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TRIBOLOGICAL RESEARCH ON THE PROCESS OF
WEAR OF A FRICTION PAIR «CABLE BLOCK -
ROPE>» CONSIDERING ROLLING SLIPPAGE

D. Marchenko, candidate of technical sciences
Mykolayiv National Agrarian University

Tribological studies conducted wear of the friction pair «cable block -
rope», including rolling with sliding. It was found that wear does not depend
on the hardness of the contacting surfaces at least by 5% slip. With the
reduction of the surface roughness the coefficient of friction for the surfaces
with grease decreases. It is shown that the slippage of up to 2%, a sharp
change in the coefficient of friction, after which it remains almost flat due to
the spread of slip on the entire contact area. Bearing strain increases with
increasing slip, if the shear stresses are sufficiently large.

Key words: pair of friction, slipping, rolling motion, crumpling,
coefficient of friction, rolling-off by a roller.

Introduction. In the process of the contact interaction of
bodies the state of the friction surfaces is influenced by many
factors which should be considered when evaluating the options of
trybological system on the point of identification of the processes
and mechanisms of wear. The main factors are: physical and
mechanical properties of materials and their interaction (hardness,
structure, pressure, etc.), geometric properties of the contact
surfaces of friction (deviation from form roughness that determine
the speed of sliding friction behavior of friction pair, etc.) and
environment of friction surfaces (temperature, humidity, presence
of lubrication, etc.). Therefore, elucidating of the wear in the rolling
considering slip is an important task for improving the durability
of tribotechnical characteristics of contacting surfaces, such as a
friction pair «cable block — rope».

Research methodology. To determine the rate of wear in
the slip the method for determining the rate of deterioration in
variable contact area and in accordance with the contact pressure
changes — the so-called method of holes was improved. In this
method, the change of the area of trybological contact is achieved
by the formation of holes of wear by a rotating disc or cylinder on
the surface of the sample. Method of holes is used in Spindles,
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Konvisarova, Skoda-Savin machinery according to standards
ASTM G77-91, G83-90 and others. Usually when tested by this
method durability rating is executed by volume, area or length of
the chord holes of wear obtained over time. This made it impossible
to compare the wear resistance of materials, measured on machines
with different disk size and shape of the sample.

In the process of the growth of the hole, the area of friction
increases and reduces the rate of wear. Putting in accordance
instantaneous contact pressure and instantaneous wear rate we
obtain the rate of wear curve depending on pressure [1].

To measure the depth of the hole the precise expensive
equipment is necessary which allows automatically take into
account the disturbance made by heating, beating, changes in
roughness, wear of disc. To measure the length of the hole, in
many cases sufficient accuracy is 0,1 mm, so these tests can be
performed on almost any machine of friction. To calculate the rate
of wear and building the graphs of wear rate of wear depends on
the pressure source depending on the length of the hole on the
way of rubbing or number of turns. Methodology of research was
worked out by means of research methods.

Fig. 1. Tribometer conjunction TRB - S - DE

For tests to determine tribotechnical characteristics we used
a tribometer TRB - S — DE (Fig. 1), which was measured using
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such parameters as friction coefficient of accuracy (0,01), the
friction force, friction profilograph trace and conducted continuous
measurements of wear depth (profile trace) using dry friction in
the presence of lubricants with automatic calculation of the rate of
wear of working elements of tribometer and sample of tribological
conjunction «drive - sector».

The degree of wear of the samples (Fig. 2, a) was calculated by the
software of tribometer, based on the volume of material lost during
the study with a graphical display of the results (Fig. 2, b).

Fig. 2. Samples for tests (a) and graphical representation of
the results of research on tribometer TRB - S — DE (b)

Special feature of this device is that the pin or flat surface area
of the working element of tribometer is applied to the surface of
the sample with the required load and angle and during the test
is determined by the coefficient of friction due to elastic deflection
lever of tribometer, and value the effort accurately measured.
Vertical movement of the lever tribometer TRB — S — DE, controlled
by special sensitive sensor in tests directly related to the depth
point of contact wear. Also, the control parameters of such tests
as rolling and sliding speed, frequency, contact press (in Hertz
contact stress) as well as the parameters of time and environment
(temperature, humidity and the presence or lack of lubrication) to
simulate actual working conditions for working media on the wear
of the material in real time.

Tests are conducted in accordance with DIN 50324, ASTM
G99 «Standard Test Method for wear Testing with a Pin-on-Disk
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Apparatus», as well as standards ASTM G 133, ASTM D 3702,
ASTM D 5183, ASTM D 4172 and ASTM D 2266.

