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Hayionanvnuii asiayitinui yHieepcumem

ONIHIOBAHHA HE'ATUBHUX NOBIMHUX E®EKTIB,
CITPHMYMHEHUX AHTUKOPO3IMHUMHU NPOPITAKTUIHUMHU
PEYOBUHAMM

Pe3tome. [Ipeocmasneno umocu 00 nNpoyedypu OYIHIOGAHH He2AMUGHUX NOOIYHUX egekmis,
CHPpUYUHEHUX 3ACMOCYSAHHAM AHMUKOPO3IUHUX CHOJYK ab0 [HUWUX NOBEPXHEBO-AKMUBHUX PEYOBUH, SIKI
3acmocogyiomscs 6 asiayii. Tlokazano, wo Hecamu@HUil 6NIUE HA GMOMY KOHCHMPYKYINl jimaka mae 6ymu
NPOAHANi308aHUTI HA PI3HUX CMAOIAX 8MOMU MA HA PISHUX MAcuimaOHux pigHax. PosenaHymo mpu acnexmu
3a2anbHOi MemoOoNo2il: NAUE NOGEPXHEGO-AKMUBHUX PEYOGUH HA CMAOIl 3apO0JCEeHHA GMOMHUX MPIUUH,
gioomuil sk egpexm Pebindepa; 6nius NOGepXHeBO-AKMUGHUX DPEYOGUH HA WGUOKICIb PO3NOBCIOONCEHHS.
8MOMHUX MPIUUH, 3MEHULEHHS 8MOMHOI 008208IYHOCMI 3aK/IENKOBUX 3 €OHAHb AK pe3yIbMmam 3MeHULeHHS CUT
mepms migic nucmamu obwusku. Iokazarno, wo 6ci yi nioxoou mocyms 6ymu 00’€cOHaHi 8 0OHY 3a2aNbHY
Memooonoeito cepmugpixayii aHmuKopo3IHHUX CROTYK.

Kniouoei croea: koncmpykyis nimaxa, 6moma, Kopo3is, npo@inakmudni noKpummsi.

M. Karuskevich, T. Maslak, O. Lynnyk, V. Oleksiuk

ESTIMATION OF NEGATIVE SIDE EFFECTS CAUSED BY THE
CORROSION PREVENTIVE COMPOUNDS

Summary The paper presents requirements to procedure of examination of negative side effects
caused by the corrosion preventive compounds or any surfactants used in aviation. It is shown that the negative
influence on the fatigue of aircraft components should be analyzed on different stages of fatigue and at different
scale level. Three aspects of the general methodology are discussed: influence of surfactants on initial stage of
fatigue, known as the Rebinder effect, influence of the surfactants on crack propagation, and reduction of fatigue
life of riveted joints as result of the reduction of friction between the sheets of skin. It is shown that all three
approaches must be combined in one generalized methodology for the certification of corrosion preventive
compounds.

Key words: aircrafi structures, fatigue, corrosion, preventive compounds

Introduction. Despite the progress in the development of new constructional
materials and improvement of the maintenance procedure, corrosion continues to be a
widespread and costly issue for airplanes. Due to the increase of the planes service life the
issue gets more evident and dangerous.

The use of Corrosion Preventive Compounds (CPCs) reduces the risk of the
unexpected failure caused by corrosion damage, but the questions arise about probability of
CPCs possible side negative effects on aircraft components’ fatigue.

The wide range of CPCs on the market makes the problem of the CPCs universal
testing more and more important, but relevant published information has very limited
character.

Aircraft fatigue phenomenon currently is analyzed at different scale level and at the
different stages of fatigue. Thus the same approaches should be used for the analysis of the
side effects of CPCs application.
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The interaction of CPCs with metal components will be discussed below in terms

of: a) CPCs influence on dislocation processes at the initial stage of fatigue (Rebinder effect);
b) CPCs influence on crack propagation; ¢) CPCs influence on the redistribution of forces in
aircraft rivets components.

How to reveal Rebinder effect in the CPCs environment. Rebinder effect [1] is
known as the decrease in mechanical properties which sometimes accompanies the absorption
from solution of such surface active agents as the long-chain fatty acids, alcohols and amines.
The surface-active agents, lowering the surface energy of the metal, contribute to the
emergence of plastic shear.

If the metal fatigue is considered, the Rebinder effect manifests change of
correspondent dislocation structure of the surface layer as well as acceleration or deceleration
of the damage accumulation process.

At National Aviation University the methodology of fatigue damage assessment
based on quantitative analysis of the surface deformation relief has been developed [2]. The
deformation relief have been observed and analysed on the surface of alclad aluminium alloys
DI16AT, V95, 2024T3, 7075T6. The methodology relies on the possibility to measure
intensity of the deformation relief (damage parameter D) by the computer aided light
microscopy technique.

The evolution of the relief intensity with the indicated damage parameters D is
presented in Fig.1.

