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Abstmadgtfficult to accurately calculate .the | ump

Thered omemer i cal sdaomaull awa bihn @ow Ipirntadilee stehyee ad realc k
expansi on, d etvieo molpememnd g | t élbeawdowo rarhedsnppo nadd enlg f or mat i
mec haniwsans peRPF O2Mne & oicrer y evhaast ieosntbaebt|wiebeboetdt i n g
force and | ump coal af alnyestithé@aasn ,p raonpdo sae s |t taan pdsetti ecranti
coal. rTadddel owi ng concl usi ons( Barse dd olmtivnb &dr ommo el y
coal wal | wada sti anlgB yneobdeeghreo | | er par ametheansdibnagsed or
and simulating the roll erthceutdaoalg walolwmassgt toifngth
effectivebypaecd mudngd ecdoal wart e pHRWn demd ctshe cuttin
str esosal tbhoetvyr kfinandgddee rtvherneted mit argetsr g e b g rraatcitaurr e
expananfbmact uredpenéor at jianmpvhafedma ckiurreevh s o n
orthogonal ntgo ptrtegdVsauthte nc hat @ dtihhaei m orld rege as the cu
of tha ncollaskd number of new f riacdruaaesed memn he ¢
stabi3dUmddr the cutting stwakscaltlhy . ddomagredyeead co
for mangompact core. The formati cmudkdcdesatin watsi om
the cuttiflgud toaunapdiiwtadipdes i t i veloyhwer €lo@)lBedoaasise t he
simul ation diecomatariyo iaimdgbealsi mul awabal genp coal
than the act ualhwed rukfipndgha asliv i matt@inhnhy concentrated
l ump coal with a diameter greater than 300 mm.
KeywoFds$ | y mec hbaunmpzaetd FfaatceeyuorlelCtuitd n ;ngaf oirclee f |l ow
simul ation

1 I ntroduction
As an | mpdruteahntChfiansas iduceal as av araiw umsatienrdiuaslt riir
including the aonkleami ¢ampoirhtadmst syurce of industri a

Thleump c,0awhiséte eproportion of druenpherma3d3 0 wihmhi ra tdh
total <cdal awoli wmmpecarttoarnto fi ntdhe qual i Theahdghebruehef
l ump cbalthetkegqtialri the the hidher tthhwe aan@ailnt p roif c e
dust at the AbRhéctmédhi by faceors suchmasi ongal S e
technol ogy, t h&hicnoeasheebump oatg LB%, which seriou
effidimpmowementl s et Balpir ilgheesmi mi ng area as an exa
output of wunderground | ump cloeadd dt dits ®iBapih 2 ® a | cut

Hencei ncreasing the |l ump coal iratfeol ni mcfaddiyngnet
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coal rate in a mine.

With this,ogwrarlenntrh arse stalairicthpy f hbeuséeductur al mo d i
coal wnmanchhienngeds t he opti mi zpt 0o odTovdsncoahbhsmi hhegl um
rateByG& and Ehaennag y zceudt ttimeyt dsspheeead ea f andr glalreamet er s
cuttiwh®ifbmer f omuméfieoct i ve opt i mi z atTiwamme t chfo dtshe wo |
are usually used to calcul at @otah e mlis@dEetcdhaanlg r at e
amourmrctotdfans pos e etdi @m @f t he scrsapaetri sctoncvady oarn afl oyrs
( )i multahtei ncgut ti ng process of tbedwtethkemflaeng tclorad u
raffae firsecometl hogteer,d twehfi fcehct s apnmdak eismigassi bl e
to accurately calcul ate the Icuonmpd croeatthuoirderéee i n t h
manpower, materi al resoubeestuhaer ds tfaitniasotddieaal | rreessouul
compared and vernihfeipend) owictehf tehcet fthheebudmp a n g al rate
on t he worHdmaoeasgruacthehlcyatlhag ibnlgock diastormil bboidgn alf awr
the rollefahpsdbhmebeusto!l ved.

