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ABSTRACT. Supporting of the underground workings and driving the mine pressure are on integrant part of the series of operations comprising coal mining, that
provide the safety of the activity and of the deposit.

At present, the hydraulic prop is being used almost exclusively as a carrying element of the supporting equipment used underground and it can be used either as
individual supporting element or it can be part of the powered roof support; the hydraulic prop comprises a power cylinder and a sub-assembly made by the hydraulic
control apparatus that embeds a safety valve.

The interaction between the roof rocks and the supporting equipment shall give the working resistance of hydraulic props through the personal safety valve.
Nevertheless, the operation of safety valves takes place in special conditions and this is the reason why they have to meet particular requirements, not valid in the
operation of safety valves used in the industrial hydraulic driven systems.

This paper shows both the requirements for these hydraulic props and constructive and operating information on the safety valves specific to the underground
supporting equipment, emphasizing the parameters necessary for a correct and efficient operation of the system of the hydraulic prop.

U3CNEABAHE HA MPELQMA3HW KNAMAHW HA XWOPABNWUYHA CTOUKW NMPU NOBBHPXHOCTHU KPENEXW 3A HYXOUTE
HA BbIMEOOBMBA
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PE3IOME: YkpenBaHeTo Ha nogieMHuTe paboTu € efHa OT Hal- CbLECTBEHUTE AEWHOCTM NpW BbrnegobuBa , KOSTO WM3uckBa Ge3onacTHOCT Ha paboTa u Ha
Haxogua. KbM HacTOsILMS MOMEHT XMppaBnuyHaTa CTOKa € OCHOBHUST HOCELL ENEMEHT Ha YKPEnBalLloTo o6opyaBaHe npu noa3eMHu paboTu u Moxe fa 6bae
W3MoN3BaHO MNK KaTo CaMOCTOSITENEH YKpenBaLl ENemMeHT, UM KaTo YacT OT LANOCTHA YKpenBealla CUCTEMA; XUApaBNUYHATA CTOMKA Chabpka HOCEL LUMUHALP 1
MofBb3eN, ChCTOSLL CE OT KOHTPONUpALLY XMAPaBNMYEH anapart, KoUTo YKkpensa NpeanasHus knanaH B rpyHTa. B3aumopeicTBueTo Mexay ckanHata noBbpXHOCT U
yKpenealloTo obopyasaHe npuaasa paboTHa YCTONYMBOCT Ha XwApPaBNUYHATa CTOMKa Ype3 npeanasHus knanaH. Bunpekw ToBa LeiCTBUETO Ha NpeanasHns knana
Ce peanuavpa npu ONpeAeneHyn YCoBMUs U U3NCKBAHMS!, KOUTO He ca B cuna npu pabota Ha MpeanasHuTe KnanaHu, U3nonasaHu npy TPAAULMOHHN NPOMMULLIIEHN
XWApaBMUYHO- 3aBWXBaHN cuctemu. CTaTusiTa NpecTaBs OT eAHa CTpaHa Te3n U3NCKBAHMS KbM XMAPABNWYHUTE CTOWKW, @ OT [pyra- KOHCTPYKTUBHA W paboTHa
WHopMaLMs 3a MpeAnasHUTE KnanaHu XapakTepHU Mpu MOA3EMHM yKperBali cbopbxeHus. Habnsra ce Bbpxy HeobGXoaumuTe napameTpu 3a npaBunHa U
eheKTUBHa JENHOCT Ha cucTEMaTa 3a XMAPABIUYHM CTOMKM.

