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PETROLEUM ENGINEERING

HOJ’Iy‘-IeHHLIe JaHHBIC IIO3BOJIAT C(l)OpMyJ'IPIpOBaTL pPCeKOMEHAAU 110
MPAKTUICCKOMY MPUMCEHCHHUIO CBEPXBBICOKOMOJICKYIISIPHOI'O IMOJUITHU-
JICHA B PA3JIMYHBIX CMAa3bIBACMbIX TpI/I60y3J'IaX, 1€ UCTIOJIB3YHOTCH ITOJIH-
MEPHBIE TOAIIUITHUKN CKOJIBKCHUA.

Tribotechnical tests of samples of ultra-high molecular weight polyethyl-
ene (UHMWPE) in the medium of various lubricating oils have been
carried out. During friction of ultra-high molecular weight polyethylene
in various oils, a significant decrease in temperature in the contact zone
of the metal-polymer tribosystem by 2.5-3.0 times compared with fric-
tion without lubrication was recorded. It was found that the use of trans-
mission oil as a lubricating medium during friction contributes to the
formation of a more durable boundary layer, which protects the material
from wear.

Accelerated tests of UHMWPE were carried out under friction in the
medium of Siboil TAD-17u transmission oil at a shaft sliding speed of
1 m/s, depending on the applied load. It was found that, starting from a
load above 1100 N, the UHMWPE sample begins to lose its shape due
to the development of plastic deformation processes, and at a load of
1200 N, a significant shape change of the sample is recorded, which is
taken in these studies as critical, and the previous one is taken as the
limiting load-speed mode. This is a friction mode in which the type of
wear is preserved, which is characteristic for normal operating condi-
tions.

It has been established that UHMWPE is efficient in friction units in a
transmission oil environment at P-V not exceeding 1000 N-m/s. Thus,
friction in the medium of Siboil TAD-17u liquid lubricant increases the
load capacity of UHMWPE 3.0—4.0 times as compared to the dry friction
regime.

The data obtained will make it possible to formulate recommendations
for the practical application of ultra-high molecular weight polyethylene
in various lubricated tribo assemblies where polymer plain bearings are
used.
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Beenenne

B psiny momMMepHBIX CBSI3YIOIINX CBEPXBBICO-
KOMOJIEKYIIpHBIN TommaTrieH (CBMIID) 3anu-
MaeT 0codoe MecTo, Orarofapsi BRICOKUM H3HOCO-
CTOMKOCTH, KOPPO3UOHHOM U XUMHUUYECKOM CTOMKO-
ctu [1, 2]. dnst ymyumenus coiicte CBMIID ero
MOIU(MULIUPYIOT HAHOHATIOMHUTEISIME [3—5], B TOM
YHUCIIe MEXaHOAKTUBUPOBAHHBIMHU [6—8], HCTIONH-
3yIOT 00JTy4eHHe KOMITO3UTOB MyYKaMH 3apsiyKeH-
HbIX yactull [9, 10], MeTon HOHHON UMILIAaHTAIlu!
[11] m ycnoBHY0 XUMUUECKyt0 Mo uKanmio [ 12].

bnaronapst Hu3KO# TeMrieparype XpyNnKOCTH
(munyc 200 °C) uznenus Ha ocHoBe CBMIID
MOYKHO NMPUMEHSATH MPU IKCTPEMAITBHO HU3KUX
TeMIeparypax okpykaromiei cpenpl. O0macTu
MIPUMEHEHHUS JIeTajiell n3 pa3paboTaHHBIX MaTePH-
anoB Ha ocHoBe CBMIID HenpepsIBHO pacimpsi-
I0TCSL. DTO U KapbhepHasi TEXHHUKA, TPYyOOIPOBOIBI
1 aBTOMOOWJIBHBIN TPAHCIIOPT, a TaKKe JeTaliud
BOCHHOM TeXHUKU. OrpaHn4MBAIONINM (HaKTOPOM
npuMmeHenus u3nenuii u3 CBMIID sBisercs He-
BBICOKas Temneparypa miasnenns (125-130 °C),
B CBSI3M C Y€M BEPXHHU Tpe/ien 3KCIUTyaTaliy B
y3nax Tpenust orpannunsaercss 90-100 °C [13] ¢
Y4€TOM TeMIIepaTypHBIX BCIBIIIEK Ha TTOBEPXHO-
CTH KOHTaKTa METaJUIONOIMMEpPHON TpHuOoCH-
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Background

