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Abstract 
Release valves are commonly used to protect hydraulic legs against 

overload caused by rock bursts or bumps. Due to an essential role in 

ensuring safety in the working, an application of a release valve is

conditioned by a positive yield test results of a leg equipped with 

such a valve. A method of leg yield testing, used in Poland, enables 

a complex determination of an impact of not only a release valve 

but also of the parameters of the hydraulic leg, dete

stiffness such as for example a volume of the under

space, which has an impact on an observed pressure 

The subject of this publication covers cognitive tests oriented onto a 

determination of an impact of a release valve exc

pressure changes observed in the leg. The results of the efficiency 

tests of spring valves (Stoiński, 2018) on a rammer are discussed. 

The difference between the maximum pressure in the under

area of the leg with the release valve and the maximum pressure 

generated by the same dynamic load in the leg without this valve 

was the measure of the valve operation's effectiveness. 

Dynamic load, realized on a rammer, is characterized by a longer 

increase time than in the case of dynamic load

roof support unit from the floor. The time process of the force in the 

leg is then characterized by a short load rising time 

increment factor – Kd and the average load growth rate 

Referring to that aspect, the features of a release valve were 

analyzed in relation to the parameters characterizing dynamic load 

acting on a powered roof support unit from the floor.

Parameters characterizing the effectiveness of the release valve, i.e. 

change in the leg load increment index –∆Kd 

of load increase –∆wpn were defined. The test stand for generating 

the load of such parameters using the explosive method is 

described. Comparison of effects of the dynamic load generated by 

firing the same mass and the same type of explosive on a hydraulic 

leg with a release valve and the leg without this valve was the test 

objective.  

The effectiveness of the spring valve and two gas valves are 

analyzed. It was found that despite a very short load rising time, the 

release valve reduces the load acting on the leg. The positive values 

of the ∆Kd and ∆wp,n indices are the evidence. 
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Release valves are commonly used to protect hydraulic legs against 

Due to an essential role in 

ensuring safety in the working, an application of a release valve is 

conditioned by a positive yield test results of a leg equipped with 

such a valve. A method of leg yield testing, used in Poland, enables 

a complex determination of an impact of not only a release valve 

but also of the parameters of the hydraulic leg, determining its 

stiffness such as for example a volume of the under-the-piston 

space, which has an impact on an observed pressure increase. 

The subject of this publication covers cognitive tests oriented onto a 

determination of an impact of a release valve exclusively on the 

The results of the efficiency 

ski, 2018) on a rammer are discussed. 

The difference between the maximum pressure in the under-piston 

d the maximum pressure 

generated by the same dynamic load in the leg without this valve 

was the measure of the valve operation's effectiveness.  

Dynamic load, realized on a rammer, is characterized by a longer 

increase time than in the case of dynamic load acting on a powered 

roof support unit from the floor. The time process of the force in the 

leg is then characterized by a short load rising time – tn, large load 

and the average load growth rate –wp,n. 

eatures of a release valve were 

analyzed in relation to the parameters characterizing dynamic load 

on a powered roof support unit from the floor. 

Parameters characterizing the effectiveness of the release valve, i.e. 

 and change in the rate 

The test stand for generating 

the load of such parameters using the explosive method is 

described. Comparison of effects of the dynamic load generated by 

ame type of explosive on a hydraulic 

leg with a release valve and the leg without this valve was the test 

The effectiveness of the spring valve and two gas valves are 

analyzed. It was found that despite a very short load rising time, the 

e valve reduces the load acting on the leg. The positive values 
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Introduction 

 

Dynamic phenomena such as rock bursts and bumps are still a big safety hazard in exploitation workings. In 

2018, the production from the zones where bumping hazards occur reached about 54% of the total production 

rates (Kabiesz, 2019). According to Świątek (2020), it can be assumed that in 60% of seams, under mining, 

hazards of high energy bursts occur. Installation of an additional release valve in the leg's hydraulic system is a 

commonly used method for protecting legs against overload. In this way, the leg's yielding capacity is increased. 

Leg's yielding capacity is assessed by tests at dynamic load (Stoiński, 2018). Proper selection of parameters of 

the valve protecting the given leg is an important aspect of this assessment (EN 1804-3:2006+A1:2010; Świątek, 

2020). Leg's yielding capacity is most often tested on a rammer stand by the generation of load by the hammer of 

the specified weight falling freely from a given height. An analytical method of yield assessment, used in Poland 

most often (Stoiński, 2018), enables to determine pressure changes in the leg under-the-piston space, caused by 

an external load of an accepted time function dependent, in general, on mining-and-geological conditions. The 

elastic properties of the mechanical system, constructed of a hydraulic leg and a release valve, impact the 

calculated pressure changes in the leg apart from the applied external load. 

