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Wear resistance comparative testing of materialsanditions of one-directed and reversal friction
sliding were made. Wear resistance of coveringschmvere made from plasma and titanium alloy
BT-22, under low speed friction sliding were deterdinlt was defined that wear under low speed in
condition of one-directed friction sliding is mutlore greater, than in reversal.

Posenanymo pezynomamu nopiguanux eunpodysamb 3HOCOCMIUKOCMI Mamepianié 6 YMO8ax
OOHOHANPABIEHO20 MA PeBepCUBHO20 Mepms KO83aHHA. Busnaueno 3nococmilikicmv niazmosux
NOKpummie ma mumarnogozo cniasy BT-22 npu mepmi Kk083aHHA 3 HUZLKOIO UEUOKICIIO KOB3AHHSL,
CYyMipHOIO 3 (hpemune-koposieio. Bcmarnosieno, wo 3Hoc mamepianié npu HU3bKitl WEUOKOCHI 8
YMOBAX 0OHOHANPABNIEHO20 MEPMs KOB3AHHS 3HAYHO GUUe, HIdNC 3HOC Y Pe3VIbmami peeepCcusHoco
3G 0OHAKOBUX YMOB HABAHMANCEHHSL.

Paccmompenvl pezynomamer cpasHumenbHvlX UCNBIMAHUL USHOCOCMOUKOCIU MAmMepuanos 8
VCIOBUAX — OOHOHANPABIEHHO20 U PeBepCcusHo20  mpenus  ckonvoiceHus.  Onpedenena
U3HOCOCMOUKOCMb NIIA3MEHHbIX NOKPLIMULL U MUMan06020 cniaea BT-22 npu mpenuu ckonvoiceHus
C HU3KOU CKOPOCMbIO CKOJIbICEHUS, COUIMEPUMOU C (hpemmune-Koppo3ueti. Ycemanoaneno, umo
U3HOC Mamepuaios npu HU3KOU CKOPOCMU CKOTbIHCEHUS 8 YCI0BUAX OOHOHANPABIEHHO20 MpeHUs
CKONIbIICEHUS 3HAYUMENbHO Bblule, YeM U3HOC 8 Pe3ylbmame peGepcusHo20 Mpenus CKOMbICeHUs
npU 0OUHAKOBBIX YCAOBUAX HASDYHCEHUSL.

Introduction Work resource of mechanism units usually is

In any sphere where machines, mechanisriited by t_he premature wear or destruction of
and different devices are used, the tasks Bfe contacting parts.
increasing their efficiency and duralibility are These appear as the result of development of
initial. Reliability and duration of that type ofdamages which are caused by such processes as
units where interaction between their parts @ne-directed and reversal friction.
structurally embedded are caused by such The mentioned above processes are
phenomenon as friction and wear. subspecies of such a phenomenon as friction
Wear leads to interruption of mechanismgliding. It's necessary to mark the special type
units tightness, accuracy of details’ arrangemept corrosion-mechanical wear under the
and also to their mutual displacements. As thgternating friction.
result, wedging, impacts, vibration are appeared. This name is fretting-corrosion. This process
Eventually, they lead to failures of mechanismggyally is observed in the immovable
Friction, in its turn, causes the loses of energynnnactions which exposed the vibration.
reheating of the mechanism units and as the ynqor the fretting-corrosion the cyclical
result - the reducing of their effective work. , disol s | tacts of the detail
Phenomenon of friction and wear ard  cO displacementsin contacts of the detals
ead to deformations, intensive accumulation of

interconnected: friction leads to wear, and we | def £ mi q
of the detail surfaces causes the changes gfuctural defects, appearance of micro- an

friction. macro-cracks [1].
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At the identical conditions of alternating and Resear ching methodic
one-directed friction sliding the properties of the Thats why, on the base of installation

vvlorklng. sun;a(?els. d|ffefr]; As theh reSUIt’namedMCI)K-l, for tests on fretting-corrosion,
alternation of friction aftects on the Weakne ey installation was created. It allows to
resistance of the machine details. provide the investigations under low speed

Analyses of researches publications sliding in different environment and at the

In techni | q der fricti different temperatures [5].
N techniques, low Speeds under Inclion rp. main features of this installation is