The discrete (eDEeMyenits meitheldy useld® inumheing
engi n¥¥rsilnogpe engineeri ng ¥k F € 2addBBEMusimalatane c hani c's
softwarepackage has great advantagés studying relatively fragmented macroscopic objects,
such as soil and stone pifé3%, Liu% us eedcC2tDp ¢ o nsdiuncut Isaaueddy on r ock
fragmentfartaiabtewr@ednadp ment wunder the stress of rockfi
and hiotwed that the selected microscopic parameter
of the model $So malPd&&€iziPan bael esxosset dutdtyo t he Db&i l ure pr
intact cBgl amaskyesng gr dHesecakloimplomewymaddHus of
di fferent components and st urdiprde st sHtBroda.te a\Wahregh me n t
the mesomechanical p anas mests BhFgE 2 fd e alf o owmé&kdr co k|
tests under different confining psrieosnd uaranedd ur@ ana
mesocharact £r a dteivied opumreinn g

I n sumRrEry@n be used to simulate thadf updogcess o
mechani zed Tmad dvd mayzelf cavceeme nt i oadeét dr infhiec d mtmp coal
rataf uilly mec hamea szoesdc efypaécle, t hi s/measmwmen hieoey mac it d e
f otrhues emedopariamEC2Zbhse macr oc lodr acotad r insitniicnsg and |
formation are simul at ed, anddeher.mi mg dc o al rate
2 Establ iasbmentcaf simulation model
2. Blngineering background

Th4£214w®r ki nighhleh@a@gshu,j jwhigttmliling mechani zed coal
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faddas a strdX&®hdnghhi ot 2idedThenBlt &t s coef fi ci
coal seam i si5i nindiec atainrggs atoldaT® otahuits ttahesarnk i Bsh ,
face adoolghtesarer with aOmemndng bat ghéthyorle fBdic dds & .
the price of | ump @moavld ecrosad t, wiicte itsh ev eprryda chee noeff i ¢
t ec hntoh atgywchaam t e mpheaaidnaoragd@®&se t he Prddrigt aorfditrhg
the mechanism of | ump coalt hpeuongpu cctoiadn rarf e tilse tdh
st uatghtteschnol ogy.
2 Particle contact mechanics model

The pamtdiecl d s a complex model composed of a |
particles or P r Tehgeu I norv epreerntti cofesi ndi vi dual part.i
Newthen | aws ,aonfth mtoit ¢ loen Wh emw toltremoudsdso Iseubj ect ed t o ex
forthe.solution process of hi gé&ad ympr thcoateesdefrl, o w hd sn t
mo d e | can be simplified into a soft bat § e model
erM3The soft Fdaluly emegpdlacles the normal contact fo

spring and a damper and the tangenti &8ah®obntact f

ball mo d e b ndtotdee rchewftor mati on ofp pratdiedlod emat bonh weph
the overl ap between particles, which conforms to
is applied to theF@amhreo sscoofpti cb anhold enho dienl is suital

composed of mualntdit 51 ea np aianpppocrift@ssriitn h @améacr oscopi ¢
properties with mesopar amet €u s l#%hpFroorp o sheed stohfet ibdad d

di screte simulation of particulate mattéis After

mo d e | has become an effective tool for obtaining

Spring

Damper l
d
T

e
Coupler
(@Nor rhaolr c e () Tan g efnotri cael

Fi gSofltmdddll
2 Building the initial simulation model
| PFC2Dt he coal body is si wihleattelmes rwo ltlhera ibaldi mi
with a wallfThysaeammamdt i alt hmoodfe |7 5wWi0Ot hmma alnednga hei ght
established. Considering the relationship betwee

the balli3Dsmmet whocBOi s equivasemel dw R0 crora.l DHios
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approactreensbuot h the operation speed and the si mul

03 0g
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Coal’goaf
(a) viep hwed r kfi ancge
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Coal wall
Web depth
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Fi g3D 2vitewmeoaofki ng f ace
As a aofestuHd | ow support pressosbtiferahgehduwbngi hpge
process (Figure 2), the crushing effectatof the s
t his. tTiomereach the initial tegui Imokdreilum sq wiectk Ityo, It
The initial parameters of the model are shown in

Tablini iImoallgdr amet er s

Elastic m Gravita Ball de Average
t hhei near acceler
1 GPa 9.812 m 1400 3k 1 ¢
2 Model parameter setting method