Ultra-high molecular weight polyethylene
(UHMWPE) occupies a special place among
polymer binders due to its high wear resistance,
corrosion and chemical resistance [1, 2]. To im-
prove the properties of UHMWPE, it is modi-
fied with nanofillers [3—5], including mechani-
cally activated [6—8]; composites are irradiated
with charged particle beams [9, 10], by the
method of ion implantation [11], and conven-
tional chemical modification [12].

Due to the low brittleness temperature (mi-
nus 200 °C), products based on UHMWPE can
be used at extremely low ambient temperatures.
The areas of application of parts made of the
developed materials based on UHMWPE are
constantly expanding. These are quarry equip-
ment, pipelines and road transport, as well as
parts of military equipment. The limiting factor
for the use of UHMWPE products is the low
melting temperature (125-130 °C), and there-
fore the upper limit of operation in friction
units is limited to 90—100 °C [13], taking into
account the temperature flashes on the contact
surface of the metal-polymer tribosystem, since
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CTEeMBI, TaK KaK 3TU (PaKTOPbI IPUBOAAT K CYIIIe-
CTBCHHOMY JIOKaJIbHOMY Pa30TpeBy U JeTpagaiuu
CTPYKTYpBI MaTepuraja Jake Ipy TeMIieparypax
HIKE TeMIIeparypsl IUIaBlIeHns. B cBa3u ¢ 3TuM
nccieqoBaHNe TPUOOTEXHUYECKUX CBOMCTB
CBMIID, no3Bossmoniee ONpenenuTh UX Harpy-
30UHYIO CIIOCOOHOCTb, SIBJISICTCS aKTyaJIbHOMU 3a-
Jaueii MOIMMEPHOTO MaTepPHAIIOBEICHUSI.

M3BecTHO, UTO LEBINA psAJl arperaTtoB U Mexa-
HU3MOB B CHITy CBOETO Ha3HA4eHHUsS paboTaroT B
cpelie KUIKAX CMa30dHBIX Macel, a TOTMMEpHBIE
JIETaJIH IUPOKO UCHONB3YIOTCS B Y3JaX TPEHUS B
CaMbIX Pa3HBIX KOHCTPYKIUSIX TPHOOCHCTEM, CMa-
3BIBAEMBIX KaK MHUHEPATbHBIMU, TAK CHHTETUYC-
CKHMH MacjiaMH. B CBSI3U C 3THM HCCIICTOBAHBI
TpuboTexHMIeckue xapakrepuctuku CBMIID B
IIUPOKOM Harpy304HO-CKOPOCTHOM HHTEpBaje B
cpefie Pa3IMYHBIX KUJKUX CMa30YHBIX MATEPHAIIOB.

O0beKTbI U METObI UCCJIeJOBAHMIA

IIpoBeneHbl TPUOOTEXHUYECKUE UCCIIEIOBA-
uHust CBMITD mapxu Gur-4150. O6pa3ms! (BHEII-
HUH nuamMeTp 54 MM, BHYTPSHHUU TUAMETP
16 mm, TommuHa 12 MM) TIOTy9ali IO TEXHOJIO-
THH TOPSYETO MPECCOBaHus. B kauecTBe ®HUIKUX
CMa30YHBIX CpeJl IPU TPEHUU UCTIONb30BAHBI UH-
nycTpuanbHoe Macio Mapku M-20A u Tpancmuc-
croHHOe Maciio Mapku Siboil TAD-17u.

