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The method of reducing the dynamic loading of the support unit and the immediate roof rocks resulting from
the successive operation of the safety valve during operation of the props in the regime of «equal resistance» is con-
sidered. In the developed working characteristic of hydraulic props of supporting units their overload protection is
singled out into an independent function and is separated from the function of rock pressure control. The resistance of
the hydraulic props of the support units to the roof rocks subsidence is regulated in a non-pulsed manner, and the
movement of the support units can be carried out in a «non-unloading» mode. As a result, the static «trampling» of
the intermediate roof is reduced, and in the regime of controlling the rock pressure, the dynamic impacts of the
mechanized support on the intermediate roof are excluded. In this case, the protection of the support unit from
overloads works only when the support is overloaded and does not directly participate in the formation of the process
of rock pressure rock. The proposed non-pulse method provides controlled transmission of hydraulic energy with a
small pressure drop from the head ends of the hydraulic props to the pressure line of the hydraulic system of the
heading mechanized complex and its subsequent useful use.
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Introduction. From the moment of their creation in the middle of the twentieth century the
first coal face mechanized systems (CFMS) for underground coal mining in complex fully mecha-
nized longwalls (CFML) there have been attempts to search for the best constructions of the roof
support units [6, 7] and ways of controlling the mining pressure in the faces, hydraulic roof support
systems and hydraulic systems for controlling mechanized roof support of complexes have been
improved [5, 9, 14]. During this time, numerous types of reliable powerful high-performance head-
ing complexes with hydroficated props with manual, remote, program and automated control have
been invented [8, 12].

There are significant successes in increasing the intensity of wastewater treatment in the CFMS
of coal mines, mainly during the development of high-tech coal seams [6, 7, 16-20]. However, dur-
ing development of coal seams occurring in difficult mining and geological conditions, the effi-
ciency used mining complexes was significantly reduced [13].

At present, the manufacturing of mechanized roof support is, as a rule, carried out for specific
mining, geological and technological operating conditions. But even in this case, the rock pressure
and the strength properties of the rocks of roof are changing, as a rule, in a wide range, which sig-
nificantly affects the efficiency heading complexes. One of the reasons for this situation is the oper-
ating performance of hydraulic control of roof support units, which is invariable, rigid in structure,
form and values of its parameters.

Formulation of the problem. The work of modern units of mechanized supports (UMS),
with their strict characteristics of hydraulic force value for hydraulic drive of props, is accom-
panied by static and dynamic «trampling» of the roof. The consequences of these processes are
manifested in the intensity of the cracking in the roofs, its accidental release into the bottom-
hole space, in asymmetrical loads on the supports and in the loss of contact of the roof slabs
with the roof. Therefore, the increase in the efficiency of the process of controlling the mining
pressure in the face by improving the structure and parameters of the UMS, their performance
and hydraulic props have been and remain relevant.
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The aim of the work is to increase the p 5 ’
effectiveness of controlling the resistance of 37 N7 8
UMS hydraulic props to subsidence of the T 7
rocks of the immediate roof with the
exception of the process of static, with a large
range of value changes, and the dynamic
force effects of the UMS on the roof when
performing all operations of the cycle.

Results and its discussion. The main
power support element of any unit of the
mechanized support is a hydraulic prop. In

accordance with the specified operating o , , ,
characteristic, it cyclically performs the t t 0.25 0~5t 0.75 t :-0 t t
functions of force interaction with the soil L = = e B
and roof rocks through the base and can- fe
opy of the power support unit. The quality
of the process of Supporting the roof, pro- Fig. 1 Working characterlstlcs of hydraulic prop of UMS

. . I — resistance regulation zone (P,); II — safety valve set up zone
tecting the bottomhole from accidental (protected zone); IIT — separating zones

releases and rock falls depends on the

quality of the complex performed by each

power unit and the mechanized support of the whole operation of the cycle and their indirect influ-
ence on the process of controlling the rock pressure. The process of interaction of UMS with the
roof, in accordance with its typical performance, is marked on the graph (Fig.1) by points 1-10. The
change in pressure in the head end of the hydraulic prop and the time in the cycle of operations are
presented in relative units.

