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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, Savelev, 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
oftheir 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 ofthe 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 boxfxequals to 1 mm due to negligible deformation of spring
box in rubber bushing;

- the length of spring box in loaded state Hxequals to H Obecause the spring is unloaded;

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

- the initial pitch angle of screw beam axis of unloaded spring box is a = a0.

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].

Figure 1- Sliding bearing for reciprocating/rotary motion

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

121



Bulletin the National academy ofsciences o fthe Republic o fKazakhstan

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.
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KON1K TEXHUKACBIHbIL TYWIHI MEH TEXHONOTMNA/bL,
XABAbILUTAPTA APHANT AH XOHAEY XWNbBIHTbITbIH JAMbBITY

AHHoTauusa. Kenik TeXHMKacbl MeH TEXHOMOrMANbIK XabAbIKTapAblH KOHCTPYKUMANapbIHAA KaiTapbiMibl-
aliHaIMasTbl PeXXMMAE XKOrapbl XXyKTeME Ke3iHAE X MbIC XacaTbIH LIaKanMasbl XX3He XXbUDKbIMabl NOALLUUMHUK-
Tep KongaHbinagpl. Onap TemMip>kos, aBTOMOBWb X3He ayblilapyallbliblK KeniKTepiHage, acnanbl KOHAbIPrblnapaa,
amopTu3aTopnapga, pynbfik 6ackapyda, KapgaH 6eplictepge, TiriH, Tay-KeH, MMHali >K3He ra3 eHpey >kabablK-
TapblHAa X3He 6acka fa cananapja KongaHbinagpl. Anaiga onapiplH A3aK yakbIT KbI3MET eTyi Ken xarjaiifa )XeTkb
NIKCIi3, XX3He oCblHAall uHTepdeicTepai A3cTYpAi 34ICTEPMEH KanmblHa Kennpy, "“Kcac >XeHAEY XXMHaKTapblMeH
anmacTbIpy 6”1 MaceneHi LeLe anmMaiigpl.

ABTOPNapabIH OMbIHLLIA, KaTapbIMAbI-aiiHaIMabl pexuMae YIKeH XYKTeMe KesiHae K MbIC icTeiTiH TYViH-
[lemenepfiiH y3aK yakblTKa Te3iMAINIriH apTThipyablH XO0/bl - TPUOOXK NTaCY X MbICbIHbIH >XaHa NPUHUMNTEPiHE
KypacTbIpbUIraH >KeHAeY >XUbIHTbIKTapbiH, atan aiTkaHga, >XbUDKbIMasbl cepinneni ancbipmacbl 6ap cbipry
MObIHNPEeKTePLU NaiiaanaHy apKbiibl 0lapAblH X MbICKa KaOLLIETTLLLL KanmnblHa KeMTIPY TEXHOMOMVACHIH XETINAIpY.

XKblmKbIManbl KOHYCTbIK cepinneni Kipictepi 6ap XblmKbiManbl NOAWMUMHUK TYPIHAEr XeHAey 6N0rbiHbIH
[u3aiiHbl TeOpUANbIK TApProlfaH HerisgenreH. AMOpTU3aTop CaliNeHT6M0rbIHbIH XbI/HKbIMa/Ibl KOHYCTBIK cepinmneni
MeSILLepiH e3repTy NPOLeCciHiH MaTeMaTUKa/IbIK MOAEe/bAEpI Xacanabl.

3epTTey L, Teopus/blIK MaHbI3AbIIbIrbl KeMecinepmMeH AanenfeHefi: XXbUDKbIMasbl cepinneni Kipictepi 6ap
XKEHZeYy XXMHaKTapbl KeMeriMeH amMopTV3aTopiapAblH CaineHTO0rbIH KanmblHa Kennpy agictepi Typanbl UAesHbI
KEHENTEeTIH TeOpUANbIK epexxenep AanengeHAr TaxipubeHiH M3HI aMOpPTW3aTOPAbIH CaliNeHTOM0MbIHbIH XETLAb
PiNreH XeHAeY XXMbIHTbITbI CTaH4apPTTaH 1,5 ... 2 ece Ken pecypcka e eKeHAIriHae xatbip.

¥CbIHbIITAH TbibIMX 3epTTeynepaiH HaTkenepi ayblp >XYK acTblHAA K MbIC XacalTblH >XK3He Kepi -
aliHanMa/bl KO3ra/biCTap JKaCaiiTblH KeKNK KabAblKTapbl MeH TeXHONOrMANbIK XabablkTapabiH TYVliHaepiH
Ka/inNblHa KeNTipy 3A4ICTepiH XXETINAIPYAIH dKaHa TeXHUKabIK X3HE TEXHOMOrMANbIK LWelliMaepiH xacay YLUiH
KONgaHbl1agpl.