The parameters thaPFCxDdleé¢ set diesephlr wmen etrise
si mul maesoamoadpeilc composed ;o ft thiwase reo mast ear icaelrst ai n ¢
relationship betweeamdt H e emendAlahpen rgeeomedmeatioednesl . used
PFCXD mul ati on oft hla cmke ama tpeandaddl|sEfissdmmar i zed t he
resepechormed by domestioan ahme f oafMedagmoscidli ar s
characteristics of theoparal IcMde dicbvoadrisn gzliteeosdear ar
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asi mul ati on of t he mechani cal behaviort hef rocks

macr opamRkailiteesropasamasesdoa(nl )o.m
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Thenacr opatn ametqaurag i on ( 19 ws#rie Rieif 9 ;pteid’ sa dreaftoil d
el astic¢c mydud hceoe mpressive strengt h.

The mesamemguati on (1) areg, deafhipmed i abke fobhbase
modu;lky/knitshneor-rlnmlhear s t;i Mfimsdypesr triad li @ frifq;,,tion coef
fE , éccndre functions of Poi ssomo6 mp rreastsiiov,e esltarsetnic
respe;céciavnedlag/re tensile strergfpbcasbmeotdgeh e shiedng ht ;
ang /R,ishe ramaai omumtae@d mimimuen madelus

Through a cembamBnamd olii s owofyeeeathkedesult
accur a@yrafmetthema € r o anotadmehtde added par anhleest e@ear uni qu
parall.eh bbnd approach,andhd eepuprt daose omis)d ioffi ed as

foll ows

e a 0

1n=[é&1$1 1EC1Ec9

1 aeknkn 0

!I ¢ ' 2

i a, o . . ¢

iE=fa K g E &

i oK, ¢

i c " ok 3
whekek, i 6 hbeond roesrhmeaar st,if firsehbes npeaa mbl el bond r ad
muItiamlﬁcésr(,hleinear par al.l el bond modul us

The | inear parall el bond model defines the mec

particles from anmi oildiersedgmiadefvtdesydi:icoagre d onal i nter
wi ahfint hat sida@arercieeana nmeoamenftor cTeheand nbonding i nt e

in FigbeefBrst bonding met h(oak) Hhd ea hiohearsingdel e
rotation and | imits the tangential slip of the pe¢
Theecond bonding met hod i s t(hbe) )p.arWhlelne It hbeo mpdairmag | n
mo d e | is bonded, the relati ve hreo tcaotrirloeeshpaoini déifme p a
is linear el asti c bwnteixictetmds nagevig€ihv é hims th melen pal
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bond model b r e ankos |douneg @tmnoy cshtiorieeidsess, Thiet bondl ess | in

mo d e | is equivalent to the Iinear model
Dashpot force (F" ), not shown.

Linear force (F' ), linear elastic

(no tension) and frictional.
Bond load (F and I\_/[),
linear elastic & bonded.

Fi.Li near parall el bond model between t\
g el mo
3 ke 2k,
@Li nmadel (b)Li near parall el bond model
Figbi Mear model and | inear parallel bon
The following expression defines Riugdel ati onshi |
s}
9.= a & ©)
whelD@ishreeIative nor mal dispbajcalms@glhshsbunnmroefment b

di spl acement .
2.Teest piece physics and simulation test

| PFC2Dafter the proporti onaéannunmhaec eact g noentsenrisp ibse t
known, an additional c alhedrcadgii vrena g redsdheachu rcea |l i s
propertiescodl aspebbmem&soscopic pHrAametaxrialar e
compression@)esaBd@Es ¢ U Btbetsbtn g((B) gweree 5used to det e

the relevant physical and mechanical parameters

(dJ)ni axampgression (bégsBrsgpdiiltetsitmn g
Fi gles® i mages
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Thmacropaowmédmether sample determined by the test