HccnenoBanus MpoBOIMIIN HA MAIlIMHE TPEHUS
NUN-5018, mvutHpytorieid paboTy MOAIITHITHUKOB
ckoinbxkeHus o 'OCT P 50-54-107-88. Cxema
TPEHUS IUCK — JTUCK» (PUCYHOK 1), HCTIBITaHNE
MaTEpHUAIOB B CMA30UHON Cpene 3aKIII0YacTcCs B
TOM, 9TO KOHTPTEJO OITyCKAJIOCh B BAHHY CO CMa-
309HBIM MarepuanoM. Vcronb30BaHne BaHHBI CO
CMa30YHBIM MaTepHalioM 00eCIIeunBaeT BO3MOXK-
HOCTb IOJANUATKH TPAHUYHOTO CJI0s U3 00bema
CMa304HOr0 MaTepuala, TAKUM 00pa3oM rpaHuy-
Hasi cMa3Ka IPOI0JDKAET OCYIIECTBIATHCS B TEUC-
HME BCEro BpeMeHu ucnblTanuii. Kourpreno —
CTaBbHOM BaJ U3 cTamu 45 ¢ TBEPIOCThIO 45-50
HRC u mepoxoBarocteio R, = 0,06-0,07 MKM.
s 10CTOBEpHOCTU CpaBHEHUsS PE3YJIbTATOB B
cpeie CMa304YHbIX Macell 32 KpUTEepHid H3HOca 00-
pa3loB MPUHUMAJIACH IIOIAIb JOPOKKHI TPCHUS
(tabmuma 1). [Tiomians JOPOKKH TPEHHUS BBIYHC-
s o mporpamme Imagel) 1.46r. B mpomecce
WCTIBITAaHNHA PETUCTPUPOBAITN TEMTIEPATYPY B 30HE
KOHTaKTa U MOMEHT TPEHHUSL.

YCKOpEHHBIC TPUOOTEXHIUUYECKUE UCTIBITAHUS
CBMIID npoBoamin cOrTacHO METOIUKE, yKa-
3aHHOUW B mateHTte PO Ne 2526223 «Cmocob
OIIEHKH M3HOCOCTOHKOCTH TOJMMEPHBIX KOMITO-
3UIIMOHHBIX MaTepHaioBy [14].
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these factors lead to significant local heating
and degradation of the material structure even
at temperatures below the melting point. In this
regard, the study of the tribotechnical proper-
ties of UHMWPE, which makes it possible to
determine their load capacity, is an urgent task
of polymer materials science.

It is known that a number of units and
mechanisms, due to their purpose, operate in
the medium of liquid lubricating oils, and
polymer parts are widely used in friction units
in various designs of tribosystems lubricated
with both mineral and synthetic oils. In this
regard, the tribotechnical characteristics of
UHMWPE have been investigated in a wide
load-speed range in a medium of various liquid
lubricants.

Objects and research methods

Tribotechnical studies of Gur-4150 UHMWPE
were carried out. Samples (outer diameter 54 mm,
inner diameter 16 mm, thickness 12 mm) were
obtained by hot pressing technology. Industrial
oil of [-20A grade and transmission oil of Siboil
TAD-17u grade were used as liquid lubricants for
friction.

The studies were carried out on an II-5018
friction machine simulating the operation of
plain bearings in accordance with State Standard
R 50-54-107-88. The friction pattern «disk —
disk» (Figure 1), testing of materials in a lubri-
cant medium consists in the fact that the coun-
terbody was lowered into a bath with lubricant.
The use of a lubricant bath makes it possible to
recharge the boundary layer from the lubricant
volume, thus the boundary lubrication contin-
ues to be carried out during the entire test pe-
riod. The counterbody is a steel shaft made of
45 steel with a hardness of 45-50 HRC and a
roughness of Ra = 0.06-0.07 um. To reliably
compare the results in a lubricating oil environ-
ment, the area of the friction track was taken as
the wear criterion of the samples (Table 1). The
area of the friction track was calculated using
the ImagelJ 1.46r program. During the tests, the
temperature in the contact zone and the friction
moment were recorded.

Accelerated tribotechnical tests of
UHMWPE were carried out according to the
procedure specified in the patent of the Russian
Federation No. 2526223 «Method for assessing
the wear resistance of polymer composite ma-
terials» [14].

