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Kasakcman Pecnybniukacbkl ¥nmmbiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fblfibIMU XypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabbindaHraHbIH xabapnatidbl. byn uHdekcmeny 6apbicbiHOa Clarivate Analytics KoMraHusiCbl XypHarobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, b6acnawbinap MeH Mekemesiepze KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmbiK YWiH eH e3eKmi oHe
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npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4dpexdeHul. BkmoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHCcmpupyem Hawy [pUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 0515 Hauwea2o coobuwecmea.
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DEVELOPMENT OF REPAIR KITS FOR KNOTS OF TRANSPORT
EQUIPMENT AND TECHNOLOGICAL EQUIPMENT

Abstract. Sliding and rolling bearings are applied in transportation and production equipment, these bearings
operate under high loads in reciprocating/rotary mode. They are used in railroad, road, and agricultural transport for
suspensions, dampers, steering, shaft drives, in garment equipment, mining, oil and gas production and processing, as
well as some other industries. However, their operation lifetime is insufficient and recovery of such couplings by
conventional methods comprised of replacement with repair kits of similar design does not solve this problem.

As assumed in this article, the operation lifetime of couplings operating under heavy loading in
reciprocating/rotary mode can be increased by improved recovery of their operability using repair kits based on new
operation principles of tribocouplings, that is, sliding bearings with movable spring bearing boxes.

The design of repair kit design of rubber bushing in the form of sliding bearing with movable conical spring
boxes has been theoretically substantiated. Mathematical models of size variations of movable conical spring box of
sliding bearing of damper rubber bushing have been developed.

Theoretical importance of the work is comprised of the expanded proven concepts of recovery of damper rubber
bushings using repair kits with movable spring boxes. Practical significance is that the developed repair kits of
damper rubber bushing are characterized by operation lifetime higher by 1.5...2 times in comparison with regular
kits.

The obtained results can be applied for development of new engineering solutions, for improvement of recovery
of transportation and production equipment with couplings operating under high loads in reciprocating/rotary mode.

Key words: repair kit, spring boxes, vehicle suspension, dampers.

Introduction. Transportation and production equipment operates with sliding and rolling bearings
under high loads in reciprocating/rotary mode. Such bearings are used in railroad, road and agricultural
transport in suspensions, dampers, steering, shaft drives, in garment equipment, mining, oil and gas
production and processing, as well as some other industries. Manufacturing companies of the equipment
are requested to increase operation lifetime retaining reliability of parts, units, assemblies and systems.
However, at the design and manufacturing stages, these problems are solved insufficiently, and during
operation it is required to carry out functional tuning in order to improve operation quality [1]. Functional
tuning, besides all, assumes application of repair kits in units and assemblies in order to recover their
working state and even for improvement of their operation lifetime.

Numerous works are devoted to provision of operability of transportation equipment in the course of
operation lifetime: Avdon'kin, Apsin, Grebennikov, Grigor'ev, Gurvich, Denisov, Dyumin, Zvyagin,
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Kanarchuk, Kramarenko, Kuznetsov, Novikov, Savel'ev, Sheinin, N. Gkikas, J. Little, D. Cormick,
S. Bennett, I.A. Norman, and others [2,10,11,13,14].

Analysis of operation reliability of passenger cars evidences that suspension elements are not
characterized by equal lifetime during overall operation period [3]. Dampers are the most expensive
suspension elements. The frequency of their failures is about 17%, specific labor consumption required for
recovery is about 12%. Operation lifetime of dampers depends on operation conditions of cars and does
not exceed 70 thous. km. The most popular and typical couplings operating under high loads in
reciprocating/rotary mode are rubber bushings of car dampers. Rubber bushings fail due to wear and
fatigue breakages. Conventional recovery of such couplings by replacement with repair kits of similar
design is not efficient because operation lifetime is not increased. Therefore, it is important to search for
new engineering approaches aiming at improvement of lifetime of couplings of transportation and
production equipment operating under high loads in reciprocating/rotary mode, as well as at improvement
of their operability recovery using repair kits.

This work substantiates theoretically the design of repair kit of rubber bushing containing
tribocoupling based on new operational principle: sliding bearing with movable conical spring boxes.