Ta.BMacroscopic parameters of <coal

El astic 1Poissof@p Uniaxial ¢ Tensile
(GP)a streMRBr h (MP R
3. 47 0.16 37 2.4

Thmacropawamet ebs ai ned based on the test, and
Brazil i anesstplwetrtei ndgPsFiC@elch eb yu nd |aixn @ | compressi on
desdigmensfi oh®0 mm | Br0a zanm iaamd dseghleiwtittihnga di amet er
mm and a |l oading plate ot hBrOazriml iaane ssphhogwnt iinng Ftiegs
thickness of dlhwed.PBICH®ided ¢ itdhei nhi ckness of the

set to 1, and the tensil e swirtebhwathi corf (tdh)e test pi

2P
S, =— 4
= ot 4

wheR ei snaxlhenuriNl)oachen the failudeisesfthbedt ametptre
of the ,amrdtt pii®ctehe thickness (m) of the disc of

P=s; 6 (5)

wher& | Bhmaxi mum stress i(MPpaireli svemte dfal fl aistumpe at e
(H.

@Numerical nMp8péci men damage
Fig. 6 Uniaxial compression simulatio
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@Numerical nNm8eéci men damage

Fi gBr arzi | i asni nsupllaittitoinngt e st
Theoadi ngf aoeti laxd al ceoemptesdiepd| dyement . The s
parameters arce oads hfealdl dsvs®.|l Ak eme/nst ep, and t he di

downwhBhmel. speci mede fantduceack devecloonppmeensts iiom tamel

Brazil i an nsuplaittitoinng est shyamaeé BilkpuwmeeisTp efeitg wred y6 Th
values were averaged to obtain the red curve in |
40¢ 2.7¢
35l ——Simulation curve 5 4l [ Simulation curve
< ——Test curve —~ I Test curve
30} c 2.1
= S 18
s 55l s 18t
S ¥
o3 S 2
15 0.9}
10} 0.6k
Sr 0.3f
O 1 1 1 1 1 1 1 00 1 1 1
0.0 25 50 7.5 10.0 12.515.0 17.5 0 5 10 15 20
O/ (&) 0/ (a)
(a) Upoampr dakkesiton (b) Brsgpdiiftetsiimg
Fig. &tStaiemsssurve

Thmacropaonédmebeat sobt bneondeed tthersatusghaTbel r esatdt En
s h otwh a't the parameters obtainedhehrsaugh atshe hrmo dge

parameters. Therefore, it casobeedpbordmngedot hae
straiinRiug8ev evlaircechn si st e ratrtelwé tpleersaansett leghst i n t his pa
TaBMacropaclheekeof the initial mo d e |
El astic Poi sscUni axi al c Tensil e
(GP)a rafs o streMB@ h (MPR
Si mul 350 0.16 37. 4 2. 38
param
Test 3. 47 0.16 37.0 2.40
param
Devi a 0.%6 0 % +1. %8 -0.%3
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Based on t hé?aemadoomnch hef compressive strength a

aparticle fl ow anmdzl ¢ egmdadal®dhchd @ ptegashtdsr ene d

mesoparameters of coal are obtained as shown in
Tab. 4 Merseofp atrtaeneitrei ti al si mul ati on mod
Mesopar am Val ue Mesopar ame Val ue
Linear par Particle cor
- 1.6 GP 1.6 GlI
mo d u(EY s (E))
Bond ntoghmad
Normal @K)i1 O0.@®Pa 2.5

stiff n(é&ss’k—;q)r

Nor mmaslhear

n

2.5 Tensile(s9tr 22 MP;
ra (K/K,) (58
Fricti@n e 30 Cohesébon 6.3 Mt
2.Roll er simulation and movement process command
The roller is the main part of the shearer in
of shearer cutting conditions, the roller is act

el ement of PRE€2DahEk, fasdhi ol tghimaitnilblodnyot be def or me
externalln ftohrec easc.t u al coal mi ning process, the sti
greater than the strength and stiffness of the ¢
with a wal/l composed of f ac ettt ienlge meefnftesc.t ,Hoiwe viesr , |
apply a bonding watadnsie ttehize lobeatl sese.n hehe i s no adhe
the roller and t hlei teward wand smo thbwa ¢ihdbiatdghtd bet we
Consideri ng ntdh atth et hceo arlolwaelrl aare in dynamic cont .
parameters, the contact force between the wall at
the number of particles passing thsoggmenhs walkl
shown in Tabl e 5.