The cycle of functioning of the unit of the mechanized support reflects the working characteris-
tic of its hydraulic prop, they also show slowly varying (static) values of the pressure of the working
fluid in the head end of the hydraulic props. The basic operations of the cycle are as follows: the
initial prepressing with the pressure P;, reflects the line 1-2 in time ¢;,, the work in the regime of
increasing resistance is shown by the line 2-3 in time ¢;,, the work in the constant (equal) resistance
mode is reflected by the line 3-8 (P,.¢) and the control time ¢, with characteristic points are 3 and 4
(3 is the opening of the safety valve when reaching the set point pressure Py, and 4 is the closing of
the safety valve), points 5-8 show different overpressures, line 8-9 represents the removal of the
pressure (P,,) for moving the power unit and the line 9-10 reflects the backup pressure (Ps,) during
movement of the unit.

In the process of convergence of wall rocks in the elastically deformable units of the system
«mechanized support — immediate roof» (working fluid in the head ends of the hydraulic props,
covers of the cylinders of props, roof rocks), the potential energy accumulates [9]. As [.V.Antipov
noted in his study under the static «trampling» of the roof he means a state where «... the system
«support — rock mass» does not come to a state of equilibrium even in the absence of external influ-
ences, which is the movement of the support unit. During the movement of the support, a dynamic
«trampling of the roof» is observed, which is caused by the removal of the pressure when the sec-
tion of the mechanized support is moved to the face, which also negatively affects the lower layer of
the roof» [1, p.16]. Thus, the section of characteristic 3-8, or work in the regime of constant resis-
tance, shows the negative effect of static «trampling», and the static force drop caused by the re-
moval of the pressure during the movement of the support reflects the negative effect of the dy-
namic «trampling» of the rocks of the immediate roof.

A significant difference in the pressures of the working fluid in the head ends of the hydraulic
props (thrust forces) at the beginning and end of these operations leads to activation of the process
of formation of «systemic» technogenic cracks in the rocks of the immediate roof, which are di-
rected predominantly parallel and perpendicular to the face plane [9].

In production conditions, they use the power support units designed for the maximum pre-
dicted loads in specific operating conditions, the pressure level of the safety valves (P;,) is set up
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according to these values. Therefore, the hydraulic props of the support units in the process of con-
trolling the rock pressure operate mainly in the regime of increasing resistance (section 2-3, Fig.1),
without going to the constant resistance mode 7. As the numerous data accumulated over the years
of operation of the mining complexes, in this case the power support units, as a rule, are loaded un-
evenly, and the release of pressure in the safety valves reflects, in fact, emergency situations [3].

Therefore, violations of the integrity of the roof rocks (skips, falls and loose rocks) in one case
are the result of an overestimated roof resistance value that exceeds the strength of the rocks of the
immediate roof, in the other is the consequence of successive releases of the safety valve, which are
accompanied by dynamic forces on the rocks of the immediate roof[4, 15].

Integral estimation of the power support unit modes of operation are the following: the cycle
duration (z.) of successively performed operations; weighted average resistance per cycle resistance
(Fw.4) of a hydraulic prop or power support unit; pressure drops in the head ends of hydraulic props
in static and dynamic modes during the execution of cycle operations.

The duration of the work cycle of the power support unit is composed of the duration of the in-
dividual operations:

t. = ti.p +1;, +treg +t,'p +1,,

where #;, — time of initial pressure; # , — time of increasing resistance; ¢, — time of regulated resis-
tance of the unit (hydraulic prop); #., — time of pressure removal from power unit; #, — time of
power support unit movement.

The operating time of the power support unit in the regime of controlled resistance (P,.,) does
not depend on the operating mode of the unit and is determined solely by the duration of the coal
extraction cycle in the CFMS.