This publication's subject concentrates on cognitive tests oriented onto a determination exclusively of a 

release valve impact on pressure changes in the leg, observed during a dynamic reaction applied to the powered 

roof support unit from the floor. The force's time process in the leg is then characterized by a short load rising 

time – tn, large load increment factor -Kd and the average load growth rate –wp,n. Intensive dynamic loading of 

such a short increase time can be obtained neither on a rammer nor on the press of a fast slide (Kalukiewicz et 

al., 2010). Due to that fact, the properties of a release valve were analyzed on the basis of measurements, during 

which a leg dynamic load was generated with the use of explosive blasting technology.  

Tests of legs, subjected to dynamic loads, generated with the use of this method – for short called an 

explosive method – have been conducted at the present KOMAG Institute of Mining Technology since 1995. In 

most cases, the objective of these tests was an analysis of leg strength and the components of the hydraulic 

control system subject to an action of an intensive dynamic load. 

Components such as the hydraulic leg, piston, and release valve can be manufactured, for example, by 

cutting technologies (El Bozidi et al., 2018; Peterka et al., 2008; Sentyakov et al., 2020; Elbakian et al., 2018; 

Saga et al, 2020). The tested components of the hydraulic control system included, among others, a few types of 

release valves of differentiated constructional and technical parameters. 

Within this research work, some recorded time graphs of pressure in the under-the-piston space, in the 

aspect of operational efficiency of selected release valves, were analyzed. In this case, operational efficiency is 

understood as a valve reduction of parameters characterizing the time function of pressure in the leg, obtained in 

the result of a release valve installation. 

 

Literature review 

 

The hydraulic system of the powered roof support, both the legs, cylinders as well as valves and controlling 

components are important in the aspect of functionality and safety of a workplace and the mining process in a 

longwall panel (Peng, 2006; Biliński, 2005; Prusek, 2016). This problem is associated with the analysis of 

external load acting on the powered roof support using the theoretical models (Prusek et al., 2016; Prusek et al., 

2016a; Rajwa et al., 2019; Cheng et al., 2017, Jaszczuk and Pawlikowski, 2017; Jing et al., 2017) as well as 

measurements taken in the longwall panel (Jasiulek et al., 2016; Jasiulek, 2019; Jasiulek, 2019a; Jasiulek et al., 

2019; Szweda, 2000; Szweda, 2004). If in the surrounding rock mass there is a bump or other dynamic 

phenomenon, the problem of protecting, first of all, the hydraulic legs, against excessive pressure increase 

caused by the load to the powered roof support, is especially important (Prusek and Masny, 2015; Defu et al., 

2019; Szweda, 2001; Szurgacz and Brodny, 2019; Masny, 2020). Pressure pulsation in the valve connectors 

caused by a dynamic load is also an important problem (Ma, W et al., 2019; El Bouzidi et al., 2018; Świątek and 

Stoiński, 2019, Vasko et al, 2020). 

Theoretical analyses and laboratory tests of devices, protecting a hydraulic leg against overloading, 

concerned, among others, hydro accumulators (Domagała, 2015) and gas accumulators (Mazurek and Szweda, 

2008; Mazurek, 2019). In practice, the most frequently used method of protecting a leg against damage as the 

result of excessive pressure increase consists of an installation of an additional release valve in the leg hydraulic 

system. 

The protection level of a hydraulic leg against overloading is usually determined on the base of a laboratory 

test during which a dynamic load is acting on a leg, where a release valve is installed in its hydraulic system. A 

yield of a mechanical system, consisting of a leg and a hydraulic control system, is tested this way. 

Tests conducted for a determination of an impact of a release valve itself on a dynamic load carried by a leg 

are rare. For example, Stoiński (2018) described the effect of the installation of a release valve on pressure 

changes in the leg. 
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Spring valves with a flow rate of 400, 1350 and 2000 dm
3
·min

-1
 and gas valves with a flow rate of 400 and 

2500 dm
3
·min

-1
 were tested. Assessment of the effectiveness in reducing the maximum pressure as a result of the 

installation of the release valve was the test objective. The time process of pressure in the under-piston area of 

the leg without the valve and the leg with the valve installed was recorded. The dynamic load generating the 

pressure changes had the same energy, and identical initial conditions and the leg had the same elastic properties. 