TabWaliblal | komdapéar ameter

Linea Nor maalhea Nor mal
Param/Bond Shear S
modul tstiffnessstiffr

Val uel|51T fdm 500 Gt¥ 0.5 3GPa 1 GPa

The ideal roil melr atmoarmetildéf roeict ¢t ye usemmand t o gene
wal | andsa hleor azemtgal di spl acemetnhteol h e tthheeu Xt d h g e «
codlowever, in the actualectliltairatd @egs pradte i ciopad tel 1

coal cutattihnegr bpuatrithihicei @ a$ mist i hbge afroirncge caanpdaci ty. Th
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t hat is install ed oni atchteurael g pyamn sciultla®WHndgraedfo rteh,e r ol
si mu lreetadniwsnteircod al , mupsi tc kbse t drdodleidedrl@ he generated r ol
mo d e | i s showhhénuseéegoafretB®i gchpoll er mododll eirs si m
mo d e | (Figure 9 (a)). Considering tlheulratliicar, | it

secti onr otmotdhed 3I(BFKk ggrur @ nt®h g bpi)cck | ength i's shorte

bet ween two adjacent cutting tips is 300 mm.
" 4 n
'(Jf < Y R
a. @ & . ‘ﬁ "3, \:j-h
"W > > ’ 5 ) \st./'!.‘
L2 7 s
A S -
(a) Aot dealr (b) Rololféed e(c) Rolmpér fied model

Fi@gRol | er

The actual coal sWleiasli enmu | ¢ @ tros cafut e do Yol rogchhl enavvalil h g
it | altrensédbtwyhentrsd cliritogtrattelse hori zontally while mai
the simulation cutting prold@ss,antiet he xleat ei alul ait
speed roflildelr 8Ce.trB/ s0 s boetvlied &0 0 , s hreoplsiielrl move 25 mm
horizontal Mgr ¢epvitthelogmtybt kwi $ &c eanrfauantdc h ot her
rotation speed with therlordddgzeotnitioslt sdpitesepd S5a cr eandel nstt es
With the combitnvad i par aorhettenress, t he roller can keep
to the pigthéesss ki same as the actual situation an
2.8 Lump coal rate statistical met hod

After the simul atioal msadtce n@mll etuéd da,t etdhe Tlhhiemptat |
i s shown ilm RihgeurienilG.al model , the talpeneafr cont :
parall el bond. When the balls are cut by the roll
force between thad i paratrBadesd . drecbmes di fferent pr
interparticle force flha i-ibru ibRelff SOH el PakndulBragfetseerd ftaoi | u
di stinguish the type of «c¢onbomoedrefl ortoe dbedtewamrd m et hw
the particles arla mpymsEzeadnptutteel coFraespohdi ng stati
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Simulated coal
mining

Simulation
Ending

Count the number of ballg
the £ope of coal
cutting by rollerM;

CountThe number oballs are
linearpbond model,M

Total lump coatatio

A=M2/M1
( End )
FigFl &hart of | ump coal rate statisti

3 Devel opment and evolution of fractures di
3.Flracttavel opment

PFC2rticle flow software can directly monito
t hr du aatc tbuuriieht RI SH command. The c¢crack devel opment
Figusadotwhkat the formation of | ump cFaalc acueeresbe di
genemwhttelde r ol |l er contact s.Diutee d dhael swalrit (ching wrce
cutting folkdoersofnotthes ufficientheyadamdpe kt ¢ iddalca
separated fromot hdhec aadlhelsadye dwe ce.anAd ntclree arsalnlger
numbefrr accft ur es ar e ge nTelrEartaecck ¥xdpwres dt d ua u thteirng Bef or €
coal peels off from the coal wal/l (Ffgaceuteecb))
and a small amount of .pulLvemoaledi < opdnarfdtead,beamc
progresusreed ) (fteke gfractures deviednmppspraardedc dchr gt tba

boundaries of several maj or fissures and coal b o
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FigFi $sure devel opment
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400