TYViiH ce3ep: XeH/ey XMbIHTLITbI, Cepinneni canma, asTOMOBM/Ib KeTepriLly avMopTusaTopnap.
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PA3PABEOTKA PEMOHTHbIX KOMM/JIEKTOB 414 Y3/10B TPAHCMOPTHOWM TEXHUKM
N TEXHOJIOTMYECKOIO OBOPYJOBAHNA

AHHOTaUMs. B KOHCTPYKUMSX TPAHCMOPTHOW TEXHWKM WU TEXHOMOrMYECKOro 060pYA0BaHUS NMPUMEHSIOTCS
MOALLUMMHUKMN CKOMbXEHUS U KaueHusl, paboTatoLime npu 6obLUMX Harpy3kax B BO3BPATHO-BPALLATE/IbHOM PEXMME.
OHM UCMOMb3YKTCH B HKENE3HOLOPOXHOM, aBTOMOBWUIBHOM W CENbCKOXO3AMCTBEHHOM TPAHCMOPTE B Yy3nax
MofBECKW, aMOpTW3aTOpax, PY/JeBOM YMpaBneHUM, KapAaHHbIX Mepefadax, B 06OPYAOBAaHWSX  LUBEWHOrO,
rOpHOA06bIBAIOLLErD, HedTerasofo6bIBatOLLEr0 1 MepepadaTbiBAlOLLEr0 U HEKOTOPLIX APYruX MPOW3BOACTBAX.
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BMecTe ¢ TeM UX JONTOBEYHOCTb, 3a4aCTyH, HEJOCTATOUHA, @ BOCCTAHOB/EHME TaKNUX COMPSHKEHUIA TPaAULMOHHBIMU
MeTOZaMU MyTeM 3aMeHbl Ha PEMOHTHbIE KOMMMEKTbI, aHa/IOTUYHbIE MO KOHCTPYKLMW, HE MO3BOMSET PELUUTL 3Ty
npo6nemy.

ABTOpaM/ BbIABMHYTa Wfes, YTO PE3ePBOM MOBLILIEHUS AO/TOBEYHOCTU COMPSHKEHWIA, paboTaroLmx npu
60MbLIMX Harpy3kax B BO3BPaTHO-BPALLATENLHOM PEXUME, SBASETCA COBEPLUEHCTBOBaHME TEXHOMOMMN BOCCTAHOB-
NeHus Ux paboToCnOCO6HOCTU MyTeM WCMO/b30BAHNS PEMOHTHBIX KOMMMEKTOB, CKOHCTPYMPOBAHHBLIMW Ha HOBbLIX
MPUHUMNax paboTbl TPUBOCONPSHKEHNIA, a UMEHHO - MOALUMMHUKOB CKOMBbXEHUS C MOABWXHBIMUA MPY>XUHHLIMY
BK/ablLLaMM.

TeopeTnyeckn 060CHOBaHA KOHCTPYKLMA PEMOHTHOTO KOMMJIEKTa CaiiieHT6/10Ka B BiAE MOALLIMMHMKA CKOSb-
XKEHMS C MOABVDKHLIMU KOHWYECKUMU MPYXUHHBIMU  BKMaApllamy. Pa3paboTaHbl MaTemaTudeckvie MOZenu
rmpoLecca M3MeHeHUs pa3Mmepa MOABKHOIO KOHWYECKOTO MPY)XXMHHOTO BKMaAbllla MOALUMIHMAKA CKOJMbXeEHNS
caiineHT610Ka aMmopTU3aTopa.

TeopeTuyeckas 3Ha4MMOCTb MCCefoBaHWA 0BOCHOBaHa TeM, YTO: [O0Ka3aHbl TEOPETUYECKME MOOXKEHNS,
pacLuMpsiioLLMe NpeacTaBieHre O MeToAax BOCCTAHOB/IEHUS CaiiNeHTO/1I0KOB aMOPTHU3aTOPOB MPUMEHEHNEM PEMOHT-
HbIX KOMMIEKTOB C MOABVKHBLIMU NPY>XWHHBIMY BKMaAbILIaMW. 3HaYeHWe 15 NPaKTWMKW 3aKIKYaeTcs B TOM, YTO
pa3paboTaHHble PEMOHTHble KOMM/EKTbI CalifieHTO10Ka amopTu3aTopa MMetoT pecype B 1,5...2 pasa 60/bLunii no
CpaBHEHMIO CO CTaHAAPTHbLIM.

MpeacTaBneHHble pe3ynbTaTbl HAYYHOr0 UCCNef0BaHMA MOryT 6bITb MCMOMb30BaHbI AN Pa3paboTKM HOBbIX
TEXHWNYECKWUX W TEXHOMOTMYECKMX PELLEHWIA A1 COBEPLUEHCTBOBAHMS METOA0B BOCCTAHOB/IEHUS Y3/10B TPaHCMOpPT-
HOM TEXHUKW U TEXHOMOTMYECKOro O6OpPYAOBaHMSA, e WMEKTCS COMpshkeHus, paboTawowye npyu 60AbLLKX
Harpy3kax 1 CoBepLUatoLLiMe BO3BPaTHO-BpaLLaTe/bHbIe JBUKEHNA.

KntoueBble €110Ba: PEMOHTHbIA KOMMEKT, NPYXXMHHbIE BKaAbILLM, NOABECKA aBTOMOGWNSA, aMOPTU3aTOPbI.
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