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sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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WAYS TO INCREASE OPERATIONAL EFFICIENCY OF BUSHINGS
OF LEVER-HINGED MECHANISM OF MINING MACHINES

Abstract. In this article, ways to increase operational efficiency of bushings of lever-hinged mechanism of
mining machines. Reliable operation of braking device of mine elevating machines, throughout the service life, is
dictated by regulatory safety requirements. The research task is to determine the presence of significant changes on
the surface of the mating parts of the hinged joints under different conditions. The friction surfaces of the hinge and
their physical-mechanical and tribological characteristics are compared. Using a special measuring system basic
regularities of interaction elements articulation parameters for establishing the wear in the contact surfaces were
studied. Research changes of the friction coefficient and wear quantity in mating parts was conducted. Research
carried out for various materials and various designs Bush-finger pairs of articulation. The experimental study of
stress-strain states of the various designs of hinges possible to determine the parameters of the bore inner surface of
the bush with the lowest voltage in the contact zone of the sleeve and the pin. The best tribotechnical characteristics
are hinges with bronze bushes. Steel bushes with a bronze coating have wear of greater than 10% compared to
bronze ones. Increasing the contact area of the bush with the pin due to the conical boring reduces the wear of the
hinge, allows increasing the resistance to physical wear.

Key words: mine hoisting machines, hinged mechanism, friction machine, coefficient of friction, bushing.

Introduction. Rope mine elevating machines are the most important element in transport chain of
mineral resources movement from the lower horizons of mine to the surface, and also provide trans-
portation of personnel and equipment. Service life of mine elevating machine, generally, is equal to the
service life of the mining enterprise. At the present time, in the mining industry elevating machines are
used, mostly commissioned in the 60-80s of the last century. Complete replacement of this equipment
does not provided. Braking device, which performs control and protection functions, is one of the most
responsible elements of mine elevating machines [1-3].

Reliable operation of braking device of mine elevating machines, throughout the service life, is
dictated by regulatory safety requirements.

Operational efficiency of braking device mechanism of mine hoisting machines depends from work
reliable of its main elements, particularly hinged joints. During the intensive use of elevating machine
there are damages in elements of lever-hinged mechanism, which associated with the appearance of gaps
due to wear of the contact surfaces of bushings [4-7]. It leads to changing of operating parameters of
braking device and consequently to increasing the time of its operation.

Meanwhile, does not use possibilities of increasing hinged joints reliability due increasing the area of
contact surfaces, changes in lubrication conditions, deposition on the metal surfaces of the bushes of the
most durable protective coatings, which reduce their wear during operation. Based on the foregoing,
establishing rational design parameters of elements hinged joints and the development of methods to
increase the reliability of their work is an urgent task.

— 28 ——
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Definition of the research task. Design parameters of the different variants of the research object are
established (figure 1). We perform initial diameter measurement d;; dy; d; of lengths L, in order to
establish the parameters of conic bore. Bore depth of the inner conical surface of the sleeve is selected as a
part of the total length L, the remainder of the length L, is bent to a cylindrical shape, provided that the
inner diameter of the new hole d; is increased to the value d, + 2A;, (A;, is the amount of radial wear of the
inner diameter of the sleeve) at a length L,, while the outer diameter of the bushing d; remains unchanged.
Finger Length Ratio: Lg is equal to L,, length Ls is the difference between L, and L;;; diameter of the
larger base of the resulting truncated cone ds is dg; diameter of the hole and smaller base of the truncated
cone d; is equal to diameter of the finger of new repair size d; with the condition d; + 2A .
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Figure 1 — Settlement scheme of the hinge




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

1) boring angle:
tgp, =8/L;, ()
where @, — bore angle:, %. & —value of increment to diameter d. at bore, mm; Ls — the depth of the bore

inner conical surface of the sleeve is HL;, mm; X — ratio of the length of the bored part to the total length
of the bushing.
2) length of the lateral line of the cone:

2
d, —d
L =L25+[%] : @)

where L¢— length of the lateral line of the cone, mm; dg— larger inner diameter of the bushing after boring,
mm; d;— inner diameter of the bushing, mm.
3) contact surface area:

2
d; +d
Sk=nL6+(%] +7d,L,, 3)

where Sy — contact surface area, mm; Ls— length of the lateral line of the cylinder of the non-doped part of
the inner surface of the sleeve, mm.

