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EXPERIMENTAL TESTS OF PARAMETERS CHARACTERIZING THE COOPERATION OF POWERED

ROOF SUPPORT BASE AND FLOOR OF LOW BEARING CAPACITY

DOBOR PARAMETROW CHARAKTERYZUJACYCH POSTAC KONSTRUKCYJNA SEKCJI OBUDOWY
ZMECHANIZOWANEJ W ASPEKCIE JEJ WSPOLPRACY ZE SPAGIEM O MALEJ NOSNOSCI

Results of experimental tests aiming at determination of base pressure on the floor, carried out within
“Geosoft” project, are presented. The tests included stand tests carried out with use of unique measu-
ring instrumentation and special hydraulic cushion as well as tests of load of roof support set to load in
operating longwall panel. The measurement results confirmed the necessity to consider the 3D model of
cooperation of base and floor. Factors having impact on distribution of base pressure on the floor and its
maximal value were identified, taking into account the test results.
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W artykule przedstawiono zagadnienie eksperymentalnego wyznaczania parametrow charakteryzu-
jacych wspotprace spagnicy sekcji obudowy zmechanizowanej ze spagiem o matej no$nosci. Doswiad-
czalna analiza wspolpracy spagnicy typu katamaran ze spagiem byta przedmiotem badan zrealizowanych
w ramach migdzynarodowego projektu badawczego pt.: “Geomechanika stabych spagow i ociosow”
o akronimie GEOSOFT (Geosoft, 2013) wspotfinansowanego przez Fundusz Badawczy dla Wegla i Stali.
Przeprowadzono badania laboratoryjne z wykorzystaniem specjalnie do tego celu skonstruowanej i oprzy-
rzadowanej sekcji obudowy zmechanizowanej typu BW 16/34 POz. Oprzyrzadowanie sekcji stanowit
uktad pomiarowy umozliwiajacy monitorowanie, wizualizacjg, a takze archiwizacjg ci$nienia w stojakach
sekcji i w sitowniku podpory stropnicy (Rys. 3), cech geometrycznych sekcji (Rys. 4) oraz odksztatcen
w wybranych punktach elementow sekcji (Rys. 5). Badania laboratoryjne sekcji obudowy BW 16/34 POz
przeprowadzono na stanowisku badawczym umozliwiajacym obciazanie sekcji poprzez aktywny ruch
stropu. Celem modelowania no$nosci spagu sekcje posadowiono na ,,poduszce hydraulicznej” (Rys. 7)
zbudowanej z 24 sitownikéw o indywidualnie regulowanych nastawach. Wysoko$¢ sekcji rozpartej
w stanowisku miescita si¢ w zakresie wysokosci stosowania sekcji w $cianach, w ktorych zaplanowano
pomiary dotowe. Stwierdzono, ze nawet w przypadku symetrycznego podparcia stropnicy (Rys. 8) ob-
cigzenie spagnicy jest niesymetryczne. Zarejestrowany niesymetryczny rozktad nacisku spagnicy na spag
nie zostat spowodowany ani niesymetrycznym obciazeniem stropnicy, ani nierdwnomiernym rozktadem
nastaw blokéw zaworowych w sitownikach poduszki hydrauliczne;.

*  INSTITUTE OF MINING MECHANISATION, FACULTY OF MINING AND GEOLOGY, SILESIAN UNIVERSITY OF TECH-
NOLOGY, AKADEMICKA 2, 44-100 GLIWICE, POLAND
#*  CENTRAL MINING INSTITUTE, PLAC GWARKOW 1, 40-166 KATOWICE, POLAND