Figure 1. Evolution of the deformation relief under fatigue under the 6,,,,,=147 MPa; R=0; 400*: a) 15200
cycles, D=0,042; b) 30000 cycles, D=0,136; ¢) 47300 cycles, D=0,208; d) 100000 cycles, D=0,296; ¢) 258000
cycles, D=0,427; f) 711000 cycles, D=0,543

Pucynoxk 1. EBonrowtist sedpopmariitHoro pesibedy mpu BTOMHOMY MOIIKOKEHHI PH Gpa =147 MPa; R=0; 400™:
a) 15200 uumkinis, D=0,042; b) 30000 unknis, D=0,136; c) 47300 wuknis, D=0,208; d) 100000 uuknis, D=0,296;
¢) 258000 rwknis, D=0,427; f) 711000 mukmis, D=0,543

Despite the existence of some other advanced methods of nondestructive inspection
of the metal surface, for example atomic force microscopy, scan microscopy, non-contact
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interference profilometry, the two dimensional images of the deformation relief and the
correspondent damage parameter D are considered as primary characteristics of surface
damage under fatigue. It was proved that the evolution of deformation relief is sensitive to the
stress amplitude, stress ratio, sequence of loading, etc. so it can serve as reliable indicator of
accumulated fatigue damage for components made of alclad aluminium alloys and for fatigue
Sensors.

Thus, to reveal influence of the CPCs or any surfactants on initial stage of fatigue the
monitoring of the damage relief of the component covered by the CPC should be conducted.
The strain-stress state of the specimen under the laboratory loading must be as close to the
operational condition as possible.

How to reveal CPC influence on fatigue crack. Damage tolerance concept in
aviation industry assumes the origin and propagation of fatigue cracks. That’s why there is
strong necessity to know all factors that affect cracks. Analysis of researches in which
aviation materials and components, treated by CPCs were tested, proves the probable harmful
effect on fatigue crack propagation rate. For example, the paper [3] presents the results of
crack growth measurements conducted on aluminum alloy 2024-T351 samples, in normal
laboratory air, distilled water and an oily film CPCs commonly used in the aerospace
industry.

Samples subjected to medium under high stress fatigue in the CPCs environment
exhibit an increase in crack growth rate of the order of 20%, compared to about 7% increase
in distilled water. The influence of the environment is mainly seen as a change in the Paris
coefficient C, with negligible change in the Paris exponent “#”. Authors of the paper consider
some mechanisms by which the presence of CPCs increases crack propagation rates and
recognize as necessary the further researches covering a wider spectrum of load levels, stress
ratios, frequencies and materials.
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Figure 2. Fatigue crack propagation rate in different environments [3]

Pucynok 2. l1IBuaxicTe po3MmoBCIOIKEHHS! BTOMHOI TPIIIMHY B Pi3HUX ceperoBuIIax [3]

The test technique used by authors of the paper [3] in our opinion might be improved
to make the impact of PCPs more evident and argued.

It is well known that number of cycles to crack initiation is a random value. As the
damage accumulated before the start of the crack influences the rate of the further damage and
fracture, the impact of the CPCs might be hidden or not evident. In our opinion it is more
efficient to input CPC on the stable phase of crack growth. To prove this procedure concept
the special experiment has been conducted. We have tested specimens of D-16AT alloy
(analogue of 2024 T3) shown in Fig. 3.
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Figure 3. Specimen for fatigue crack growth measurements

Pucynok 3. 3pa3ok i BAMipIOBaHHS POCTY BTOMHOT TPiLlIMHA

The specimens have been tested under the maximum stress 100 MPa and stress ratio
R=0. The frequency of loading is 11 Hz. The hydraulic machine MUP-20 was used for the

loading.

At the first stage of test the specimens without surfactants covering have been tested.
Results of the crack propagation are presented in Fig.4. No changes of the crack rate are

observed.
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Figure 4. Fatigue crack growth in the specimen without surfactant treatment

PucyHok 4. Pict BToMHO{ TpilMHU B 3pa3Ky 0e3 NOKPUTTS MOBEPXHEBO-aKTUBHOIO PEYOBHHOIO

Let’s consider then the results of the examination of the CPC DINITROL AV25
influence on crack propagation (fig.5).
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Figure 5. Crack growth before (crack length <2.0 mm) and after (crack length > 2.0 mm) the covering by
DINITROL AV25

PucyHoxk 5. Pict BToMHOI TpitmuHYT 10 (T0oBXHUHA TpimuHA < 2.0 MM) Ta Ticis (I0BXKUHA TPIilwHA > 2.0 MM)
HaHeceHHst DINITROL AV25

The CPC was applied at the process of crack growth, when the crack reached 2 mm
length. The number of cycles was 127200 and the rate of growth was correspondent to the
stable propagation stage.

As it is seen from the Fig. 6 the application of DINITROL AV25 has no negative
effect in the described conditions of the loading.

This result unfortunately can not be extended to all surfactants. The following test
has proved the necessity of examining. The solution of oleic acid, CH3(CH,);CH in glycerine
has been applied as a standard surfactant .