The maximum angle of conical bore of the bushing is limited by its outer diameter and the collapsing
condition. The minimum angle of conical bore is limited in accordance with GOST 8593-81 [8], GOST
25557-82 [9]. At angles of bore less than 70, grasping of the mating surfaces and jamming of the hinge
may appear, since the coefficient of friction in this case may be more than one.

The research task is to determine the presence of significant changes on the surface of the mating
parts of the hinged joints under different conditions. The friction surfaces of the hinge and their physical-
mechanical and tribological characteristics are compared [10, 11].

Using a special measuring system (figure 2) basic regularities of interaction elements articulation
parameters for establishing the wear in the contact surfaces were studied.

Research changes of the friction coefficient and wear quantity in mating parts was conducted.
Research carried out for various materials and various designs Bush-finger pairs of articulation. Various
lubricants and different lubrication regimes were used (GOST 9490-75) [12].

Tests were carried out on a SMC-2 friction machine with hinges of various design versions. The
analysis of obtained results for further realization in the actuating mechanisms of brake device of mine
hoisting machines is carried out [11].

The friction machine SMC-2 (owned by Ugleservis of JSC ArcelorMittal Temirtau) is designed for
testing materials for friction and wear during rolling, rolling with slip and sliding. Tests can be carried out
on three different contact patterns of samples that simulate work of parts in friction units. The samples are
loaded by a spring mechanism, and the carriage is balanced by a counterweight, which makes it possible
to carry out tests with loads on a pair of friction.

|

Figure 2 — The friction machine consists of:

- three-phase asynchronous AC motor;

- worm reducer;

- crank-slider mechanism with interchan-
geable eccentrics;

- friction unit with mandrels for samples of
different types and sizes;

- removable bath for testing in a liquid me-
dium,;

- two tensor beam, installed in the friction unit
of the stand and outside it (standard);

- a block for recording the analog output
signal from the strain gages, consisting of a power
supply, a digital oscilloscope PCS-500 and a com-
Figure 2 — The friction machine puter [13].
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Technical characteristics of the friction machine are presented in table.

Technical characteristics of the friction machine

Technical characteristics Value
Power of the electric motor of the drive, kW 2.2
Rotational speed of the lower sample, st 5;8.3;16.7
Slippage of samples, % 0, 10, 15, 20, 100
Maximum load on a friction pair P, MPa 5

The object of research is a hinge, which consists of a bush and pin. Gray cast iron and bronze are
used for making bushings. Bronze bushes are limited in use because of their high cost, an alternative
variant is a bush made of steel with an antifriction coating. The pin is made of steel CT45 X18N. An
important condition for testing is the correct choice of the value of the load on the friction pair, since its
values directly affect wear.

An important factor in the wear of contact surfaces of bushes is the area of mating contact surfaces.
The lubrication mode depends on type of lubricant and design of the bush-pin pair. The studies were
carried out at an ambient temperature of + 22 ° C [14-20].

Conducting experiments. A set of experiments was performed, which made it possible to identify
groups of friction pairs with minimum values for the coefficients of friction, wear, relative roughness, etc.

Further, dependencies connecting the coefficient of friction and wear value were constructed and
analyzed with factors such as the relative slip velocity and pressure for the most widely represented
material used for manufacturing friction pairs. The experimental data were processed by a statistically
determined method of constructing models using a computer.

Determination of the friction coefficient as a function of slip speed when testing hub bushes made of
different materials.

The first stage of the experiment consists in investigating the coefficient of friction of the "bushing-
finger" pair, with different slip velocities in the interval from 0.1 to 0.6 m/s. The object of investigation in
this experiment is the hinge, which consists of a bushing and a connecting pin.

The purpose of this experiment is to establish tribotechnical parameters of three variants of bushings
with different physical and mechanical properties.

The first version of the hinge, when the bushing is made of cast iron; the second variant, when the
bushing is made of steel with a coating of the inner working surface of the bushing with a bushing; the
third option, when the bushing is made of bronze. Inside the sleeve, a finger is made of hardened steel
grade STA5SH18N2M, which is used in all experiments with three variants of bushings. The condition for
carrying out this experiment is a predetermined slip speed interval from 0.1 to 0.6 m/s.

The construction of the investigated bushings is shown in figure 3. The graphs of the dependences
constructed from the experimental results are shown in figure 4.