SI.'d'ng very _often are met_. For example, "?eplacement of recurrent-forward motion on the
hlnge_s of'unlts, machine pillars, places Wher(fﬁrect rotation with the given speed. It's
the vibration takes place and others. As thg,cossary to mark that there is the complete

result _of vibration under the action of frettingordance of specimens for testing on friction
corrosion the wear process appears. That's Wré)ﬁding and fretting-corrosion.

it will be .interesting to compare the ma'FeriaI This fact has the economical effect and
damages in case of alternating and one-directggedience of comparative results under both
friction sliding. These types of friction S'd'ngtypes of wear. The another peculiarity of this
are parts of one process, but at the same tifa@tallation is possibility to make the
have their own peculiarities. It's important ta:omparative testing of different steels, alloys
mark, that wear at fretting-corrosion and frictioryng covering in the liquid and gases
sliding — are the different types of surfacegnvironment with the help of special chambers.
wear. So, the comparative analyses should be|nstallation gives possibility to conduct the
made by certain criterions. comparative researches of steels, alloys,
There exists some information about similagoverings and composite materials at small
researches [2-4], but they don’'t show the fulpeeds of sliding in different liquid and gases
picture of wear resistance at one-directeghvironments under different temperatures.
friction sliding and alternating friction. The specimens are the cylindrical rollers with
In the work [2] author conducts thethe diameter of 20 mm on which by means of
researches under different loading conditions ptasma method the coverin@KHA, Mo, TIC
friction sliding in fretting-corrosion. But theand TII' were applied. The thickness of
comparative analyses of characteristics of oneeverings equaled to 400 mcm. Except of this,
directed and alternating friction sliding were notomparisons were made on the titanium alloy
provided. BT-22, which was thermo-treated by the
Authors [3; 4] made the similar comparisoradopted in aviation regime of three-stages
of processes of one-directed and alternatifjocessing. This processing is stabilizing
friction for construction models of friction dropped and soft hardening on the air with the
processes. But really the comparative tests &llowing aging. The specimens were made
the coverings and construction materials wefeom the alloy 9X18I1I.
not provided. The specimens with the plasma coverings
That's why, it was decided to make theind titanium alloys were used during the tests.
comparative analyses of materials weathe choice of materials is explained by the
resistance under reversal and one-sided frictilowing: these materials are widely used in the

sliding at low speed displacements of materials2viation techniques. o _
The aim of the work is comparison of the As the comparative criterions during the

tribe-technical  characteristics of plasm&XPeriment were taken into account the

coverings at fretting-corrosion and one-sidef!lOWing:

friction sliding under identical loading — Way of friction;
conditions. — sliding speed.
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Investigations at the cyclical friction sliding Making the analyses of histograms of wear
were made under the loading of 20 MPa an@sistance of materials, we can talk about that
amplitude of 50 mcm. Oscillation frequencyact that wear of materials at the one-sided
remained constant and was 30 Hz. Tests basgstion is in ten times greater than at the
was 5-1écycles._ o o reversal friction. That's why, it's very

Under one-directed friction sliding as thGnieresting fact that at the one-sided friction

confirmative criterions between researches af 4 : o )
the cyclical and one-sided friction sliding werfg'dmg wear resistance of titanium all&f-22

C . an be compared with the wear resistance of
taken average speed of sliding, which wa :
3 mm/s, and way of friction 50 m. The test asma coveringIl'10H01 andIIC12HBK-01.

were made in such a way, that work during%t the realization of the similar condition of
experiments was constant. Investigations of tf¢§orK in techniques, the titanium alloy does not
change of linearity and intensity of wear of€quire any coverings at all. Wear of titanium

colored alloys were conducted on the air duringjloy and covering$II'10HO1, [IC12HBK-01 is
the friction and without oil material. practically the same.

The linear wear of the immovable specimen The high wear of coveringBll'10HO1 and
was determined with the help of the verticdIC12HBK-01 is explained by their chemical
type optimeterlIKB by the given number of composition and structure. Covering of the self-
cycles, the values of which determine the we#duxing powderIII'10HO1 is the alloy from parts
resistance of investigation material. The amougf chromium, silicon and iron in the nickel
of experiments were three per each point. matrix. Covering [IC12HBK-01 consists of