www.czasopisma.pan.pl P@N www.journals.pan.pl
<D

938

Lokalizacjg miejsca badan dotowych przedstawiono na Rys. 9. Na rysunku 10 przedstawiono wykresy
zmian ci$nienia w stojaku lewym i prawym sekcji zarejestrowane podczas biegu $ciany. Stwierdzono, ze
chwilowe obciazenie sekcji jest niesymetryczne, a wartosci ciSnienia w stojakach podczas poszczegdlnych
cykli r6znig sig istotnie. Nalezy zaznaczy¢, ze podczas normalnego biegu $ciany nie zauwazono przeja-
wow niszczenia struktury skat spagowych. Analizujac procentowy rozktad obszaru kontaktu spagnicy
ze spagiem wyznaczony na podstawie pomiarow w wyrobisku (Rys. 11) stwierdzono, ze w przypadku
niezawodnionego spagu o matej nosnosci wspotpraca spagnicy ze spagiem w tych warunkach jest ko-
rzystna, zarbwno w aspekcie podpornosci sekcji, jak rOwniez wytgzenia podstawowych jej elementow.

Wyniki pomiaréw, wykonanych w wyrobisku $cianowym, jak rowniez na stanowisku badawczym
uzasadniaja konieczno$¢ modelowania wspotpracy spagnicy ze spagiem z wykorzystaniem modeli prze-
strzennych. Przeprowadzone badania stanowiskowe i dotowe umozliwity zidentyfikowanie czynnikow
istotnie wplywajacych na wspotpracg spagnicy ze spagiem.

Stowa kluczowe: sekcja obudowy zmechanizowanej, nacisk na spag, modelowanie, pomiary

1. Introduction

In the case of longwall mining in conditions of low bearing capacity of floor rocks the
distribution of pressure of powered roof support base on the floor is of significant importance.
Low bearing capacity of the floor in combination with uneven distribution of pressure results
in significant deterioration of conditions for supporting the roof and in difficult advance of roof
support following the longwall face. Due to this, the problem of determination of distribution
of pressure on the floor was the subject of many research projects, including experimental ones
(Fokin et al., 1980; Aleksandrov, 1971). The laboratory tests consisted in measurements of
pushing the base to the plastic ground (Peng & Chiang, 1984; Wala, 1976) or measurements of
pressure to the floor with use of special measuring mat, which consists of force sensors installed
in conveyor belt (Gricajuk, 1979). Measuring mats were also used for taking the measurements
in a longwall panel (Fokin et al., 1980). Distribution of base pressure on the floor in the plane
perpendicular to the longwall face was determined basing on the measurement results. Due to the
use of separate bases of beam type, the distribution of pressure in the plane parallel to the longwall
face was not determined, and it was assumed that it was an even distribution. Use of the bases of
catamaran type in powered roof supports, manufactured at present, caused that the importance
of distribution of base pressure on the floor in the plane parallel to the longwall face increased.

This problem was, among others, the subject of tests carried out within international research
project entitled “Geomechanics of soft floors and sides” of acronym GEOSOFT (Geosoft, 2013).
This project, co-financed by the Research Fund for Coal and Steel (RFCR-CT-2010-00001), was
realized in the years 20102013 in co-participation of, among others, Central Mining Institute
(including representatives of the Faculty of Mining and Geology of the Silesian University of
Technology), PKW ZG Janina and Becker Warkop.

2. Experimental determination of distribution of pressure
on the contact surface between catamaran base and floor

Cooperation of powered roof support and floor rocks of low bearing capacity was analyzed
within the GEOSOFT project. Both laboratory tests on a test stand at KOMAG and underground
tests in ZG Janina were carried out with use of BW 16/34 POz powered roof support specially
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designed and equipped for that purpose. Legs of internal diameter 275 mm, operating at start-
ing pressure 25+28 MPa (1.48+1.66 MN) and at operational pressure 45MPa (2.44 MN), were
used in the roof support. The roof support was equipped with the measuring system enabling
monitoring (with sampling frequency 1 Hz), visualization, and archiving the following roof
support parameters:
— pressure in under-piston area of both the legs of roof support and canopy cylinder (Fig. 1),
— geometrical features of powered roof support determined in the result of using the five
inclinometers installed on the following components: canopy, shield, lemniscate links,
base and legs (Fig. 2),
— deformation in eleven selected points of different components of roof support, determined
with use of electro-resistant strain gauges (Fig. 3).

