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Abstract: Wear intensity of sliding friction couples contairing
different polymers (PA, POM-H and PTFE) is investigaéd. The
friction couples have been tested when lubricated ith rapeseed
oil, mineral oil SAE 10 and without any lubrication. Research has
shown that the lubricating materials are actively &sorbed by PA
and POM-H polymers (0.6...0.9 mg/ch). Lubricating with SAE
10 oil the coefficient of friction of tested polymes is 0.08...0.10,
while lubricating with rapeseed oil it is 0.03(PA)0.10 (POM-H).

Lubricating with rapeseed oil PETF wear intensity is he
lowest and slightly influenced by the load, whereaBA and POM-
H wear intensity is directly influenced by the load- the greater
the load, the more intensive the wear. Wear intensi of POM-H
polymer lubricated with rapeseed oil is 3 times mag intensive
than lubricated with mineral oil. For this reason the combination
of rapeseed oil and POM-H polymer in friction coupes is
inapplicable. PA is recommended for rapeseed oil bricated
friction couples because of its low wear (0.01...0.08n/m) and
low coefficient of friction (0.03).

Keywords: Industrial polymers, sliding friction couples, wea
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| INTRODUCTION

Industrial
engineering materials exhibiting good fatigue aneep
resistance, high impact strength, low friction d¢oént and
good wear-resistance properties. Polymers, sugoksmide
(PA) and homogenious polyoxymethylene (POM-H), ased
for making bearings, gears, chain leads, vibratonnoise
dampers [1, 2] and other friction couples. In soo@ses
polymeric materials can replace nonferrous metslgh as
Cu, Zn and Cr, in specific cases - iron castintsglscastings
and stainless steel [3]. Many polymeric materiagsehgained
popularity due to excellent characteristics, sushioav cost,
good lubricity, low weight, and high corrosion &aince.
Among polymeric materials, for
polyethilenteraftalate (PETF), considered as reatalek solid
lubricant exhibiting the lowest coefficients of tita and
dynamic friction, has been widely used as a sdifibant [4].

Polymers used in tribosystems are working undeiouar
conditions, i.e. usually without any lubrication ssmetimes
lubricated with grease or oil. There is some défere in the
action between the surfaces of a friction coupledenn
lubrication compared to that under dry conditions.

polymers are widely used as non met

surface sliding combinations have higher frictiavefficients

than those of smooth-on-smooth surface combinatibos to
frictional hardening or orientation and adding ddlibricants
to a polymer matrix can decrease adhesion of tudingl

surfaces. Polymers have a low friction coefficiehte to

flexibility of linear molecular chains. It is geradly known

that external lubrication is a useful method of ugdg

adhesion of two sliding surfaces [5, 6]. The tygeoib can

play an important role in the wearing rate of podynSeveral
researches have proved that the behavior of polnier
mineral oil differs from that in synthetic lubridaf7]. The

wear mechanism of polymers can be analyzed not wsilyg

traditional factors, such as friction torque, fioct coefficient,

wear rate, but a wear product as well [8] or tlaesbf wear
surface [9], especially in dry wear or wear in abre.

I EXPERIMENTAL

A Materials and equipment

PA, PETF, POM-H were used in this study as subjetts
research. Samples were taken from commercial sticic
turned into pins of 10 mm in diameter and 28.5 rangth. To
reduce the load on a tribometer (Fig. 1a) constogc a

pecial zone was made on a polymer stick (Fig.@ @)m in
diameter and 2.5 mm height (Fig. 1 c). Three sasplere
made of each polymer for every condition. Countangles
(discs) were made of carbon steel C45 (EN 10250981
tempered to 30 HRC and polished tq R 0.7...0.9um.
Thermal and mechanical properties of polymers ated in
Table 1.

B Wear test

Wear tests were conducted under dry conditions and

lubricating with mineral oil SAE 10 and rapeseet (&O).
Tribometer TRM 500 (Dr. Wazau GmbH, Germany) wasdus

example, for determining all tests data (Fig. 1 a). Normaad force,

friction torque, coefficient of friction and oil ngperature were
collected to personnel computer (PC). During dramtest the
Fluke Ti20 termovisor was used for measuring theade
temperature. When lubricating friction couples
temperature of samples was determined accordinyato of
the lubricated material.

