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Annomauyus: TIpuBeneHbl pe3y/abTaThl MCCAEIOBAHUI TOMEPEYHO YCTOMUMBOCTY OTHOPSII-
HBIX M IBYXPSOHBIX IIMTOBBIX CEKIMII MEXaHM3MPOBAHHBIX KPEIeN U UX CTAOMIM3UPYIOLINX
YCTPOMCTB IIPM BhIEMKE TOHKMX M CPeIHeN MOIIHOCTHM MOJOTMX M HaKJIOHHBIX YTOJIbHBIX ITJIa-
crtoB. IIpyu 3TOM B KauecTBe CTAOMIM3UPYIOIIErO YCTPOICTBA pacCMAaTPUBAIUCh IIIMPOKO TIPK-
MeHsieMble TIPY>KMHBI CKaTHsl, YCTaHOBJIEHHbIE Ha TOJIKATENIIX BbIABVKHBIX GOPTOB MEepeKphI-
TUST Y 3a[HETO OTPa’kAEHNsl. YCTAHOBJIEHO, UYTO 3(hGEeKTUBHOE MPUMEHEHNE MIPYKUH CSKATMS
BO3MOSKHO TOJIBKO IIPM BBIEMKE TOHKUX M CpeIHEel MOIIHOCTY IOJOIMX YTOJbHBIX IJIACTOB.
ITpu BhieMKe HaKJIOHHBIX YTOJbHBIX TJIACTOB, 0COOEHHO CpeHel MOUTHOCTH, 3¢ (HeKTUBHOCTD
MIPUMEHEHMST TIPYKUH CKaTKsl B KaueCTBe CTabMIM3UPYIOIIMX YCTPOICTB pe3ko namaet. O6oc-
HOBAHO JCITOIb30BaHMe B KAueCTBE CTAGMIM3MPYIOIIEro YCTPOICTBA TMAPOAOMKPATOB BbI-
JBVKHBIX GOPTOB TIEPEKPBITHS U 3aJJHETO OrPaskAeHMsI C YCTaHOBJIEHHbIMM Ha MX TIOPIIHEBbIX
MOJTOCTSIX TUAPO6IOKaMM, B KOTOPbIe BCTPOEHBI MPeIOXPaHUTENbHBI ¥ pasrPy30uHblil Kiia-
maHbl. YCTAHOBJIEHA 3aBYCUMOCTb HACTPOVIKM IIPENOXPaHUTEILHOIO KianaHa I pOIOMKpara
OT TOPM3OHTAIbHOVM COCTAaBJIAIOIIEN YCUIMS paclopa TMAPOCTOEeK CeKumy Kpemu. Ilpu pac-
rope CeKLMM KpeIu yCuine Ha TUAPONOMKpaTaxX BhIABMKHBIX GOPTOB JIOKHO ObITh HE HIKE
VIEePsKMUBAIOIIEro CeKIuio yemmms. PaspaboTaHa MeToKa OIpeesieHs AaBieHust cpabaThbi-
BaHMsI TPEeNOXPAHUTEILHOIO KylallaHa MYIPOIOMKPATOB, T. €. 3a[laHHOl Harpy3Ki BbIABMKHBIX
60pTOB, 06€CIEeUMBAOIIMX TIONEPEUHYIO YCTOMUMBOCTD OTHOPSIAHON M ABYXPSTHON IIUTOBOM
CeKIMM MeXaHM3VPOBAHHOM KpeI.

Kntouessle cnoea: mornepevHasl yCTOMUMBOCTD, IIIMTOBAsT CEKIMsI, MEXaHMU3MPOBAaHHAsT KPeIlb,
CTaGMIM3MPYIOIee YCTPOMCTBO, MMAPONOMKPAT, [TPENOXPAHMUTEbHBIN KJIalaH, BbIIBMKHON
6opT, TUIPOCTOIKA.
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Ensuring the transverse stability of the shield powered support unit
when excavating shallow and inclined coal seams
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Abstract: The results of studies of the transverse stability of single-row and double-row shield
powered support units and their stabilizing devices, when excavating bed seams and middle
shallow and inclined coal seams, are presented. At the same time, widely used compression
springs installed on pushers of the sliding sides of the overlap and rear guard were considered
as a stabilizing device. It is established that the effective use of compression springs is possi-
ble only when excavating bed and middle shallow coal seams. When excavating inclined coal
seams, especially of middle seam, the efficiency of using compression springs as stabilizing
devices drops sharply. The use of the sliding sides of the overlap and the rear guard with hy-
draulic blocks installed on their piston cavities, in which safety and discharge valves are inte-
grated is justified as a stabilizing device for hydraulic jacks. The dependence of the setting of
the hydraulic jack safety valve on the horizontal component of the force of the hydraulic struts
of the support unit is established. At the same time, when the support unit is spaced, the force
on the hydraulic jacks of the retractable sides should not be lower than the force holding the
unit. A method has been developed for determining the actuation pressure of the safety valve of
hydraulic jacks, i.e. the specified load of the sliding sides providing transverse stability of the
single-row and double-row shield powered support unit.