Introduction complete longwall package, a machine system ensuring a
simple or complex mechanisation of the required works for coal

. o extraction from a longwall face of underground mines.
By supporting the face and directing the pressure of the

roof, the operation of all coal mining process components is These days, the hydraulic prop is used almost exclusively
observed, therefore ensuring the safety conditions both for the ~ as & bearing element of the face support. It can be used either
personnel as well as for the massif. as an individual supporting element or integrated in the metallic

) construction of the shields which compose the mechanised
Although the operation cycles face supports have a support.

relatively reduced life span, the problems related to the support

are generally difficult to solve, considering the requirements The interaction between the rocks of the roof and the
imposed by the geologic-mining conditions which are support created with hydraulic props is the one which, in the
extremely variable as well as not knowing the entire basic data; formed mechanical system, determines on one hand the load
the large variety of natural conditions lead to the development ~ and deformation level of the rock layer found in the superior
of several structural and technological solutions for supports. part of the support and on the other hand the resistance of the

_ . hydraulic prop to the descend of the rocks from the roof. One
Mine supports are especially used for coal face and meet a of the most important components of this kind of system, i.e.

series of technologic functionalities, their main functionality rock-support system, is the safety valve which constitutes the
being to support the roof of this kind of works. Together with main element determining the operating resistance of the
the transportation and cutting equipment, the support, forms a support hydraulic prop of the rock of the roof.
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Structural and functional particularities of
hydraulic props and safety valves

The hydraulic prop represents the main support element of
each support component (frame with individual props and
beams, or mechanised shield support); this realises the
bearing function responding with a resistance force, through
the superior side of the support (beam), to the lithostatic
pressure generated by the rocks of the roof of the face.

The structure of the prop contains a force hydraulic
cylinder HC acting together with a pilot controlled pressure
retention check valve CCV, a safety (relief) valve SV and a
manometer M, usually composing a hydraulic system and
connected to a circuit as shown in Figure 1.
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Fig. 1 Face hydraulic prop. Hydraulic basic diagram

The supply with operational liquid from the distributor
(directional control valve) D ensures the extension of the prop
with the opening force Fo and lifts the superior support beam of
a Gs weight:
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fastening it to the roof of the face with the pretension force:
Fp = pPPmax 7IDC2:/4' (2)

where: pee is the pressure developed by the supply hydraulic
power pack inside the cylinder of the prop, under a piston; Dc-
is the interior diameter of the cylinder; nrer-p- is coefficient of
hydraulic efficiency of the circuit between the power pack and
the prop; mmc- is the coefficient of mechanic efficiency of the
cylinder.

After the supply with liquid has ended (the centre position
of the distributor) the cavity under the piston remains closed by
the retention valve CCV.

In time, mining pressure rises as an effect of the rocks from
the roof pressing on the superior beam, leading to the increase
of liquid pressure under the piston of the prop, when reaching
the input pressure, the safety valve opens allowing the
discharge of a certain amount of liquid from the interior of the
cylinder, therefore limiting the force of resistance of the prop to
a constant value — bearing capacity of the prop:

Fy = Praxsy - 1D /4. &)

Operating according to this constant resistance regime is
important considering the mining technology and the safety of
the support during operation and it depends on the good
operation of the safety valve.

The amount of liquid discharged through the safety valve
considering this operational regime may be released either in
the surrounding space or in the return circuit of the support.

In the first case, a simplification of the system is observed,
and the operation of the valve becomes visible, however, there
will be certain liquid losses ending up on the floor of the mine.
The pressure in the return circuit does not by any means
influence the correct operation of the safety valve.

If the outlet of the safety valve is connected to the return
circuit, the influence of the pressure in this system is different
depending on its construction.

Figure 2 represents the two main safety (relief) valves: a -
fitted with a classical pneumatic element and b - fitted with
mechanical spring.
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Fig. 2 Safety (relief) valves for hydraulic props. Main types

The safety valves using as an elastic element a compres-
sed nitrogen cushion, enclosed in a tight cavity (figure 2,a),
does not modify its operational characteristics in proportion
with the pressure of the outlet circuit, thus, this pressure does
not influence the changing capacity of the valve. The disadvan-
tage of this kind of valves is the need of periodically loading
them with compressed nitrogen as it is lost in time.

Considering the safety valves fitted with a coiled spring as
a pressure regulating element, the outlet circuit is chained with
the chamber of the spring (figure 2,b). The pressure on the
return circuit generates a force over the shutter in the same
direction as the force of the spring, leading to the increase of
opening pressure and reduces the transition (discharge)
capacity of the valve.

The decrease, up to zero, of the discharge capacity of the
safety valves by increasing the pressure in the main return
pressure pipeline is one of the main causes of cylinder shirt
swelling of the hydraulic props therefore leading to taking them
out of operation.

