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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.
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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 o f the equipment 
are requested to increase operation lifetime retaining reliability o f 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 o f repair kits in units and assemblies in order to recover their 
working state and even for improvement o f their operation lifetime.

Numerous works are devoted to provision o f operability o f 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 o f 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 o f their failures is about 17%, specific labor consumption required for 
recovery is about 12%. Operation lifetime of dampers depends on operation conditions o f 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 o f car dampers. Rubber bushings fail due to wear and 
fatigue breakages. Conventional recovery o f such couplings by replacement with repair kits o f similar 
design is not efficient because operation lifetime is not increased. Therefore, it is important to search for 
new engineering approaches aiming at improvement o f lifetime o f couplings o f 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 o f repair kit o f rubber bushing containing 
tribocoupling based on new operational principle: sliding bearing with movable conical spring boxes.

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

The first concept was comprised o f friction compensation by auxiliary countermotion o f intermediate 
support driven by external energy source. The second concept differs by application o f supplemental 
lateral motion (instead o f countermotion) o f platform, its speed should exceed significantly the sliding 
speed o f 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 o f rotating body. 
Implementation o f these concepts using forced rotation or vibration o f 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 o f balls and intermediate rings which 
rotated in opposite directions by means o f 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 o f auxiliary lateral 
motion (plunger rotation) and conversion o f 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 o f 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 dam per 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 o f its length (on the side o f lower diameter) is 
positioned rightly reaching zero in the middle o f the box on shaft and having the same positioning on the 
bushing on the side o f higher diameter o f the spring box. Such positions provide guaranteed allowance on 
both working surfaces, thus meeting the requirements o f bearing operability: plastic deformation on 
working surfaces [6].

The mathematical model o f conical spring box o f sliding bearing o f 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 x equals to 1 mm due to negligible deformation o f spring 
box in rubber bushing;

- the length o f spring box in loaded state H x equals to H 0 because the spring is unloaded;
- the pitch angle o f coils o f spring box in unloaded (free) state is a = 1.83°
- the initial pitch angle o f screw beam axis o f 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 o f intermediate support) without 
application o f 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
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significance is that the developed repair kits o f 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 o f new engineering solutions aimed 
at efficient operability maintenance o f transport and agricultural equipment based on recovery 
improvement o f couplings operating under high loads in reciprocating/rotary modes (for instance, steering, 
drive shafts, vehicle suspension) using repair kits.
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К0Л1К ТЕХНИКАСЫНЫЦ ТYЙIНI МЕН ТЕХНОЛОГИЯЛЬЩ 
ЖАБДЫЦТАРГА АРНАЛГАН Ж0НДЕУ ЖИЫНТЫГЫН ДАМЫТУ

Аннотация. Кeлiк техникасы мен технологиялык жабдыктардын конструкцияларында кайтарымды- 
айналмалы режимде жогары жуктеме кезiнде ж^мыс жасайтын шайкалмалы жэне жылжымалы подшипник- 
тер колданылады. Олар темiржол, автомобиль жэне ауылшаруашылык кeлiктерiнде, аспалы кондыргыларда, 
амортизаторларда, рульдiк баскаруда, кардан бершстерде, тiгiн, тау-кен, м^най жэне газ ендеу жабдык- 
тарында жэне баска да салаларда колданылады. Алайда олардын ^зак уакыт кызмет етуi кеп жагдайда жеткь 
лiксiз, жэне осындай интерфейстердi дэстYрлi эдiстермен калпына келпру, ^ксас жендеу жинактарымен 
алмастыру б^л мэселенi шеше алмайды.

Авторлардын ойынша, кайтарымды-айналмалы режимде Yлкен жYктеме кезiнде ж^мыс iстейтiн тYЙiн- 
демелердiн узак уакытка тeзiмдiлiгiн арттырудын жолы -  трибож^птасу ж^мысынын жана принциптерiне 
курастырылган жендеу жиынтыктарын, атап айтканда, жылжымалы серiппелi жапсырмасы бар сыргу 
мойынпректерш пайдалану аркылы олардын ж^мыска кабшеттшгш калпына келтiру технологиясын жетiлдiру.