Tests with constant friction factor have this advantage over some
tests with constant slip: first, when tested with a constant factor
change of the diameter of the samples was not greatly reflected in
the slip, and secondly, the fall of the coefficient of friction in them
when changing external conditions automatically compensated by
an increase in slip and provides a more stable amount of wear
rate than the tests that have maintained a constant slippage: an
increase in humidity or air pollution in the latter case causes a
decrease in the coefficient of friction and wear rate respectively [2].

The tests of the samples being rolled with the slip were
conducted on a wear machine MI the top shaft of which was able
to rotate, and was returned about a vertical axis at an angle of
5°, which provided lateral slip about 10% of that observed in the
friction pair «cable block — rope». To measure the wear weight loss
of samples used VLR - 200.

The results. When using friction pair «cable block — rope»
because of moving and inhibition longitudinal slip occurs, which is
several times more than the cross.

Contact-fatigue damage of material at the contact interaction in
real tribosystem can not only decrease with the increase of friction
and respectively, equivalent stress, but may also increase. Fatigue
damage of contact depends to a greater extent not only on the
initial stress-strain state of contact, nor from the average stress-
strain state, which is achieved by the time of appearing of contact
fatigue crack but depends on heterogeneity of plastic deformation,
which is created before the inception of contact-fatigue damage i.e.
heterogeneity of residual stress field that is created in the contact
fatigue until reaching the limit of slander [3, 4].

The speed of scrolling does not affect the results of
determination of boundary-contact fatigue endurance. When
rolling with longitudinal slip the leading and lagging rollers have
different size of slip.

Likewise plays an important role in the mechanism of slip
for internal or external rolling as contact pressure in this case
is not defined by the Hertz formula (with internal rolling), then
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the method of equivalent pliability can be applied. Also there is
difficulty in kinematics rolling with the flow balance in the tangent
direction [5].

In the process of deterioration increases the size of the hole and
the surface area of friction increases on the upper stationary roller,
contact pressure is getting lower and thus the speed of wear. The
coefficient of friction in the transition from sticking to the plastic
smoothing of microscopic and then to oxidative deterioration vary
very slightly, as determined by the critical pressure point sharp
decrease in the rate of wear.

When the steel samples 20, 25L, 35L run-rollers, surface
hardness HV 10 which was 235...272 were tested on the friction
machine MI, the dependence of wear slip at different load was
determined (Fig. 3).

Found that wear actually depends on the load, but depends

only on the slip.
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Fig. 3. Dependence of wear slip under load:
1-350H2-H5003-650H

In the case of rolling with longitudinal slip, equal to 10% of the
friction surface become brown color, typical of oxidative deterioration.
When cross-slip surface layer due to lateral plastic flow continuously
updated. In longitudinal slip surface areas and products of wear,
moving along the circle skating, interact repeatedly, increasing the
role of corrosion during wear. Speed oxidative deterioration was
dependent on the hardness of steel, so the impact of hardness on
the results of experiments with longitudinal slip offset that should be
considered when analyzing the results of a wear machine MI.
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This was determined dependence of the rate of wear of the contact
pressure in the simulation slip to 10% with samples of steel 35L run-
roller, surface hardness HV 10 which was 232 (Fig. 4).
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Fig. 4. Dependence of speed of wear on the pressure in contact with the sample of

run steel 35L rolled in the process of modeling slip:
1-2,5%;2-5%;3-7,5%;4-10%

Thus, one could argue that the slip to 10% speed deterioration is
almost independent of pressure or even decreases with its increase.

When changing operating conditions tribosystem wear rate may
change abruptly, thus changing the surface friction type, size, color
and chemical composition of the products of friction, that is a result
of the transition from one mechanism to the second wear.

Boundary layers of bodies or surface film, with their contact
during the rolling of the sliding friction coefficient reduce to 3 — 4 times
and thus the speed and intensity of wear. Therefore, by changing the
coefficient of friction may establish a process erase surface films.