The operation of the safety valves of the hydraulic props,
happens therefore in special conditions, reason for which
certain requirements are imposed, which cannot be met during
the operation of other valves used in hydraulic systems.

The operation regime characterising the long time
operation of the safety valve and of the hydraulic prop is the
one that ensures the smallest drop of the rocks of the roof with
an average speed of several millimetres per hour; therefore



determines the smallest flow through the valve, for opening
pressures usually regulated between 30 - 60 MPa.

The connection of the safety valve to the hydraulic prop is
made differently according to the type of hydraulic prop used:
individually or for mechanised support. Figure 3 represent the
general design of the shutter assembly of the hydraulic prop for
individual support, while Figure 4 represents a section of the
nitrogen safety valve used in mechanised support hydraulic
props. Both figures also represent the basic diagram of the
hydraulic circuit of the prop comprising as well the safety valve.
As liquid, an oil in water fluid with 3 to 5% oil, for the hydraulic
props, is used.
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Fig. 3 Individual hydraulic prop shutter for open circuit
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Fig. 4 Safety valve for the hydraulic props for mechanised support

Considering these conditions, the most important indexes
of the operation capacity of the support when interacting with
the rocks of the roof are the degree of tightness of the working
cavity of the hydraulic prop and the establishment of its
resistance to the hanging of the rocks of the roof. In the case of

total micro-losses of liquid through the pilot controlled retention
check valve or through the seals of the piston, the hydraulic
prop will not be able to develop its nominal resistance, and
could lead to the disturbance of the rocks of the roof and their
sudden caving, therefore generating dangerous situations in
the face.

Requirements for the safety valves of the
hydraulic props

The most vulnerable element of all the elements of a
hydraulic system of the prop from the point of view of liquid
leakages is the safety valve, therefore the basic requirement is
that during operation the valve to be perfectly tightened for
different operating pressures in the operational cavity of the
hydraulic prop — from a minimum to a maximum pressure
determined by the opening of the safety valve.

The sagging character of the rocks of the roof determines
the operation of the support;

- in the case of a monotonous development process, the
sagging of the roof is periodical, measured in millimetres, and
controlled slides of the props by the safety valves;

- if the layer above the support is formed of hard displacing
rocks, and above the rocks of the roof there are heavy sandy
or lime layers, a sudden sagging of the roof may appear (roof
breaking phenomenon), highly increasing the speed of the
roof's descent, reaching in some cases 0.5 m/s.

Therefore, considering the inertia and the limits of the
safety valve, dangerous increase of pressure appear in the
cavity under the piston, leading to the exceeding of the
superior limit of the bearing of the prop, the swelling
phenomenon of the cylinder and to remnant deformities of the
mobile components of the prop or of the support.

That is why, when the support is destined for operation in
roofs with hard displacing rocks and with block displacement,
valves of high discharge capacity are chosen in order to avoid
the dangerous increase of pressure inside the operating cavity
of the cylinder, respectively its loading.

Another condition imposed for the safety valves of the
hydraulic props is that the difference between the pressure
opening and closing value to be as small and as stable during
the entire operation; it is also implied that the difference not
modify significantly when high speed variations of the rocks of
the roof occur (when the flow through the valve increases)

Figure 5 represents the operating characteristics of the
safety valves, and two operating regimes may be
distinguished:

- regime no | (OA) - the increase of the resistance of the
hydraulic prop: the valve remains closed, and the effect of the
rocks of the roof produces an increase of pressure in the cavity
of the prop; a perfect tightness of the safety valve is imposed;

- regime no Il (AB) — constant resistance of the hydraulic
prop: under the continuous action of the rocks of the roof the
prop operates in an elastic guidance regime; repeated opening
and closing of the safety valve, the repeated opening and
closing of the safety valve is produced, with a variable
frequency and periodic discharge of a quantity of liquid from



the cavity under the piston. The operating resistance of the
hydraulic prop (depending on the pressure in the cavity of the
cylinder) varies within the limits pminsv — pmaxsv, appearing
several differences of the opening and closing pressures of the
safety valve depending on the way the rocks of the roof
manifest themselves.

