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ABSTRACT

In allusion to solving the dumping and down slide problems of the hydraulic supportsin the 2313 full-mechanized
coal face with large inclined angle in Geting mine, based on the geological and mining conditions, the strike and
dip mechanical models of hydraulic support were established and analyzed. The results show that, under condition
of no-restriction on the top of support, Anti-toppling and anti-skid measures of hydraulic supports should be taken
in mining face with a dip angle more than 16 degree, furthermore, in 2313 face, the method of sliding advance of
support should be done, and the minimal residual support force is 223kN in the process of advancing supports. The
main basis for selecting hydraulic supports and the key influence factors of the dumping and down slide of supports
were analyzed and compared, and the ZF4200/16/26 support was selected but it needs to be reformed. After
applying supports with three technology improvements in 2313 face, the percentage of unstable supports reduces
from 50% to 0%, the average height of roof caving reduced 75% and the depth of rib fall, 50%. So the safe and
high-efficiency exploitation is achieved in the large inclined full-mechanized coal face with an average coal
inclined angle of 36 degree and the maximum inclined angle of 51 degree.

Key words: Large inclined angle; fully mechanized caving supipmomparison and selection of support; stability
control; minimal residual support force

INTRODUCTION

In recent years, with the sharp increase of caalyation, the coal seams with easily mining camaitisuch as small inclination
shallow buried depth and good roof and bottom Ivglldried up. The coal seams mining with largeriadiangle became
inevitable choice for the sustainable developmimiing area or enterprise such as Yanzhou meanieg, Xingtai mine, Kailuan
mining area, Huainan and Huaibei mining area,3twe the 1980's, our country has committed tadtheslopment of large
inclination device to solve the problem of safe effidiency mining in deep inclined coal seams.Hlite progress of mining
technology and mechanized in China, especiallydéwelopment of the equipment of large inclined gniyill-mechanized

mining in deep inclined coal seam has achievedlisiiccess, such as Shandong Geting mine, Hedlmpig® mine, Kailuan

tangshan mine, fc?

For large inclined angle fully-mechanized (cavifagle, guaranteeing stability of fully mechanizedigapent is the important
premise of working face safety and high efficiertdoiction. Because the hydraulic support accouotefi0% of the whole
equipment weight and over 60% of the cost, thdlistadf hydraulic support is the fundamental pestlin the deep inclined coal
seam fully-mechanized (caving) face. In china,ctbe reserve with large inclined angle approxingateimposes 1/5 of total
reserves, while its production is less than 1/tfeohational coal production. The main reasdmaisthe support-surrounding rock
accidents in deep inclined face occurred frequeggiyecially the collapsing accident of supporthSaccidents could lead to
significant security problem of hidden danger avehecause personnel casualty accidents. The fatbosity of the workers is
high, the working time is long, and the materialstonption is more when dealing with the accidéntriously affects the
normal production of working face and the safethefworkers. The practices showed that choosingable hydraulic supports
and maintaining its stability are the key linkéanfie inclined fully mechanized (caving) technol6gy
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In terms of contradistinction and selection ofdainglined angle hydraulic support, theoreticabaesh is little. Some scholars
believe that support dumping and downslide iseglt the dead weight of support, height of graetyter, supporting force, the
base width and other technical paraméterbut there is no specific theory analysis. Inghely of the stability of hydraulic
support in large inclined face , the Chinese schdlave achieved some results through the fieltiger|asummed up a lot of
effective measures to prevent support downslide:, amsumulated useful experience in engingértfigowever, theoretical
analysis is relatively few, some scholars analjizegupport stability against overturning, slicimgl skew from the static vié&

¥ but the stability of support in the process of img\has not been detailed researched. In this,pstpke and dip stability
mechanical models of hydraulic support in deegniedl face have been established, through emphaticalyzing force
condition of hydraulic support both in stationamdaadvancing support state, it gives out the maisisbof support
contradistinction and selection and the key inflecfactors of support instability. The appropriatdnical measures to prevent
supports dumping and downslide have been condtitutd implemented according to the actual conditi®o the safe and
high-efficiency exploitation is achieved in thegiinclined full-mechanized coal face with an agereoal inclined angle of 36
degree and the maximum inclined angle of 51 degree.