MaTepuranoBeaeHvie 1 3aLmuTa oT KOppPo3nm

Materials and Corrosion Protection

99



100

HEOTEFA3OBOE AAEJIO

O06cy:xneHue pe3yjbTaToB

B panee npoBenenHom ucciaegoBaHuu [15]
YCTaHOBJICHO, YTO HeHanonHeHHbI CBMIID BbI-
JepKUBaeT MakcuManbHyto Harpy3ky 300 H npu
CKOpPOCTH CKOJIbKeHUs Bania 0,5 m/c B pexume
cyxoro TpeHwus. [Ipu 3THX yCIOBUSAX MPOBEACHBI
ucueITanus oopasznoB CBMIID B pa3muuHBIX
CMa304HbBIX cpenax (Tabmmma 1).

IIpu Tpernn CBMIID B paznuyHbIX Maciax
3apETUCTPUPOBAHO CYIIECTBEHHOE CHIKCHUE
TEMIEepaTyphl B 30HE KOHTAKTa METAJUIONOIIMED-
HOU TprubocucTeMsl B 2,5-3,0 pasza mo cpaBHEHUIO
¢ TpeHueM 6e3 cMazku. CHIDKEHUE TeMITEPaTyphl
B 30HE (DPUKIIMOHHOTO KOHTAKTa CIIOCOOCTBYET
MOBBILIEHUIO JOITYCTUMOM Harpy3ku, T.K. OCHOB-
HBIM OTPaHUYUBAIOIIMM (PAKTOPOM HCIIOIh30Ba-
Huss CBMIIO B y31ax TpeHus HECMOTpPS Ha UX
VHUKTbHYIO H3HOCOCTOMKOCTH M TIPOYHOCTD SIB-
TsieTCsl KOHTAKTHAs TeMIIeparypa BCIIEACTBUE OT-
HOCHUTEJILHO HU3KOoM TerutocToiikoctu CBMIID.

PETROLEUM ENGINEERING

1 — oOpa3zern IS HCIBITAHUS;, 2 — CTaJbHOE KOHTPTEIO;
3 — BaHHA CO CMa30YHBIM MaTEPHAIOM
Pucynok 1. CxeMa TpeHHsI «TUCK — JTUCK»

1 — sample for testing; 2 — steel counterbody; 3 — bath with lubricant
Figure 1. Scheme of friction «disk — disk»

The discussion of the results

In an earlier study [15], it was found that un-
filled UHMWPE can withstand a maximum
load of 300 N at a shaft sliding speed of 0.5 m/s
in dry friction mode. Under these conditions,
tests of UHMWPE samples were carried out in
various lubricating media (Table 1).

During friction of UHMWPE in various oils,
a significant decrease in temperature in the con-
tact zone of the metal-polymer tribosystem by a
factor of 2.5-3.0 compared with friction without
lubrication was recorded. A decrease in the tem-
perature in the frictional contact zone contrib-
utes to an increase in the permissible load, be-
cause the main limiting factor for the use of
UHMWPE in friction units, despite their unique
wear resistance and strength, is the contact tem-
perature due to the relatively low heat resistance
of UHMWPE.

Tabamnua 1. Xapakrepuctuku CBMIID B 3aBUCHMOCTH OT CMa304HOM Cpebl

CMmazouHas cpena

Xapaxrepuctuku CBMIID Cyxoe TpeHune Siboil TAD-17u 20
[Tnomans TOPOKKU TPEHHUS, MM? 104,9 23,9 36,1
TemmepaTypa B 30He KOHTakTa, °C 75-90 3040 3040
Table 1. Characteristics of UHMWPE depending on the lubricating medium
. _ lubricating medium
UHMWPE Characteristics Dry friction Siboil TAD-17u 202
Friction track area, mm? 104.9 239 36.1
Contact zone temperature, °C 75-90 3040 30-40
MaTepranoBefeHue 1 3aLmuTa OT KOPPO3UK 2021, 1.19,N24
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[Ipunsito cunTath, 4YT0 KOIPPULIUESHT TPEHUS
aHTH(QPUKIMOHHBIX MaTepHUajOB MPH HATHINH
cmaszku cocrasiser 0,005—0,05, a Oe3 Hee —
0,04-0,3 [16, 17]. B cBs13u ¢ 3TUM OTpaHUYCHUS
110 kK03 GHULUNEHTY TPEHHS TOJIMMEPHBIX KOMIIO-
3UTOB B 3aBUCHMOCTH OT HAaTIPy304HO-CKOPOCTHBIX
PEKMMOB TPEHHs B JAaHHOH paboTe COOTBETCTBO-
BaJIM 9TUM JTAaHHBIM.

