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OBOCHOBAHUE PAIIMOHAJIBHBIX 3HAUEHU
VITIA HAKJIOHA 3AJTHEI'O OT'PAKIEHUS
1 TPAEKTOPUU IBUXEHUS
[IEPEKPBITUS HIUTOBOM CEKIINU
MEXAHWN3NPOBAHHOI1 KPEITU

10.B. Typyk', H.W. Cbicoes?, b.b. JlyraHues?, C.B. Ctpenbuos', A.A. boromasos'

! LllaxTUHCKWIA aBTOROPOXHbIA MHCTUTYT (dunman) HOxHo-Poccuitckoro
roCyfapCTBEHHOrO MOMUTeXHWUYecKoro yHuBepcuteTa (HIMW) umenn M.WU. Mnatosa,
LLaxTbl, Poccus, e-mail: uraturuk@mail.ru
2 FOHo-Poccuiickuii rocyapcTBeHHbIA NOUTEXHUYeCKMiA yHuBepceuTeT (HIN)
umenn M.U. Mnatosa, HoBouepkacck, Poccus

Annomauusa: Kpurepusmu 3¢ pekTMBHOI pabOThI IIUTOBBIX MEXaHM3UPOBAHHbBIX KPEIei Cun-
TaeTcs Yroj HaKjJOHA 3aJHEro OrpakaeHMusi OTHOCUTEIbHO TIePeKphITHs U TPaeKTOpus IBU-
SKEHUST TIePEeKPBITHSI B TUIOCKOCTH, MEPIeHaNKY/IIpHON rpyay 3a60s1. O60CHOBaHbI 3HAUEHMSI
yI7la HaKJIOHA 33JJHETO OTPasKAEHMS] OTHOCUTEJIbHO TePEeKPBITHS T MUHUMATbHO BbIHMMA-
e€MOJ MOIIHOCTHM TIjIacTa M IJIsi MUHMMAJIbHOM BBICOTHI CeKIyM Kperu. [ MaKCUMaabHOro
3HaueHMs KO3 GuLMeHTa TpeHUst TOpobl 1Mo ctaiu f = 0,4 yroy HakJIOHa 3aJHETO OT'PasKIEHNS
OTHOCUTEJIbHO MEePEKPITUST CEKLUM KPeIn Il MUHMMAJIBHO BhIHMMAaeMOl MOILHOCTH IIacTa
JIOJIKeH ObITh He MeHee 22°, a I MMHMMAJIbLHOM BBICOTBI CEKLMM Kpemy He MeHee 14-15°,
YTO COOTBETCTBYET, Koapduimenty tperus f = 0,25-0,26. YcTaHOBIEHO, UTO OCHOBHOM TIPK-
YMHOV HeyIOBIEeTBOPUTEILHONM paboThl MeXaHM3MPOBAHHBIX Kpereii, OTpabaThIBalOLINX TIj1a-
CThI C HEYCTOMYMBO JIMOO TPEIMHOBATON HEIIOCPEICTBEHHOM KPOBJIEH, IBJISIETCS CMellleHe
TIEPEKPHITHUS B CTOPOHY BbIPAGOTAHHOTO MPOCTPAHCTBA MPY MOCaJKe CeKIuu kpernu. B upeasne
CMeEILIEHMII TIEPEKPBITHS BIOJIb KPOBJIM OBITh HE JOJIKHO, HO JJOCTUYb STOTO BO BCEM [Malia3oHe
PasaBMKHOCTY CEKIMY KPEIy 3a CUeT KOHCTPYKTUBHBIX pellieHnii He yraetcs. OmHako cmeliie-
HI€ TTePEeKPHITHS TOJIBKO B CTOPOHY 3a60s1 ITPY OITyCKaHWY CEKIIMM KPeIu BO BCEM yarnasoHe eé
PasABMKHOCTY BO3MOKHO, TaK KaK 3TO HE CKa3bIBAETCST OTPULIATEILHO HA HArPYsKEHHOCTH Kpe-
. ITpencrasiieHa coBepllieHHass TPaeKTOPMsT OBUKEHMsI TIePEKPBITHSI, MCKIIIOUAIoLas mepe-
MellleHVe TTepeKPhITHS TIPK MOCaKe CeKIMM KPeIu B CTOPOHY BbIpaGOTaHHOTO MPOCTPAHCTBa,
MOJTyYeHHas: 0O0CHOBAHHBIM BbIGOPOM KOHCTPYKTMBHBIX M KMHEMaTMUYECKUX MapaMeTpOB 3a-
JTHETO OTPAKAEHMS U APYTUX JIEMEHTOB, BIUSIONIMX Ha (OPMUPOBaHME TAaHHON TPAEKTOPUM.