Investigation of friction coefficient on the number of revolutions
of samples of steel 34HN1M conducted simulations slip to 10%, with
a load of 600 N. In this case, the test samples were subjected to the
running-in, surface hardness HV 10 which was 366, and after the
break-roller with a force of 12 kN, surface hardness HV 10 — 405 (Fig.
5). Lubrication samples occurred with the help of oil BOZ — 1.
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Fig. 5. Dependence of friction coefficient on the number of revolutions of samples
of steel 34HN1M from slipping to 10%:
1 - not run-sample without lubrication; 2 — sample run-through by roller without
lubrication; 3 - not run-of lubrication; 4 - sample run-through by roller with

The experiments showed that the number of revolutions
before the abrupt change in the coefficient of friction of the surface
of film is uniformly distributed; this explains the steady value of
friction coefficient, whose value is about 0,1. When you reach a
certain number of turns for the two samples without lubrication
(0,9 - 101 rpm — for no run-sample and 50 - 101 rpm - for a sample
run-through video) boundary layers bodies begin to lose their
properties change occurs multiple protective properties surface
layer, which is why there is a sharp change in the coefficient
of friction. It should be noted that the sample run-through
video that change faster that fast run-in, then set the constant
coefficient of friction, as is the balance of all processes (thermal,
physical, mechanical, chemical), and the friction surface formed
modified surface layers, which further define the mechanism of
wear. The coefficient of friction is about the two samples without
lubrication 0,45...0,48 and 0,2...0,21 and the second formation
of a surface film with intense separation products wear appears.
By means of rolling with break-rollers, which creates compressive
residual stresses in the surface layer, lead to reduced separation
of particles from the surface, thus reducing wear [6, 7]|. Similar
results were obtained when testing specimens strengthened by
car break-in method HZYP Skoda-Savin, as well as run-tested 45
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samples of steel cut from the shaft, the test which was conducted
on the wear on the spindle. According to these experiments, it can
be argued that the compressive residual stresses arising from the
from hindering wear [8].

Dependence of friction coefficient on the size of the slip was
conducted on the samples before and after the break-in break-roller
friction surface lubrication and without lubrication (Fig. 6). As oil used
Torsyol — 55 (GOST 20458 — 75), which is used for lubrication of cables,
at the speed of rolling samples of 31,4 m/min., made of steel 35 L.

As seen from the graph that the slip to 2% observed a
drastic change in coefficient of friction, then it remains almost
unchanged through the slip distribution on the entire contact
area. The obvious connection maximum value of the friction
coefficient of surface friction, as sudden changes in the coefficient
of friction for reinforced and strengthened specimens with and
without lubrication identified area (primed lines) when run-in
is faster for samples run-rollers (Fig. 6), as can be argued that
the surface roughness affects only at small slip (3%). If slippage
will not exceed 3%, as observed in the work of the friction pair
«cable block — rope» when presenting his break-roller will not be
significant damage to the surface of contact, since the coefficient
of friction is less than no break-roller.

7
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Fig. 6. Dependence of friction coefficient on the size of the slip:
1 - no run-sample without lubrication; 2 - sample run-through with
the roller without lubrication; 3 - not run-of sample with lubrication;
4 - sample run-through with a roller with lubrication
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Similar results were obtained when testing the wheel sets [1].
The author proved that increasing slip leads to an increase in work
hardening of the surface layer decreases the surface roughness
and friction, which reduces the crushing surface and thus wear
surfaces. In our case, with break-roller [9 — 11], this effect is
achieved faster, thus making the surface layer set tribotechnical
properties with reduced rates of wear.

Therefore, fig. 7 shows the dependence of the coefficient of friction
of the surface roughness of the samples before and after the break-
break-roller with grease lubrication Torsyol — 55.
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Fig. 7. The dependence of the coefficient of friction on roughness of surface:
1 - no run-sample without lubrication; 2 - sample run-through with
roller without lubrication; 3 - not run-of sample with lubrication;

4 - sample run-through with roller with lubrication

The graph shows that with the decrease of surface roughness the
friction for samples that have lubrication is reduced.

Conclusions. 1. In the process of contacting of surfaces with slip
less than 5% the wear does not depend on surface hardness, but by
changing the hardness of one of the surfaces of friction increased wear
on other surfaces should be considered. Surface roughness effect on
friction coefficient of friction and wear rate when rolling with slip, i.e.
with decreasing surface roughness decreases.

2. If the slip is up to 2% it is seen as a sharp change in friction can
be observed, after which it remains practically unchanged through
the distribution of slip on the entire area of contact.
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3. When rolling with a slip the main mechanisms is oxidative
deterioration and jam wear. Deformation jam increases with increasing
slip if tangent of pressure is rather large.
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A. 4. MapyeHko. Tpwnb6osoriyHi pgocnigxeHHsa npouyecy 3HOLWYBaHHSA
napm reprsa «KaHaTtHMi 6710k — KaHaT» Npu KOYEeHHIi 3 ypaxyBaHHSM npo-
KOB3yBaHHS.