Initial oil temperature was 20...22 °C. The weat tegimes
for all conditions were: 1) dry, 2) in SAE 10 @l in rapeseed

the

Dry sliding of polymer — polymer combinations algay ojj Accordingly the load was 3, 6 and 9 MPa; siiglivelocity

produce an intermittent motion and seizure or stickip due

—0.33 m/s and sliding distance - 600 m.

to adhesion, while the adhesion might be considgrab

influenced or changed in different ways. The rooghrough
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Fig. 1. Principal scheme of tribometer TRM 500: a) 1 atot drive, 2 - torqu

Contact zone

26

2,5

Rotation

b) )

e sensor, 3 - counter samplddr, 4 - counter sample (disc), 5 - load sensor,

6 - oil pot with a sample holder, 7 - temperatugesor, 8 - sample (pin), 9 - load drive; b) scheire friction couple; ¢) sample (pin)

TABLE 1
PROPERTIES OF USED POLYMER40]
Polymer

. Standard PA PETF POM-H
Properties
Hardness, N/mfAHRM ISO 2039-2 85 94 88
Thermal expansion coefficient, m/g)-10 )
5 at (23/100 °C) ASTM D696-08 90/105 65/85 95/110
Compressive modulus of elasticity (% ISO 604 82 99 70
strain), N/mn
Friction coefficient PTM55007 (USA) 0,4-0,6 0,20, 0,15-0,2
Melting point, °C ASTM D3418 220 255 175
Working temperature, °C 70-85 100-115 90-105

All these regimes were chosen for estimating theabier
of polymers under continually changing conditiohs. this
paper only the first three stages are taken folyaisa

To find out how polymers absorb different oil, aéuhal
tests were performed. The samples of polymers w&eped
into oil SAE 10 and RO for 300 hours at 60 °C terapg&e.

The quantity of absorbed SAE 10 and rapeseed ods w
evaluated by weighing the samples on scales Sastori

AC210S (accuracy 0.1 mg) before and after testivgar

intensity was evaluated from displacement of a damp

dimension recorded on tribometer TRM 500. To calt=ul
wear intensity the sliding path parkl£300 m, Fig. 2 a), in
which length of a sample was steadily varying, teken from
the displacement graph.

I RESULTS AND DISCUSSION

Under low comparative loads of sliding friction q@bes
“steel - polymer”, either no lubrication or selfditcating
polymers are used. With an increase in sliding dpesnd
loads lubrication becomes a requisite to reduciiofriction,
heating, thus to the wear. Lubricating materialspegially
those affecting the polymer structure, may sigaiiity
influence the wear.

A molecular structure of polymeric materials deters
their ability to absorb liquids. In this approachey are

22

unequally sensitive to various solvents — minerigd and
biological oils [5]. The experiments on absorptmimineral
oil SAE 10 and RO have shown that polymers PA a1+
absorb 0.6 mg/cfof rapeseed oil and only 0.08 mgfcfor
PETF. These materials differently absorb minerboPA -
0.9 mg/cm, POM-H - 0.6 mg/c) PETF - 0.3 mg/cf

The initial data of polymers wear tests lubricatthgm with
oil SAE 10 and RO or not lubricated are presentelig. 2 a-
b. The laser wear recording system of tribometeMT500
recorded the influence of time (sliding path) oe gsamples
length. These data have allowed determining ther vada
samples, the total of mechanical (increasing thed)loand
temperature deformations.

Testing non-lubricated friction couples the tempae of
polymer samples has reached ¥D. This temperature for
polymer PA is higher than the operating one (Tdblel esting
lubricated friction couples the oil temperature W@ser than
30°C.

The polymer deformations are noticed at the momehts
load addition (up to 3 MPa) and increase (from 8,tfrom 6
to 9 MPa). The polymer PA samples become most defdr
when with addition of 3 MPa load they shorten upb@oum,
and with a load increase — 20m. Deformations of other
polymers POM-H and PETF are smaller - up to 10.u80
(Fig. 2 a).
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Fig. 2. Displacement data of polymers lubricated with sgeel oil (a), mineral oil SAE 10 (b)

Wear intensity is estimated according to the cusigpe
under the steady operating regime (wear increasts am
increase of negative dimensions values). The graphthe
length variation of polymers PA, PETF and POM-H pls
with lubricated friction couples with mineral oilA& 10 (at 6
and 9 MPa, Fig. 2 b) indicate elongation of samplgken a
friction couple does not reach thermodynamic eluiim
over 600 meters of working path — a sample is elting. It
indicates the unsettled state of material underdperating
conditions therefore no general conclusions haen lFawn.
Only that the oils absorption causes microstruttsveell of
polymer and this influences on creep and stressxadbn
processes in polymer matrix.

Wear intensity of polymers lubricated with RO ifluenced
by the load (Fig. 2 a). Wear intensity of polymedN? at 3
MPa is the lowest, while at 6 and 9 MPa it is higthan that
of other polymers. The magnitude of PA load is algectly
increasing wear intensity. This material is mostffected by
mechanical deformation when loading. Within the rtuaries
of all loads polymer PETF is the least sensitivéotal, due to
its additional self-lubricating (has some fluorimepperties.