Ha pucynke 2 npencraBieHsl pe3yabTaThl U3-
MeHEHUs K03 (HUITMEHTa TPEHUS OT BpEMCHUH
ucneitanus. [Tokazano, uro npu Tpennu CBMIID
B Cpee MHILyCTPHUAIBHOIO Macia Ko3(h(UIMEHT
TpeHusi ctabunmuzupyercs nocie 30 MUH UCIIBI-
TaHW, OJJTHAKO 3HAYCHUE KODPPHUIIMEHTA TPCHUS
npesimaeT 3HadeHus 0,05, 9T0 HEIOTyCTUMO
Ul aHTU(PUKIMOHHBIX MaTepuaos. IIpu Tpe-
Huu CBMIID B cpenie TpaHCMHCCHOHHOTO Maciia
3apEerUCTPUPOBAHBl HAMMEHBILNE TUIOIAb 10~
pokku Tpenus (tabnauna 1) u cymiecTBeHHOE
CHW)KCHHE KOXPPUIIMEHTA TPEHHS YKE MOCIe
20 MHH HCTIBITAaHUS (PUCYHOK 2). DTO, BUANMO,
CBSI3aHO C HAJIMUMEM B 3TOM MapKe Maciia CIeLu-
QJIBHBIX aHTU(QPUKIHMOHHBIX IPUCAIOK, odecIie-
yuBarouXx GopmupoBanue 6osee MPOYHOro rpa-
HUYHOTO CJIOsI, TPEIOXPAHSIOIET0 MaTeprail OT
W3HAIIMBAHUS. DTO MIPUBOJUT K CHIKCHUIO (hak-
THYECKOTO KOHTaKTa paboyeil MOBEepXHOCTH TI0-
JIMMEPHOTO MaTepuaja ¢ KOHTPTEJIOM, 4YTO
JOJKHO MIPUBECTH K MOBBIIICHUIO HAIPY30UHON
CIOCOOHOCTH MOJMMEPHOr0 MaTepHuara.

f
0,06
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It is generally accepted that the coefficient of
friction of antifriction materials in the presence
of lubricant is 0.005-0.05, and without it —
0.04-0.3 [16, 17]. In this regard, the limitations
on the coefficient of friction of polymer com-
posites depending on the load-speed friction
regimes in this work were consistent with these
data.

Figure 2 shows the results of the change in
the coefficient of friction over the time of the
test. It is shown that during friction of
UHMWPE in an industrial oil medium, the fric-
tion coefficient stabilizes after 30 min of test-
ing, but the friction coefficient value exceeds
0.05, which is unacceptable for antifriction ma-
terials. During friction of UHMWPE in trans-
mission oil, the smallest area of the friction
track was recorded (Table 1) and a significant
decrease in the friction coefficient after 20 min
of testing (Figure 2). This is apparently due to
the presence of special antifriction additives in
this brand of oil, which ensure the formation of
a more durable boundary layer that protects the
material from wear. This leads to a decrease in
the actual contact of the working surface of the
polymer material with the counterbody, which
should lead to an increase in the load capacity
of the polymer material.