N
AN

300 —u— Number of new fractures

200

100

0 . 1 1 1 1 1 1 1 1 1 1 1 1 1 J
55 6.0 65 70 75 80 85 9.0 9.5 10.010.511.011.512.012.513.013¢

Number of stepsx10000

Fi gDevel opment of fractures

Figukdadotwksat when thesthel ceralj wail & tgeeancefreaw efdr. a ct
Until the si mul 8t5,00n0 Oo psetreaptsi,o nt hree argghtreb avd itthy f r act
a relationship of 500 fractures pexpbadDbedt bpse.
Threoljluesrt contacts the ictolad fwadd ,s warnfda @enh ei § naxa ea
i ncriemBreumber of iffshmacrtiemlees fr ee stuhfdraceandefSect
prombohe devel ofprmeanf b ddesf tohDe® 08 5t elps moeédlreender go
surface devidleopimeretfammesdmtoeocaf certshiumpdegradéet oa d a4
of f, whicéd whélnumber of fr dbrecidefazdeselsdpt heheoec
faster thesolfdimpanadal é8alklkirfgreere bhshuerhnfeace. Ther ef or e
equilibrium poisotf Wherge stelrdh hldgesrds@ep pr oxi mat el y t h
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same. At this equilibrium poéweTopdepmiani mus naeinl

in Figure 12 after 85,

I Ba |
I Fractu

I Linear par g

FigMitBofractures

000 steps.

S

= g A
A

SE i s s X oA

Anarea with a certaiins ds eslbeacitoesde 5t ogpat bet hel dew

mesofractures (Figure 13). I n areas whhigealel $ her e ¢
i broken, and | arger fractures are generated. Ho w
alignméreriwerarndactufraest haee Qeomriahedrol |l er.

200, :

1804 Roller dlspslggement

8 160 mm

5 —— 750 mm

e 140 —+—1000 mm

& 1204 —v— 1250 mm

‘5 100-

3 801

E 60-

Z 401

20-

0 —

0 500 1000 1500 2000 2500 3000
Distance from the roller/(mm)

FigNumber of fracturhes iaond afl u rieaslitl@enrcef fitrloen
As shown iafh aFitdhheredl4t arecaf fmwem nf h ascmallrlleesr a n d
downward trend. The range of i mhbuemoprptal dhet apid

3000 mm. The numbteo otfathirlaibzel pelsek s dedg deédd Ot he mod

mm, i ndi c adteivnegl otphmaetnltt hoelkaacxtiiummeeds
,.vv‘té’q,uar"g TR R AR S
I BRI IARRIDESS AR Z SRR
N e B S S F T
Fract .
K

SERSDC RIS, S
2 DR I IS LSSt

FigMitbofractures and force chains
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Mi croscopievaaldt ysdhrad egenerated in the middle c

and t heyapiprrtoexrisneactte | ywiptelr ptemaeli cohapt s omr ¢ i aleaiod.

LiBdper foumeaxi al compr ewistcloal e sqamp | ftemants t he
compressive strengt h, shear strength, aanld tensil
sampdleesst royed by wuni axi al compressi oRi gheeactuall
the fractures are orthogonal to the pressure cha
chains.
4Correl ati on atnhmduy gii ngbhdtoweenand | ump coal
3.6/
[ Cutting forch
3.4t
z 3.2 Crest-
=
g s.or
o
LL28_
2.6t
2.4k ~—Trough
22— : ‘ :
55 56 57 58
Number of stepsx1000
Figlnlé6ial <cutting force
As shown i Wh é&rhrgaulrleerl 6r,0t ates, the contact forc
coal wal/l gradwhad n yt ihencaoecemtsaect f orce reaches the
body, the stooalr ubpotduyr es,t afrotr mi ng a compadbrcer e. Du

i ncr.daofemsglurast he roll er continuesdéestroyade, antdet
accumul ated ener giys eilne atsheed caoantpasVcvtehrcyd hfea srtel ease o
smaplilecesalbfand a@delsgmawddrong the roller surface
Durthgs process, the cuttinbef whaigsarealasd etsh & hcer ihti

point of c¢ompAfctte rcwoérireé daonmmgact core damage and t |

Beacuse the roller rotates atoambidgbBoepeaflten thbhw
compact coré&heécaldepitcloiymg . process is a process o0
cor e, and destroying the compact ciorere ot tihng s

force of the pick. With the deepenengrofighheatuet
of the cuttingcheashe cgr aidsuaddwsed by the gradual
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powder discharge

FigCul8ing force
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