Kntouessle cnoea: muToBasi MeXaHM3MPOBAHHASI KPeIlb, YTOJI HAKJIOHA 3aJHEro OrpaskaeHus,
[MaTia3oH pasABIKHOCTH, CMellleHVe TTePeKPhITHS, BbipaboTaHHOE IPOCTPAHCTBO, JIEMHIUCKAT,
TOPU30OHTAILHO-PACTATMBAIONIVE HAMIPSIKEHNS, BLICOTA CEKIIMM KPEIy, TPAeKTOPUS IBVOKEHMUST
MePEeKPbITYSI.
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Justification of rational caving shield angles
and canopy paths of displacement in powered roof supports
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Abstract: The criteria of effective operation of powered roof supports (shields) are the angle of
the caving shield inclination relative to the canopy and the trajectory of the canopy displace-
ment in the plane perpendicular to the longwall face. The values of the inclination angle of the
caving shield relative to the canopy are substantiated for the minimum mineable thickness of
coal seams and for the minimum height of the powered support unit. For the maximum rock —
steel friction coefficient f = 0.4, the angle of the caving shield inclination relative to the canopy
should be at least 22° for the minimum mineable thickness of seams and at least 14-15° for
the minimum height of shields, which corresponds to the friction coefficient f = 0.25-0.26. It is
found that the main cause of the unsatisfactory operation of powered roof supports in coal min-
ing under unstable or fractured immediate roof is the displacement of the canopy towards the
goaf during powered support setting. Ideally, there should be no canopy displacements along
the roof, but this is unachievable within the whole range of the shield support expandability
due to the structural concept. However, it is allowable that the canopy displaces towards the
face during the shield support setting over the whole range of its expandability since this has
no adverse effect on the load applied to the support unit. The perfect trajectory of the canopy
displacement is presented. The trajectory eliminates the canopy displacement towards the goaf
during the shield support setting, and is achieved via the reasonable selection of the structural
and kinematic parameters of the caving shield and other elements influencing formation of this
trajectory.

Key words: powered roof support (shield), caving shield inclination angle, expandability range,
canopy displacement, goaf space, lemniscate, horizontal tensile stresses, shield support height,
canopy displacement trajectory.
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Introduction

For thin and medium-thick coal seam
mining, highly efficient powered roof sup-
port systems consisting of single-row two-
leg and two-row four-leg shields are de-
signed. However, when a coal seam has a
minimum allowable thickness for a shield,
and an unstable or fractured immediate
roof, the efficiency of the whole roof sup-

port system drops, i.e., its productivity de-
creases [1—4].

The causes of unsatisfactory operation
of powered roof supports in thin coal seams
are:

* the decrease in the angle of inclina-
tion of the caving shield relative to the
canopy and, as a result, the increase in the
load on the shield due to the larger contact
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area between the roof rocks and the shield
and owing to the higher resistance force to
broken rock flow along the caving shield
to the coal seam floor;

* the possible displacement of the can-
opy of the support unit towards the goaf
during roof caving due to rotation of rods
of the four-bar linkage towards the coal
seam floor.

The angle of inclination of the caving
shield relative to the canopy in some power-
ed roof supportmodels (BS2.1X (Germany);
1KD90C; Don-Faliya 5; GLINNIK 06/15
(Poland) is from 4 to 6° when the shield is
folded and is 9.5 to 12.5° at the minimum
thickness of coal seams.