1 Field problems and its causes

In Geting 2313 fully-mechanized face, the coalngfite is low, joint fissures is many, the averaggleaof the coal seam is
36° ,the maximum angle is 51, the average thickness of coal is 6.5m, fals@égatllongwall retreating comprehensive caving
mining method is used, coal-cutting height is 2.2aving height is 4.2m.The serious roof accidentt laydraulic supports
dumping accidents occurred during the trial minmghe face which used ZF5600/16.5/26 type caviqmpart. 50% of the
supports had dumped and slid seriously, lots afgaoal had intruded into the suppaittsaused working face off production,
increased maintenance cost and engineering quéuntibhermore, it will pose threat to workers affféci the mine safety and
efficient production.

Through field research and analysis, it was olilaimat during the fully mechanized coal cavinggd inclined angle coal seam
in Geting mine, the main reasons of roof fall amgpsrt dumping accident in support-rock systenasifellows:

1) The coal in Geting mine has low strength, maimg fissures and large inclined angle. Due talidang force of the top coal on
the hydraulic support along the direction of wogldace is larger and the disturbance in the pradas®ving support and coal
caving the working face easily occur rib fall of coal wafld the leakage of coal and rock. If the facefandis or is during the
periodof the pressure change of working face, the radfige is frequent, which causes the downslide ieiodis cycle of roof
leakage risk.

2) In Geting fully-mechanized caving face, someaedp are used many wears, due to the aging ofamieehparts and hydraulic
system's long-term work, there may be problemseahamical components damage or the leaking of iiigdsgstem, it will lead
to the failure of support and the problem of rawftml reliability, thus the normal operation ofing face support and supporting
quality is affected.

3) The coal seam in Geting mine have many fadlispse columns and a large inclination which chargignificantly. The roof
and floor relief is strong. The above factors aodise top coal breaks, the support can't fully eahthe roof, and bottom coal
should be left when coming across small faultshSuactors lead to the base of the support sulissiiey stability. When it
comes across major fault in the existing produgtimeess, new cutting hole has to be cut, andifbigogt need to move to the
new cutting hole, which reduces the productiondsped coal production, and hinders mine produetimhdevelopment.

4) Large angle full-mechanized coal face cavingstwith complex stress state, suffering big matlon force will lose stability
when in hon-support state or free state causeodbyall or support failure. Base of the suppoit déwn slide and fall forward
when the top beam is restricted by adjacent sugpapport is easy to fall down or works abnormailying the period of the
pressure changes of working face, due to the movefimof and floor.

5) It's difficult and dangerous to exploit and mgedhe large inclined angle full-mechanized caoz, favhich requires high on
mechanical equipment adaptability. Staff worksad bnvironment, so they can't observe and opématedquipment effectively
and it's difficult to adjust the position and stafe¢he support. Because the support will be urstggb and disturbed during the
caving coal process, roof fall and falling supfiorfull-mechanized coal face can't be solved, ahdtis worse, large-scale roof
fall and support dumping will occur, although t@wiag fully mechanized supports have the devicantifskid and safely
guarded.

6) The dead weight of original support is heavs/difficult to adjust the support in normal waygien the state of the support

goes wrong in the large inclined angle full-meckechicoal face. And that the heavier the suppagsnore likely the support to
slide, and the support of the coal face is moedylito slide and fall down.
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2 Mechanism model establishment and analysis of sisppo

2.1Transverse mechanical model of the support

According to the production situation of 2313 fuiechanized coal caving face, the gap betweensiggaon is small, there are
constraints between the side guard plate of supparh , but the gap between the support basgés ¢ard easily influenced by
the conveyor sliding, to a great extent, the dddmsif the support is mainly the downslide of thed) furthermore leading to the
trend of support upward dumping, the point of ieaetion force is at the O point , take O as tiggnoof coordinates establish
Cartesian coordinate system , along the tendenapds and vertical seam direction as y axis.tidmesverse support force model
can be simplified shown in Figure 1.

The roof pressure from support P(resultant is i@tiweight G, the squeeze forgegmd pyown Of the adjacent supports from up
and down, supports attain the support form flo@st(tant is w,the counter-setting pressure of supports g(aEsLs vy, the
friction force of supports from roof and floor fisthe equilibrium state. The roof of inclined ceshm moves along a curve which
is close to the direction of gravity, so the ra@fgsure of supports is not entirely along the titreof gravity, however, in order to
facilitate the discussion ,regard it as a curvelMsi approximately along the direction of gravity.