The selected technical parameters of the two-stage hydraulic leg used in tests are presented in Tab. 1. 
 

Tab. 1.  The selected technical parameters of the hydraulic leg used in tests (Stoiński, 2018) 

Parameter Value 

Diameter of the 1st stage cylinder  

Diameter of the 2nd stage cylinder  

Initial yielding capacity 

Initial pressure 

Working yielding capacity  

Nominal pressure 

Stroke of the 1st stage cylinder – lI max 

Stroke of the 2nd stage cylinder – lII max 

320 mm 

250 mm 

2.03 MN 

25 MPa 

2.44 MN 

30 MPa 

1.375 m 

1.415 m 

 

During all tests, the initial static pressure was 10 MPa. The valve functionality was analysed at different 

piston extension in 1
st
 stage cylinder starting from 0.9 lI max = 1.238 m to 0.1 lI max = 0.138 m. 

It was found that if the leg extension was about 0.9 lI max, installation of the release valve had a slight impact 

on reducing the maximum pressure in the under-piston area. In the case of the lower extension of the piston, the 

impact of the release valve was more significant. In the case of extension equal to 0.1 lI max, the tested spring 

release valve of nominal flowrate 2000 dm
3
·min

-1
 caused pressure reduction in the leg by 15%. A similar 

reduction was observed using the gas valve of nominal flowrate equal to 400 dm
3
·min

-1
. Installation of the gas 

valve of nominal flowrate equal to 500 dm
3
·min

-1
 in the leg at an extension of the 1

st
 stage upper prop equal to 

0.1 lI max, caused pressure reduction by 30% (Stoiński, 2018). 

The time of pressure increase in the leg's under-piston area during the dynamic load test on the rammer 

stand ranged from 40 to 200 ms (Świątek, 2020; Stoiński, 2018).  

The range of variability of pressure, as mentioned above, increases time covers most cases of pressure 

changes recorded during measurements taken in the longwall panel [Prusek and Masny, 2015; Szweda, 2001). 

However, load cases of a shorter increase time, even 7 ms, were reported (Szuścik and Bomersbach, 2004). It 

was found that these intensive dynamic loads characterized by short load increase time and high load increment 

factors occur in the case when external dynamic loads acting on the powered roof support from the floor 

(Szweda, 2001; Prusek, 2016). The method for determining the sense of the external dynamic load to the 

powered support was presented by Szweda (2004). 

This publication's objective is mainly an analysis of the operational efficiency of release valves in the 

conditions of intensive dynamic load acting on a powered roof support unit from the floor. 

 

Material and Methods 
 

In Poland, the adaptation of powered roof support for use in the workings threatened by rock mass bursts is 

determined by assessing its yielding capability. According to the procedure adopted and applied at the Central 

Mining Institute (Stoiński, 2018), determination of the roof support safe operation range is an important element 

of this assessment, using the following condition: 
 

� = ����
��

≤ �	        (1) 

where: 

k – roof support loading coefficient, 

ks – leg’s overload coefficient in the tests according to (EN 1804-2:2001+A1:2010), 

FN – leg’s nominal load-bearing capacity, 

Fmax – maximum force in the leg f(t) calculated from Eq. 2. 
 

The time process of calculated force in the leg depends both on mining and geological conditions and on 

roof support technical parameters. Force f(t) is determined from the following relationship (Stoiński, 2018): 
 


�� = �
	�� � ∙ ��� + �� ∙ �1 + �� ∙ ��� � ∙ � !�" ∙ � − $%&   (2) 

where: 

f(t) – force in the leg, 

Fw – leg’s initial load-bearing capacity, 

Fd – force loading down the leg, calculated from the following formula:  

Fd = Fr·ntz – Fw 



Stanisław SZWEDA et al. / Acta Montanistica Slovaca, Volume 25 (2020), Number 4, 466-478 

 

469 

Fr – leg’s working load-bearing capacity, 

ntz – coefficient of loading down the working caused by rock mass burst, 

kd – calculation coefficient,  

α – angle of the leg inclination in relation to the base, 

δ – the system’s damping coefficient,  

ϕ – angle of the force phase shift in the leg in relation to an external load to the roof support, 

ω – pulsation of the system.  

 

Technical parameters of the roof support, including the parameters of release valve – opening pressure and 

flowrate, have an impact on kd, α, δ, ϕ andω. Determining some of the above mentioned quantities' values 

requires computer simulations (Rajwa et al., 2017) or laboratory tests (Świątek and Stoiński; 2019). 

Determination of the release valve efficiency basing on the roof support loading down coefficient –k from Eq.1 

and Eq.2 is troublesome.  