In mining coal seams having minimum
allowable thickness, with block-by-block
caving of immediate roof, transition of ca-
ved rocks from the supporting part of the
canopy to the caving shield and, as a re-
sult, the increase in the load on the shield
leads to the greater yielding and to the loss
of hydraulic expandability of the hydrau-
lic legs, to the rigid setting of the powered
support unit, to the emergency condition in
the longwall face area and to the increase
in the manual labor content to disengage
the shield.

This is due to the fact that the small
angles of inclination of the caving shield
relative to the canopy contribute to a direct
increase in the length of the canopy by a
portion of the caving shield.

In addition, a significant effect is exert-
ed on the fractured immediate roof during
its caving by the displacement of the cano-
py of the powered support unit towards the
goaf, which induces the horizontal tensile
stresses that contribute to jointing and rock
falls in the face strip of the roof [5— 8].

Therefore, for the effective operation of
powered roof supports, the four-bar link-
age of the caving shield should ensure dis-
placement of the canopy towards the face
during the shield support expansion, while
the inclination of the caving shield should
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provide the reduced width of the working
area, i.e. the supported width of the roof.

The objective of the research is to sub-
stantiate the rational values of inclination
of the caving shield of a powered roof sup-
port unit, such that to ensure efficiency of
the powered roof support in mining thin and
medium-thick coal seams with unstable or
fractured immediate roof, and the canopy
displacement trajectory (leminscate) of the
shield depending on its expandability, with-
out displacement of the canopy towards
the goaf during expansion of the powered
roof support unit.

To achieve this objective, it is neces-
sary to fulfill the following main tasks:

e to analyze the results of operation of
powered roof supports in coal mining un-
der unstable or fractured immediate roof in
order to determine the effect of the caving
shield angle on performance of powered
support units;

e to find the rational values for the an-
gles of the caving shield inclination of a
powered support unit for coal mining un-
der unstable or fractured immediate roof;

e to substantiate the leminscate tra-
jectory with regard to the powered roof
support unit subject to its expandability,
which eliminates displacement of the can-
opy towards the goaf.

Research methods: analysis and gener-
alization of information contained in refer-
ence sources, kinetostatic analysis.

Results

The critical cause of unsatisfactory ope-
ration of BS2.1X powered shield (Germa-
ny) [9] in Zapadnaya mine of Gukovugol
was the displacement of the canopy to-
wards the goaf due to the irrational angle
of the caving shield inclination relative to
the canopy during expansion of the sup-
port unit within the whole range of mine-
able seam thicknesses, which resulted in
the rigid expansion of the support unit and,
thereby in the longwall downtime for the



support unit to be disengaged. The angle
of the caving shield inclination relative to
the canopy of BS2.1X shield support is 4°
when folded and is 9.5° for the minimum
mineable thickness. Such inclination of the
caving shield at the minimum mineable
thickness of coal seams led to an increase
in the width of the supported roof and, ac-
cordingly, to an increase in the roof load
on the powered support unit. In order to
avoid rigid expansion of the shield support
units in the areas of the minimum mine-
able thickness, the seam floor overcutting
was undertaken. In addition, the seam roof
was heavily jointed and the displacement
of the canopy towards the goaf during the
shield support expansion contributed to
opening of cracks in the immediate roof
and to roof rock falls in the face strip.

The units of the powered roof supports
(shields) are quite complex link-motion
mechanisms [10]. The linear and angular
movements of such structures depend on
many factors that must be taken into ac-
count when designing such mechanisms or
selecting available machines for specific
operating conditions.

Fig. 1 shows a single-row powered sup-
port unit GLINNIK 06/15 (Poland) identi-
cal to BS2.1X unit, with the caving shield
inclination angle ¥ to the canopy of 5° at
the minimum height of 600 mm.