Fig.l Indination direction mechanical modd of lar geanglefull-mechanized caving support
1) Stability analysis of anti-dropping about suggor

It is assumed that the supports do not slide,camgider the instability of dumping. Taking supjgarthe research object, obtained
by the equilibrium conditions:

> Fy = Pon Wi MWopt- (P+Gsina-PR, = 0 D
> F, =W, -W, - (P+G)cosa = C @

In this equation, 1and y are the friction coefficient between floor, rontlasupports.
RegardM,,, as torsion moment that prevent supports fronméglthus:
M,,= Gb- WmH + B, H + PsinaH - R, H- (W- W,)(B/2) 3
b= (B/2)cosa + c sim ©))

In this equation, b is the horizontal distance betwthe direction of support gravity and upper edgripport base, H, B, ¢
respectively for the height of the support, thetvaf support base and the height of support'sicehgravity.

The formula (1), (2), (3) and (4) simultaneousiobta
M, = Gesina- WmH + PsinaH + (P, - P,,,)H- Pcosa B/ 2, )
Support is in static equilibrium, namely when radifs empty or support does not touch roof, tieraation between the support

and initial resistance support is zero, if supgoes not incline, we need to satisfy the condition:
tana, = (B/ 2)c (6
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In this equationy, is the critical angle of support transverse fllin

Support is in dynamic equilibrium, when suppornisved, we should choose low-position shield tofigasupport with light
weight, lower center of gravity height and largasdwidth, and use the method of sliding advanteecdupport, increase the
coefficient of friction between support and coalkmass and so on, which is beneficial for premgriipport falling.

2) Support stability analysis of anti-dumping
If keeping support from down sliding, we need terea skid-resistancefmaking #,= u=u, then:

Fo = 2N, + (P - P,)+ (P+G)(mcosa - sira | )

According to the above equation, support slidingast associated with support weight, setting lioggtaction among supports,
roof pressure, face dip and the coefficient ofidiichetween support and coal-rock mass and so on

Support is in static equilibrium, when roof fallsgty or support does not touch roof, the initigigtance of support and the
interaction between the supports is zero, regaidiag the support critical slide angle, thus:

a, = arctarm ®

Support is in dynamic equilibrium, when supportrisved, the smaller,f-is, the easier preventing support inclining is, so
preventing support inclining can be realized byrowimg setting load and the coefficient of frictioetween support and coal-rock
mass, decreasing support gap, improving mutuéttiest ability among supports

2.2 The longitudinal mechanical model of the support

The longitudinal mechanical model of the suppastriglified to be figure 24-F, are respectively single front and back support
holding powe), 6,are respectively included angle between floor nbama front, back-supposis is gob shield level included
angle.W is the gravity of smashed coal-rock mass on thespeld, kKN Waxcosy is the positive pressure which acts on gob
shield,kN; Wicosiuzcods is the gob shield friction force from smashed-oock mass, kN Ty is the support pulling force, kN.
AmuseG,; as the gravity of roof beam,kl; is the arm of force from Gwhich acts on Qm; G,is the gravity of shield
beam,kN]g, is the arm of force fror®, which acts on @m; Because false-inclined angle of work face is varglls Gicosy and
G,cos: are respectively projection from &d G which is along the floor normal direction.

Wt WQ‘ L

Fig. 2 Longitudinal mechanical modd of full-mechanized caving support

As figure 1 is shown, we should keep each compafehe support steady to make support steady wiming it. At first,
taking roof beams as free body &dhs fulcrum, based on the balanced condHidnp1=0, then:

W, +GJ ,cosa = F], co#,+ E}, co8, )
Secondly, taking roof beams and shield beamsfesedfiody, an€, as fulcrum, based on the balanced condifioé ,=0,then
W, (I, +1,) +WJ scosa +W, cosiu, co8) ,+Gl, , cas=2F(,+l,)cosb,+ F, (,+],)cod +Wul, 10

In this equationy as the bulk density of loose coal-rock mass, eakength of the shield bearisas the included angle between
shield beams and horizontal direction, B as théwatithe support, h as the height of the cavingdaoal-rock mass ,then
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W, = )i Dcosg, B hcosr an

1) The stability analysis of anti-dropping aboytmrts

In order to avoid the immediate roof breaking aadihg which make support falling in the procesniofing support, workers
should make the support touch the roof when mawiAgcording to equation 5, in the case that nasuee is adopted to prevent
support dumping, if the support is moved forwartthtie sliding force from the roof , the minimurgugement is:

W, = Gesina/mH (12

Combined (9),(10),(11,) and (12) come to a cormfysvhen moving support, in order to avoid supgorhpingthe minimal
residual support power of the front, backdegrespectivelifn. Fro:

_ ViDcosdB'h codall, I+l cof, ¥GJ I, cas  Gjl, cosa (2+I4)+ Gesina (,l,— il ds—11) (13
me 2(, -1,)l, cosd, 2(,-1,)l, cosd, 2(1, = 1)l u1,H cosB,

Eo- Y Dcosg Bh codail, I+, cof; 3GJ |, cas GJl, cosa (1+I4)+ Gesina (), - 1ls—11) (14
m 2(,-1,)l,cosd, 2(l,-1,)l, cosf, 2(l, —1,)l £, H cosd,

2) The stability analysis of anti-sliding aboutsoits
According to the equation (7), in the case thamibsliding step is adopted, the minimum suppeatirement that keep support
moving with sliding force from roof is:

W, = G(mcosa - sim ) 2 (15)

Combined (9), (10), (11,) and (14) come to a caiwiyiin the process of moving the support, if sdaio not dump, the minimal
residual support power of the front, backdegrespectivelifn. Fro

E - yDcosd[Bh codal, I+ 1, cod; §G) |, cas Gly cos7 (,+1.), G(ucosa - sira ), ~#dds=11.) (16)
" 2(,-1,)l,,cosf,; 2(,~-1,)l,cod; 4(,-1,)l, cost,

_ yDcosf[Bh COéaﬂl I6+144, co8; YGJ gl 1 CB8_ G, cos (1+|4)+ Glucosa—sire i, — 141511, &W))
" 2(,-1,) ,cosb, 2(,-1,)l,,cosd, 40,-1,) ,cod,

In summary, when moving the support, in order tachsupport dumping and sliding, the minimém F, are respectively the
minimal residual support power of the front, baezk |

F =max{F,., F.J} F,=max{F,, F,} 18

3 Main basis of support selection and comparativiysisa

According to dumping and sliding accident of suppo2313 large inclined angle fully mechanizedl azaing face, a field
research is made between ZF4200/16/26 and ZF56RQ88ype hydraulic supports, main parametersvoftypes are as
follows:

Table1 Comparison of main technical parameter sof support

The minimum remaining holding power

The type of Weight (KN) The height of gravity centerSide guard plate stroke KN support working resistance
support (m) (mm) (kN
Front Back
ZF4200/16/26 125 135 55 189 223 4200
ZF5600/16.5/26 185 1.60 43 301 334 5600

1) The weight of the support. The height of gravityteg the width of the base, according to the @mquét) and (3), with the
weight of the support G, the height of gravity eemt and the width of the base,BM,, and K, increasing, it goes against
anti-dumping and anti-slipping. So, we had betteose the low caving support with the lighter weilghwer focus height and
larger base width.ZF4200/16/26 support belongsviocaving hydraulic support. Compared with ZF566@/26 support, it is

166



Zhang Shoubao et al J. Chem. Pharm. Res,, 2014, 6(8):162-169

60KN lighter than latter, and 0.25m lower aboughiedf gravity center, so the former is steadier.

2) The minimum residual support. According to ttpesdion (5), when moving the support, in ordentaichsupport dumping and
slipping, we must remain a certain amount of hglgiower, but it is hard to control residual supposter in practice. So it is
better to make the minimum residual support posasnzall as possible. Based on the production éamdihd support technical
parameter, combined (14),(16),(17) and (18) conaectanclusion, the minimum residual support poviétefront, back leg for
ZF4200/16/26 support are smaller than ZF5600/¥6$pport, so it is easier to adjust the positaie ®f former support when
moving it.

3) Support strength. By calculating, support strength ZF4200/16/26 hydraulic supp®@t87MPa>face calculations
supporting strength 0.43MPdhe largest average support strength 0.39MPaanitmeet the demand of working face
supporting strength.

4) Support side guard device. The side plate of stippbonly ensures preventing gangue well, goohggzerformance, but
also increases the transverse constraint betwppaorts) that is B and R, the side guard ability of adjacent supports péays
important role in preventing support from dumpisgegially when the roof above supports caving erifeisd beam of support
ZF4200/16/26 has an appropriate width and side plathe support has a travel of 55mm, thus sugegrtcan be adjusted
effectively. This property can not only prevents tbp-coal leakage, but also improves supportsadtien force, which is
advantageous to anti-toppling and anti-skid oftimoort.

