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Abstract

In the paper working conditions and requirements for cylinders of hydraulic actuators, used in mining roof
supports to protect the roof of workings in underground coal mines are discussed. Significant functional effects
that can be obtained by using the surface strain hardening of internal surfaces of cylinders of hydraulic
actuators are indicated. A device designed for a dynamic method of percussive burnishing of internal cylinder
surfaces with the use of a special hydraulic system is presented. The device enables an implementation of
high-efficiency surface strain hardening. This treatment makes it possible to improve the resistance of cylinders
to fatigue cracks and to harmful tribological phenomena resulting in a leakage of the working medium, affecting
the environment negatively. An application of a strengthening device for cylinders enables a more favourable
adjustment of hydraulic cylinders for use in extreme working conditions, in particular in the workings threatened
by bumping hazards. Besides, the surface plastic deformation also serves to improve usage conditions of high-
pressure sealing nodes and it reduces the leakage of water-in-oil emulsion.
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1. INTRODUCTION

Basic elements of powered roof supports, used to protect the roof of exploitation workings in underground hard
coal mines, are hydraulic legs that, together with other actuators, form a hydraulic system transferring rock
mass pressure [1]. These actuators, supplied with water-in-oil emulsion, are subjected to big variable loads
due to the rock mass pressure. They are used in conditions of high pollution with coal and mineral dust as well
as strong corrosive conditions resulting from high air humidity and the presence of, often highly saline,
groundwater [2].

Loading of hydraulic actuators in a powered roof support unit is characterised by a pulsating time waveform
from zero with high amplitude. The cyclical variability of this load results from a unit operational cycle,
determined by the seam mining process. Variable support unit load causes a development of, most often low-
cycle, fatigue damages in its components [3-5].

During the mining exploitation, a support section is also subject to impact loads caused by rock bursts and
rock bumps. Both the place, time of occurrence and the load rate are very difficult to predict. The occurrence
of the impact load results in a damage of the basic load-bearing components of support units, mainly legs and
hydraulic actuators [6-8]. A replacement of damaged components in an active working is very difficult, as there
is a high risk to occupational safety and a necessity of longer breaks in the mining process, which results in
high economic losses. Due to the above, the requirements concerning the reliability of the support unit
components, especially legs and actuators, are particularly high [9,10]. These requirements increase with the
necessity to conduct mining exploitation in even more difficult conditions, characterised by an increased
pressure of the rock mass and dynamic load of high intensity. Such a situation requires a perpetual search of
methods for improving the operational properties of support units, taking into account the rationality of costs.
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As regards hydraulic actuators, used in the powered roof support units, the highest possible strength,
especially fatigue strength and resistance to destructive abrasive and corrosive processes, is required. At the
same time actuator cylinders must be resistant to brittle fracture, which in the conditions of rock bursts or
bumps, determines the acceptable level of occupational safety [11].

At present, cylinders of hydraulic legs and actuators are manufactured from thick-walled pipes made of high-
quality alloy steel [12]. During the production process, they undergo toughening, turning of the internal diameter
and then grinding. In the result of grinding, an unfavourable surface roughness system with a circumferential
direction, that is perpendicular to the motion direction of high-pressure polymer seals, is generated. In addition,
in the process of inner surfaces grinding, sharp grains drop off the grinding wheels and become an integral
part of the cylinder surface layer. These circumstances are conducive to the abrasive wear of the sealing node,
causing leakage of the working medium. In hard coal mining, due to the risk of fire, water-in-oil emulsion
containing 95 - 97 % of properly prepared water is applied. Other components of the emulsion are: oil,
emulsifiers that ensure a permanent preservation of the emulsion properties, corrosion inhibitors and agents
protecting the emulsion against a biological degradation. Leakages of the emulsion from the actuators'
operating areas, in which the pressure is up to 42 MPa, are very undesirable not only due to the cost of topping
up the emulsion in the hydraulic system of powered roof supports. The leaked emulsion enters the water
pumped onto the surface, contaminating water courses and reservoirs. The contamination of coal run-of-mine
with emulsion leakage is also harmful. In the process of burning coal contaminated with oil and emulsifiers,
harmful chemical compounds enter the atmosphere. Therefore, ensuring high efficiency of sealing nodes and
limiting their wear is very important due to technical and ecological reasons. A significant improvement in this
respect can be generated by properly implemented surface strain treatment applied to the inner surfaces of
hydraulic cylinders, especially in their cooperation area with the high-pressure sealing node.