During excavation of coal seam k2n with
a thickness of 0.8 —1.25 m by MKD90SN
plough assembly in Zamchalovskaya mine

of Zamchalovsky Anthracite, expansion of
1KD90S shield was rigid. The angle of in-
clination of the caving shield of 1KD90S
support unit is 6° in the folded position and
is 12° at the minimum mineable thickness.

The geological conditions of operation
of MKD90SN assembly were as follows:

» the immediate roof of the coal seam
was medium-stable. Discontinuity of the
immediate roof occurred in the form of its
destruction into blocks with a width equal
to the advance step of the powered support
units;

» everywhere in the face there were
small-amplitude upthrusts of the coal seam
(H = 0.1-0.3 m), forming “lips” on the
floor every 3—7 m down the dip, which
complicated operation of the longwall as-
sembly.

The rigid expansion of the support units
occurred due to an increase in the roof load
on the support during mining operations at
the minimum coal seam thickness. The
load on the support and, accordingly, the
support resistance for the conditions of
Zamchalovskaya mine is determined from
the formula [11]:

qup =y'mB l
n
~[72+n1'(1—p‘ﬁg‘1’,~)} kN/m, (1)
where: m is the height of blocks, approxi-

mately equal to the thickness of the imme-
diate roof, m; [ is the width of a block, usu-
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Fig. 1. GLINIK 06/15 support unit (Poland)
Puc. 1. Cekums kpenn GLINNIK 06/15 (MonbLua)
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ally equal to the advance step of the sup-
port unit, m; n, and n, are the number of
blocks supported by the support unit and
hanging behind the support unit, respec-
tively,n, = R/land n, =(2-2.5)-n,; Ris
the maximum width of the working space
in the face, m; p = 0.75 is the rock friction
coefficient; ¥, = (70—80°) is the angle of
joints forming the blocks.

It follows from formula (1) that the load
on the support unit depends on the number
of blocks supported by the support unit,
n,, and hanging behind the unit, n,. As a
result of the increased load on the support,
the caving shield angle V¥ relative to the
canopy was reduced to minimum values,
which increased the projection of the cav-
ing shield length on the plane of the seam
floor, and, as a result, the number of the
blocks supported by the support unit grew
(Fig. 2).

The increase in the number of blocks
thanks to the caving shield leads to an in-
crease in the roof load on the support by
29—34%.

The block diagram of discontinuity
in the bottom layers of the roof in Fig. 2
will take place only at a certain friction
force F, dependent on the friction coeffi-
cient f between rocks and steel and on the
caving shield angle Y. The coefficient of

rock — steel friction depends on the mois-
ture content of rocks and is f=0.15—0.4.
The maximum friction coefficient f = 0.4
corresponds to the friction of dry rock on
steel [12, 13].

The correlation of the friction coeffi-
cient and the angle of inclination of the
the caving shield [14] is given by:

f=tg¥, then ¥ = arctg f, grades. (2)

At the friction coefficient f = 0.4, the
caving shield inclination is ¥ = 21.8°.

Therefore, one of the main criteria for
the effective operation of the powered sup-
portunits can be considered the value of the
caving shield angle relative to the canopy.
In this case, the angle of the caving shield
inclination should be at least 22° at the
minimum mineable thickness mmin and
at least 14— 15° at the minimum height of
the support unit, Hmin, which corresponds
to the friction coefficient f = 0.25—0.26,
and this is proved by operation of shield
support units.

In Kuzbass mines, the main cause of un-
satisfactory operation of various powered
support units such as M138 (Fig. 3) in
medium-thick coal seams with unstable or
fractured immediate roof was the canopy
displacement AX, towards the the goaf
during expansion, which was accompa-

Fig. 2. Block diagram of discontinuity in bottom roof layers when using shield support
Puc. 2. bnouHas cxema HapyLUeHWs CMIOLHOCTH HUXKHUX C/I0EB KPOB/W MPW UCMOAb30BaHUM LUMTOBON Mexa-

HU3MPOBaHHOM Kpenu
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Fig. 3. Powered support unit M138

Puc. 3. Cekums MexaHu3upoBaHHow kpenu M138 B cocTase kombariHOBOro KoMmriekca

nied by rock falls in the face strip of coal
[15—18]. The displacement resulted from
incorrect choice of the shield support unit
design.

