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Anomauin. B cmammi npedcmagneni eumozu 00 npoyedypu OYiHKU He2AMUBHUX HOOTUHUX
egexmie, CHPpUUUHEHUX 3ACTNOCYBAHHAM AHMUKOPOSIUHUX CNOAYK aO0 THUMUX NOBEPXHEB0-AKMUBHUX
peuosun, aKi 3acmocogyromscs 6 asiayii. Iloxazano, wo HecamueHuli 6NIUE HA BMOMY KOHCMPYKYIl
qimaka mae Oymu npoaHanizoeanull Ha PisHUX CMAOisX 6MOMU MA HA PIZHUX MACUWMAOHUX DIGHSX.
Poszenauymo mpu acnexmu 3a2anvHoi Memooonozii: 6niue NoGepPXHEB0-AKMUBHUX PEHOBUH HA CMAOil
3apPOO0dCEeHH BMOMHUX MPiWUH, 8i0oMull K ehexm Pebindepa; 6niug nosepxneso-akmusHuxX peuouH
Ha4 WBUOKICMb  PO3NOBCIOONCEHHA BMOMHUX MPIWUH, 3MEHUIeHHA B8MOMHOI  008208iYHOCI
3aKIENKOBUX 3 EOHAHD 5K Pe3YNbMam 3MEeHWeHHs CUll mepms mioc aucmamu oouwuexu. Iloxkasamno, wo
6ci yi nioxoou Modxcyme Oymu 00’€OHAHI 8 O0O0HY 3d2albHYy Memooono2iio cepmuirayii
AHMUKOPO3IUHUX CNOTIYK.

Introduction. 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.

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.

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
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 presented

in the fig.1.
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Fig. 1. Evolution of the deformation relief under fatigue under the 6,,5=147 MPa, R=0; 400"; a)
15200 cycles, D=0,042; b) 30000 cycles, D=0,136; c) 47300 cycles, D=0,208; d) 100000 cycles,
D=0,296; e) 258000 cycles, D=0,427; f) 711000 cycles, D=0,543.

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.
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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.

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 [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.

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.

The specimens of D16 AT alloy have been tested under the maximum stress 100 MPa
and stress ratio R=0. The frequency of loading 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.
No changes of the crack rate are observed.

Let’s consider then the results of the examination of the CPC DINITROL AV25
influence on crack propagation (fig.2).
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Fig.2. The crack growth before (crack length < 2.0 mm) and after (crack length > 2.0 mm) the
covering by 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.2 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(CH2)7CH in glycerine has
been applied as a standard surfactant .

As it is seen in fig. 3, 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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Fig.3. Fatigue crack propagation before (area A) and after (area B) the covering by the oleic
solution

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
effect of the CPCs on the fatigue of the riveted structural components [4-7].

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 examining the effect of friction reduction can be performed by special
tests simulating rivet joints. The drawing on fig.4 shows how to simulate rivet joint and
measure friction between sheets of metal.

i

Fig. 4. The simulation of riveted joint to measure friction between sheets of aircraft skin.

The presented specimen simulates two rows lap splice. Instead of circular holes for
rivets the openings 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.

At the first stage of research three series of test have been conducted. In first test the
model of rivet joint without treatment was subjected to the loading. In the second test the
model was loaded after treatment by DINITROL AV-25, in the third test the model was
treated by well known greasing Ciatim-291.

Results presented in the table 1.
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Table 1. Results of the friction measurement in riveted joint.

Treatment Number of test Average value
1 2 3 4 5

No treatment 493 |511 |457 |6.76 8.24 5.922

DINITROL AV 25 458 |3.01 (282 |282 2.83 3.212

Ciatim-201 391 [463 |352 |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. The chemical composition of some CPCs allows their classification as
surfactants. Interaction of surfactants can lead to the negative side effects both at the stages of
crack initiation and propagation. Another harmful factor is the lubricating properties of the
CPCs, which together with easy penetration into the crevices can change the friction between
the joined components and influence fatigue strength.

For covered by the aluminium layer alloys 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 selection of the corrosion
preventive compound for aircraft structures.
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