Key words: transverse stability, shield unit, powered support unit, stabilizing device, hydraulic
jack, safety valve, retractable side, hydraulic resistance.
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Introduction

One of the criteria for the technical
perfection of powered support units is the
coefficient of self-stability of the unit.

Unit stability is the ability of a unit
to maintain such a spatial position under
the influence of external force factors, in
which its normal operation in a mecha-
nized support system is possible.

The main type of stability is transverse
or lateral stability. When the transverse
stability is lost, the unit overturns, i.e. the
unit rotates around the edge of the base
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or axis located at some distance from the
edge, depending on the physical and me-
chanical properties of the soil [1, 2].

The critical angle at which it is possi-
ble to overturn the support unit without a
stability system can be determined from
the condition of equality of the overturn-
ing and equalizing moments relative to the
edge line of the base from the side of the
seam gradient. With an increase in the an-
gle of occurrence of the seam, a progres-
sive loss of stability of the unit is observed
both in the system of internal stability of



the units and in the system of their external
connections, leading to an increase in the
complexity of their operation and mainte-
nance.

The ratio between the number of shal-
low seams with angles of incidence up to
18° and inclined from 19° to 35° is 78.4%
and 21.6%, respectively.

In addition, the stability of the sup-
port unit is significantly affected by the
removed seam height. According to the
seam height, the seams are divided into
four groups: very thin bed seams to 0.7 m;
bed seams — from 0.71 to 1.2 m; mid-
dle seams — from 1.21 to 3.5 m and high
seams — over 3.5 m.

An increase of seam height leads to
changes in the center of gravity of the unit
relative to the base and, accordingly, the
stability of the support unit.

The loss of stability of the support unit
and the resulting deterioration of the inter-
action of the unit with the lateral rocks of
the seam contributes to the destruction of
the roof over the unit.

As the operation of the complexes has
shown, when excavating inclined seams,
powered support units should be equipped
with special stability systems.

The purpose of the research is to deter-
mine the power parameters of the trans-
verse stability system of the shield powe-
red support unit and the development of a
stabilizing device.

To achieve this goal, it is necessary to
solve the following main tasks:

 analyze the results of the operation
of powered support units when excavating

seam with angles of incidence up to 30°
in order to determine the causes of loss of
stability of units;

» perform an analysis of studies aimed
atensuring the stability of powered support
units;

 to establish a rational structure and
power parameters of the stabilizing device
of the transverse stability of the shield
powered support unit for shallow and in-
clined seams.

Research methods: analysis and gene-
ralization of information contained in lite-
rary sources, analytical studies of trans-
verse stability by methods of theoretical
mechanics.

Results

Currently, single-row and double-row
shield sections with solid rigid bases and
with bases divided into elements (skids), con-
nected along the blockage by clamps, and
along the bottom screed, are widely used.
In accordance with GOST 33164.1-2014,
the blockage fence and the overlap of the
support unit on both sides are equipped
with retractable sides to block intersectio-
nal gaps from spilling into the face space
of the bayonet lying on the overlap and
the blockage fence (Fig. 1) [3—5]. The
retractable sides 1 are equipped with pu-
shers 2, with compression springs 3 moun-
ted on them, which perform the functions
of a stabilizing device when moving the
support unit.

The operation of powered support units
has shown the effectiveness of compression
springs only when excavating bed seams
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Fig. 1. Section of the sliding side on the overlap
Puc. 1. CeyeHue BbiaBMKHOro 6opTa Ha nepekpbITUm
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Fig. 2. Element of the system of the stabilizing device of the KD90 support section
Puc. 2. DnemeHT cuCTeMbI CTabUIM3MPYIOLLErO YCTPOCTBA cekumm kpenu K90

shallow coal to 18°. When excavating incli-
ned (from 18° to 30°) seams, the efficiency
of using compression springs as a stabiliz-
ing device drops sharply due to their oper-
ating characteristics, i.e., the dependence
of the spring force on the magnitude of its
compression (working stroke) [6—9].

To correct the position of the support
section that has lost stability after moving,
before the strut in the overlap or under it
and the blockage fence, hydraulic jacks of
the retractable sides are installed, which
forcibly carry out their sliding and folding
[10—14].