Fig. 1. Pressure sensors installed in BW 16/34 POz roof supports
a) in the hydraulic leg, b) in the canopy cylinder

The components of measuring system presented above were used both in stand tests and
measurements in the longwall panel.

3. Stand tests

Laboratory tests of BW 16/34 POz roof support were carried out at test rig at the KOMAG
Institute of Mining Technology in Gliwice (Fig. 4). The rig enables loading the roof support
through active movement of the roof, as it occurs in the longwall panel. To model the floor
different bearing capacity during tests, the roof support set to load was founded in the rig on
a “hydraulic cushion” (Fig. 5) built of 24 cylinders of individually controlled settings. The tests
were carried out both for symmetrical and asymmetrical canopy load conditions (Fig. 6). The
height of roof support set to load in the rig was 2.5 m and 3.3 m, what corresponds to the height
of roof support in longwalls in PKW S.A. ZG “Janina”.
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Fig. 2. Distribution of inclinometers on powered roof support
a) on the canopy, b) on the gob shield, ¢) on the lemniscate link, d) on the hydraulic leg,
e) on the base
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Fig. 3. Localization of strain gauges on powered roof support
a) on the canopy, b) on the base
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Fig. 4. BW 16/34 POz roof support placed in the test rig and founded on the “hydraulic cushion”
at the KOMAG Institute of Mining Technology in Gliwice

Fig. 5. Hydraulic cushion used during laboratory tests to simulate different values of compression strength
of floor rocks and different arrangement of support scheme
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Fig. 6. Examples of load diagrams of powered roof support in the test rig

When analyzing the results of measurements of deformations in the selected points of roof
support (Fig. 7) it was found that even at symmetrical loading of the canopy, confirmed by the
readings of strain gauges 1-5 placed on the canopy, load to the base is asymmetrical, what results
from comparison of strain gauges readings, e.g. No. 6 and 11 stuck to a side metal sheets of the base.

Recorded distribution of pressure in each cylinder of hydraulic cushion at symmetrical load
to the canopy is presented in Fig. 8.

Recorded distribution of pressure indicates asymmetrical distribution of base pressure on
the floor, which neither was caused by asymmetrical load to the canopy, nor by differentiated
settings of valve blocks in the cylinders of hydraulic cushion. Uneven distribution of load to
kinematic nods of roof support, caused by assembly clearances and manufacture inaccuracy of
these nods, is the most probable reason of asymmetrical pressure distribution.



www.czasopisma.pan.pl P@N www.journals.pan.pl
FOLSKA AKADEMIA NAUK

944

3

= height 2.5 m 15 :

« height 3,3 m o
PG

Stress, MPa
SRR

Ne 1 No 2 No 2 Ne 4 No & No € No 7 No & No 9 No 10 Ne 11
Number of strain gauge

Fig. 7. Comparison of strain in each powered roof support point determined on the basis of tensometric
measurements at symmetrical load
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Fig. 8. Distribution of pressure in the cylinders of hydraulic cushion at symmetrical load
to canopy during laboratory tests
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4. Testing the load to powered roof support used in ZG Janina
in conditions of soft floor rocks

The first underground tests of BW 16/34 POz roof support equipped with the described
system for load monitoring were carried out in ZG “Janina” in longwall No. 136 in the North-
East part of “Libiaz [V” Mining Area, in the seam 119/2, part B1. Localization of place of testing
(section 119) is presented in Fig. 9.

