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Tension joints are used to transfer twisting moments and axial loads due to friction forces, which occur
on contacting surfaces as a result of their elastic deformation created by tension in assembly. During
operation, joints made of steel elements deteriorate due to fretting corrosion caused by alternating loads,
common for many types of machines and equipment. One of the ways to fight this condition is to apply
thin-layer polymer coatings. The paper presents the results of research in adhesion strength and the
static coefficient of friction of a thin-layer polyamide coating and polyamide-based composites on steel.
It is revealed that the best friction and adhesion properties are demonstrated by a polyamide composite
with 20-40% of mass fraction of red iron oxide. Its static coefficient of friction on steel is comparable to
the static coefficient of friction of steel on steel while adhesion to a steel surface on failure is 40% higher
than that of a pure polyamide coating.

TENSION JOINTS; POLYAMIDE COATINGS; ADHESION; STATIC COEFFICIENT OF FRIC-
TION; FRETTING CORROSION.

HanpstkeHHBIEe cCOeMMHEHUST UCTTONB3YIOTCSI, YTOOBI TTepenaTh KPYTSAIIMM MOMEHT U OCEBYIO Harpy3Ky
Oyiaromapst cujiaM TPEeHUsI, KOTOpbIe BO3HDKAIOT MPU KOHTAKTE C TTOBEPXHOCTSIMU B PE3yJIbTaTe MX
VIIpYTOii NechopMalivu, CO3AaHHOM KOMIUIEKCHBIMU HaTpsikeHUsIMU. [1py aKCIITyaTaluy COeTMHEeHUS,
M3TOTOBJICHHbBIC U3 CTAJIbHBIX JIEMEHTOB, YXYIIIAIOTCS U3-3a (PPETTUHT KOPPO3UU, BBI3BAHHOIM Tiepe-
MEHHOM Harpy3Koi, XapakTepHO 11 MHOTMX TUIIOB MalllMH 1 060opynoBaHus. OauH U3 crmocoOoB
OOpBOBI C 3TUM SIBJICHWEM — MPUMEHEHUE TOHKOCIOMHBIX MOJIMMEPHBIX MTOKPbITUIT. CTaThsl TIpe-
CTaBJIET PE3Y/IBTaThl UCCIeNOBAHMM aATe3MOHHOM MIPOYHOCTH U CTATUUECKOTO KO (DUIIMeHTa TpeHUS
TOHKOCJIOMHOTO TTOJIMAMUIHOTO TMTOKPHITHSI U KOMITO3UTOB Ha OCHOBE MOJIMaMM/Ia Ha CTaJIbHBIX COEIM -
HeHUsX. BbISIBJIEHO, YTO JIydlliue CBOWMCTBA TPEHUS M aAre3uu MMeeT MOJMaMUAHBII KOMITO3UT C
20—40 % macc dpakiuy KpacHOM oKKcH xeieda. Ero ctaTudeckuii Koa(pGUIMEHT TpEeHMS 0 CTaN
COTIOCTaBMM CO CTaTUYECKUM KO3(MMUIIMEHTOM TPeHUs CTaU 1O CTalH, B TO BpeMsl KaK anre3us K
CTaIbHOI TToBepXHOCTH Ha 40 % GoTbIlie, YeM y YUCTO MOJTMAMUIHOTO MTOKPBITHS.

HAITPAXEHHBIE COEIVUHEHWA; TIOJTMAMUIAHBIE TOKPBITUA; AATE31A; CTATU-
YECKUU KODPDPULIMEHT TPEHUSA; ®PETTUHT KOPPO3UA.

Introduction that appear on contact surfaces due to their elastic

It is common knowledge that tension joints are deformation created by tension in the assembled joint.

used to transfer twisting moments and axial forces Demountablfa tensionjoints'are ‘sirr.lple and casy
relation to each other is ensured with friction forces 1S known [1-3] that deterioration of such joints made
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of steel parts can occur earlier than the service life
has expired due to fretting corrosion which develops
because of alternating loads, common for a lot of
machinery. One of the effective methods both to
protect tension joints from fretting corrosion and to
repair damaged ones may be to use polymer materi-
als, in particular, polyamides.

It was believed earlier that if polymers are used in
tension joints, tension may disappear due to rela-
xation phenomena. However, for some polymers, for
example, polyamides, which belong to the group of
elastomers, the Poisson’s ratio is practically equal to
0,5, i.e. in terms of the classical theory of elasticity
they are practically an incompressible material. In
reality they easily deform due to plastic deformations
that occur without change of volume. If deformation
occurs while there is no capability for the material to
move, i.e. no plastic shears are possible, then deforma-
tion of polyamides can only happen thanks to change
in intermolecular distances, which requires consider-
able forces comparable to deformation for-ces of me-
tallic supra-molecular structures. Herein, such defor-
mation can be considered almost ideally elastic.