To increase the transverse stability of
the units when excavating not only flat, but
also inclined (o0 = 18 —30°) coal seams,
double-row shield powered support units
with a solid rigid base (CD90, CD90T) are
additionally equipped with a package of
springs 1 installed in the pocket 2 of the
base 3 and resting on the cylinder 4 of the
front lower hydraulic support (Fig. 2). In
addition, a solid rigid base made it possible
to install paired (welded together) rigid front
levers of the four-link rear guard [15—19].

However, when excavating shallow
middle coal seams, the springs were bro-
ken and, as a result, the transverse stabil-
ity of the support unit was lost. The con-
sequence of the fracture of the springs was
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their insufficient rigidity (the ratio of the
load to the corresponding deflection), es-
pecially when the units are spaced. With a
sufficiently low stiffness, the spring can-
not have the necessary strength to ensure
its operation under variable loads.

The installation of paired rigid front le-
vers of the four-link rear guard ensures the
transverse stability of the blockage of the
support section within the design toleran-
ces.

It should be noted that their installation
in the skids of a divided base is not possi-
ble due to the peculiarities of the kinemat-
ics of the interaction of skids with the soil
of the formation when the unit is operating
in difficult mining and geological condi-
tions (soft floor or the presence of «thresh-
olds» in the soil of the formation).

When determining stability, the rotati-
on of the maximally extended support unit
during its movement occurs around the
lower edge of the solid rigid base or around
the edge of the lower element (skid) of the
divided base.

Fig. 3 shows the design scheme of the
transverse stability of a single-row shield
support unit.

Tipping moment relative to point A:

M, =G,-h=h-G-sina, kN,



Fig. 3. Design diagram of the transverse stability of a single-row shield support unit
Puc. 3. PacueTHas cxema rnornepeqyHos YCTOMYUBOCTY OfHOPSAHOM LUMTOBOM CEeKLMU Kpernu

where G is the weight of the support unit,
kN; G, — the horizontal component of
the weight of the support unit, kN; oo —
the seam gradient, deg.; h — the shoulder
of the horizontal component of the unit
weight, m.

Restoring moment relative to point A:

MV=GV~2=2~G~cosoc, kN,
2 2

where G, — the vertical component of the
weight of the support unit, kN; b — the
width of the base, m.
Stability condition:
MO <: MV .

Stability margin of the support unit:

It is known that when the tipping moment
exceeds the restoring moment (M, > M, ),
the transverse stability of the support sec-
tion must be provided by stabilizing de-
vices.

Since in the shield powered support
units, the sliding sides of the overlap and
the rear fence of the higher units are sup-
ported by the sides of the lower unit, the

stabilizing devices of the sliding sides must
compensate for the missing restoring mo-
ment.

Compensating moment of the stabiliz-
ing device:

M,=M,~M, =P -H,kN-m,

P :%-ny,kN,

cy.

P"p'>P

cy.»

where P_ ~— the force of the stabilizing
device, kN: H — the arm of stability of
the force application of the stabilizing de-
vice, m; n, — stability margin; Pnp — the
force of deformation (compression) of the
spring, kN.

It follows from the moment equations
that the restoring moment depends on the
seam gradient, the power and structural
parameters of the support unit (unit weight
and base width), and the tipping moment
depends not only on the seam gradient, but
also on arm of stability of the horizontal
component of the unit weight, i.e. the seam
height.

The force of the stabilizing device P_
(the deformation force of the springs Pnp'f
of a specific design of the support unit is
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determined at its maximum extensibility
and the maximum angle of incidence of
the inclined formation of 30°. At the same
time, the minimum deformation force of
the spring should be within 0.1-P__ <P <
€0.5-P_ and increases to the value of
Pm . when it is compressed within the work-
|ng stroke equal to the value of the exten-
sion of the side shields.

Based on the design features and oper-
ating conditions of the compression spring,
i.e. its operating characteristics, it is not
advisable to use compression springs as a
stabilizing device.

Assignificant influence on the transverse
stability of the support unit is exerted by
the angle of inclination of the struts along
the seam gradient. The minimum angle of
inclination of the racks creates the smallest
horizontal component of the strut force
of the racks and thereby contributes to
increasing the transverse stability of the
support unit when it is spaced (Fig. 3).

Therefore, as a limiter of the angle of
inclination of the struts along the seam
gradient and, accordingly, the displacement
of the overlap, it is advisable to use the
hydraulic jacks of the retractable sides. To
dorthis, itis necessary to equip the hydraulic
jacks with hydraulic blocks, in which the
safety and discharge valves are integrated.
Fig. 4 shows the hydraulic circuit of the
hydraulic jack 1 of the retractable side and
the hydraulic unit 2, with built-in safety 3
and discharge 4 valves.