Methods. Operation lifetime of tribocouplings, in particular: sliding bearings operating under high
loads in reciprocating/rotary mode, can be improved by using concepts of Prof. Zhukovsky about motion
without friction leading to its decrease in working body [4].

The first concept was comprised of friction compensation by auxiliary countermotion of intermediate
support driven by external energy source. The second concept differs by application of supplemental
lateral motion (instead of countermotion) of platform, its speed should exceed significantly the sliding
speed of a body over platform. The second concept can be implemented by various designs, including
those without external energy source, for instance, due to remaining disequilibrium of rotating body.
Implementation of these concepts using forced rotation or vibration of intermediate support confirmed
possibility to decrease friction in working body. These concepts were embodied in gyroscopes on the basis
of specialized reverse rotary support: ball bearings with two rows of balls and intermediate rings which
rotated in opposite directions by means of toothed gearing. In internal combustion engines with
undermounted camshafts and motion transfer to valves via plungers and rods, the cam wear is
insignificant, which can be attributed to the second concept by Zhukovsky: existence of auxiliary lateral
motion (plunger rotation) and conversion of sliding friction to rolling friction achieved by cam
displacement relatively to plunger rotation axis.

The repair kit with cylindrical spring box was developed for crossarms of various vehicles [5].

However, cylindrical spring box is characterized by certain disadvantages: difficulties in
manufacturing and assembling due to necessity to apply selective method.

Theoretical substantiation of conical spring box for damper rubber bushing in comparison with
cylindrical box. In conical spring box the required coupling conditions are provided automatically by the
box design. The conical box in sliding bearing for reciprocating/rotary motion is characterized by peculiar
positioning. In rest state the conical spring box at half of its length (on the side of lower diameter) is
positioned rightly reaching zero in the middle of the box on shaft and having the same positioning on the
bushing on the side of higher diameter of the spring box. Such positions provide guaranteed allowance on
both working surfaces, thus meeting the requirements of bearing operability: plastic deformation on
working surfaces [6].

The mathematical model of conical spring box of sliding bearing of damper rubber bushing is based
on the mathematical model for cylindrical spring box.

The conical spring box differs from the cylindrical one, hence, the following assumptions have been
made for predictions:

- absolute linear deformation of spring box f; equals to 1 mm due to negligible deformation of spring
box in rubber bushing;

- the length of spring box in loaded state H, equals to H, because the spring is unloaded;

- the pitch angle of coils of spring box in unloaded (free) state is o = 1.83°

- the initial pitch angle of screw beam axis of unloaded spring box is o = ol.

The sliding bearing for reciprocating/rotary motion is proposed [5,6] with partial implementation of
the Zhukovsky's concepts about motion without friction (by rotation of intermediate support) without
application of external energy source.
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Tribocoupling (figure 1) is comprised of the shaft 1, the external ring 2 and the spiral box 3 in the
form of coiled spring positioned between them. The spiral box is movable, conical with the cone angle
from 1° to 5°, herewith, the spring wire diameter d equals to one half of the gap between the shaft
diameter D and the diameter of box opening D+2d. Herewith, it is installed with allowance at edges as
well as with allowance at internal and external surfaces for constant ratchet effect [7,12].

2

. [T

Figure 1 — Sliding bearing for reciprocating/rotary motion

L

amin
Lmin
D+2d

1

The identifying feature of the bearing design is that it is equipped with movable box in the form of
conical coiled spring (intermediate element) which in oscillating mode is forced only in one direction, thus
providing uniform wear and lubrication distribution due to decrease in adhesive constituent of friction and
occurrence of ratchet effect [9].

Tribological principles are executed in the bearing: activation of working surface by plastic
deformation and suppression of oxidation.

Activation of working surfaces by plastic oxidation is provided by installation of elastic spring box
between external and internal bushings so that to achieve certain allowance on working surfaces of the
box. Herewith, during operation (rotation to one direction) the allowance increases on one working surface
and decreases on the other working surface up to formation of gap and sliding. When rotating to another
direction, the gap is replaced with allowance and vice versa.

Suppression (restriction) of oxidation on working surfaces of bearings is supported by design,
because sealing glands are used preventing access of oxygen and other oxidants to working surfaces, or by
addition of inhibitors to lubricants.