The experimental evaluation of the release valve's effectiveness using the parameters of the hydraulic leg 

dynamic load recorded in the working (Szweda, 2001) is more advantageous solution. Based on the recorded 

time processes of force in the roof supports' legs, the following parameters were determined (Fig. 1): 
 

 
Fig. 1.  Illustration of the parameters characterizing the time process of load to the leg (Szweda, 2004) 

 

Kd – load increase coefficient 
 

'� = ��
�(),+

         (3) 

where: 

Fm – maximum force in legs during the discussed time process of load to the roof support, 

Fst,p – initial static force in the legs. 
 

Average force in in the legs – wF,n,was determined form the following formula: 
 

,�,� = -./∙0����(),+1
�2

        (4) 

where: 

tn – time of load increase. 

When determining the load increase coefficient - Kd, the maximum force in the leg –Fm was related to the 

initial static force Fst.p, and not to the nominal force in the leg - FN (see Eq. 1), as in the working the initial static 

load to the legs is usually lower than the nominal load (Szweda, 2000). 

 

Parameters characterizing the efficiency of release valve 
The experimental method for assessing the release valve's effectiveness consists of determining Kd and wF,n 

in the case when identical external dynamic loads act on a hydraulic leg with a release valve installed and on the 

leg not equipped with such a valve. 

Regardless of the used method for generating the dynamic load, the time process of pressure in the leg's 

under-piston area is determined – i.e., the mechanical system's response to the given external input. For this 

reason, the effectiveness of the release valve must be assessed using the same external load (initial conditions) 

and the same parameters determining the leg stiffness, such as: piston extension and the volume of the under-

piston area. 
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As during the test, the pressure

the average rate of pressure increase in legs 

,3 � = -./∙03��3(),+1
�2

  

where: 

pm – maximum pressure in the leg’s under

pst,p – initial static pressure, 

tn – time of load increase.  

It has been assumed that the following parameters characterize the efficiency of the release valve operation

• Relative load increase index – ∆

∆'� = 56,7�56,8
56,7

∙ 100%
where: 

Kd,b – load increase coefficient of the leg not equipped with a release

Kd,z – load increase coefficient of the leg with a release valve

• Index of the relative change of load rate

∆,3 � = �+2,7��+2,8
�+2,7

∙
where: 

wpn,b – average rate of load increase in the leg not equipped

wpn,z – average rate of load increase in the leg with a release valve

The above indices characterizing the effectiveness of reducing the 

result of installing the release valve can also be 

the leg against overload, e.g. gas accumulators (Mazurek, 2019

 

Testing methodology 

Assessment of the selected release valves' functionality under dynamic load characterized by the load 

increase time, load increase coefficient

floor rock bursts was the objective of the tests (Szweda, 2001; Szu

In Fig. 2 and Fig. 3, the test stand enabling

called an explosive method. 

Fig. 2.  Schematic diagram of the facility for testing the legs at dynamic load (Stoi

1 – guiding screw, 2 – fixed traverse, 3 –

Fig. 3.  Facility for testing the legs at dynamic load generated by the explosive method (Madejczyk, 2019)

et al. / Acta Montanistica Slovaca, Volume 25 (2020), Number 4, 466
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As during the test, the pressure-time process in the under-piston area is determined,

ate of pressure increase in legs – wp,n instead of wF,n. 
 

1
       

maximum pressure in the leg’s under-piston area, 

 

at the following parameters characterize the efficiency of the release valve operation

∆Kd 
 

%       

load increase coefficient of the leg not equipped with a release valve, 

load increase coefficient of the leg with a release valve. 
 

of the relative change of load rate – ∆wp,n 
 

100%       

average rate of load increase in the leg not equipped with a release valve, 

average rate of load increase in the leg with a release valve. 

characterizing the effectiveness of reducing the quantity and rate of load to the leg in the 

result of installing the release valve can also be used to evaluate the functionality of other devices protecting 

against overload, e.g. gas accumulators (Mazurek, 2019). 