Seam 119/2 in the area of planned longwall No. 136 is deposited at the depth 360+430 m
and consists of coal layers of thickness: 0.20-0.36 m, 0.20-0.45 m, 0.80-1.00 m, 0.30-0.40 m and
0.9-1.30 m. These layers are separated by the shale of thickness varying from 0.03 to 0.25 m. In
the seam roof there is a shale layer of thickness of up to 2.1 m, and above 5.6 m of sandstone.
The floor is a layer of mudstone or shale of thickness of up to 1.8 m.

Strength R, of coal in seam 119/2 and the surrounding rocks, which have a tendency to
soaking and expansion, determined on the basis of penetrometric tests was: 7.7+10.3 MPa for
the roof, 13.2 MPa for the floor and 6.5 MPa for coal in the seam.
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Fig. 9. Location of BW 16/34 POz (No.119) roof support in longwall 136 — seam 119/2

Diagrams of pressure changes in the left and right leg of the roof support, which were re-
corded along the longwall panel, are given in Fig. 10.

From the presented diagram it results that momentary load to the roof support is asymmetri-
cal. Value of load is significantly different in each cycle of roof support operation. It should be
mentioned that during normal longwall panel operation, in conditions of lack of water inflow
to the working, the structure of floor rocks was not damaged by the base, what would result in
“pressing and sinking” of roof support in the floor of the working. The ground reaction enabled
to reach the operational load bearing capacity of roof support.
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Fig. 10. Examples of pressure recorded in under-piston parts of legs of BW 16/34 POz powered roof supports
operating in the longwall No. 136 — seam 119/2

Use of inclinometers enabled precise determination of geometrical form of kinematic chain
of roof support set to load in longwall 136 and including this form in analysis of distribution of
permanent loading on the base surface. In Fig. 11, percentage share of contact area between base
and floor determined by measurements taken in the working is presented. From the diagram in
Fig. 11 it results that e.g. in the 37% cases the base has full contact with the floor. The lowest
recorded contact area between floor and base was 60% (about 1% of recorded cases).

From the tests it results that in the case of not watered floor of low bearing capacity the
changes of geometrical form of kinematic chain of roof support cause that contact surface of the
base and roof covers over 60% of the surface of lower metal sheet of the base.

Thus, it can be said that cooperation between base and floor in these conditions is favour-
able, both in the aspect of roof support’s load bearing capacity and effort of basic components
of the roof support (Geosoft, 2013).

On the basis of measurements taken in longwall 136 and results of stand tests at KOMAG
(Geosoft, 2013) it was proved that in the case of floor of high load bearing capacity (e.g. sand
shale) cooperation of the same roof support with floor would be less favourable.
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Fig. 11. Contact area between base and floor

5. Summary

Use of unique measuring instrumentation developed within Geosoft project enabled to
determine distribution of catamaran base pressure on the floor. The scope of testing was signifi-
cantly broader than the scope of previously carried out tests and it enabled to determine pressure
changes on the entire contact surface of base and floor.

Analysis of determined distribution of pressure in planes parallel and perpendicular to the
longwall face justified the need of such detailed tests as it was found that there are significant
differences in distribution of pressure in planes parallel to the longwall face.

The results of stand tests showed that symmetrical load to the canopy causes uneven distri-
bution of pressure in planes parallel and perpendicular to the plane of symmetry of roof support.
Thus, uneven distribution of pressure is caused by design features —uneven distribution of rigidity
and different values of friction forces in pairs of rotatable roof supports.

To summarize the results of stand tests it should be emphasized that reasons of uneven pres-
sure distribution consist not only in uneven distribution of floor properties, but also in design
features of the roof support.

In the case of not watered floor of small bearing capacity the changes of geometrical form
of kinematic chain of roof support cause that contact surface of base and floor covers over 60%
of the surface of lower metal sheet of the base. Cooperation of base and floor in such conditions
is favourable, both in the aspect of load bearing capacity of roof support and effort of its basic
components. It was also proved that in the case of floor of high bearing capacity the cooperation
of the same roof support with floor would be less favourable.
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