In this operating regime of the safety valve, if the rocks of
the roof are hard displacing, sudden displacements of the
rocks may occur: therefore, momentary high flows should go
through the valve corresponding to pressure p*maxsv, Superior
to the normal pressure pmaxsy; if this resistance is higher, it can
lead to the appearance of remnant deformities, with
consequences already mentioned.
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Fig. 5. Operating characteristics of safety valves for hydraulic props: a -
opening pressure dynamics psv = f(t); b — the dependence of the opening
pressure on the stroke of the piston of the prop psv = @(s).

The pressure drop of the liquid inside the hydraulic system
of the prop and the increase of volumetric losses depend on
the operating pressure, the roughness and precision in
execution of the tight surface of the valve, the wear degree, the
elasticity of the hydraulic system of the prop, viscosity as well
as on other physical properties of the operating liquid.

Testing the performance of the safety valves of
the hydraulic props

Starting from the utmost importance of supporting mining
works, from the point of view of a normal development of the
technological process and in full labour safety conditions, it
results the need of correct operation of hydraulic props in all
possible conditions of the face.

As the safety valve is the main component of the hydraulic
prop, the operation of which determines its behaviour in
contact with the rocks of the roof of the face, it results the need
for the safety valves to be verified according to a maintenance
schedule which establishes if certain operating parameters are
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within the limits of the values mentioned in specific norms and
regulations.

The main parameters of the safety valves and the
verification conditions are;

1. Opening pmaxsv and closing pminsv pressure values of the
safety valve are determined on a testing prop foreseen with the
possibility of locking its extension: a flow of 40 cm3min at a
temperature comprised between 20 and 25 °C is used.

The operating pressure is gradually increased inside the
working cavity of the prop until it is fixed between the bearers,
continuing with the increase of pressure until the safety valve
opens and the flow passes; then, the supply circuit is closed
and the variation of pressure is constantly checked after a
certain waiting time.

The norms foresee that the operating regime (opening -
closing) if the safety valves does not, during the first year of
operation, surpass 10% of the regulating pressure prisv. There
is the need, as well, for the effective difference between the
opening pmaxsv and closing pminsv pressures not to be more
than 15 % of the regulating pressure, established for the
bearing capacity if the prop.

2. In order to verify its behaviour when a variable flow
passes through the valve, the pressure is increased until the
valve starts its operation, then the flow of the liquid is
increased until it reaches the recommended nominal value;
then, a decrease of the flow follows until the safety valve
closes. Considering the regulating pressure, an increase of the
opening pressure with 7.5 MPa, the most, for an outlet flow
comprised between 0 and 15 L/min.

Conclusions

The operation of the safety valves of the hydraulic props is
made in special conditions, reason for which it is imposed for
them certain requirements which have never been met during
the operation of other safety valves used for other hydraulic
operated systems.

The operating regime characterising the long operation of
these valves is the one ensuring the slightest and uniform
sagging of the rocks of the roof, with an average speed of
several millimetres per hour, determining the lowest flow
through the valve for opening pressures regulated within the
limits 30 — 60 MPa.

When the destination of the support is that of working with
roofs of hard falling rocks and block falls, valves with a high
discharge capacity are chosen, which are able to avoid the
dangerous increase of pressure in the working cavity of the
prop and ensure its efficient protection.

The liquid discharged through the valve following this
operation regime may be discharged either in the surrounding
space or into the return circuit of the support. Considering the
latter case, the return counter pressure generates an extra
force over the closing organism, leading to the increase of the
opening pressure and to the decrease of the discharge
capacity of the valve; the decrease of the discharge capacity is
one of the main causes for which the encasings of the
cylinders of the hydraulic props swell and therefore removing
them of operation.



The following technical requirements are very important for - the establishment of the regulating pressure and a

the evaluation of the quality of safety valves for the hydraulic minimum dispersion of the operating pressures (i.e. opening
props: and closing pressures);

- absolute tightness until the reach of the opening - an increased safety and sustainability degree.
pressure;
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