The developed bearing is the main element of innovative repair kit of damper rubber bushing (figure 2).

Figure 2 — Schematic view of damper rubber bushing with movable conical box

Mathematical model of size variation of conical movable spring box of sliding bearing of damper
rubber bushing was developed [7].

The developed mathematical model can be applied to theoretical predictions of rubber bushing
bearing included in the damper repair kit.

Results and discussion. Theoretical assumptions for development of sliding bearing with spring
boxes are proved by laboratory studies of experimental repair kit of damper rubber bushing of passenger
car performed with high precious instruments, as well as in working environment [8]. Practical
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significance is that the developed repair kits of damper rubber bushing are characterized by operation
lifetime higher by 1.5...2 times in comparison with regular kits operating in reciprocating/rotary mode.

Conclusion. The obtained results can be applied for development of new engineering solutions aimed
at efficient operability maintenance of transport and agricultural equipment based on recovery
improvement of couplings operating under high loads in reciprocating/rotary modes (for instance, steering,
drive shafts, vehicle suspension) using repair kits.

. K. KymaJmeBl, A. H. BHHOFpaZ[OBZ, T. A. BaJITaeB3, b. A. EpMaHOBa3
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KOJIIK TEXHUKACBIHBIH TYUATHI MEH TEXHOJIOT USLJIBIK
KABIABIKTAPFA APHAJIFAH )KOHJAEY KUBIHTBIFbIH JAMBITY

AnHotanusi. KeJik TeXHMKAachl MEH TEXHOJIOTHMSUIIBIK KaOIBIKTApAbIH KOHCTPYKUMSJIAPbIHIA KalTapbIMIbl-
alfHaJIMaJIbl PEXKUM/JIE HKOFAPhI )KYKTEME Ke31HJIE KYMBIC JKaCalThIH IIAiKaIMaibl XKoHE KbUDKbIMAIIbI TTOANINITHUAK-
Tep KosgaHbutanbl. Oxap TeMipKoil, aBTOMOOMIIb )KSHE aybUIIIapyallbUIbIK KOIIKTEPiH/e, aclalibl KOHIBIPFbUIAp/a,
aMopTH3aTopiapaa, PyJibIik Oackapyna, KapaaH OepimicTepie, TiriH, Tay-KEH, MYHail JKOHE ra3 eHJICY aOIbIK-
TapbIHAA )KoHe 0acKa Ja cananapaa KoJiaHbuIabl. AJaia oapAblH y3aK YakbIT KbI3MET €Tyl KOl JKaraaiia )KeTKi-
JIKCi3, J)KOHE OCHIHAAW MHTepdeiicTepai MocTYpill oMICTEPMEH KalllbIHA KEJTipy, YKCac JKOHAEY >KHHAKTapbIMEH
aJIMacThIPy OYJT MOCEJICHI IIIeIIe aIMaiiIbl.

ABTOpJIapAbIH OMBIHING, KalTapbIMAbI-aiiHAIMAIIBI PEXKUMIIE YIIKEH JKYKTEME Ke3iH/e JKYMBIC 1CTEHTIH TYHiH-
JIeMeNep/IiH y3aK yaKbITKa TO3IMJIUIIriH apTThIPYJIbIH KOJIBI — TPUOOXKYNTACY JKYMBICHIHBIH JKaHa MPHHIMIITEPIHE
KYPacTBHIPbUIFAaH JKOHIEY JKHBIHTBIKTAPbIH, aTal aWTKaH[a, >KbUDKbIMaJbl CEpiMIesi >KalcblpMackl Oap CBIPFY
MOMBIHTIPEKTEPIH NMaiiajaHy apKbUIbI OJIap/IbIH )KYMBICKA KaOUIETTUIIrH KaJbIHA KEATIPY TEXHOJIOTUSICHIH JKETUINIPY.

KbUDKBIMAJIBI KOHYCTBIK Cepinmeni Kipicrepi 0ap KbDKbIMaibl HOALIMITHUK TYPIHJIETi KeHJey OJOTbIHBIH
JIM3aliHbl TEOPUSUIBIK TYPFBIAAH HETi3/1eJITeH. AMOPTU3aTOpP CaiIeHTOJIOTBIHBIH JKbIDKBIMAIBI KOHYCTBIK Cepimmeni
MOJIIIEPIH 63repTy MPOLECIHIH MaTeMaTHKAIBIK MOJIEIbEP] Kacallabl.