0.05 ‘}

0.04
0.03
0.02

0.01

i

0 20 40

—d— HHICTPHATEHOE
Industrial

60 80 100 ¢, Mug

min
—8— TpaHCMHCCHOHHEOE
Transmission

Pucynoxk 2. 3aBucuMocCTh 3Ha4eHUI KO QUIIIEeHTa TPEHHUs OT BPEMEHN UCIIBITAaHWH M CMa304HOI Cpezibl

(V=0,5wm/c, P=300 H)

Figure 2. Dependence of the values of the coefficient of friction on the test time and lubricating medium

(V=0,5 m/c, P =300 H)
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W3BecTHO, 4TO HanbonbIee BIUSHAE HA H3HOCO-
CTOMKOCTb M KO3((HUIIMEHT TPEHHS OKa3bIBaeT CKO-
pocTh crkonbkeHus [ 18]. B cBA3u ¢ 3THM NpoBeIeHBI
yckopennble ucnsitanust CBMIID nipu Tpennn B
cpefie TPAaHCMHUCCHOHHOTO Macia Mapku Siboil
TAD-17u npu ckopocTu cKonbkeHus Baa 1 m/c B 3a-
BHCHMOCTH OT TIpUJIaraeMoi Harpy3ku (PHCYHOK 3).

W3 pucynka 3 BHJIHO, YTO BO BCEM PacCMO-
TPEHHOM Harpy304HOM JHara3oHe TPEHUs JJIs
ucxomroro CBMIID 3naueHus kodhGUIMEHTOB
TpeHUsT He InpeBblarT 3HadeHuil 0,04.
HaunOonbume 3naueHust kodduupenTa TpeHus,
cootBetcTBytone 0,04, 3aperucTpupoBaHbl IpU
TpenuH nnop Harpy3skoit 400-600 H. Hauunas ¢ Ha-
rpy3ku 600 H, HaGmronaercst cHukeHHe Kodpdu-
muerTa Tpeauss CBMIID no 0,025. Camkenne
K03 dUIIMEeHTa TPEHHs 00YCIOBIEHO TEM, YTO
IPY YBEJIMYCHHH IUIOIAAN KOHTAKTA IO/l Harpy3-
KOM CHW)KAIOTCS! KOHTAKTHBIE IABJICHNUS, OKa3bIBa-
eMbIe Ha MaTepuaJl, IPU OJHOBPEMEHHOM IPHPO-
cte Temneparypsl Ha 1015 °C. [1pu aToM Teme-
patypa B 30He TpeHwus He mpesbimaer 60 °C.
Onnaxo HaunHas ¢ Harpy3ku Beie 1100 H (pucy-
HOK 4, D), oopazeny CBMIID HaumHaet TepsaTh
(hopMy BCIEACTBHE Pa3BUTHS MPOLIECCOB ILIACTH-
yeckoi nedopmarmu, a npu Harpyske 1200 H pe-
THCTPHUPYETCsI 3HAYUTEIbHOE (POPMONZMEHEHNE
obpa3sra (pUCyHOK 4, ¢), YTO U IPUHSATO B TaHHBIX
HCCIIEIOBAHUSIX 38 KPUTHUYECKOE, a 3a IPEACIIbHBIN
Harpy304HO-CKOPOCTHOM PEKUM B3AT HPEIbITY-

TG
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It is known that sliding speed has the greatest
influence on wear resistance and coefficient of
friction [18]. In this regard, accelerated tests of
UHMWPE were carried out under friction in the
environment of Siboil TAD-17u transmission oil
at a shaft sliding speed of 1 m/s, depending on the
applied load (Figure 3).

Figure 3 shows that in the entire considered
load friction range for the initial UHMWPE, the
values of the friction coefficients do not exceed
0.04. The largest values of the friction coeffi-
cient, corresponding to 0.04, were recorded un-
der friction under a load of 400-600 N.
Beginning with a load of 600 N, a decrease in
the friction coefficient of UHMWPE to 0.025 is
observed. The decrease in the coefficient of fric-
tion is due to the fact that with an increase in the
contact area under load, the contact pressures
exerted on the material decrease, with a simul-
taneous increase in temperature by 10—15 °C. At
the same time, the temperature in the friction
zone does not exceed 60 °C. However, starting
with a load above 1100 N (Figure 4, b), the
UHMWPE sample begins to lose its shape due
to the development of plastic deformation pro-
cesses, and at a load of 1200 N, a significant
deformation of the sample is recorded (Figure
4, ¢), which is accepted in these studies as criti-
cal; and for the limiting load-speed mode, the