Accordingly, thin-layer polyamide coatings or
polyamide-based composite coatings can be applied
both to protect new tension joints from fretting-cor-
rosion and to repair damaged ones. So, the target of
the research is the new design of tension joints with
application of thin-layer coatings made of polyamide
or polyamide-based composites (fig. 1) to increase
durability and reparability of machine parts.

The objective of this paper is to conduct an ex-
perimental study of friction characteristics of thin-
layer (0.1 — 0.5 mm) polymer coatings made of dif-
ferent types of polyamides and to search for ways to
increase their static coefficient of friction on steel.
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Fig. 1. Application scheme of a polyamide coating for

tension joints: 7 — bush; 2— shaft; 3 — thin-layer polyamide

coating of the shaft; § — axial load; M, — external twisting
moment; ¢ — radial pressure in the contact area;

D — nominal bore diameter; L — length of the articulation
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Methods and Materials

It is known [4—6] that polyamides are widely
used in friction units of machines as antifriction
materials, since their coefficient of sliding friction
is rather low and their operating capabilities are quite
high [7, 8]. However, so far there has been no expe-
rience in applying thin-layer polyamide coatings in
tension joints, and traditional methods for increas-
ing friction characteristics by adding metal chips,
asbestos etc. [6] in polyamide cannot be used in this
case due to technological specifics of thin-layer
coatings application.

In order to assess friction properties of thin-layer
polyamide coatings, their static coefficient of friction
on steel was measured depending on the pressure in
the friction area. The range of 0,065—0,53 mm thick
coatings made of PA-6, PA-6/66, PA-68 polyamides
were used in the experiments.

The value of the static coefficient of friction was
measured on a “IR 5047-50-11" test machine. Sam-
ples with polyamide coating had been made. Force
was exerted through steel plates, which allowed creat-
ing pressure in the friction area up to 30 MPa. The
samples with the loader were fixed in the transverse
beam of the test machine and were affected by a
growing load, to the extent when the steel plates got
to slide on the polymer coating. A computer record-
ed the loading diagram.

Experiment Results

According to the results of the experiments, the
static coefficient of friction of the polyamide coating
on steel is not constant. It decreases as the pressure is
growing and, at the same time, it is 30—40 % lower
than the coefficient for the pair “steel-steel” (fig. 2).
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Fig. 2. Static coefficients of friction of polyamide on steel
and steel on steel
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The experiments have also revealed that the sta-
tic coefficient of friction of polyamide on steel de-
pends not only on the pressure in the friction area,
but also on how thick the polyamide layer is. In case
the thickness of the layer is decreased from 0,12 down
to 0,065 mm in the whole range of pressures from 1
to 30 MPa, it is observed that the static coefficient of
friction grows (for example, from 0,17 up to 0,25 at
the pressure of 1 MPa in the friction area and from
0,08 upto 0,14 at 30 MPa). In case the coating is more
than 0,12 mm thick, the static coefficient of friction
of polyamide on steel is constant (fig. 3).
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Fig. 3. Change in the value of the static coefficient of

friction of polyamide on steel depending on the thickness

of the layer. (The solid line is at the pressure of 1 MPa in
the friction area, the dashed line is at 30 MPa)

A lower static coefficient of friction of polyamide
on steel than that of the pair “steel-steel” gives evi-
dence that when thin-layer polymer coatings are used
in tension joints, a method must be found to increase
the static coefficient of friction of polymer on steel
with the use of different additives, i.e. by creating
composite mixtures.

a) Load b)

The use of polyamide coatings and polyamide-
based composites in tension joints can be limited due
to insufficient adhesion of the polyamide layer to the
steel substrate. So, measurements of the value of
adhesion were made, i.e. measurements of the ulti-
mate strength of the coating adhesion to steel by
simple stresses. There are a lot of papers dedicated
to adhesion of polymers to steel [11, 12, 15—17]. How-
ever, these studies have been made for polymer slide
bearings rather than coatings in tension joints.

Adhesion has been researched by a well-known
method of breaking a steel pin from the deposited
polymer compound [8]. The loading diagram and
general view of the test samples are given in figure 4.
The samples represent pivot 1, which finishes in a 3
mm pin. Disc 2 is planted on the pin with a sliding
attachment. The surface of the disc and the end of the
pin coincide. Polymer or polymer-based composite
is applied on the surface of the disc. In order to lower
friction between the pin and the hole of the disc, the
pin is covered with graphite lubrication.