3epTTeyAiH TEOPHSUIBIK MaHbI3/IBUIBIFEI KeJIECIIEpMEH JaJielIeHe li: KbUDKbIMaNbl cepimmelni Kipicrepi 0ap
KOHJIEY KMHAKTApPhl KOMETriMEH aMOPTU3aTOPJIap/IblH CalIEHTOIIOTBIH KallIbIHA KEJTIpYy SAICTEpl Typalibl WAESHBI
KCHEHTETIH TCOPUSIIBIK epexerniep nanesacH . ToxipuOeHiH MOHI aMOPTH3ATOP/IbIH CalICHTOMOTBIHBIH KETiIIi-
pUIreH >KeH/Iey )KUBIHTBIFBI CTAaHIAPTTaH 1,5 ... 2 ece Kol pecypcKa he eKeHIrHAEe XKaTbIp.

YChIHBUIFaH FBUIBIMUA 3€PTTEYJIEp/iH HOTIDKENepl ayblp YK acThlHAA J>KYMBIC JKacaWThlH JKOHE Kepi —
allHaIMaJlbl KO3FAJIBICTAp JKACAWTHIH KOJIKTIK KaOAbIKTaphl MEH TEXHOJIOTHMSIIBIK >KaOIBIKTapIbIH TYHIHAEPIH
KaJIlIbIHA KEJTIPY SMICTEPiH JKETUINIPYHAiH jKaHa TEXHUKAIBIK JXOHE TEXHOJOIMSUIBIK LICHUIIMIEpIH kacay YIIiH
KOJIJIaHbLIa 1Bl

Tyiiin ce3mep: xoH/CY KHUBIHTBIFbI, CEPIIIIENi canMa, aBTOMOOWIIb KOTEprilli, aMopTH3aTopIap.

J. K. KymaJmeBl, A. H. BHHOFpaZ[OBZ, T. A. BaJITaeB3, b. A. EpMaHOBa3

'3anaHo-KasaxcraHckuii arpapHO-TeXHHUecKuil yauBepcutet nm. XKaurup xana, Ypansck, Kazaxcras;
*CapaToBCKHii TOCY1apCTBEHHBII TeXHUUeCKMil yHuBepcuTeT uM. [arapuna 0. A., Capatos, Poccus;
’Ka3axcTaHCKMil yHHBEPCHTET MHHOBAIIMOHHBIX U TeJIEKOMMYHHKAIMOHHBIX CHCTeM, Ypaibck, Kazaxcran

PA3PABOTKA PEMOHTHBIX KOMILTEKTOB JIJIS1 Y3JI0B TPAHCIIOPTHOM TEXHUKH
N TEXHOJOI'HMYECKOI'O OBOPYJ1OBAHUA

AHHOTaHI/lﬂ. B KOHCTPYKIUAX TpaHCHOpTHOﬁ TCXHHUKH W TCXHOJIOTHYCCKOI'O 060py,HOBaHI/I$I MPUMCHAOTCSA
HNOAIIUITHUKHN CKOJIBXXCHUSA U KaYCHUS, pa60Ta}0mI/Ie npu OOJIBIIHX HarpyskKax B BO3BpaTHO-BpAIlaTCIbHOM PEIKUME.
Onu HCHOJIB3YKOTCA B IKCJIC3HOAOPOKHOM, aBTOMOOHUJIBHOM M CEJIbCKOXO3SHCTBEHHOM TPAHCIIOPTE B Yy3J1axX
MOABCECKH, aMOpTHU3aTOpax, pYyJICBOM YIPABJICHHUU, KapJAdHHBIX II€peaadyax, B 060py,HOBaHI/I$IX mBeﬁHOFO,
FOpHOHO6LIBaIOHICFO, He(bTeFaBOZ[O6I)IBaIOHIeFO n nepepa6aTLIBa}0mero U HCEKOTOPBIX APYTUX I[POU3BOACTBAX.
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BmMecre ¢ TeM HX JOITOBEYHOCTb, 324aCTyI0, HEJOCTATOYHA, & BOCCTAHOBJICHUE TAKUX CONPSDKEHUH TPaaUIIHOHHBIMU
METOJIaMH ITyTeM 3aMeHbl Ha PEMOHTHbIC KOMILICKThI, aHAJOTUYHBIE 110 KOHCTPYKLUH, HE MO3BOJISET PEIIUTh ATy
mpobiemy.