]
0,045
0,04
0,035
0,03
— ] 0,025
7 002
B
7 0,015
AL
71
22 |
710 0,01
ZIe
? I
ZZI 0,005
B
1000 P.H

AT [0S =e=—f

Pucynok 3. 3aBucumMocTh TeMIIepaTypsl, IIOMAAN KOHTakTa 1 Ko duimenta tpenuss CBMIID npu ckopoctn
CKONBXeHUs Bama 1 M/c B cMa3zouHoit cpene Siboil TAD-17u

Figure 3. Dependence of temperature, contact area and friction coefficient of UHMWPE at a shaft sliding speed

of 1 m/s in a lubricating medium Siboil TAD-17u
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LU 32 3TUM PEKUM TPEHUs, IPU KOTOPOM CO-
XpaHseTcsl BUJ M3HOCA, XapaKTEePHBIH JUIs1 00bIY-
HBIX YCJIOBUM SKCILTyaTalku.

B cBs131 ¢ 3THM 1O pe3ynbTaTtaM yCKOPEHHBIX
HCTIBITAHUH MO’KHO PEKOMEHJ0BAaTh UCII0JIb30Ba-
Hue CBMIID npu TpeHun B TpaHCMHCCHOHHOM
MacJje MpH CKOPOCTH CKOJbXeHus | M/c u Ha-
rpy3ke He 6osee 1000 H.

OpnHaKo yCKOpEHHBIE NCTIBITAHNS HE AAI0T MOJ-
HOTO IIPEZCTABJIEHKS O TOM, YTO KaK MaTepua Oyner
ce0sl BECTH B pealIbHbIX YCIOBHAX HKCILTyaTaLH,
T.K. B PE3yJIbTaTe JUIUTEILHOTO TEIJIOBOTO BO3/AEH-
CTBHS IPOTEKAaHUE HEOOPaTUMBIX JehopManuii Mo-
KET MHTEHCU(UIIMPOBATHCS TIPU MEHBIINX HATPY3-
KaX, OKa3bIBaeMbIX Ha M3HAIIUBAEMBII MaTepHall.
VYCKOpEHHBIE UCIIBITAHMS Aat0T HH(OPMALIHIO O TOM,
NPH KaKUX PEKUMaX cpa3y HAUMHAIOTCS HeoOpaTH-
Mble Je(opMalOHHBIE MTPOLIECCH B MaTepHae,
P KOTOPBIX HEJOMYCTUMA 3KCILTyaTalis U3enil.
B cBsI3u ¢ 3TUM 17151 yTOUHEHHMS BBIOOpA JIOYCTH-
MBIX Harpy304HO-CKOPOCTHBIX PEKUMOB, OTIpe/ie-
JICHHBIX YCKOPEHHBIMH HUCTIBITAHUSIMH, IIPOBEICHBI
tpuboucnbitanust CBMIID B cpene TpaHcMuCCHOH-
Horo Macia Ha MamuHe Tpenust MN-5018. Bpems
UCIBITaHUS COCTABIISLIO 3 4. Pesxnm TpuboHarpysxe-
uus (P-V) Bapsuposanu ot 360 10 1000 H-m/c,
TP 3TOM CKOPOCTH CKOJIBKEHHSI KOHTPTENA COCTaB-
nsma 0,2—1,0 m/c (pucyHOK 5).

) b)
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previous friction mode is taken, in which the
type of wear is preserved, which is characteristic
for normal operating conditions.

In this regard, according to the results of
accelerated tests, it is possible to recommend the
use of UHMWPE with friction in transmission oil
at a sliding speed of 1 m/s and a load of no more
than 1000 N.