Assessment of the selected release valves' functionality under dynamic load characterized by the load 

coefficient, and load increase rate similar to the relevant parameters recorded during 

floor rock bursts was the objective of the tests (Szweda, 2001; Szuścik and Bomersbach, 2004)

In Fig. 2 and Fig. 3, the test stand enabling a generation of the leg dynamic load by using explosives 

 

 
Schematic diagram of the facility for testing the legs at dynamic load (Stoiński and Madejczyk, 2004

– movable traverse, 4 – generator of dynamic load, 5 – replaceable insert, 6 

 

 
Facility for testing the legs at dynamic load generated by the explosive method (Madejczyk, 2019)

 

, 466-478 

, it is better to calculate 

 (5) 

at the following parameters characterize the efficiency of the release valve operation:  

 (6) 

 (7) 

and rate of load to the leg in the 

used to evaluate the functionality of other devices protecting 

Assessment of the selected release valves' functionality under dynamic load characterized by the load 

, and load increase rate similar to the relevant parameters recorded during 

cik and Bomersbach, 2004).  

dynamic load by using explosives – 

ski and Madejczyk, 2004) 

replaceable insert, 6 – nut, 7 – bolts 

Facility for testing the legs at dynamic load generated by the explosive method (Madejczyk, 2019) 
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The leg's proper extension is set by shifting the movable traverse (3) with a replaceable insert (5) adapted to 

the legs of different geometry. The traverse (3) is locked with nuts (6). The dynamic load generator is locked by 

the fixed traverse (2) using bolts (7). The diagram of the dynamic load generator is shown in Fig.4. 
 

 
Fig. 4.  Schematic diagram of the dynamic load generator (Mazurek and Szweda, 2008) 

1 – piston, 2 – cylinder, 3 – explosives chamber, 4 – artillery breech lock 

 

Piston (1) in a cylinder (2) with a chamber (3), where explosives are placed in shells, is the main component 

of the generator. The explosives chamber is closed with an artillery breech lock (4). Explosion in the generator's 

closed space is rapid, causing pressure to increase and produces propellant gaseous combustion products. The 

pressure of the produced gases acts on the piston (1), which loads the leg dynamically. The maximal force acting 

on the tested object is controlled by changing the density of the explosive in the generator's chamber. The time of 

pressure increase and load duration depends on explosives type and granulation (Stoiński and Madejczyk, 2004). 

The maximum load to the leg generated on the test stand is 8 MN, and the maximum length of the tested leg 

is 4.85 m. The weight of explosives was determined experimentally by trial tests of load to the tested object. The 

following 4 types of explosives were used during the tests in the KOMAG laboratory: 

• E1 – material of the smallest granulation, and thus the shortest burning time (powder), 

• E2 – material of medium granulation and average burning time (cylinder 10 mm high and 9 mm diameter), 

• E3 – material of medium granulation and average burning time (cylinder 10 mm high and diameter 9.5 

mm)– with lower calorific value comparing to E2 (less energy released during combustion of 1 g sample), 

• E4 – material of the longest burning time. 

 

Fig.5 shows an example of the pressure-time process in the under-piston area of the leg∅210mm while 

loading it with 200 g of E4 type of explosives. 
 

 
Fig. 5.  Leg∅ 210 mm. Test under dynamic load using 200 g of E4 explosives 

 

Fig. 6 shows the impact of the material weight on the maximum pressure obtained when loading the leg 

∅210mm. The volume of the working liquid under the piston of the leg was 6.28 dm
3
. 

The repeatability of the method was determined on the basis of several hundred dynamic loads to the 

hydraulic legs. These measurements were performed for: 

• different initial pressures in the under-piston area of the leg, 

• different volumes of the under-piston area in the leg, 

• different types of explosives. 
 

The results of the tests are presented as the correlation between maximum dynamic pressure (read-out 

during the test) and the weight of explosives used in the test. A linear correlation between the weight of the 

explosives and the pressure was found. Assuming a confidence level of 90%, it was proved that the correlation 

coefficient between the weight of the explosive and the pressure is significantly higher than 0.957 (Szuścik and 

Bomersbach, 2004). 
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Fig. 6.  Impact of E4 type explosives weight on maximum pressure under the leg‘s piston 

 

Tab. 2 shows the ranges of the variability of technical parameters characterizing the dynamic load generated 

by the explosive method. 
 

Tab.2.  Ranges of the variability of technical parameters characterizing the dynamic load generated by the explosive method  

(Szuścik and Bomersbach, 2004). 

Type of explosives Time of load increase – tn, [ms] Load increase coefficient – Kd 

E1 2.6 ÷ 16.2 1.13 ÷ 4.47 

E2 3.4 ÷ 24.9 1.17 ÷ 3.74 

E3 3.1 ÷ 8.2 1.74 ÷ 3.02 

E4 4.4 ÷ 20.0 1.23 ÷ 4.40 

 

Compared to the rammer method, the explosive method generates the dynamic load with a significantly 

higher rate of load increase. Therefore, in the laboratory, it is possible to generate the dynamic load to the leg 

with similar parameters as the leg's force parameters caused by a dynamic load acting on the roof support from 

the floor. Tab.3 summarizes the data on the range of variability of the dynamic load parameters to the legs, 

recorded when the external dynamic load acted on the roof support from the floor.  
 