Fig. 4, a shows the trajectory of the
canopy in the single-row two-leg shield
of KMP 06/15 support (designed by JSC
PNIUI), obtained from the kinetostatic
analysis. The trajectory is a lemniscate de-
pendent on the shield expandability, i.e.
on the shield height H_ . The significant
displacements AX, of the canopy towards
the goaf are reflective of inexpediency of
using such powered roof support units in
coal seams with unstable or fractured roof
as this leads to delamination and falls of
roof rocks in the face strip.

When the support unit is set in site I-I,
the canopy displacement AX, is directed
towards the face. In this case, the friction
force F_, between the canopy and roof
rocks is directed towards the goaf. In site
[1-11, the canopy displaces towards the
goaf and the friction force F_ is directed
towards the face (Fig. 2).

The analysis of loading of the shield
support unit shows that the direction of the
canopy displacement has no influence on
the load-bearing capacity of the support
unit. At the same time, the direction of the
forces F_, and F_, has a significant effect
on the redlstnbutlon and magnitude of

forces in the elements of the support unit,
especially in the rods of the four-linkage
mechanism.

The calculations show that the forces in
the rods of the caving shield when the can-
opy is displaced towards the goaf by 25%
or more exceed the forces in the rod when
the canopy is shifted towards the face.

Therefore, the criterion for the correct
choice of a support unit design for the
specified conditions is the direction of the
canopy dispacement X, only towards the
face along the roof during expansion of the
support unit within the whole range of the
shield expandability H_ [19, 20].

An example of the correct design of
the powered support units by the criterion
of the canopy displacement only towards
the face during expansion can be consid-
ered the designs of single-row shield sup-
port units 1KT125 and 2KT125 by JSC
ShakhtNUI.

The distinctive feature of these shields
is their wide range of expandability, up
to 750—1520 mm for 1KT125 unit and
1200 — 2500 mm for 2KT125.

The expandabilities of the shield units
and the trajectories of their canopies are
governed by the design parameters of the
four-linkage mechanism of the caving
shield, i.e. by the lengths of the rods and by
their installation coordinates on the bases
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Fig. 4. Trajectories of canopies of shield support units along immediate roof (AX, ) versus shield expandabi-
lity (H,,,): support unit KMP 06/15 (a); support unit 1KT125 (b)

Puc. 4. TpaekTopuu ABMKEHMS NEPEKPLITUI LUMTOBbIX CEKLMI Kpenu BA0/b Kposau (AX ) B 3aBMCMMOCTH OT MX
pasaBMXKHOCTH (HKD ): kpenn KMI1 06/15 (a); kpenn 1KT125 (6)

and on the caving shields, which must be
taken into account in design of such power
support units.

Fig. 4, b shows the trajectory of the
canopy of shield support unit 1KT125
versus the shield expandability H_. Such
trajectory makes it possible to eliminate
stratifications and rock falls in the imme-
diate roof of the seam and in the face strip
of the roof due to the canopy displacement
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AX, only towards the face during expan-
sion of the powered support unit.

Conclusions

1. The causes of unsatisfactory op-
eration of powered support shields when
mining thin and medium thickness coal
seams with unstable or fractured imme-
diate roofs are the small angles of incli-
nation of the caving shield relative to the



canopy and the canopy displacement to-
wards the goaf during expansion.

2. The rational values of the angles of
the caving shield inclination relative to the
canopy should be at least 22° at the mini-
mum mineable thickness of seams and at
least 14—15° at the minimum height of
the support unit.