However, accelerated testing does not give a
complete idea of how the material will behave
in real operating conditions, because as a result
of prolonged heat exposure, the flow of irrevers-
ible deformations can intensify at lower loads
applied to the wearing material. Accelerated
tests provide information about the modes under
which irreversible deformation processes in the
material begin immediately, in which the opera-
tion of products is unacceptable. In this regard,
in order to clarify the choice of permissible
load-speed modes, determined by accelerated
tests, tribo tests of UHMWPE were carried out
in a transmission oil medium on an I1-5018 fric-
tion machine. The test time was 3 h. The tribo
loading mode (P-V) varied from 360 to
1000 N-m/s, while the sliding speed of the coun-
terbody was 0.2—1.0 m/s (Figure 5).

Pucynok 4. [Tosepxuaoctu Tperus: 1000 H (a), 1100 H (b), 1200 H (c)
Figure 4. Friction surfaces: 1000 H (a), 1100 H (b), 1200 H (c)
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Figure 5. P-V Dependences of the coefficient of friction and specific pressure
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[TokazaHo, 4To KOA(QPUIHEHT TPEHHUS BO BCEM
untepBane P-V mmke 0,03, 4To COOTBETCTBYET
TpeOOBaHUSAM K KOIPPUIUEHTY TPCHHS aHTH-
(hpUKITMOHHBIX MaTePUAIOB, pabOTAIOIINX B CMa-
30uHBIX cpenax [16, 17]. YcranoBneHo, 4TO
yAEIbHOE JIaBJICHUE YMEHBIIAETCS C POCTOM 3Ha-
yeHus P-V, uro, BEposITHO, CBA3aHO C yBeIHYe-
HUEM IUTIOIIAAN TPUOOKOHTAKTA.

Ha ocHOBaHMM NPOBEAEHHBIX UCCIEA0OBaHUMN
MOKHO COCTaBUTh PEKOMEHAALMHU K IPUMEHCHUIO
CBMIID npu paznuunbsix P-V mpu pabote B
TPAaHCMHCCHOHHOM MacJie Mapku Siboil TAD-17u.
CBMIID cnenyer 3KcIuTyaTHpoBaTh B TPAHCMHUC-
CHOHHOM Maciie npu PV, He npeBblamneM
1000 H-m/c. Takum 00pa3zom, TpeHHE B CPEIE KHUJI-
Koii cMasku Mapku Siboil TAD-17u moBsImaeT Ha-
rpy3ounyto cnocoonoctr CBMIID 3,0-4,0 pasza
10 CPaBHEHUIO C PEXKUMOM CYXOT'O TPEHHUSL.

BriBOJ

HWccnenoBanust 1o BIHSHUIO KUAKUX CMa304-
HBIX MaTepuajoB Ha TPUOOTEXHUYECKHE CBOM-
CTBa TOJIMMEPHBIX MaTepuajoB Ha OCHOBE
CBMIID moka3zaimu, 9T0 paCCMOTPEHHBIE Macja
OJTMHAKOBO Y(PPEKTHBHO OTBOIAT TETLIIO U3 30HBI
TPEHUs, HANMEHbIIIHE KOYPPUIIUEHT TPEHUS U
IJIOINA/b JIOPOKKH TPCHUS HAOIIONAIOTCS TIPU
TPEHHH B Cpele TPAaHCMHUCCHOHHOTO Macia
mapku Siboil TAD. YcraHoBiieHa 3aBUCHMOCTh
paboTtocmocodbrOCTH 00pazoB CBMIID B cpene
TPAHCMHUCCHOHHOTO Maciia TIPH Pa3HbIX HArpy-
309HO-CKOPOCTHBIX pexumax. [lomydeHHble qaH-
HBIC TI03BOJIAT CPOPMYIUPOBATH PEKOMEH/IAIIUU
10 PAKTHYECKOMY NMPUMEHEHHUIO CBEPXBBICOKO-
MOJICKYJISIPHOTO ITOJTUITHIICHA B PA3JINYHBIX CMa-
3BIBAEMBIX TPHUOOY3iaxX, I7Ie UCIIOIB3YIOTCS TI0-
JTMMEpHBIC TIOAIITUITHIUKH CKOJIbKCHUS.
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