Theresults of the researches three main phases, the main elements which

The results of the researches are shown determine the distributipn of this phase are
the fig. 1 [6] Ritkel 76% and chromlum 18% thg rest is

w1 tungsten. At the one-sided friction sliding the

o | solid parts of chromium and tungsten, which are
10 1 inside the covering, crimp and intensively

destroy the surface, like the abrasive material.
51 Micro hardness of chromium parts and tungsten
3 1 in the coverings i$lmso= 13,7 GR [1].
. - I l This is confirmed by the topographies of
‘ - : : coverings’ surfaces of friction which are
BT22 BKHA Mo MrioHo1 nMC12HBK-01 |||ustrated on the flg 2
Covers Wear résistance of the titanium all®f-22
a at the one-sided friction is approximately in 20
307 77 times less, than at the reversal friction sliding.
250 During one-sided friction the gradual smearing

250
233
200 of the titanium alloy on the material of contra-
150 | 1335 specimen 95X18 is appeared. Subsequently, the
transferred titanium on the contra-specimen
1991 I 567 becomes harder and its micro hardness becomes

Linear wear, mcm

o N B O

Linear wear, mcm

50 1 higher in comparison with initial material. At

6,
one-sided friction appears the constant transfer
B2z BKHA Mo firoHOL ”Clz'zigsl of the titanium alloy BT-22 on the contra-
specimen 95X18, it's explained by the high
_ _ b _ ability of the titanium alloy to anointing.
Fig. 1. Histograms of the changes of linear wear of 5 the fig. 2,k is shown the surface of the

lasma coverings and titanium allB{-22: . . S
g—reversal frictign (fretting-corrosion);gr contra-specimen with the anointing hardened

b — one-directed friction. titanium alloy BT-22.
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Fig. 2. Friction topography of specimens at frettingb,c,d,8, friction sliding g,h,i,)
and friction sliding contra-specimerisl(m n,9:
a, f—-BT-22;b,

g —BKHA;

¢, h—Mo;

d, i—II'10HO1,

e, | —IIC12HBKOZ,

k — 95X18 withBT-22,

| —-95X18 withBKHA;

m — 95X18 with Mo;

n— 95X18 withTII' 10HBKO1,;

0 — 95X18 with[IC12HBKO1

At the reversal friction of the titanium alloy These oxides at the reversal friction sliding
BT-22 with the 95X18 appears the intensivevork as the hard oil material, which create the
oxidation of the surface of both materials angpace between two surfaces of friction. At the
formation of corrosion products. In this casene-sided friction sliding the oxides which
wear intensity of the titanium alloy is usuallyappeared during the experiment pour from the
proportional to the pressure, the frictiorfriction zone, and it leads to creation of the new
coefficient obtains the values, which are closeites of settings.
to its values in case of friction titanium on The least wear between tested coverings at
titanium. The friction has the character obne-sided and reversal friction sliding has the
gripping. Rupture, of the improved bymolybdenum covering (fig. 1).
deformation and gassy bridges of welding, The high wear resistance of plasma
appears in the depth of surface of titaniutmolybdenum covering is explained by the
specimens. As the result the surface of the stesglecific of this covering. During the spraying
contra-specimen becomes covered with the paitside the covering the hard small parts of nitro-
of adhering titanium alloy and the oxidatioroxides of molybdenum are appeared, their micro
with the formation ofli0, takes place. hardness is 13 GPa.
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In the covering the “Sharpie’s rule” is Conclusion
realized. There exist the soft matrix for damping
impacts during friction and the hard blotches f%

high wear resistance. : ) o
. . . 1. The comparative investigations of the
The coveringBKHA takes the mid position materials at one-sided and cyclical friction

by thg wear resistance between molybdenugﬁding were made.

coverings andlI"10HO1. 2. It was determined that wear resistance at
It's interesting to mark, that during thepne-directed friction sliding is in ten times

comparison of wear resistance histograms gfeater than at the cyclical friction sliding ireth

tested materials we see the full complianceonditions of fretting-corrosion. It's explained

between them. by the formation of the oxides which work like
The wear resistance histograms of materiagshard lubricant.

save their consequence as at the cyclical friction 3. It's determined that the consequence of the

and one-sided. It may indicate the highear resistanc_e (_)f hist_ograms_: at the_c_)ne-sided

probability of the results of experiment, and th@"d_cyclical friction sliding (in- condition of

designed installation can be used fOIrettmg-corrosmn) is similar.
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So, on the base of the provided investigations
e following conclusions can be made:
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