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The paper presents results of experiments concerning the assessment of the texture effect on scuffing resistance. The results
showed that texturing causes an increase in scuffing resistance. In addition, textures showing lower surface energy and having higher

volume were found to form surfaces more resistant to scuffing.
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Introduction

The term ‘scuffing’ describes sudden damage and failure
in friction pair. It results from a series of phenomena occurring in
friction pair and causing irregular fluctuations of friction force. The
reasons for changes in friction force can be of different character,
but that of adhesive nature is the most frequent and are con-
nected with the approach of surfaces interacting due to the action
of external forces [1]. Adhesive bonds are to be treated as a phys-
ical phenomenon of combining materials of friction pair through
the original division boundary. Mutual solubility of metals, type of
metallic bonds and power phenomena, e.g. exceeding the po-
tential energy barrier caused by the action of force, heat or pas-
sage of current, are of importance here. The intensity of scuffing
is also affected by such factors as a dynamic increase in tem-
perature or changes in the kinetics of friction pair. These factors
show that scuffing is a very complex process [1,3].

The presence of a stable layer of oil film or of a boundary
layer separating the mating elements of friction pair is one of the
most effective ways of preventing the escalation of adhesive
forces . It can be achieved by a suitable choice of lubricating
agent providing stable boundary layers or by a proper preparation
of the construction of friction pair [7,8,9,10,11]. The paper aims at
assessing the effect of texturing on scuffing resistance together
with changes in surface energy caused by this texturing.

Modern technologies, especially those providing the ef-
fect of concentrated energy flux on materials, make it possible to
shape a material on a micron scale. Considering the shaping of
the surface, such a process is called surface structuring. Texture
is one of the characteristic surface structures. Surfaces contain-
ing separated regular areas which can be described by geomet-
rical, physicomechanical or physicochemical parameters , unlike
the rest of the layer , can be treated as surfa ces with texture [2].
Areas forming texture result from the use of technology or mate-
rials different from those used for the rest of the surface. Condi-
tions of lubrication are improved by the presence of texture in a
natural way because irregularities of surface, especially regular
cavities, make containers of lubricant. It can be used when lubri-
cant supply disruptions occur. Moreover, as shown in a number
of papers [4,5,6] under certain conditions of load properly shaped
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textures can generate an additional aerodynamic lift, which
makes the operational range of parameters of friction pair wider.

Texture changes the surface energy value of an element.
Therefore, wherever high adhesion of liquid to the surface is nec-
essary procedur es decreasing surface energy are used, e.g. in
printing industry the texturing of surfaces of printing rollers makes
the distribution of printing ink as well as the distribution of a lubri-
cating agent in friction pairs under lubrication easier [9,10,11] . It
can then be concluded that texture, surface energy and lubrica-
tion are closely related. Thus, the recognition of the dependence
of the effect of texture parameters and changes of surface en-
ergy accompanying them on the course of scuffing is the import
ant problem to be solved.

Materials and methods

Investigations of scuffing resistance for samples with tex-
tured surface were carried out under the conditions of friction with
paraffin oil lubrication done by a Falex T-09- type tribological
tester.

sample

)
counterspecimenn - \E‘

Fig.1 Diagram of friction pair in a Falex T-05-type tribological
tester

The friction pair in the tester (Fig.1) consists of a sample
in the form of a roller made of 40H steel which is attached to the
drive shaft by a copper pin and clasped by two counterspecimen
in the form of prismatic blocks placed in the arms of the head
lever.
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During the investigation a gradual increase in the tension
force of springs which load the head lever. Prismatic blocks in
them clamp with a higher and higher force on the sample rotating
at the constant speed of 290 r.p.m. The result of the investiga-
tions consists in giving friction resistance which is the value of a

nt of the report documenting textures carried out on the tang of the testing mach
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force at which the copper pin is sheared, whereas in the absence
of scuffing the highest load value of samples occurs. The course
of the test is controlled by a computer which records the course
of load and friction force in the time function.

Table 1 Putting together of parameters tangs (of samples) applied in examinations
No. Diameter cavities / depth Distance cavities Blackening degree Surface energy The volume of the cavities one / all
Sample [um] [um] [%] [mJ/icm?] 102 x mm?
1 140/15 190 41 56,7 0,23/ 1081,6
2 100/15 180 25 60,9 0,117/707
3 80/15 165 18 63,6 0.075/747

Specials samples, steel 40H arbors exposed to heat
treatment up to the hardness of 45 HRC, were prepared for ex-
periments . Next, arbors underwent laser texturing [2,7,8]. For
texturing a TruMicro 5235c¢ impulse laser emitting the radiation
of the wave-length of 343 nm with galvo optics (SCANLAB SFO
6000 with lens of the focal length of 160 mm) was used. The fol-
lowing parameters of the process: mean power of 5W, 400 kHZ
frequency , impulse time of 6.2 ps, band advance rate of 100
mm/s were considered. The HATCH PARALLEL procedure with
a decreasing diameter was repeatedly used to obtain individual
cavities. A definite series of cavities was made on the side sur-
face of the roll, and, then, the revolution of the arbor at a given
angle followed, and the cycle was repeated until the complete cir-
cuit of the arbor was fulfilled. The shape of cavities and their ge-

ometrical parameters were determined on the basis of measure-
ments taken using a HIROX KH - 8700 microscope. Fig. 2 gives
a model report being evidence of textures made on the tester

