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Fig. 1-1 Structural diagram of breaking-down shovel

AR R LSS TR BB A AT 1 B, B T He— B K 7 B PR 43
FLR— 5 B R EEAE — e, SRR T MBI T AT SR SR AN B, 53
-y T T LA 55 85 A o 26 TS (02 R B A . LR 16 36 - 7 T T T A P
58, WCRE AR S T ROR G LIRS, (FREGT A A CREITAL.

R BT AT R PO AT SRR T2, P T T (s A 215 PR
R U0 25 B BT 25 50 T LA B2 S 0 360 032 95 0 B B o 35 L fE s
B — R, RN, FRBA TR bSITRe, EILERN
FETL SRR FIRT AR B0 177, ZERTRRRINIRI RIS, R B P A PR AT 25 5
T, AR S S SR, T A TS R B AR T S DL kT UKL T 5
e, WMAES, (EEREF.

SKF TR (4 e 12 R, AR, TIANEREAT . BIERAEI.
B IER R A ST RS . DU B AT R AR 0 L S 0K, 0 ST
S AR (R S AT b, EARIREZE U BRAR L, U SRR S i R 7
RS2 L % S ARG 53— U L B S5 R0 A MO R 4 — 2, 3C o T A A )
YEAT R BT [ A A e o, TUPVETEAR ARy R R A . 30
HEUAR ) L LT 40 s B BT SRR, B BT SR L T 30 2 1 A3
ST



ENCE e 2T e e i

[

5
TR orsl
o 3 )
4 -

B 12 AR TRELMN
Fig. 1-2 Structure of four connecting rods breaking-down shovel
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Hepa, by ¢ AL HTROZHE, Ha. by c RARKSHER B2 AR
H R, WTTHER RN RYER R EHCARE, HIR ML b I % SR
IR T35 a BRAP,

A VR B AR ) B W2 e L P A A R T X 1 ) 2 TR AR R X PR A ) £ Y
FIRR BB AR PR FEAR, 3L rh b AR R A 2 20 B4R 43 50 2 B £ B0 U AR R % ki
WLERIER, RIHCFARPRERY, P2k dhaR LR BR S B Lk, X ARSI i 28 ik
— SR FRE A S, B RA SR R = A TR B M0 3% R Y . itk
A 3058 SO TR BAR A A, Hop S —FhE A BRI AR I 9 1R 01, 70 SR ANt
ITRUGE .

T AR R B AT R R I, SR PEC3D Btk Xt B4 AT T A,
FL U] R AR R 5 B P K2 2 1 4 S R T AU SR ARt 22 9, T LA o T HoAth = A1
BIAR 3027 B R 2 300 B8 A X AT (MR AR AT 25, RN 2% S i P SR 0
R R 52 L I AR S AR A B B AN B8 BT PFC3D 3 % 41 B T AR e
SHTELEL, SRR HEE LR LA R AR BB B U S BAR I AR R
(1) WHRUEURHFE: x=0.0216y"

(2)  XEFRIGA LI TR SRR
x=mQMLﬁyﬂﬂjy,x=&M4Uf%HS%y+&%m
(3) MR =METREFERR: x=0. 2y-0.02, x=-0.2y+3. 902

FFE B B AR R B e S b, BEATIRYE PFC3D MAFMIARIGEIS, XT & FPE|
BOHAT JLAT IR M . AR RRE 9T 0 5 T35 L S 2 R AR PR AR R o HE R R 30— AL 4
BT, JETRIIAD 5 2R T () A 15 9 U HE A o 5 2 T T BRI 8%

3.3 FEImAIR A LT AR

3.3.1 BHREERAGIB LR

F1 PFC3D B4 JHefifé v S T 1) B, 37300 SRR A ST AL BB AT R B 2 I A IRl
FE TR AR EBCT BRI AR R, SRR A A A B AR A G R RIAR B 2T, SR R
BB A AT D E R B AR SISUL T LT R AE B e, R, SR LT R
AR PUEH IR, & HEREE RS RIS .
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FIERALL, HEOTHERNARBEIEEES . REEEE. BhHRE, BREE
FiES, LR BRERE PR AT A R T SRR B S B LT TR B S A
ARBEERTAFAER, £TRUMEREFEBRYGAE RN M, 7
PFC3D W #B B H [ FISH 15 5 49ife, BN B BCEAETE, Felr g bR & BRI, T A4 ewt
GUR) H AR R BRE R R 52 B B A 17 R B R A5 HEBR RDIBA 1, JT AT EEAR JL AT
MR EF LS, RRIERIER BT SRR, B ClRIBURHE AR R K () 32 57 53
U EIAR LR, JRPT LA R R AR, DI R EICh 61, JL A A0 B
LE
(1) HE A2k s 80 F2 LRAR BURL 4138 — /N BURE A b, 58 SUBBRE ()42
(2) MR B4 dh 2k s 7 th 4k b @ UL RPN AR D) [ B 00 LA S A L —
MR TIRF L.