Жылжымалы конустык серiппелi кiрiстерi бар жылжымалы подшипник тYрiндегi жендеу блогынын 
дизайны теориялык т^ргыдан негiзделген. Амортизатор сайлентблогынын жылжымалы конустык серiппелi 
мeлшерiн езгерту процесiнiн математикалык модельдерi жасалды.

Зерттеудщ теориялык маныздылыгы келесiлермен дэлелденедi: жылжымалы серiппелi кiрiстерi бар 
жендеу жинактары кeмегiмен амортизаторлардын сайлентблогын калпына келлру эдiстерi туралы идеяны 
кенейтетiн теориялык ережелер дэлелдендг Тэжiрибенiн мэнi амортизатордын сайлентблогынын жетшдь 
рiлген жендеу жиынтыгы стандарттан 1,5 ... 2 есе кеп ресурска ие екендiгiнде жатыр.

¥сынылган гылыми зерттеулердiн нэтижелерi ауыр жYк астында ж^мыс жасайтын жэне керi -  
айналмалы козгалыстар жасайтын келжлк жабдыктары мен технологиялык жабдыктардын тYЙiндерiн 
калпына келтiру эдiстерiн жетiлдiрудiн жана техникалык жэне технологиялык шешiмдерiн жасау Yшiн 
колданылады.

ТYЙiн сездер: жендеу жиынтыгы, серiппелi салма, автомобиль кетерпшу амортизаторлар.
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РАЗРАБОТКА РЕМОНТНЫХ КОМПЛЕКТОВ ДЛЯ УЗЛОВ ТРАНСПОРТНОЙ ТЕХНИКИ 
И ТЕХНОЛОГИЧЕСКОГО ОБОРУДОВАНИЯ

Аннотация. В конструкциях транспортной техники и технологического оборудования применяются 
подшипники скольжения и качения, работающие при больших нагрузках в возвратно-вращательном режиме. 
Они используются в железнодорожном, автомобильном и сельскохозяйственном транспорте в узлах 
подвески, амортизаторах, рулевом управлении, карданных передачах, в оборудованиях швейного, 
горнодобывающего, нефтегазодобывающего и перерабатывающего и некоторых других производствах.
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Вместе с тем их долговечность, зачастую, недостаточна, а восстановление таких сопряжений традиционными 
методами путем замены на ремонтные комплекты, аналогичные по конструкции, не позволяет решить эту 
проблему.

Авторами выдвинута идея, что резервом повышения долговечности сопряжений, работающих при 
больших нагрузках в возвратно-вращательном режиме, является совершенствование технологии восстанов­
ления их работоспособности путем использования ремонтных комплектов, сконструированными на новых 
принципах работы трибосопряжений, а именно -  подшипников скольжения с подвижными пружинными 
вкладышами.

Теоретически обоснована конструкция ремонтного комплекта сайлентблока в виде подшипника сколь­
жения с подвижными коническими пружинными вкладышами. Разработаны математические модели 
процесса изменения размера подвижного конического пружинного вкладыша подшипника скольжения 
сайлентблока амортизатора.

Теоретическая значимость исследования обоснована тем, что: доказаны теоретические положения, 
расширяющие представление о методах восстановления сайлентблоков амортизаторов применением ремонт­
ных комплектов с подвижными пружинными вкладышами. Значение для практики заключается в том, что 
разработанные ремонтные комплекты сайлентблока амортизатора имеют ресурс в 1,5...2 раза больший по 
сравнению со стандартным.

Представленные результаты научного исследования могут быть использованы для разработки новых 
технических и технологических решений для совершенствования методов восстановления узлов транспорт­
ной техники и технологического оборудования, где имеются сопряжения, работающие при больших 
нагрузках и совершающие возвратно-вращательные движения.

Ключевые слова: ремонтный комплект, пружинные вкладыши, подвеска автомобиля, амортизаторы.
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