The value of free surface energy of construction al mate-
rials is determined in the intermediate way using the measure-
ment of wetting angles with selected testing liquids. As testing
liquids distilled water and diiodomethane were used to measure
the wetting angle. The following values of constans of free sur-
face energy of testing liquid and its polar and u-mode compo-
nents were taken: yw=72.8 [mJ/m2], yP4=51.0 [mJ/m2], y4,=21.8
[mJd/im2], v¢=50.8 [mJ/im2], yP4=2.3 [mJ/m?], y4=48.5 [mJ/m?]. A
micropipette of 5 pl constant volume was used to put testing lig-
uid on the surface under investigation
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One of the most popular methods of determining free sur-
face energy is that by Owens — Wendt[19, 20] in which free sur-
face energy is treated as a sum of two components: u-mode and
polar:

d
Vs=Vs V5 (1)
where: yds—u-mode component of free surface energy,
yPs — polar component of free surface energy.
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where: ya — free surface energy of diiodomethane, yds—
u-mode component of free surface energy of diilodomethane, yPq
— polar component of free surface energy of diiodomethane, yw—
free surface energy of water, ydv— u-mode component of free sur-
face energy of water, yPw— polar component of free surface en-
ergy of water, @s— angle wetted with diiodomethane, ©w— angle
wetted with water. The results obtained are given in Table 1.

Results and discussion

The results of measurements of contact force at which
scuffing occurred (scuffing force) every time was related to the
result obtained for samples without texturing. Values obtained as
a mean of three measurements were considered in the analysis.
Fig. 3a shows a model course of the experimental run whereas
the diagram gives a list of mean values of scuffing force.
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Fig. 3 a) model course of the experimental run, b) results of investigations of scuffing resistance
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Fig. 4 Dependence of scuffing resistance on a) surface energy b) volume of texture cavities

According to the list of results given in Fig. 3b and Table
1, an increase in scuffing force is accompanied by an increase in
the blackening degree of the surface. Considering the results
shown in graphs in Figs 4a and 4b scuffing resistance was found
to decrease with an increase in surface energy but to increase
when the volume of cavities increases. An excess of the energy
barrier of linkage by these samples accounts for a decrease in
the value of scuffing force for samples of higher energy state
(lower degree of blackening) [1],[3]. An increase in oil volume in
cavities can imply the appearance of hydrodynamic effects pre-
venting the formation of adhesive bonds , which increases scuff-
ing resistance. The effect of the volume of cavities on scuffing
resistance will be investigated In more detail In the experiments
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to come. The effect of the depth of an individual element of tex-
ture will be given particular attention in them. It is to be stressed
that the results obtained refer to the contact lubricated with par-
affin oil which does not react with the surface and does not form
stable boundary layers.

Conclusions

Considering the results presented, the following conclu-
sions can be drawn:

1. In friction pairs lubricated with paraffin oil texturing in-
creases scuffing resistance ; the value of scuffing force increase
was from 43 to 59% in the investigations presented here.

2. The higher the scuffing resistance of friction pairs un-
der texturing, the lower the surface energy. 3. An increase in
the volume of texture cavities increases scuffing resistance.
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Anmouwescbkull b., Keneybkuti mexwiyuti yHigepcumem (lMonbuwja)

JocnidxenHs cmilikocmi 0o cmupaHHs eneMeHmie na3epHoi mekcmypu

Y cmammi npedcmagieHi pe3ynbmamu eKkcnepuMeHmig no OUiHUI 8niugy MeKcmypu Ha onip cmuparHio. Pesynbmamu no-
Ka3asnu, Wo mekcmypysaHHS 8UKIUKae 36ibLueHHs onopy cmupanHio. Kpim mozo, by1o 8useieHo, Wo mekcmypu 3 MEHWOH noge-
PXHEBOK eHepeiero ma maki, Wo mMarome binbuwuli 06'em, hopmyromb nogepxHi, binbw cmitiki 0 cmupaHHs.

Knroyoei cnosa: cmupaHHs, mekcmypysaHHs, 1as3epHa Mikpoobpobka.

[ata HagxomxeHHs fo peaakuii: 16.09.2019

BicHuk CymcbKOro HauioHanbHOro arpapHoro yHiBepcurteTty

Cepisa «MexaHizauia Ta aBToMmaTusauis BUpO6GHMYMX NpoueciBy, Bunyck 4 (38), 2019


http://spie.org/app/profiles/viewer.aspx?profile=KPIDZX
https://doi.org/10.1007/978-3-319-93587-4_40

