density, viscosity and evaporation of the
liquid. The author has developed a method for integrated
assessment of the spreading of liquids intended for
capillary flaw detection [12]. According to the proposed
method, the wetting and spreading of liquids intended for
capillary flaw detection can be assessed in one
experiment.

The results of a comparative evaluation of the
wetting ability of liquids by known and proposed
methods are given in [12]. From the conducted studies of
the author, it was revealed that the results of the
evaluation of the wetting ability of some liquids (3, 4, 7,
8) by the known and proposed methods are the same. For
example, liquid 1, which, as was considered on the basis
of evaluations in a known manner, has a low wetting
ability (fifth place in this parameter among the liquids
studied), actually has a high capacity (second place in the
assessment by the proposed method), and the relatively
small diameter of the liquid spreading spot due to its
high evaporation due to the presence of gasoline in its
composition (specific evaporation of this liquid is equal
to 6.605 * 10 g / cm? « min., whereas for other liquids,
which took on wetting the first four places, it does not
exceed 1.36 + 10 * g / cm? » min.). On the contrary, liquid
2 has a slightly reduced wetting ability (3rd place in the
assessment by the method proposed by the author), and
the large diameter of its spreading spot (and,
consequently, a high estimate of wetting ability in a
known manner) is due to reduced evaporation (1.085 « 10
4g/cm? e min.) [12].

In the work [12], the author proposed a refined
method of capillary flaw detection by taking into account
the wetting ability, density, viscosity and evaporation of
a liquid, which makes it possible to make an optimal
choice of liquid to ensure high efficiency of surface
(capillary) control, as well as a refined method for
assessing the wetting ability liquids, which allows to
evaluate the wetting ability of liquids by the size of the
spot spreading their droplets, taking into account the
influence of density, viscosity and evaporation of liquids.
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The effects of ultrasound on liquids and various
effects were studied by various researchers: acoustic
cavitation, vortex effects, ultrasonic capillary effect,
acceleration of diffusion processes, electrokinetic
phenomena, etc. [14-17]. To improve the penetrant
filling, the author attempted to use the Rebinder effect.
The effect of Rehbinder makes it easier to disperse under
the influence of adsorption - the process at the interface
of two phases due to the uncompensated intermolecular
interaction forces in their section.

The advantage of the Rebinder effect over other
physical phenomena is:

- With an accompanying mechanical effect on a solid
body, an insignificant volume of the substance is
sufficient;

- Immediate manifestation after contact of the body
with the environment.

- After removal of the medium, the body returns to its
original characteristics.

To manifest the Rebinder effect, it is necessary to
have tensile stresses and contact of a solid with a liquid.

To this end, the author conducted a series of studies
on the effect of ultrasonic waves on the penetration of
substances in the discontinuity of the material of the
structures. From publications it is known that similar
work was carried out by other researchers. For example,
in the Ivano-Frankivsk University of oil and gas.
However, it was not possible to find the confirmed
results and the research report.

Studies have shown a significant increase in Kkinetic
energy, which is partially transformed into a power pulse
and into thermal energy of collapsing bubbles in the
capillary when the ultrasound intensity is more than 105
W/m?2. This is caused by two types of ultrasonic
cavitation. Inertial cavitation associated with the
formation of vapor-gas cavities in a liquid due to the
stretching of the liquid during the negative half-period of
oscillations in the acoustic wave and abrupt collapse of
these cavities in the half-period of compression. Non-
inertial cavitation, characterized by oscillations of long-
existing, stable gas bubbles. The slamming bubbles in
the capillary create shock waves, the pressure of which
reaches 10% Pa. That is, in the capillary, under the
influence of ultrasound, electrokinetic phenomena arise
due to the directed movement of charged particles, which
influence the diffusion processes.

Similar results were obtained by the Belarusian
colleagues [18].

In the course of the experiment, it was found that as a
result of the ultrasonic effect on wetting (the Rebinder
effect) there was a significant increase in the penetrant
penetration into the cavity of the defect. Thus, it is
determined that the penetration of the penetrant into the
defect can be significantly improved if the process is
carried out in an ultrasonic field based on the Rebinder
effect.
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Conclusions

The capabilities of the capillary control method can
be significantly improved with the help of a complex of
modern physicochemical approaches using physical and
chemical effects due to the intensity of the interaction of
penetrating substances - penetrants with the surface of a
controlled defect.

An improved method for assessing the wetting ability
of liquids is proposed, which makes it possible to
evaluate the wetting ability of liquids by the size of the
spreading spot of their droplets, taking into account the
influence of density, viscosity and evaporation of liquids
intended for capillary flaw detection (penetrants). The
method is necessary in the design and selection of
penetrants.

A refined method of capillary defectoscopy is
proposed by taking into account the wetting ability,
density, viscosity and evaporation of a liquid, which
makes it possible to make an optimal choice of liquid to
ensure high efficiency of surface (capillary) control.

Penetration of the penetrant into the defect can be
significantly improved if the process is carried out in an
ultrasonic field based on the Rebinder effect.

It is shown that the wetting ability and spreading are
important characteristics of capillary control fluids;
therefore, they must be evaluated and analyzed when
developing new ones, choosing or comparing known
capillary flaw detection materials.
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