The value of breaking stress of the end of the pin
from polymer was measured on a “IR 5047-50-11"
test machine. For this, the disc of the sample was
fixed in the clench of the machine transverse beam
and the pivot of the sample was exerted with a grow-
ing force to the extent when the pin broke off polymer.
At the same time a computer recorded the loading
diagram.

As applied to the operation conditions of polyam-
ide coatings in tension joints, adhesion properties to
steel of pure polyamide and polyamide-based com-
positions with lead oxide, red iron oxide and pow-
dered glass were studied.

9

Fig. 4. The loading diagram and general view of the samples for defining the adhesion value: I — pivot;
2 — disc; 3 — polymer coating; 4 — block stop
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According to the results of the experiment (fig. 5):

the value of adhesion on failure for a pure poly-
amide coating is about 35 MPa;

with the values of mass content of lead oxide up
to 20%, the value of adhesion of this composite to
steel practically does not change and can be defined
as 35 MPa and goes down dramatically if the content
is larger;

with the values of mass content of powdered glass
up to 15%, the value of adhesion of this composite to
steel grows by approximately 20% (up to 40 MPa) and
goes down if the content is larger;

with the values of mass content of red iron oxide
up to 30%, the value of adhesion of this composite
to steel grows by approximately 60 % (up to 50 MPa)
and goes down if the content is larger.
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Fig. 5. Change of adhesive characteristics of
polyamide-based composites depending on the type and
mass fraction of additives

The measured static coefficient of fraction of the
polyamide-based composite which contained 20% of
red iron oxide showed that its values coincided with the
corresponding ones for the pair “steel-steel” (fig. 6).
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Fig. 6. Change of the static coefficient of fraction of
polyamide based composite with 20% of red iron oxide on
steel because of pressure in the contact area
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Discussion of the results

According to the molecular-mechanical theory
of friction [14], friction force forms due to:

resistance to motion of one body towards an-
other due to interatomic and intermolecular interac-
tions in the actual contact areas of the bodies, i.e.
adhesion forces;

when solid bodies come in contact due to their
varying stiffness or their inhomogeneous properties
in different areas and due to varying stiffness of indi-
vidual micro-irregularities, stiffer elements penetrate
less stiff sections. As relative motion begins, more
solid sections deform the surface of one of the bodies.
Resistance forces, which occur at that time, can be
called deformation components of friction.

According to this theory, the coefficient of sliding
friction Jj, can be presented as:

_ Sa 4
n-%@+jvj,

where p, is the specific force of molecular attraction,
§ — area of actual contact, N — load, f; —the value

(1

of the coefficient of sliding friction as p,= 0.

Thus, when the load grows, the contact area re-
mains constant and the pressure in the friction area
grows, the coefficient of friction must decrease. The
intensity of this decrease depends on mechanical and
adhesive properties of the materials, which also affect
the intensity with which the surface area of actual
contact is changing due to a growing load.

The obtained results are confirmed with the data
from literature sources, according to which the coef-
ficient of sliding friction of polyamide goes down if
pressure grows in the friction area. For instance, [6]
for PA-68 polyamide the coefficient of sliding friction
changes from 0,15 at the pressure of 2,5 MPato 0,07
at 9,0 MPa, while for policaproctalam it varies from
0,250 0,15.

The results of the experiments confirm the as-
sumption [9, 10] that in case thin-layer coatings are
applied on steel substrate, strong compression strains
(up to 400 MPa) develop in 0,1 mm thick polyamide
layer which directly adjoins the steel surface. This
happens due to coordination bonds between iron
ions, which are part of red iron oxide and steel sub-
strate, and nitrogen atoms in polyamide hotmelt. As
a result, surface hardness grows dramatically and so
does the mechanical component in friction forces
and, consequently, adhesion increases. There are no
iron ions in lead oxide or powdered glass.
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Conclusions

1. The values have been determined experimen-
tally for the static coefficient of friction and adhesion
strength on failure of thin-layer polyamide and some
polyamide-based composite coatings on steel surfaces.

2. It has been identified that the static coefficient
of friction for the pair “polyamide — steel” is 40%
lower than that for the pair “steel — steel”.

3. It has been revealed how the effect of polyam-
ide coating layer thickness impacts the static coeffi-
cient of friction on steel. With coating thickness more

than 0,12 mm, the static coefficient of friction of
polyamide on steel does not change.

4. In case additives such as red iron oxide are
added to polyamide, a composite forms, whose adhe-
sion to steel is bigger than that of pure polyamide, up
to 50% of red iron oxide mass fraction. Adhesion
reaches maximum values of 50 MPa with red iron
oxide content of 30% in mass fraction.

5. In tension joints it is reasonable to use thin-
layer coatings consisting of a polyamide-based com-
posite with 20—40 % of red iron oxide mass fraction,
rather than pure polyamide.
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