Lubricating friction couples with mineral oil SABé length
of polymer PETF is unsteady at 3 MPa load, withughter

increase in load the wear is intensifying (Fig.)2 A4 sample
of polymer POM-H is intensively shortening at ev@MPa
load, heating has a dominating effect on PA samlgegth
variation (thermodynamic equilibrium is not reached
therefore this case is not analyzed.

Due to the dominating effect of heating on the desp
length when they are tested at dry friction (withou
lubrication) only the coefficients of friction ametermined.
The coefficients of friction of a friction couple nder
lubricating and non-lubricating conditions are givie Fig. 3.
A coefficient of friction of lubricated polymers &bout 50 %
lower. Rapeseed oil reduces it by 2.2 times (u®.@8) in
friction couples containing polymer PA.

To analyze polymers resistance to wear the weansity
diagrams are drawn after Figure 2 data (under thdymamic
equilibrium) (Fig. 4).

Analyzing the wear data when lubricating with R@e t
regularities have been studied - PETF wear is sigl rather
equal in the range of all loads (Fig. 4 ). The wePA and
POM-H polymers is directly proportional to the lod&DM-H
wears mostly when lubricated with rapeseed oil,ciwhmnight
be due to an oil effect on the friction surfacepuhh the
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absorption of lubricating materials has shown thalymers 2. Under both lubrication and dry friction operating

PA and POM-H were absorbing equal RO quantities.

The friction pairs containing PA lubricated withpeseed oil
are not recommended to load by 9 MPa and POM-H lkiréa
load because of their increased wear intensity.
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Fig 4. Wear intensity of polymers lubricated with rapeke# (RO)

The load of friction couple lubricated with oil SAEO
directly influences the wear as well. Lubricatinghnoil SAE
10 (at 9 MPa) polymer POM-H is wearing most inteakj,

however its wear is 2 times higher than polymer PET

Comparing wear test results of polymers in RO aih@&AE
10 the wear intensity in oil SAE 10 is 2-3 timewvér than in
RO especially at 9 MPa load. Wear intensity of puody
samples depends on the load, and at 9 MPa loadidhe is
twice more intensive.

In a dry friction case the method of polymers wietensity
measurement based on continuous linear wear recprdust
not be applied. The reason lies in the samples aeatyre
which affects their length, changes their mechadmioaperties
thus conditioning deformation of working
(displacement deforms the end of a sample in thetion
couple motion direction). In a dry friction casdimgtion of
wear by the length of micro-meters or mass chasgeare
advantageous than the immediate length recordinggithe
samples wearing process.

IV CONCLUSIONS

conditions PETF demonstrates best wear resistance
properties (under the load of 9 MPa its wear irtgns
low and varies slightly).

3. When lubricated with rapeseed oil PETF wear intgnsi

the lowest and slightly influenced by the load, veas
wear intensity of PA and POM-H polymers depends
directly on the load level. Wear intensity of POM-H
polymer lubricated with rapeseed oil is 3 timeshikig
than that lubricated with mineral oil, therefore thiction
couples containing the combination of these mdseHee
short-lived.

4. When lubricating with mineral oil SAE 10 the coefént

of friction is practically the same in all testedlymers
(0.08...0.10), lubricating with rapeseed oil the eliéince
is observed: 0.03 (PA), 0.10 (POM-H). To reducetin
and wear the friction couples containing polymer PA
loaded up to 3 MPA should be lubricated with rapese
oil.

5. The wear intensity estimation methods applying the
tribometers continuous linear wear recording systizta
for polymers and other temperature sensitive nmaltess
well as for non- lubrication tests should not bedis
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Audrius Zunda, Juozas Padgurskas, Vitenis JankauskasRaimondas Kreivaitis, Rimantas Levinskas. Industrilo polimeru
nodilumiztur iba pec lubriceSanas ar @am.

Darha izpetita daZdus polingrus (PA, POM-H un PETF) un nat saturoSu stloSu berzesaou berzes koeficienti un nodiluma inteatst
Berzes prus testja bez lubriéSanas un g lubricgcSanas ar rapsule un mineilellu SAE 10. Rtijjumi paidija, ka PA un POM-H akii
absorla (0.6...0.9 mg/cf) lubricsjoSos matetilus, bet PETF iesrojami mazik un , slogojot patitiz 9 MPa, tas nodilst vismakz gan bez
ellotaja, gan ar to. SAE g&dma nodiluma intensitti praktiski neietekra pieliktas slodzes lielums. Lubrjot ar SAE 10 Bu, visu testto
poliméru gadjumos berzes koeficients magmaz un ir robeks no 0.081dz 0.10, karer lubricgjot ar rapSu Bu, tie ir tis reizes maaki 0,03
(PA) un 0.10 (POM-H).

