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The technological process of restoration of triboconnections of power gyvro cvlinders with
composites based on modified kaprolon is justified. Plysico-mechanical, tribological and rheological
characteristics of kaprolon-based composites containing fine powders of copper iodide, shungite,
molybdenum disulfide, graphite and chopped carbon fiber were revealed, the technological process
of power hvdraulic cvlinder repair using anti-friction composites was substantiated.
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Problem. In conditions of limited financial and material resources, the problem of technical
rearmament of agricultural production cannot be solved only by mcreasmng the supply of new
equipment. A significant role in this process is assigned to the reasonable use of the available fleet of
machines, maintenance of its technical level with the help of qualified mamtenance and repair. Repair
of units with restoration and strengthening of parts 1s a technically sound and economically justifiable
measure. It allows repair and maintenance enterprises and farm workshops to reduce downtime of
faulty machines and equipment, improve their reliability and use. The experience of operating
hydraulic machines has shown that their share accounts for 17-30% of failures of the entire hydraulic
system. Some agricultural enterprises are forced to carry out repairs on thewr own. At the same tine,
due to the lack of experience, technology and equipment, the resource of repawed units often does
not exceed 30-60% of new resources. In connection with the above, the development and
implementation of a new repair technology based on the use of polymer parts made of highly effective
anti-friction composites based on kaprolon (polyamide) in the tribo connections of power hydraulic
cylinders will allow to reduce the cost and repair time, and significantly increase the reliability of the
entire hydraulic system of agricultural machinery [1-3].

Analysis of research and publications. The reliability of modern tractors and other agricultural
machmes 1s largely determined by the reliability of hydraulic units. Some enterprises are forced to
carry out repairs on ther own. A hydraulic cylinder is a three-dimensional hydraulic motor n which
the driven link (rod, plunger, shaft) makes a limited reciprocating movement. They can transmit the
developmg force m only one direction. The unevenness of wear of the friction surfaces is
characteristic of tribo-joints (guides) for the translational movement of power hydraulic cylinders due
to the fact that contact cannot be made over the entire friction surface. Distortion of the shape of the
surface during its wear disrupts the correct operation of connections. In this case. the shape of the
worn surfaces of the tribocoupler elements does not depend on the materials, mcluding the materials
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they are made of, as on the acting forces, the nature of the relative movement, their configuration and
dimensions. Reversible movement causes in the surface layers of contacting bodies sign-changing
shear deformations, 1.e. successive changes m compression and tension zones, which leads to some
mcrease n the frictional force and elastic deformations outside the contact of tribocombmation
materials. Reversible movement changes the nature of plastic deformation. Variable deformations
lead to an intensive process of formation of structural defects. Enhanced development of micro- and
macrodefects contributes to the course of processes of diffusion, adsorption and chemisorption
mteraction of friction surfaces [1].

Research results. As the rubbing surfaces of the elements of the hydraulic cylinder wear out,
which again leads to an increase m its total deformation, respectively, to an increase i the acting
longitudinal and transverse loads. the operating conditions of the hydraulic cylinder deteriorate with
greater intensity [2], the consequence of which 1s a decrease m its performance both i terms of load-
bearing and sealing (due to the failure of the sealing systems) capacity. It is obvious that for hydraulic
cylinders with a one-sided rod, i the presence of a significant stroke and longitudinal dimensions, a
significant increase in the accuracy of the "piston-sleeve", "rod-guide" triboconnections is necessary
during timely repair, which consists in changing the guide elements (if they are present i the design)
or restoring worn surfaces (in ther absence). The most common in tractor hydraulic drives are double-
action piston hydraulic cylinders of the Z series. These hydraulic cylinders are similar in design, but
differ in the sizes of sleeves, pistons, and rods. One of the main disadvantages of their designs 1s the
absence of replaceable guide bearing rings in the rod and piston units, which reduces the inter-repair
resource and increases the complexity of repairing hydraulic cylinders [3]. The reliability of hydraulic
cylinders 1s affected by such operational factors as: temperature, contact pressure, presence of
vibrations, speed of movement of working parts. The listed parameters result in a total change n the
physical and mechanical properties of seal materials, the accumulation of fatigue damage, wear and,
ultimately, the destruction of the surface layers of tribocombinations. The loading mode 1s determined
by the amount of load in the hydraulic system, the number of cycles and the duration of work under
pressure when performing various operations by the equipment. The evaluation of the operating mode
1s carried out by determining the degree of load for one cycle of operation, the number of mclusions
per unit of time, the use of nominal pressure, temperature of the working fluid, ambient am, etc. The
nature of wear and tear of parts of tribo-jomts of hydraulic cylinders and operating conditions can be
divided mto three periods: the first - the time from the moment of separation of the working body
(mounted machme) to the balanced state: the second - from a balanced state to moving the working
body in space: the third 1s the time from the movement of the working body n space to its stop [2].
In the first period, the impact moment and forces tending to displace the rod from the axis lead to the
appearance stem deformations. The second period of work 1s characterized by a sharp deterioration
m the working conditions of the lubricant, which leads to an mecrease in the force of friction at the
time of movement of the working body. All these factors contribute to an increase in the wear of
sealmg units, the occurrence of burrs, internal stresses i the metal, and bending of the rod. Durmg
the third period, the resource of the hydraulic cylinder is reduced due fo the entry of high-viscosity
cold o1l mto the friction surfaces, which worsens the wedging of the surfaces of the tribo-jomt
elements. There are two possible ways to solve the problem to restore the performance and increase
the durability of power hydraulic cylinders:

1) restoration of worn surfaces of parts in moving units by applymng anti-friction metal coatings, the
tribotechnical parameters of which exceed the given parameters of the materials of new typical parts:
2) changing the design of tribo-jomts by mnstalling in the cover and piston of hydraulic cylinders guide
support rings made of wear-resistant polymer composites [2], which will lead to a significant
reduction n the intensity of wear of parts of resource-determming joints and a decrease i the labor
cost of repamring hydraulic cylinders. To further reduce the wear of the specified parts of the hydraulic
cylinder, passive (rubber cuffs) or active (round rubber rings) seals are replaced with combined type
sealing elements that have significantly greater wear resistance and resistance to mechanical damage
[3]. The combmed seal includes two parts, one of which (rubber ring of round or square section)
performs the function of a power element, creating the required level of contact stresses on the two
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sealing surfaces. Another part, made of wear-resistant polymer composite, 1s a direct sealing element.
In the designs of modern hydraulic cylinders. as mentioned above, guide and sealing elements made
of polymer composite materials are mtroduced mto the design to increase the resource. Polyimides
have high radiation and chemical resistance, good tribological properties and can be operated for a
long time at a temperature of 220-260°C. Materials including polyimides work satisfactorily in high
vacuum conditions (up to 10-4 Pa).

Polyimide friction parts are obtained by hot pressing. Ultrahigh molecular weight polyethylene is a
promising material for tribojoint parts, which has a unique set of elastic strength and tribological
properties. According to a number of studies [1, 3], a significant share of gradual failures of power
hydraulic cylinders is associated with the wear of their parts and makes up more than 70% of the total
reparr fund of hydraulic cylinders. At the same time, the 80% gamma resource of new hydraulic
cylinders i1s equal to 5440 hours of tractor operation, which is 1.5 times lower than the resource
declared by the manufacturer. The dominant influence on the reliability of hydraulic cylinders is
provided by operational factors, mcluding force mteractions of tribo-jomt parts. the performance of
the hydraulic cylinder 1s significantly influenced by the power mode of operation, which leads to the
occurrence of significant reactions on the part of the cylinder cover and sleeve. At the same time, the
magnitude of the reactions in the forward position of the piston is almost six times greater than the
reactions realized in the rear position. All this leads to the occurrence of significant wear of the
working surfaces of the connected parts in the vertical plane and the increase of clearances in the
movable sealing units. In turn, the growth of clearances leads over time to the formation of a
significant deflection of the hydraulic cylinder m the vertical, as a result of which there 1s an increase
m reactions in the triboconnections, which leads to an even greater increase in contact stresses and
mtensification of wear. According to the research results, to restore the serviceability of the piston
assembly and the front cover when repairing the hydraulic cylinder, it 1s proposed to change its design
with the mstallation of guide support rmgs made of polyanmude composite in the cover of hydraulic
cylinders, which will lead to a significant reduction in the intensity of wear and tear and reduce the
complexity of repairing hydraulic cylinders.

Conclusions: The magnitude of the reactions m the front position of the piston 1s almost six times
greater than the reactions realized mn the rear position, which results in significant wear of the working
surfaces of the connected parts in the vertical plane and an mcrease m the clearances mn the movable
sealing units. The growth of the clearances leads over time to the formation of a significant deflection
of the hydraulic cylinder in the vertical plane, as a result of which there 1s an increase in reactions in
the tribocouple, which leads to the appearance of a bending moment on the rod, an even greater
mcrease in contact stresses and mtensification of wear.
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