lMpoBeaeHo Tpu6OOriyHi AOCIAXEHHS 3HOLYBAHHS Mapu TepTs «KaHaTHW
6/10K - KaHaT» npu KOYEHHI 3 BpaxyBaHHSIM POKOB3yBaHHS. BUSBIEHO, LLIO 3HOLLY-
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BaHHS riapy Tepts He 3a/1eXUThb BiJ TBEPAOCTI KOHTaKTYyYNX MOBEPXOHb 3 MPOKOB-
3YBaHHSAM MEHL HiXX 5%. 3i 3MeHLeHHSIM LWOPCTKOCTi MOBEPXHi Koe@ilieHT TepTs
AJ151 MOBEPXOHb, SKi MatoTb MaljeHHSs, 3MeHLYETbCS. loka3aHo, Lo MpoKoB3yBaHHS
A0 2% npn3BoaAnNTb [0 Pi3KOi 3MiHN KoeilieHTa TepTs, Mic/is 4HOro BiH 3a/IMLLIAETbCS
NnpakTNn4YHoO He3MIHHUM Yepe3 pOo3rMoBCHAXEHHS KOB3aHHS Ha BCIO MJIOLYy KOHTaKTY.
Jepopmayis 3mMmuHaHHs 36i1blWYETLCS NPU NigBNLLEHHI MPOKOB3YBaHHS, SKLO AO-
TUYHI HarpyxXxeHHs1 AOCTaTHbO BEJINKI.

36inbLeHHS MPOKOB3yBaHHS MNpn3BoANTb A0 MiABULLEHHS HaKJ/erny rnoBepxHe-
BOro wapy, BiabyBa€TbCsi 3MEHLIEHHS LOPCTKOCTI NoBePXHIi i KoepilyieHTy TepTsH,
LO NMpnU3BOANTL [10 3MEHLUEHHS 3MUHAHHS NOBEPXHI Ta 3HOLWYBAaHHS. B Halomy Bu-
nagKky, 3a AornomMoroo obkaTtyBaHHS POJIMKOM, LeN e@peKT [OCAracTbCs LWBUALIE,
rnpu LbOMYy CTBOPIOHOYM B NIOBEPXHEBOMY Lapi 3a4aHi TpnboTEXHIYHI B1aCTNBOCTI 3i
3MEHLIEHUMY MOKa3HNKaMu 3HOLIYBaHHS.

Knrouosi cnoBa: napa teptsi, NnpoC/in3aHHs, KOYEHHS, 3MUHAHHSI, KOe@ilieHT
TepTs, 06KaTyBaHHS POJIMKOM.

4. [. MapuyeHko. Tpnbosiornyeckne uncciegqoBaHns npoyecca M3Haliu-
BaHWA napbl TPEHNS1 «KaHaTHbIA OJIOK - KaHaT» nprn KavyeHun C y4YeToM
npocKasib3bIBaHHs.

lpoBeseHsbI TpM60ﬂOI’I/I‘-IeCKMe nccriegoBaHnsa wU3HallnuBaHWA rapbl TPpeHUs
«KaHaTHbI 6710K - KaHaT» npy KadyeHuun C y4eToMm rpocKasib3blBaHWs. YcTaHoBJ/1e-
HO, 4YTO U3HalunBaHune riapbl TpeEHUA HE 3aBUCUT OT TBEPAOCTN KOHTAKTUPYOLNX
I'IOBerHOCTeﬁ C rnpockasb3biBaHnem mMeHee 5%. C yMeHbLIEHMEM LIEPOXOBa-
TOCTHN TNOBEPXHOCTH KO3d)d)MLlMeHT TpeHnsa AJisd I'IOBerHOCTeﬁ, KOTOpblE UMEKT
CMa3Ky, yMeHbliaeTcsl. [loka3zaHo, YTO rpockasib3biBaHue A0 2% rpuBoANT K pe3-
KOMY U3MEHEHUIO KOBq‘)q‘)MLlMGHTa TPEHUNA, MNocCjie HEro OH OCTa€eTCA NpaKTu4ecku
Hen3MeHEHHbIM N3-3a PacripoOCTPaHEHUSI CKOJIb)XXEHUSI HA BCHO M/10Waab KOHTAKTa.
,ﬂequpMaLlMﬂ CMATUA YyBEJIMYNBAETCA T1PpU [O0BbILLEHUN [IPOCKa/ilb3bliBaHWsd, €CJ/in
KacarteJ/lbHbl€ Harips>keHusa 4OCTaTO4YHO BEJINUKN.

KnrouyeBble cnoBa: rapa TpPeHWs, [POCKasb3biIBAHNE, KadyeHue, CMSTUE,
KO3 uumeHT TpeHusi, 06KaTbiBaHNE POJIMKOM.
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