As it is seen in Fig. 6, after the covering of the 2.0 mm crack by the glycerine
solution of the oleic acid at 120700 cycles of loading, the rate of the crack propagation
considerably increases, thus the negative effect is evident.
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Figure 6. Fatigue crack propagation before (area A) and after (area B) the covering by the oleic solution

Pucynok 6. Po3noBcromkeHHsI BTOMHOT TpiluHY 10 (IiistHKa A) Ta michs (miyisiHka B) HaHeceHHS oeiHOBOTO
po3unHy

Thus, the proposed procedure allows examination of the surfactants’ side negative
influence on fatigue fracture process and might be used under certification test of CPCs.

How to reveal CPC influence on the redistribution of forces between riveted
components. Some tests performed in different countries have demonstrated the negative

43



BICHHMK TEPHOITIJILCBKOI'O HALIIOHAJIBHOI'O TEXHIYHOI'O YHIBEPCHUTETY. Ne3 (79) 2015

effect of the CPCs on the fatigue of the riveted structural components. Similar tests have been
carried out at the National Aviation University in Kiev in the 1980th and in the Great Britain
[4], Holland [5], Australia [6].

In the research [7] the specimens were subjected to constant amplitude fatigue
testing. Two CPCs used to prevent aircraft corrosion were applied. The results showed that
the application of CPCs reduced the fatigue life of single lap joints. The greatest reduction
occurred when the joints were tested at intermediate load levels and at the upper bound of the
low load levels; a reduction factor of two or more was found. At high and low load levels, less
reduction in fatigue life was observed.

Some possible mechanisms of the phenomena have been discussed. A major factor in
this drop of fatigue life could be the reduction of friction due to the lubricating properties of
the compounds. The reduction in friction between connected sheets would cause more load to
be transferred through the rivets. Such a change in load transfer mechanism would explain the
changes observed in the fatigue of the joints. The change in friction determined by high
penetrating property of CPC.

The examining of the friction reduction effect can be performed by special tests
simulating rivet joints. The drawing on fig.7 shows how to simulate rivet joint and measure
friction between sheets of metal.

The presented specimen simulates two rows lap splice. Instead of circular holes for
rivets the openings were made so that to provide mutual displacement of the sheets and
instead of rivets the bolts are installed. The force of axial drawing-up of bolts is controlled by
special calibrated torque wrench spanner so that the axial load corresponds to that produced
by the rivet.

The model of the rivet joint is subjected to the slow loading with registration of the
force correspondent to the displacement of the sheets from initial mutual position. In fact
measured force is a force of friction dependent on the characteristics of CPC penetrated into
the crevice between the sheets.

By this simple test it becomes possible to find out the CPC which causes the negative
effect on the fatigue strength of riveted joints.

Figure 7. Simulation of riveted joint to measure friction between sheets of aircraft skin.

PucyHnok 7. CxemaruuHe 300pa)XeHHsI 3aKJICTIKOBOTO 3’ €THAHHS 11l BUMIPIOBAHHS TEPTS
B JIMCTaxX OOIIMBKY JiTaka

At the first stage of research three series of test have been conducted. In the first test
the model of rivet joint without treatment was subjected to the loading. In the second test the
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model was loaded after treatment by DINITROL AV-25, in the third test the model was
treated by well known greasing Ciatim-201.
The results are presented in the Table 1.

Table 1.
Results of the friction measurement in riveted joint
Number of test Average value
Treatment 7 3 3 y, 5
No treatment 4.93 5.11 4.57 6.76 8.24 5.922
DINITROL AV 25 458 | 3.01 | 2.82 2.82 2.83 3.212
Ciatim-201 391 | 463 | 3.52 3.83 3.80 3.938

As it is seen from the table the method proposed allows investigation of the friction
in the model of rivet joint when the different surfactant penetrate into the gap between the
sheets of metals.

As the friction is one of the main factors that influences the redistribution of the
forces between the components of joint, by the measurement of friction it is possible to select
appropriate covering.

Conclusions. As the corrosion remains to be one of the most dangerous damage of
the aircraft, the new generations of CPCs are expected to be under inventions and
implementations.

The chemical composition of some CPCs allows their classification as surfactants.
Interaction of surfactants with metal components can lead to the negative side effects both at
the stages of crack initiation and propagation, thus the examination of the CPCs influence on
fatigue becomes actual. Another factor that becomes harmful in some conditions is the
lubricating property of the CPCs, which together with easy penetration into the crevices can
change the friction between the joined by rivets components and influence fatigue strength.

For alloys covered by the aluminium layer the influence on initial fatigue stage can
be revealed by the analysis of surface deformation relief as an indicator of accumulated
fatigue damage.

For the examining of the CPCs influence on crack propagation the CPCs should be
used directly under the loading. It allows investigator to ignore fatigue scatter.

To reveal CPCs influence on the fatigue properties of riveted joints instead of
numerous fatigue tests the measurements of the forces of friction in the CPCs environments
can by conducted.

Altogether these three procedures allow correct preliminary selecting of the
corrosion preventive compound for aircraft structures.
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