Figure 3 — Construction of the bushes
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Determination of the wear of the inner surface of the bushes as a function of the load when
testing the hub bushings made of various materials. We will determine the wear value of three different
versions of hinge bushes made of different materials, depending on the applied pressure. The object of
investigation in this experiment is a hinge bush with a connecting pin. Inside the bushing, a pin is in-
stalled, which is made of hardened steel grade ST45H18N2M. We will establish the value of wear, pro-
vided that the specified range of the pressure value lies in the range from 1 to 5 MPa. The graphs of the

Fiction coefficient, f

0,3

0,25

02

0,15

0.1

0,05

0

Figure 4 — Graphs of friction coefficient variation as a function of slip speed
when testing hub bushings made of different materials:
1 — for the cast iron bushing; 2 — for a steel bush with a bronze coating; 3 — for the bronze bush

dependencies constructed from the results of the experiment are shown in figure 5.

Analysis of the dependencies in figures 4 and 5 shows that the hinges with bronze bushings have the

best tribotechnical characteristics.

Wear U, mm
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Figure 5 — Graphs of changes in wear of the inner surface of bushings depending
on the load when testing hinge sleeves made of different materials:
1 — for the cast iron bushing; 2 — for a steel bush with a bronze coating; 3 — for the bronze bush
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The proposed steel bushings with a bronze coating have excellent wear characteristics of about 10%
compared to bronze ones, but considering the economic aspects of their production, we can talk about the
advisability of using them.

The following single-factor dependencies are obtained with the condition that the output parameter is
wear of the bush (U), and the input parameter is the pressure (P), depending on the applied pressure from
1 to 5 MPa, for the investigated bushings 1 - for the cast iron bush; 2 - for a steel bush with a bronze
coating; 3 - for the bronze bush.

Determining the wear of hinge bushes with different geometric parameters depending on the load

At the second stage of the experiment, the wear values of hinge bushes with different geometric
parameters are determined depending on the loading value. The object of investigation in this experiment
is a hinge bush with a connecting finger. Inside the bushes, a finger is installed, which is made of hardened
steel grade ST45H18N2M.

Wear values are established provided that the specified pressure range is in the range of 1 to 5 MPa.
The graphs of the dependencies constructed from the results of the experiment are shown in figure 6.

The following single-factor dependencies with the condition that the output parameter is the wear of
the sleeve (U), and the input parameter is the pressure (P), from 1 to 5 MPa are obtained.
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Figure 6 — Graphs of changes in the wear of the inner surface of the bushes
as a function of the load when testing the hinge with different bushings:
1 — a cylindrical bush; 2 — bush with a partial conical boring of the inner cylindrical surface by 0.35 length;
3 — bush with a partial conical boring of the inner cylindrical surface by 0.7 of its length

According to the geometric shape of the inner surface of the cast iron bush: cylindrical; with a partial
conical boring of the inner cylindrical surface by 0.35 of its length; with a partial conical boring of the
inner cylindrical surface by 0.7 of its length.

Determination of the change in the friction coefficient as a function of slip speed when testing
hinges with different lubrication regimes. The third stage of the experiment is the establishment of the
friction coefficient of the pair, depending on the sliding speed, under different lubrication regimes. Diffe-
rent lubrication regimes can be obtained by applying different design versions of the grease nipples of the
swivel joint. The object of investigation in this experiment is a sleeve made of cast iron and fingers with
different arrangement of channels for lubrication of the hinge (figure 1). For the first variant, a typical
cylindrical pin with one lubrication channel; for the second variant, the finger is cylindrical with two
through lubrication channels. The first option is typical and is performed at the factory, we made changes
to the lubrication system and equipped the pin with an additional lubrication channel (figure 1).

Determining the wear of hinge sleeves with different lubrication regimes depending on the load. The
object of investigation in this experiment is a sleeve made of cast iron and pins made of hardened steel
grade ST45H18N2M with different arrangement of channels for greasing the hinge (figure 1).

The condition for this experiment is a predetermined slip speed interval from 0.1 to 0.5 m/s. The
loading is constant and is 1 MPa. The graphs of dependencies constructed from the results of the experi-
ment are shown in figure 7.
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Figure 7 — Graph of the change in the coefficient of friction as a function of sliding speed
when testing hinges with different lubrication regimes:
1 — cylindrical pin, single-channel lubricant; 2 — cylindrical pin, two-channel lubricant

Analyzing the graph of the dependencies shown in figure 7, we can draw the following conclusion:
the proposed design changes of lubricating channels allow about more than three times, depending on the
speed, to reduce the coefficient of friction of the conjugate surfaces, and thereby significantly increase the
tribotechnical performance of the hinges.