2. SURFACE STRAIN HARDENING OF INNER SURFACES OF THE HYDRAULIC ACTUATOR
CYLINDERS

The main purpose of surface strain hardening of machinery components is to improve fatigue
properties [13,14]. They are obtained in the result of generating a favourable state of residual compressive
stresses in the burnished surface layer. These stresses affect the stress distribution caused by the external
load, reducing the value of the maximum tensile stress in the surface area, characteristic for a majority of load
cases in the machinery components. Fatigue cracks induced by tensile stresses most often start developing
from the surface layer. The surface strain strongly inhibits a nucleation and development of fatigue cracks,
which results in a significant increase in the fatigue strength [14].

An important effect of hardening the surface layer with surface strain is an increase in the hardness of the
burnished layer of steel components. It has a very big and beneficial effect on a component resistance increase
to abrasive wear [13]. The strain-hardened components, in a lot of commonly occurring moderate corrosive
environments, including water containing chlorides [2], do not show an tendency to particularly
disadvantageous pitting corrosion.

Other beneficial effects of the surface strain are not often appreciated. In many types of the surface strain,
favourable surface micro-roughness of elements used under lubricating conditions, including lubrication with
water-in-oil emulsion, can be obtained. A formation of lubricating micro-pockets in such elements improves the
lubrication conditions. Thus, the tribological life of the surface layer increases as regards both dry erosion wear
as well as under lubrication conditions.

In the case of hydraulic actuator cylinders of the powered roof support unit, a difficulty is caused by the length
of the cylinders, many times longer than their diameters, and increased hardness of the alloy steel cylinder
material after heat treatment. Such a situation requires an application of significantly increased impact energy
of the burnishing elements in comparison with the energy of typical surface strain hardening devices [13].
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For the purpose of surface strain treatment, it is suggested to apply dynamic burnishing process of the inner
surface layer of the cylinder using a device with a special hydraulic system, shown in Figure 1. The treatment
is preferably performed as the final one, after grinding the inner surface of the cylinder.

B-B

Figure 1 A device for dynamic burnishing of inner surfaces of hydraulic actuator cylinders of the powered
roof support (Explanation of designations in the text)

At the end of the rigid drive shaft (6), an interchangeable mounting (3) closed with a cover (7) at the front is
mounted with a shape joint (Figure 2). There are beaters (1) with working tips (2) mounted radially and loosely
in the mounting. The spaces under the beaters are successively filled with a cooling lubricant (10) through the
holes (5) made in the rings (4) and (4a). The beaters (1) have spiral grooves (11) arranged symmetrically on
their cylindrical side.

A cooling lubricant is continuously supplied under pressure into the mounting (3), for example through a hollow
shaft (6) of the device. When the mounting (3) spins, the beaters (1) hit their working tips (2) successively
against the inner surface of the machined cylinder (8). In the impact result, the beaters (1) move back into the
mounting, causing an instantenous dynamic pressure increase of the cooling lubricant in the space under the
beaters. Such an action results in a significant increase in the instantenous burnishing force; at the same time,
a dose of the cooling lubricant flows out of the mounting, causing an efficient cooling and lubrication of the
machined cylinder area and of the beater working tips. A typical oil-in-water emulsion, used in machining
process can be used as a cooling lubricant. The liquid under the beaters acts as a hydraulic spring, whose
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rigidity depends on the clearance of the beater's seating in the mounting and the hole (5) hydraulic resistance.
The hydraulic resistance of all the holes (5) can be adjusted simultaneously by turning the adjustment ring (4a)
in relation to the ring (4).

Figure 2 Beater equipped with (1) spiral grooves (11) causing a rotation of beaters around the axis
after hitting the machined surface of the cylinder. The hydraulic resistance of the hole (5) connecting
the space under the beater with the interior of the mounting filled with the cooling lubricant (10) is adjusted
with a ring (4a).

After leaving the impact zone, due to the centrifugal force and the pressure of the cooling lubricant, the beaters
automatically move to their outermost position. In this beater position the outflow of liquid outside the mounting
(3) is blocked.