Tab. 3.  Parameters ranges (max., min.) and average values of loading parameters in legs, caused by dynamic load acting on the roof 

support from the floor (Szweda, 2001; Szuścik and Bomersbach, 2004) 

Parameter 
 

Minimum Average Maximum 

Kd 1.19 1.43 1.83 

tn [ms] 7 33 99 

wp,n [MPa·s-1] 36.45 343.46 1072.70 

 

As during the mining operation, the cases of load to the leg of such high value of Kd and wp,n, were 

recorded, testing the properties of release valves under dynamic load generated by the explosive method is 

justified.  

The spring valve and two gas valves were tested. The main parameters of the tested valves are given in 

Tab.4. 
 

Tab. 4.  Main parameters of the tested valves 

Valve type Symbol 

Inlet opening 

diameter, 

[mm] 

Static pressure 

Opening, 

[MPa] 

Closing, 

[MPa] 

Spring-slide with round gasket I.410 16 45.6 38.9 

Gas poppet 
40-1 40 48.5 46.5 

40-2 40 49.4 47.8 

 

During each test, time processes of working fluid pressure in the under-piston area of the leg, i.e. responses 

of the system to specific dynamic load, were recorded. To determine the impact of installed release valve on the 

time process of the liquid pressure in the leg, the tests of loading the leg were carried out in two stages. 

At the first stage, the leg without a release valve was tested. A leg with a fixed piston extension was set to 

load in the test stand, generating a static load with a pressure of short increase time in the under-piston area. 

Then, the dynamic load was generated by igniting the specified weight of explosives in the dynamic load 

generator. The weight and type of the explosives were selected to obtain a pressure change in the under-piston 

area, characterized by a relatively high load increase coefficient – Kd.  

At the second stage, the leg with the release valve was installed in the test stand, maintaining the piston 

extension and static pressure on the same level as at the first stage of the test. Then the time process of pressure 

in the leg, generated by ignition of the same explosives' weight as at the first stage of the test, was recorded. 

A reduction of the dynamic load increase index, i.e. a decrease in the first pressure peak and a change in the 

average pressure increase rate, was the results analysis's objective. 
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Results 

 

Fig. 7 shows a comparison of the time process of pressure in the leg with a gas poppet pressure release 

valve of id number 40-2, with the time process of pressure in the leg in which the release valve was not installed, 

as well as a graph of the time process of the leg with the valve yield. 
 

 
Fig. 7.  Time process of pressure in the leg’s working area 

 

Changes in leg pressure and yield, as shown in Fig.7, were recorded during tests of a leg with a piston 

diameter 200mm extended by 700mm. The volume of the under-piston area was 21.98dm
3
. In both testing 

stages, the leg's dynamic load was generated by the ignition of 105g of E2 type explosives. Comparing to the 

time process of pressure in the leg without a valve, after its installation, the maximum pressure decreased from 

86.4MPa to 75.4 MPa. 

In the result, the dynamic load increase coefficient was reduced by approximately 15%, and after the use of 

a release valve, it was 1.51. Dynamic pressure changes stopped at the pressure of 25MPa, i.e. by 49% lower than 

the initial static pressure. In mine working conditions, such a reduction in static pressure in legs may deteriorate 

the roof supporting conditions. Thus it is necessary to select technical parameters of the release valve protecting 

the leg against overload again. 

The main parameters recorded during tests of gas poppet valves are listed in Tab.5. The following indices: 

∆Kd– changes of load increase and – ∆wp,n – changes in the rate of loading to the leg, are also given in Tab. 5. 
 

Tab. 5.  Parameters recorded during tests of dynamic load to the leg equipped with gas poppet valve 