Conclusions. The experimental study of stress-strain states of the various designs of hinges possible
to determine the parameters of the bore inner surface of the bush with the lowest voltage in the contact
zone of the sleeve and the pin. The spacing of the bushing is 0.35 to 0.7 times its length. The best tribo-
technical characteristics are hinges with bronze bushes. Steel bushes with a bronze coating have wear of
greater than 10% compared to bronze ones. But, given the economic aspects, we can talk about the advi-
sability of using them. Increasing the contact area of the bush with the pin due to the conical boring redu-
ces the wear of the hinge, allows increasing the resistance to physical wear, and also opens the possibility
of reusing the bush due to its boring. Design changes lubricating channels improve joint lubrication
regime and use of additional lubrication channel can significantly reduce wear and reduce the coefficient
of friction of the mating surfaces 3 times.
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'Kaparan/s1 MeMJIEKETTIK TeXHUKaNBIK yHuBepcuTeti, Kaparanst , Kasakcran,
*ToMCK MONUTEXHHKAIBIK yHIBepcHTeTi, ToMck, Peceit

TAY-KEH MAIINHAJIAPBIHBIH TEXEI'TII-ITAPHUPJII MEXAHU3MJIEPIHIH
TUIMALITTH APTTBIPY KOJIJAPBI

AHHoTanus. bepiireH makaiana HIHTIPEKTIK-TONCAIbl MEXAHM3MJIET1 TOJKCHIH JKYMBIC iCTEY THIMIUTITIH
apTTHIPY KOJAAPbIH KapacThipaasl. [I1axThIapl KOTEPTill MAIIMHAHBIH TEKETII KYPBLUIFACHIHBIH CEHIM/I KOJIaHbI-
JYBI )KYMBIC iCTey 0apbhIChI HOPMATHBTIK KayillCI3[iK TalanTapbliHa caii OarblHAABI. 3EPTTEYAIH MaKCaThl dp TYPIi
IIapTTapaa TOICAIbl KOCEUTBICTAPBIH OCTIHJETI )KaHACATHIH OOIIEKTEPAiH MaHBI3IbI ©3TEPIiCTEPiH aHBIKTAY. Tor-
CaHbIH YUKeJic OCTTepiH CaNbICTBIPY KOHE OJapIblH (hU3UKA-MEXaHUKAIBIK XKOHE TPHOOIOTHSIIBIK CHITATTaMaIaphIH
3epTTey JKYprisijemi. ApHaibl eey KelleHiHiH apKachlHaa OaiTaHbIc OeTTepiHiH allMarbIHIaFsl TO3y HapaMeTp-
JIepiH Oenrijiey YIIiH TOICAHBIH 3JIEMEHTTEP] apachbIHIaFbl 63apa opeKeTTeCy YPAiCiHIH HeTi3Ti 3aHIbUIBIKTaphl 3epT-
Tenmi. Yikenic koahOHUIIMEHTIHIH 63repyiH jKoHe JKymnap OeMiKTepiHJIeri To3y MOJIIEepPiH 3epTTey Kypris3iam. 3epT-
TEy OpPTYPJIi MaTepHaimap MEH XaO-TYHICHeli JKYNTac KYITHIH TYPJI jK00ajbIK HYCKaJaphl YIIIH XXYPrisiimi. Op
TYpPJII TOICAIbl KOHCTPYKIMSUIAPBIH CTPECC-IITAaMM KYHIH OTKI3reH J3KCIEPUMEHTAJIBIK 3epTTeyJiep TOJKe. IeH
caycakThl OaiJIaHBICTBIPY alMarbIHIAFbl €H TOMEHIT KepHEYJl TOJIKeHIH imki OeTiHiH Oyprbuiay MmapaMeTpiiepid
aHBIKTayFa MYMKIHAIK Oepai. Y31iK TpHOOTEeXHUKAIBIK CUIIaTTaMallapbl Kojia OyTanapsl Oap inmekrep. Koia xaObiH-
JIBICBI 0ap OoJat KeHaep KojameH cajbicThipranga 10% apTeik To3yra ue. TyTKaHbl KOHYCTBIK OypFbhIIayMeH Oaii-
JIAHBICTBI CaycarbIMeH OaiyIaHBICTBIPY alMarbIHBIH KOFapbUIaybl TOICAHBIH TO3YBIH a3aiTajbl, PU3MKAIBIK TO3YFa
TO3IMIUTIKTI apTTHIPAIEL.

Ty#iiH ce3aep: maxTallbIK KOTEPrill MalluHAIap, TOICAIbl MEXaHU3M, YHKEIiC MaIllMHACKHI, YiiKkelic ko3hdu-
LIMEHTI, TOJIKE.