Taking advantage of the described control possibilities, choosing the spinning speed of the mounting, moving
it closer to the machined surface, the cylinder rotational speed and longitudinal rate of feed, it is possible to
control the beaters' impact force in a wide range, and thus also the intensity of hardening the cylinder surface
layer. Additional control possibilities of the burnishing effect are obtained due to changing the weight of beaters.
Beaters should be made of high hardness steel or tungsten and cobalt cemented carbides, additionally taking
advantage of their higher density compared to the steel density.

Due to the spiral grooves (11) on the beater (1) side surface, after each hit of the surface under machining the
beater rotates slightly around its axis due to the outflow of the cooling lubricant outside the mounting (3). This
arrangement facilitates an efficient cooling and lubrication of the machining area and, due to the continuously
changing contact area of the working tip (2) with the surface under machining, ensures its uniform wear. The
outflowing liquid is collected at one end of the cylinder, while the other end should be plugged with a rubber
stopper. After a filtration and possible cooling, the collected liquid is returned to the device in a closed loop
system. An efficient cooling of the machining area prevents against unfavourable phenomena of
recrystallisation of cylinder material structures subjected to strain and relaxation of residual stresses. These
phenomena may occur in the strain area due to a work conversion of plastic deformations into heat. A lathe
with a sufficiently long bed can be used with the described hardening device. The cylinder is rotated by the
lathe chuck, and the device together with its drive can be mounted in the lathe saddle with a mechanical
longitudinal feed. In the case of particularly long cylinders, the treatment can be performed in stages from both
sides of the cylinder or it can be limited to the operation area of the cylinder and sealing nodes.
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In the result of the burnishing process conducted with the use of the described device, the treated surface is
covered with a very dense system of oval plastic micro-indentations. This results in a formation of a favourable
state of residual stresses in the surface layer, improving the fatigue strength, without causing any significant
changes in the mechanical properties of the whole cylinder cross-section. The surface hardness and its contact
stiffness significantly increase, which considerably improve the resistance of the cylinder inner surface to
abrasive wear. Lubricating micro-pockets, generated due to the treatment, enable a more efficient impact of
oil particles from the water-in-oil emulsion in the lubricating function of the surfaces having contact with the
sealing rings. Due to the higher oil viscosity, its particles suspended in the emulsion, have a greater ability to
group and attach to the surface micro-cavities generated in the result of the treatment using the described
device. A dynamic impact of the beaters on the surface under treatment enables to remove hard and sharp
grains deposited there while grinding the cylinder inner surface.

In the result of the strain hardening the resistance to abrasive and corrosive wear of the cylinder is increased,
the resistance of the actuator movement decreases, and a possibility of the working medium leakage outside
the sealing node is significantly reduced.

3. SUMMARY

The strain hardening of the inner surface of the hydraulic cylinders used in the units of the mine powered roof
supports, enables to obtain a number of advantageous effects improving a performance of the actuators at
small costs. The device, presented in this publication, is used for applying the surface strain method, whose
parameters can be selected in a wide range, thus shaping the depth of strain hardening, increasing the
hardness of the surface layer and the type of the surface relief. It is possible, therefore, to optimise the
treatment parameters to obtain the most desirable properties of the surface layer for a given application of the
actuator.

In the case of leg cylinders and actuators in the powered roof support units, an increase in both the hardness
of the hardened layer as well as the contact stiffness and the highly favourable relief of the cylinder inner
surface significantly improve the resistance to abrasive wear and are used to limit the working medium leakage
through the sealing nodes. Favourable tribological properties of the cylinder surface layer, obtained in the
result of burnishing, depend, to a small extent, on the heat treatment parameters of the steel from which the
cylinders of the powered roof support are made. That is why, it is possible to optimise a selection of the material
for cylinders and a selection of their heat treatment parameters due to other important properties of the
cylinders. This is particularly essential in the case of selecting strength properties, in particular fatigue
properties, of the material for actuator cylinders intended for use in the workings where rock burst hazards
occur. The criterion for the material selection and heat treatment of the cylinder legs and actuators, used in
these conditions, is oriented onto achieving the biggest possible plastic deformation ability, which due to the
planned extremely high impact load of the actuator in these conditions, increases the safety of its use. In
addition, the application of the surface strain treatment increases the safety of the actuator use due to
simultaneous obtaining favourable tribological properties of the cylinder surface layer.
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