Type of 

explosives 
E2 – 150 g E2 – 135 g E2 – 105 g E3 – 105 

V [dm3] 47.22 10.31 21.98 6.28 

Valve symbol — 40-1 40-2 — 40-1 40-2 — 40-1 40-2 — 40-1 40-2 

pst [MPa] 49.1 48.0 49.7 49.4 47.2 47.9 49.2 48.3 48.8 49.2 47.2 47.9 

pm [MPa] 86.9 80.0 82.9 86.9 75.8 71.7 86.1 71.3 75.4 86.3 68.9 69.0 

tn [ms] 4.2 4.3 4.1 3.4 4.2 3.5 3.6 3.9 4.2 3.0 3.0 3.5 

Kd 1.77 1.67 1.67 1.76 1.61 1.50 1.75 1.48 1.55 1.75 1.46 1.44 

wp,n [MPa·s-1] 9000 7442 8098 11032 6810 6800 10250 5897 6333 12367 7233 6029 

∆Kd [%]  5.83 5.76  8.72 14.92  15.65 11.71  16.78 17.88 

∆wp,n [%]  17.31 10.03  38.28 38.36  42.46 38.21  41.51 51.25 

 

∆Kd indices determined on the basis of test results of the leg with a spring valve organized according to the 

type, and weight of explosives and volume of the liquid in the leg’s under-piston area are presented in Fig. 8. 

The broken line marks the indices – ∆Kd obtained in the case when the initial static pressure in the leg was 

within the range of 24.5 to 26.5MPa. The full line marks ∆Kd for which:  
 

40.0 MPa ≤ pst,p ≤ 41.5 MPa. 

∆wp,n determined on the base of tests with the spring valve are presented in Fig.9. The broken line shows, as 

in Fig.8, indices – ∆wp,n which characterize pressure time processes in the leg starting from pressure pst,p which 

meets the following condition:  
 

24.5 MPa <pst,p ≤ 26.5 MPa 
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Fig. 8.  ∆Kd indices for the leg with a spring release valve for different volumes of 

All the recorded ∆wp,nare positive, which means that installation of the release valve in the leg's hydraulic 

system results in a lower rate of load to the leg. Thus, it can be assumed that the inertia

components is also smaller. 

 

 

The results of load tests of legs with the release valves, 

confirm the required impact of the valve on the load 

increase time, acting on a gas valve, the recorded ind

range (5.76%; 17.88%). As regards the sp

Fig. 9. 

The results of testing the efficiency of spring valves on the rammer stand (Stoi

following range of changeability in the load increase ind

Formally, the presented test results cannot be compared as the tested spring valves were not the same. 

Moreover, the tests were carried out on stands of different stiffness and with the use of different types of legs. In 

the rammer tests presented in (Stoiń
tests with the use of the explosive method. However, it should be noted that the initial static pressure used in the 

rammer tests was 10MPa. In the tests with the use 

pressure (about 25MPa) or to the nominal pressure 
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for the leg with a spring release valve for different volumes of liquid under

 

are positive, which means that installation of the release valve in the leg's hydraulic 

system results in a lower rate of load to the leg. Thus, it can be assumed that the inertial 

Discussion 

The results of load tests of legs with the release valves, conducted with the use of

he required impact of the valve on the load carried by the leg. In the case of a dynamic load, of a short 

increase time, acting on a gas valve, the recorded index–∆Kd– changes in the leg load increase are within the 

the spring valve, the following condition is satisfied: 
 

0.34% ≤ ΔKd ≤ 9.81%. 
 

Fig. 9.  Indices  – ∆wp,n for the leg with a spring valve 

 

The results of testing the efficiency of spring valves on the rammer stand (Stoi

following range of changeability in the load increase index: 
 

2.50% ≤ ΔKd ≤ 13.50%. 

 

Formally, the presented test results cannot be compared as the tested spring valves were not the same. 

Moreover, the tests were carried out on stands of different stiffness and with the use of different types of legs. In 

ted in (Stoiński, 2018), higher values of the Kd were obtained (see Fig. 10) than in the 

tests with the use of the explosive method. However, it should be noted that the initial static pressure used in the 

rammer tests was 10MPa. In the tests with the use of the explosive method, the pressure was close to the supply 

pressure (about 25MPa) or to the nominal pressure (49MPa).  
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liquid under-piston 

are positive, which means that installation of the release valve in the leg's hydraulic 

 force acting on the leg 

conducted with the use of the explosive method, 

by the leg. In the case of a dynamic load, of a short 

load increase are within the 

 

The results of testing the efficiency of spring valves on the rammer stand (Stoiński, 2018) have the 

Formally, the presented test results cannot be compared as the tested spring valves were not the same. 

Moreover, the tests were carried out on stands of different stiffness and with the use of different types of legs. In 

were obtained (see Fig. 10) than in the 

tests with the use of the explosive method. However, it should be noted that the initial static pressure used in the 

pressure was close to the supply 
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Fig. 10.  Coefficients of load

The reasons mentioned above make a quantitative comparison of the discussed results unjustified. It can 

only be concluded that the use of a pressure release valve in the leg's hydraulic system reduces the load increase 

coefficient, both in the case of long and short load increase time. Fig. 11 shows the load increase 

the leg with the release valve, obtained in the tests with the use of the explosive method

Analyzing the curves presented in Fig. 10 and Fig. 11, the rele

of higher coefficients of load increase to the leg

increase is shown in Fig. 12. 