M. K. U6aros’, @. H. By1ar6aes’, A. JI. Mextues', B. B. IOraii' ,
A . AJI])KI/IHaz, E.T. Hemnna®

'KaparanauHCKuii rocy 1apCTBEHHBIN TeXHIUecKuil yauBepeutet, Kaparana, Kazaxcran,
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IIYTHU HOBBIINEHUSA SOPPEKTUBHOCTH 3KCILTYATAIIUU BTYJIOK
PBIYAKHO-ITAPHUPHOI'O MEXAHU3MA I'OPHBIX MAIIIMH

AnnHoTtanus. B craThe paccMaTpHUBaOTCS MyTH MOBHIIICHAS S((DEKTUBHOCTH SKCIDTyaTalllH BTYJIOK PBIYaKHO-
IIapHUPHOTO MexaHm3Ma. HamexHas SKCIUTyaTaIiisi TOPMO3ZHOTO YCTPOMCTBAa IIAXTHBIX MOJBEMHBIX MAIllWH, Ha
MPOTSDKEHUH BCETO CPOKA IKCIUTyaTalldd, TUKTYETCSI HOPMATUBHBIMA TpeOOBaHUAMHU 0€30MacHOCTH. 3ajada mccie-
JIOBaHHUS COCTOWT B ONPEAETICHUN HAIMYXS 3HAYMMBIX H3MEHEHHUI Ha MMOBEPXHOCTHU CONPSTaeMbIX JIeTajlel MapHup-
HBIX COCIMHEHNUH TPU Pa3IHIHBIX yCIoBHAX. [IpoBeeHO cpaBHEHHE TOBEPXHOCTEH TPEHHS MIAPHHUPA U U3yUEHHS X
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(hM3UKO-MEXaHWIECKUX W TPUOOIOTHIECKHAX XapakTepUCTUK. C IMOMOIIBI0 CHENHUANBHOTO U3MEPUTEIEHOTO KOMII-
JIeKca IIPOBEJEHO UCCIIEIOBAaHUE OCHOBHBIX 3aKOHOMEPHOCTEH MpOoLecca B3aUMOJESHCTBUS 3JIEMEHTOB LIAPHUPHOTO
COEIMHEHHS JJIsl yCTAHOBJICHUS MapaMeTpoB M3HOCAa B 00ACTH KOHTAaKTHBIX IMOBEPXHOCTEH. BBUIO MpoBemeHo mc-
clefioBaHUe M3MeHeHHs: KoddduimeHTa TpeHWs M BENMYMHBI M3HOCA B CONpsraeMbix netaisx. MccienoBanue
IPOBOJWINCH [UISl Pa3JIMYHbIX MAaTEPUAJIOB U Pa3IUYHbIX KOHCTPYKTUBHBIX UCIIOJHEHUM BTYJIOYHO-IIAIbLIEBON Maphl
IIAPHUPHOTO coenuHeHus. [IpoBeneHHBIE SKCIEPUMEHTANbHBIE HCCIEIOBAHUS HAIPSKEHHO-Ie(GOPMHUPOBAHHOTO
COCTOSIHUS PA3IUYHBIX KOHCTPYKIMH IApHUPOB IO3BOJIMIIN ONPENENIUTh TapaMeTphl PACTOYKH BHYTPEHHEH MOBEpX-
HOCTH BTYJIKM C HAMMEHBLINM HalpsHDKEHHEM B 30HEe KOHTAaKTa BTYJIKM M Najbla. HaumydmuMu TpuOOTeXHHUECKMMHU
XapaKTEepUCTUKAMH O00JIa/Iat0T IApHUPBI ¢ OpOH30BBIMHU BTyJKaMHu. CTajbHBIE BTYJIKH C OpPOH30BBIM IOKPBITHEM
uMeroT u3Hoc Oonbunid Ha 10% 1o cpaBHEHUIO C OPOH30BBIMH. YBEJIHUYECHHUE IJIOIIAAN KOHTAKTa BTYJIKH C MaJbIIEM
3a CYEeT KOHMYECKOH PAacTOYKM yMEHBILIAET M3HOC IIapHHUPA, MO3BOJISIOT ITOBBICUTH CONPOTHUBIICHHE (U3MUECKOMY
U3HOCY.

KiroueBble ¢jI0Ba: IMAXTHBIC TOAbEMHBIC MAIIMHEI, ITAPHUPHBIA MEXaHU3M, MAaIllHHA TPEHUs, KOAPUIHESHT
TpEHUS], BTYJIKA.
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