ABTOpamMH BBIIBHUHYTa HJEs, YTO PE3EPBOM IOBBIILICHUS JOJTOBEYHOCTH COINPSDKEHUH, PaOOTAIOUIMX IpU
OONBIINX HArpy3Kax B BO3BPAaTHO-BPALIATEILHOM PEIKHME, SIBJISETCS COBEPUICHCTBOBAHUE TEXHOJIOTHH BOCCTAHOB-
JICHUSI UX PabOTOCIIOCOOHOCTH MyTEM HCIOJIb30BAHMSI PEMOHTHBIX KOMIUIEKTOB, CKOHCTPYHMPOBAaHHBIMU Ha HOBBIX
NpUHOUIAX paboThl TPUOOCONPSDKEHMH, & UMEHHO — MOJALIMITHUKOB CKOJIBXKEHHS C TOABHKHBIMHU MPYKUHHBIMU
BKJIQ/[bIIIIAMH.

TeopeTnyeckn 000CHOBaHA KOHCTPYKIMsSI PEMOHTHOTO KOMIUIEKTa CaiJIeHTOIOKa B BUJIE MOJIIUITHUKA CKOJIb-
KEHUsl C TOABWXHBIMU KOHMYECKUMH IIPY)KMHHBIMU BKJIQJIbIIaMU. Pa3paboTaHbl MaTeMaTHYeCKhe MOJIENN
npolecca M3MEHEHUsI pa3Mepa MOJBHIKHOTO KOHHUYECKOrO MNPYKHMHHOTO BKJIAJBIIIA IMOJIIUITHUKA CKOJbKEHHUS
CaiiJIeHTOI0Ka aMOpTH3aTOpa.

Teopernyeckasi 3HAYMMOCTh HCCIICJOBaHUSI OOOCHOBaHA TEM, YTO: JIOKAa3aHbl TEOPETHYECKUE IOJIOKEHHUS,
pacuIMpSIOLIKE TIPEJICTABICHHE O METOAaX BOCCTAHOBIICHHUS CAHJIEHTOIOKOB aMOPTH3aTOPOB IIPUMEHEHUEM PEMOHT-
HBIX KOMILJIEKTOB C MOJBIXHBIMU NPYKHUHHBIMH BKJIQ/IbIIIIAMH. 3HAUEHHUE JJISI PAKTUKHU 3aKIIFOYAETCS B TOM, YTO
pa3paboTaHHbIE PEMOHTHbIE KOMILIEKThI CailieHTOJI0Ka aMOpTH3aTopa UMEIT pecypc B 1,5...2 pa3a Gojipluid 1o
CPaBHEHHIO CO CTAHAAPTHBIM.

[IpeacraBneHHble pe3yNbTaThl HAYYHOTO MCCICJOBAHMS MOTYT OBITh MCIIOJIB30BaHbI Ul pa3pabOTKU HOBBIX
TEXHHYECKUX U TEXHOJIOTHYECKHX PELICHHId JJIsi COBEPIICHCTBOBAHHUS METOJI0B BOCCTAHOBIICHHS Y3JIOB TPAHCIIOPT-
HOW TEXHMKHM M TEXHOJOTHYECKOro O0OpYyIOBaHMs, TAE€ HMEIOTCS COMpPSDKeHWs, paboTarolue Npu OOJbIINX
Harpy3Kax ¥ COBEpIIAIOIINe BO3BPATHO-BpaIllaTeIbHbIC JIBUKECHHSI.

KioueBble c10Ba: peMOHTHBII KOMIUICKT, PY>KUHHBIE BKIIQ/IBILIH, TOJIBECKA aBTOMOOWIISI, aMOPTHU3ATOPBI.
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