5) The integrity of the system. Supports should meitth other devices, such as conveyor, cutting e@athine, etc. and the
coordination between supports should be paid iattetot

Through the comparison analysis of supports, 28t linclined angle fully-mechanized caving wokefahould choose the
lighter deadweight, low center of gravity heighd &arger base width ZF4200/16/26 type of low catiydraulic support. For this
hydraulic support, B = 1.5 m, ¢ = 1.35 m, bringrthato the formula (6) and calculate, the criticalination of the support
dumping is 29°.Combining with the conditions oflamining face, the friction coefficiept among the roof, floor and support is
0.28, bring them into the formula (4) and calculetiécal gliding angle for 15.6°.So, critical lmation of the support dumping in
a state of instability is 15.6°. While the averaggle of 2313 large inclined angle fully-mechanizedng face is 36°,s0 we must
take measures to prevent the support topplingkéthd s

4 Anti-toppling and anti-skid measures of supportadtical effects
Modified transformation of hydraulic support is nigiused to prevent the support from skiding. Geteadesign and parameters
are as follows:

1) The square plate at the back of the support basstaled sleeve inside of which is installed tadiée trunnion. Every two
supports share a @ 100 mm jack which is fixeduinrion and adjust the angle of the support.

2) The base of support at middle of the working fazenstalled in trunnion. Every 3~5 supports, there antiskid
cylinder(diameter 140 mm, stroke 700 mm) whictsexito adjust conveyor to prevent gliding conveyieing support to glide.

3) Every 5 ~ 10 erect a compression bar cylindertaheof cylinder is installed on the support candipsg, lower end of the
cylinder can elongate to press on the relay barcylinder can make the relay bar close to thedasensure the plate is not up
warping, then it prevent conveyor linked to relayfom side tumbling.

The specific effect of the design is shown in figdrr

@® bottom adjusted cylinder @Pull therear conveyor device @compression bar cylinder @Pull thefront conveyer device
Fig 33-d sketch of modification desgn of hydraulic support

In the aspect of geometrical state control, supgbituld be moved one by one from up to bottoimis the relay bar should be
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oriented in the whole process in order to redueegtip between relay bar and base. Keep pressweehesupports and roof
when advancing support in order to prevent supjmiits the free state. After advancing supportie glate jack should be
controlled in time to reduce the gap between stgpanopy in order to keep restraint between adtjgopports and improve the
stability of the support system of working face.

In the aspect of coal mining technology, largeried fully-mechanized caving work face should hasteld to pseudo-inclined to
reduce the true dip of the face. The operatiohedigr should be regulated strictly to preventngihieight being too high. The
speed of coal-cutting should be accelerated. waldshake full use of the process characteristidsaglopt measures to control
rib spalling and leakage of the coal and rock rdiecto keep integrity and stability of supportrsunding rock system.

ZF4200/16/26 type hydraulic support is applied3a2large inclined fully-mechanized caving workefand the anti-toppling
and anti-skid measures are implemented. The statfilhydraulic support is good and the accidertbppling and glide of
support doesn't happen which influence the prodiudilaximum inclination deflection angle of supfsazblumn is 8°upward to
2°downward. The height of caving and the deptibafpalling have been decreased by 75% and 50%ctivsty.

CONCLUSION

1) The main reasons for falling and downslide gipsut in the original fully-mechanized caving wdake are developmental
joint fissure, complex geological conditions oflcmams and the unreasonable chose of support.

2) The critical stable angle of support and the caficul method of minimum residual support poweroltained by analyzing

the longitudinal and transverse stability of supporthe base of mechanical model of hydraulic aapghich we established. It
also points out that keeping pressure between gs@@ roof to advance supports is advantageeio dgnamic balance, the
smaller minimum residual support power of hydrasiipport in large inclined fully-mechanized caviage in the process of
moving supports, the more convenient adjustmentraslipports can keep stable more easily .

3) Structure technique parameters such as deadweéigiport, height of center of gravity and widthbabe are the important
indicators of the compared selection of largenediangle fully-mechanized hydraulic support. Taletdr weight, the lower
center of gravity height and the wider base aremdvantage to support anti-dumping and anti-glidin

4) The critical dumping inclination of the ZF4200/#/8pe hydraulic support in 2313 large inclinedlariglly-mechanized

caving work face is 29. The critical sliding angle of support is°18vhile the average angle of coal seam & 3 the three
technical reconstruction measures have been @akeevent the support from dumping and sliding ledotained good effect.
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