The increment of the pressure values in the head ends of the props during the execution of the
cycle operations is determined by the pressure difference at the beginning and at the end of each
operation (Fig.1) and will be equal when the stage of initial pressure AP, =P, —F, ,; increasing

i.py ip
resistance AF,, =P,, - F,,; unloading of props (removal of pressure) AP, , =P, — B, ,. The level

of pressure Py, in the mode of pressure removal from the power support unit (Fig.1) is set up in re-
lation to the level of rigidity degree of initial roof rocks.

The mode of functioning of the UMS is carried out in a short-time mode. For such a regime,
the resistance should be evaluated by its weighted average value, taking into account the forces and
time of their action per cycle. The weighted average resistance is determined taking into account the
load action for individual time intervals ¢ during the cycle:

n
zFi't;
Fwa =1 n ’
20

where F, — averaged pressure values for hydraulic props during the execution of cycle operations:

Fi, — initial pressure, Firand Fr, — increasing and regulated resistances, F,, — removal of pres-
n
sure; Y t; =t. — UMS working time per one cycle.
i=1
In this case, the magnitude of the force will be equal to the multiplication of the corresponding
pressure of the working fluid in the head end per area of the hydraulic piston of the prop:

F,=PnD’/4,

where P; — working fluid pressure in piston of the prop in the investigated mode of operation; D —
hydraulic prop piston diameter.

The degree of dynamic loading of the power support unit during the regulation of the rock
pressure, or in general for the cycle of operations, can be estimated by variance, root-mean-square
deviation or coefficient of variation of loads.
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Technical solutions. To increase the 2 3 4
stability of the process of controlling the rock “—— wl\ﬁi/ '
pressure, preventing the falling of the roof
rocks, increasing the adaptation of the UMS
to changing mining and geological condi-
tions, we propose the UMS and a mechanical
characteristic of the hydraulic drive of its
props having a more effective structure. The |
basis of technical solutions are the following — T -
principles: & s

— stepping way of UMS movement pro- 9 8 7 6 5
cess from the fixed contacts of the pressure
elements of the support unit to the roof and
the floor (Fig.2) with compensation transfer of
the pressure forces from the canopy 1 to the hold-down beam 4 and from the base 5 to the guiding
beam 9 [11];

— a significant decrease in the pressure drop in the head ends of the hydraulic props during the
stage of the initial pressure, the increasing resistance and the movement of the unit with the power
support (see Fig.1, points 11-15);

— separation of the function of rock pressure regulation from the function of protecting the UMS
from overloads;

—non-pulse method for regulating the resistance of hydraulic props of UMS to subsidence
of roof rocks [2, 10];

— adaptive to the changes of rock pressure mechanical characteristic of hydraulic drive
of UMS props.

The features of the structural construction of the power support unit are (Fig.2, see the table):

— the presence of a symmetrically located guiding beam 9 with respect to the base 5, the beam
with the hydraulic jack 6 moving through the cross-beam 8 with the support mechanism ensures the
base lifting when movement of the unit;

— the presence of a hold-down beam 4 located in the longitudinal groove of the canopy 1 with
the possibility of a step-by-step movement of the hydraulic jack 3 with respect to the canopy [11];

— the base and the canopy of the unit are equipped with support mechanisms fixed to the cross-
beam 2 and 8, providing special hydraulics for compensating the pressing forces of the props 7
through the bearing sliding unit on the guiding and the hold-down beams.