In general, the use of a release valve results in a lower rate of pressur

wp,n generated by the same external load to the leg without a release valve. The graphs presented in Fig.12 also 

illustrate more favourable properties of gas valves compared to the tested spring valve. This is also 

the index – ∆wp,n – change in the rate of pressure increase. In the case of gas valves, it is within the following 

range: 

Fig. 11.  Coefficients of load increase to the leg in the tests conducted by the explosion method for different volumes 

In the case of the spring valve the index 

following range: 

Reduction in the rate of pressure increase is advantageous as it results in lower dynamic forces acting on the 

leg components. 
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load increase to the leg  obtained in the rammer stand tests for different heights 

of a liquid column under the piston 

 

The reasons mentioned above make a quantitative comparison of the discussed results unjustified. It can 

only be concluded that the use of a pressure release valve in the leg's hydraulic system reduces the load increase 

he case of long and short load increase time. Fig. 11 shows the load increase 

obtained in the tests with the use of the explosive method. 

Analyzing the curves presented in Fig. 10 and Fig. 11, the release valve operates in a

increase to the leg. A similar comparison with regard to the average rate of load 

In general, the use of a release valve results in a lower rate of pressure increase in the leg as compared to 

generated by the same external load to the leg without a release valve. The graphs presented in Fig.12 also 

rable properties of gas valves compared to the tested spring valve. This is also 

change in the rate of pressure increase. In the case of gas valves, it is within the following 

 

10.33% ≤ Δwp,n ≤ 51.25%. 
 

Coefficients of load increase to the leg in the tests conducted by the explosion method for different volumes 

of liquid under the piston 

 

In the case of the spring valve the index – ∆wp,n – change in the rate of pressure increase 

1.33% ≤ Δwp,n ≤ 17.40%. 
 

Reduction in the rate of pressure increase is advantageous as it results in lower dynamic forces acting on the 

 

, 466-478 

 
increase to the leg  obtained in the rammer stand tests for different heights  

The reasons mentioned above make a quantitative comparison of the discussed results unjustified. It can 

only be concluded that the use of a pressure release valve in the leg's hydraulic system reduces the load increase 

he case of long and short load increase time. Fig. 11 shows the load increase coefficients of 

operates in a better way in the case 

. A similar comparison with regard to the average rate of load 

e increase in the leg as compared to 

generated by the same external load to the leg without a release valve. The graphs presented in Fig.12 also 

rable properties of gas valves compared to the tested spring valve. This is also confirmed by 

change in the rate of pressure increase. In the case of gas valves, it is within the following 

 
Coefficients of load increase to the leg in the tests conducted by the explosion method for different volumes  

increase – is within the 

Reduction in the rate of pressure increase is advantageous as it results in lower dynamic forces acting on the 
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Fig. 12.  Values of an average rate of load increase to the 

 

 

Tests of hydraulic legs under dynamic load

valves' effectiveness. In the case of load, with intensive pressure increase time ranging from 2.8

the release valve reduces both the pressure increase coefficient and the average rate of its increase. Thus, the 

release valve protects the leg against exces

the recorded values in the case of dynamic load acting on the roof support

The test results discussed in this publication confirm

parameters to be installed in the leg. The release valve's effectivenes

in load increase to the leg – is significantly influenced by the leg parameters, such as the volume of the under

piston space in the 1
st
 stage cylinder. 

Incorrect selection of the release valve parameters may also

roof support with the rock mass. 
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Values of an average rate of load increase to the leg obtained in the explosive method tests

Conclusions 

Tests of hydraulic legs under dynamic load, generated by the explosive method,

valves' effectiveness. In the case of load, with intensive pressure increase time ranging from 2.8

the release valve reduces both the pressure increase coefficient and the average rate of its increase. Thus, the 

release valve protects the leg against excessive load, characterized by shorter load increase time than 

he case of dynamic load acting on the roof support unit from the floor

discussed in this publication confirm the necessity of precise selection of the release valve's 

parameters to be installed in the leg. The release valve's effectiveness, measured by the indi

is significantly influenced by the leg parameters, such as the volume of the under

stage cylinder.  

Incorrect selection of the release valve parameters may also result in incorrect cooperation of the powered
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