Lubricgjot ar rapSu Bu, PETF nodiluma intengtie af ir viszenika un to nedaudz ietel@rpieliktas slodzes lielums, kaam PA un POM-H
nodiluma intensitti tieSi ietekng pielikta slodze — jo liegdka & ir, jo intengvaks ir nodilums. Ar rapSulki lubriccta POM-H nodiluma
intensifite ir tfis reizes intensaka nek ar minedlo €glu lubricsta. Lidz ar to metls, rapSu Bas un POM-H kombiitijas izmantoSana Sim
berzes prim nav piemdrota. Savulirt metils-PA berzes fru dloSanai ir rekomerghma rapsSu lga, jo & rada mazu nodilumu (0.01...0.03
um/m) un tai ir zems berzes koeficients (0.03)irR@iu un citu temperatas jitigu materilu gadjumos nerekomerzizmantot neprtrauktas
tribometrijas prbaudes metodes, beffasi eksperimentos, kuros netiek lietdistajs

Ayapuyc Kynna, FOo3ac Ilaarypckac, Burennc SIukayckac, Paiimonnac KpeiiBaiitTue, Pumanrac JleBunckac. M3HococToiiKkoCTh
NPOMBILIIEHHBIX IOJHMEPOB CMa3bIBasi MACJIaMU.

B nanHO#i paboTe NpHUBEIEHbI PE3yJIbTaThl UCCIEAO0BAHNH KOA(HULIEHTOB TPEHUS U MHTCHCUBHOCTH M3HAIIMBAHUS Nap TPEHUs CTallb — IUIACTHK
¢ tpems pasabivu Twiactukamu (ITA, TIOM-H u II9T®). HccnenoBadnbie mapbl TpeHHs cMasbiBaiu MuHepanbHbiM (SAE 10)u parncoBsiM
MacllaMH, a TaKXKe HCIIBITAaHUS HPOBOAMIM B PEXHUME CyXoro TpeHus. McnmbitaHus aOCoOpOLMH CMa30YHBIX MAaTEpHAJIOB IOKAa3ald, YTO
mnactukn ITA u TIOM-H a6copGupyror cmasky 0,6...0,9mr/cm?, TIIT® — 3uauntensro menbie — 0,08...0,3ur/em?. TTpu stom y IIITD
WHTCHCHUBHOCTb M3HALIMBAHUS CaMasi HU3Kasl U MPAKTUYECKH HE 3aBUCUT OT npmiiokeHHOH (1o 9 MITa) narpysku. Ilpu cmaske maciom SAE
10 koaddumuent tpenus Mensercst mano u cocrasisier 0,08...0,1,mpu cMa3ke parncoBbIM MaciioM OH B Tpu pasa menbiie— 0,03 PA), u 0,1
(TIOM-H).

ITpu cMa3ke parcoBBIM MAaciOM HaHMEHbIIEC W3HALIMBAHKE W BIMSHUC HAarpy3KH Ha MHTEHCHBHOCTH M3HOCA MMeeT miacTuk I[IDT®. M3Hoc
riactukoB [TA u TTIOM-H 3aBucuT OT ypoBHs Harpy3ku (4em Harpyska Gouiblie, TeM M3HamnBaHue uHTeHcusHee). [lnactuk [IOM-H B cpene
paIcoBOro Macia MU3HALIMBAaeTCs B 3 pa3a MHTCHCHBHEE, Y€M CMa3bIBaeMble MUHEpaJIbHBIM MaciioM. [TosToMy codyeTanne parcoBoro Macia u
mwiactuka [IOM-H B mapax Tpenus ¢ merauiamu spisiercs HenpuemieMsIM. [nactuk ITA ¢ parncoBbiM MacaoM cMa3bIBaeMbIX MTapax TPEHHUS C
meratamu ( Harpyska go 6 MIla) BeironeH ¢ Touku 3perust Mangoro usnoca (0,01...0,03mkm/M) 1 Manoro kosdduuunenra tpenust (0,03).
ITostMMephl U APYrHE TEPMOYYBCTBHTEIIBHBIC MaTeprasbl HE CICAYCT MPOBEPATh HEPEPHIBHBIMKU TPUOOIOTHYECKUMH METOaMU, OCOOCHHO B
TeX CIIydasx, KOTJia He HCIIOJb3YIOTCS CMa3bIBAlOIINE BEIIECTBA.
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