Fig.2. General view of power support unit

Comparison of performance indicators values

Performance indicators

Parameters of operation modes of hydraulic props

of UMS at different stages I 1 . 1
(typical) (proposed) (typical vs. proposed)
p
0 br 10
. 0 by bp
1. Prop pressure during movement By = P P, Py = P,
bp P Fiv 1.0
ip
Pb.p]
2. Increase of initial pressure in the prop AP, =Pi,— Py, | APipyu=P;,—Ps, AP; i < Py
3. Increase of pressure during the stage AP;, =P,—Pi, | AP;,y=P,,—P;, AP; 1 < P; 4
of increasing resistance
4. Pressure drops during the stage of regulated AP,q1 = AP, - Dynamic force action
resistance - AP, = AP,, Static force action
- - APregll < APregl
5. Removal of pressure before movement AP, =Py, — Py, | APyt = Pregn — Pi)y AP, i < AP,
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The structure of the developed (proposed) unit performance indicators is shown in Fig.1
(points 11-15) and its comparison with the typical characteristic is given in the table. Among the
indicators there are pressure levels for head ends of the props, providing an initial pressure of the
unit sufficient to eliminate the immediate roof rock lamination; the required supporting force of the
unit during its movement and we also allocated special zones I-III. In the table, the line 3-8 corre-
sponds to the regulation in the existing support props (AP,.e1), which is determined by the pressure
(Ps.v) of the safety valve, and in the proposed scheme the control pressure (AP,.g) corresponds to
the line 12-13 (Fig.1). Zone I reflects the limits of the resistance control (P,..) of the support section
(the zone of adaptation of the UMS to the rate of roof rocks subsidence). Zone II shows the limits of
the setting of safety valves, which perform only the function of protecting the section from overloads.
Zones III divide functional zones I and II to avoid false activation due to their mutual influences.

The movement of the power support unit (without beams), depending on the conditions, can be
carried out in three different modes: in an unloading mode, with partial compensation of the press-
ing force and with a break in the unit canopy contact with the immediate roof. In this case, the op-
eration in each of the three modes includes the sequential execution of operations: unloading the
hydraulic props (removing the pressure P, i, points 13, 14 in Fig.1), movement of the unit (points
14, 15) and the subsequent pressure of the hydraulic props (points 11, 12) 5 (Fig.2) into the floor
and canopy 1 into the roof. The reduction of cyclical repetitive force impacts on the immediate roof
during movement of the supporting unit is provided by compensating the pressing forces on the
hold-down and guiding beams (Fig.2). At the same time, the movement of the support units is car-
ried out with the fixed contacts of the hold-donwn beam 4 with the roof and the guiding beam 6
with the floor.

With mobile UMS in the unloading and supporting modes the bearing units provide a reduction
in frictional forces when they slide along the hold-down beams. The device of pulse-free control of
resistance of a hydraulic prop as a function of the rate of intermediate rock subsidence changes the
rigidity of its performance indicators. The rigidity of the hydraulic props is ensured by a metered
increase or decrease in the indirect flow of working fluid from its head ends with a small differen-
tial pressure through the reduction device to the heading machine hydraulic line. The limits of self-
regulation of pressures in the head ends of hydraulic props (adaptation limits, zone I, Fig.1) are es-
tablished depending on the type of roof.

From the comparison of the performance indicators of the typical support section with the op-
erating characteristic I and the developed adaptive unit with its operating characteristic II (see ta-
ble), it follows that the pressure drops are significantly reduced during the movement of the unit and
initial pressure stage, control of the rock pressure in the regime of increasing resistance and during
removal of the unit prop. Consequently, the static «trampling» of the immediate roof rocks is re-
duced. The impulse regulation of the resistance of the hydraulic props to the roof rock subsidence
not only excludes the dynamic force impacts on the roof rocks (the dynamic «trampling» of the
roof), but also provides the possibility of transferring some of the energy of the rock pressure to the
hydraulic system of the heading machine and its further useful use.

Conclusions

The changed structure and parameters of the proposed performance indicators of the hydraulic
drive of the unit props with the separation of the functions of protection and control of the rock
pressure, the pulse-free regulation of the resistance of the hydraulic props, the movement of the
support units with the preservation of the contacts of the supporting elements with the floor and the
roof of the formation provide the following:

1) reduction of static and dynamic «trampling» of the immediate roof rocks and, as a result, in-
creasing the stability of the heading process;

2) increase of static adaptability of the support unit to the randomly changing rock pressure;
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3) transfer of a part of the energy of the rock pressure appearing in the support unit to the hy-
draulic line of the heading complex and its useful use.

The proposed criteria for performance indicators of operation modes of powered support units
provide more objective assessment and selection of the most advanced methods and equipment for
rock pressure control.
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