3. The improvement of the trajectory
of the canopy (lemniscate), depending on
shield expandability, such that to exclude
the canopy displacement towards the goaf
during expansion, is achieved owing to the
correct selection of the design parameters
of the powered shield, as illustrated by op-
eration 1KT125 powered support unit.
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CITEKTPOCKOIIUA BJIATOPOAHBIX KOPYHIOB MUPA
(2023, Ne 12, CB 12, 16 ¢.)

bapHos Hukonaii leopruesuy' — KaHp,. reon.-MuHepan. Hayk, AoUeHT, e-mail: barnov@inbox.ru,
AbpamaH Meoprui OHuKoBMY' — KaHA. TEXH. HayK, AOLEHT, 1.0. 3aB. Kadeapor, e-mail: abramyan.go@misis.ru,
YHUTY MUCKC.

MpoBeaeH aHanM3 NMpUMeHeHU GU3MUECKMX METOLOB MCC/EN0BaHWUS MUHEPAsoB ANa MUX AMarHo-
cTuku. OnucaHbl MeToabl A1 NONYYEHWs CMEKTPOB Pa3IMYHOrO TuMa (KOMBUHALLMOHHOMO paccesHus,
JIFOMMHECLIEHLMM U MOTNOLLEHNS) B ONTUYECKOM AManasoHe: B yNbTpachMoneToBoM, BUAMMOM, @ TaKXKE
MK nmanasoHe, ABAAHOWEMCS OCHOBHbIM (6a30BbIM) METOLOM KONMYECTBEHHOrO aHanM3a COCTOAHMA
npumeceit B kopyHaax Cr, V, Ti, Fe, Mn. CnekTpockonus KOMBMHALMOHHOIO paccesiHuUs SBSIETCS OTHO-
CUTEIbHO HOBbIM METOA0M MCCNeA0BaHUA MUHEPasoB, MONYYUBLUMM LLUMPOKOE PacrnpoCTpaHeHUE B Ha-
cTosiLLee BpeMs. PaccMOTpeHbl OCHOBHbIe XapaKTEPUCTUKM MOKa3aTeNen LBeTa PasfMyHbIX MUHEPasioB.
Moka3zaHa HeobX0AMMOCTb MPUMEHEHUS OBLEKTUBHBIX METOAOB OLEHKM CTPYKTYPHbIX XapakTePUCTUK
MWHepanoB. [Noka3aHa YeTkasi FeHeTUYeCKas LeTEPMUHUPOBAHHOCTb XMMM3MA, PU3MYECKMX CBOWCTB U
mapareHeTUYeCcKMX MUHepasbHbIX acCoLMaLMii 611aropoaHbIX KOPYHAOB PasiMYHOMO reHesuca.

KntoueBble CnoBa: AMArHOCTMKA APArOLEHHbIX KaMHel, NPUPOAHbIE MUHEPaNbl, CUHTETUYECKME
KpVICTaJ'IﬂbI, CI'IEKTpOCKOﬂVIﬂ KOM6VIHaLI,VIOHHOF0 pacce;mvm, ﬂl’OMMHECLI,EHTHbIVI dHaNn3.

SPECTROSCOPY OF NOBLE CORUNDUMS OF THE WORLD

N.G. Barnovt, Cand. Sci. (Geol. Mineral.), Assistant Professor, e-mail: barnov@inbox.ru,
G.O. Abrahamyan, Cand. Sci. (Eng.), Assistant Professor, Acting Head of Chair, e-mail: abramyan.go@misis.ru,
ENUST MISIS, 119049, Moscow, Russia.

The analysis of the application of physical methods of mineral research for their diagnosis is carried
out. Methods for obtaining spectra of various types (Raman scattering, luminescence and absorption) in the
optical range are described: in the ultraviolet, visible, and IR ranges, which is the main (basic) method for
quantitative analysis of the state of impurities in Cr, V, Ti, Fe, Mn corundums. Raman spectroscopy is rela-
tively new the method of mineral research, which is widely used at the present time. The main characteris-
tics of the color indicators of various minerals are considered. The necessity of using objective methods for
assessing the structural characteristics of minerals is shown. A clear genetic determinism of the chemistry,
physical properties and paragenetic mineral associations of noble corundums of various genesis is shown.

Key words: diagnostics of precious stones, natural minerals, synthetic crystals, raman spectroscopy,
luminescent analysis.
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