The safety valve is designed to pro-
tect the hydraulic jack from overloads and
provide a set pressure in the piston cavity
of the hydraulic jack, i.e. a set load that
ensures the transverse stability of the sup-
port unit both during its movement and
during the spacer. The safety valve is trig-
gered when the horizontal component of
the strut force P" is exceeded [20—22].
At the same time, there is no need to ad-
just the position of the support unit before
its expansion after moving.

Determination of the actuation pres-
sure of the safety valve of the hydraulic
unit of the hydraulic jack of the retractable
side.

The requirements for directional move-
ment of the support unit are presented [2]:
support of the movable unit on the lower
prostrate; retractable sides to overlap the
intersectional gaps of active action; pro-
vision of directional movement when the
unit deviates by 2° from the normal to the
plane of the formation.

In this case, the force holding the mov-
able support unit must be higher than the
force required adjusting the position of the
unit.

When the support unit is spaced after
its movement, the holding force should be
higher than the horizontal component of
the P" of the racks, i.e. the force on the
hydraulic jacks of the sliding sides should
not be lower than the holding force of the
support unit.

2 3
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To the control unit support section

Fig. 4. Hydraulic diagram of the hydraulic jack of the retractable side and the hydraulic unit
Puc. 4. Cxema rugpasamyeckas ruaposoMKpata BbiaBuxxHoro bopra m rugpobaoka
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The actuation pressure of the safety
valve of the hydraulic unit of the hydraulic
jack of the retractable side of the single-
row shield powered support unit.

The structure of the single-row shield
powered support unit includes two racks
and two hydraulic jacks of the sliding si-
des of the overlap and the rear fence.

The actuation pressure of the hydraulic
jack safety valve, i.e. the maximum force
is determined from the strut of one rack:

P, = #3 » MPa,
n-D., -10
where D — is the diameter of the hydrau-
lic jack plston m; P, — hydraulic jack
force, kN:
P, =P =P’ -sinB=P.-cosy-sinp kN,

where P_ — the force of the rack when
sliding, kN; Pcv — the vertical component
of the rack force in the longitudinal plane
of the support unit, should be determined
at the maximum height of the support unit,
kN (Fig. 1); P" — the horizontal compo-
nent of the P ¥ force in the transverse plane
of the support unit, kN; y — the angle of
inclination of the rack relative to the base
in the longitudinal plane of the support
unit, deg.; B — the angle of inclination of
the rack, i.e. the P forces in the transverse
plane of the support unit, deg.

2
p = “fﬂc -P.-10°, kN,

where D — the diameter of the rack pis-
ton, m; P — the pressure of the working
ﬂUId entermg the p|ston cavity of the rack
during the expansion period, taking into
account losses, kN.

The pressure of actuation of the safety
valve of the hydraulic unit of the hydrau-
lic jack of the retractable side of the doub-
le-row shield support unit.

In contrast to the single-row shield
support unit, the pressure of the safety val-
ve of the double-row shield support unit

is determined from the strut of the two
struts.
At the same time:

P,=2-P"=2-P -cosy-sinf, kN,

Pressure losses are the losses consumed
for the delivery of the working fluid from
the pump station to the rack.

It is recommended that the pressure of
the working fluid of the P_be determined
by the indicators of pressure gauges or
pressure indicators of the rack hydroblocks
during the unit expansion in identical min-
ing and geological conditions.

Thus, during the testing period of the
2KTK mechanized support unit in the face
No. 3016 of JSC «SHU Obukhovskaya»
the expansion of the hydraulic units was
carried out with a pressure from 15.0 to
22.0 MPa, an average of 19.6 MPa when
setting the pressure at the pumping station
of 29 MPa. At the same time, the actuation
pressure of the safety valve of the hydrau-
lic unit of the hydraulic jack of the retract-
able side was 32 MPa. There was no loss
of transverse stability of the support units.

Conclusion

1. The results of studies of the trans-
verse stability of the shield powered sup-
port units and their stabilizing devices
based on compression springs, a package
of springs, and hydraulic jacks built into
the ceiling and rear fence are presented.

2. The structure of the stabilizing de-
vice based on the use of hydraulic jacks as
power elements for extending the sides of
the overlap and the rear fence, with built-
in safety and discharge valves, is substan-
tiated.

3. The dependences for determining
the values of the actuation pressures of the
safety valves of the hydraulic jacks of the
extension of the sides of the single-row and
double-row of the shield powered support
units on the force of the hydraulic struts
are proposed.
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