(3)  f#/H MATLAB $A/ES 5 RRAR AT KM, TR 2 Z F I — 4, RIh Jsuks
M A AR, DL HESS (b SRS 4 g H At %

(4) £ PFC3D Ak (BALL) #r4 LA BB ER (3) 1530 B0kI AL AR 8 A plfSubL
SHENRR, EDA5 20T w2 1200 2 HUEE Y () SR b 1 B AR

(5) I TAIRERMBAEE R, RRERR LEIRLEL, BE 58k
LB R AR S, BTPAEAGENE A — A TR B . FHPFC3DH fRaft
S BT R AL & i — AN 44%, T “property pb s=1e45 pb _n=1e45
range Raft” F2/5 iy 415 SUB0hL 5 BURL 2 (M RS A7, B A9 ORI 4E BT 43 (R R
B R S HE—iR, VR — e BRI .

3.3.2 FAREY LIRS

AR L ATHT AR AL TR, 23 AR VR B AR A RIRRL AT A, B 3-1. 18 3-2,
B 3-3. B 3-4 50 K7 R ImEO LTRSS XEFR =M AR LA L L
FULIOIRCIE: BICNP O €Y o Rtk TP IR CE EiC
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B 3-1 K7 H-F @) ILTER
Fig. 3-1 Geometric model of rectangular planar breaking-down shovel

= A FEIBIATIRE
Fig. 3-2 Geometric model of symmetrical triangular breaking-down shovel
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R

T

B,

B 3-3 Jadh XA F AR UATHER!
Fig. 3-3 Geometric model of parabolic breaking-down shovel

¥

B 3-4 3 Adodh KA SR UATAREL
Fig. 3-4 Geometric model of symmetrical parabolic breaking-down shovel
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3.4 BENG

VEAFRR B0, TR S FROMRE IR, AEREE
HERRZER IR SRR BRI, BE AR AN IR (304 26 il 2R A W AR BIR £ 4 7%
WHECFHER, FIA PFC3D (VR HE R TR IS M HIAR () LT RS, S B2 FF i 9
2 ST DU AR E AR B LTS, A JE 82 A0 B A SL A DR
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$FMNE ET PFC3D FHREENEESFEEH LR

SKH PFC3D 8 1BC A I T 1R 56 B S TR BUR AT U ELRD 43 4 75 22 A A AR
PUBITRE, JFERTE— NP S BOCTE R AN P OET . BT BB IR ) 74 1
FEERLAF A PFC3D H* “GENERATE” fin4 £ L W) ah Rk & 14Kk; {FH PFC3D #f4
HRH) “HISTORY” & KBRS ST LR AP EDIRE, DA E SRR 2R & 6 £ T 2T
BRRAEIRE, FFRERBEEBRES k.

4.1 MR B SRR BP0

FE ORI A5 a) DI AR RO 8 A RS RO BRI R IR 4, (B —A MR E R B
AR —RERIRRL, WJ7 VaRME— T o AR 2 dU B0 A B TR, KEEE —FJLF
VikrS

B BORHERFVE, BETH B o0 E0 B sk A i B SR B A L I — 5 ) R
HE, sERAA BRI, FIRAXFY v A U & — AR R — R %)
RN 5, BIAERR 20 bR B2 (6] BA O A2 B ¥ 42, FEBE BRI A sk oAl
¥i, EFISH REMETEP A “BALL” & AW G20k, B E T ERFLE .,
“BALL” 14 AVWFBRIRAEES, LUZE T UESS ER LA KRz, Kk
MERK, EFfFuBia i . AXMEEZEAMR IR (1)
SPRRLER & M A A TE R, JRRARE 4 R PR T REE RIBR . (2) RS
BARAE Sk B TR AR 4 1 5 SR AR A R i 45 R PEAN 42 A B A P

W BIhAFE, T AR BRI E SR A S MILRIE H R HES R,
16 AT AR AR AR N OB SiA SR F B, B EEDFE=AE L (D H
FASE TR G AL RE RSB 2B 0T, XL AR TBIR T IR B 14 5784 JLART K/
FEAR: (2) BT RSN ARRENE, ERshIEE =L BB D RAEERL
frEf b, AN TR RS ENIRENE, ZFETENARE TERHST, RER
SEPHERESHEERERRE, 3) LRSI RET, b TEZIEHMEREA
—F, BAFRHESERENARES ZEUREAREEERITIESGEY, XHEERT5E
RS RN AREE S MRS T AN, EraFEaimuEstE.

B= ETLL ERMITEMAEZAL, AR EMAPRBOCERA R ES k.
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FRTBORTE I SR R 7 o $ BRAR ¥ I i e (L AE B R B BN R R E M B, REHEAG4L
“ini rad mul m”  (mABCKRIFEED R KPR ARSI ER, BIGERK A HZ
) C-BRAEFENAERT) BRAEERAL T FIRE. B4 183 RBANERTHEE
P AE IR A AR () kBT KIEHBESERBRIIYZ, NIRRT
WHEER RS RERAZ « (2) 429 K5 BT SRR & 0 [R5 R0 50 A0 3 S AL R4 25
(3) FHAFELFHFEENORE, B2 P AT B AR E T RARR B 55
PR e R R B e A SRR b . FARTBORYE BUARE R 556 W8 R 42
ERAET &, EETLUBSRATHHE T LUSR, AaEmalfEae TEmERYE,
iEFsEdH s, FXHREEaANE.

i
) 4
—> TAP AL DITER HURE SR B X - R ER R, R A

R 21 1 R

FL RN

y

EEEE A PPN e gk

B4-1FEAKEAEA
Fig. 4-1 Flow chart of radius magnified method
BRL R FFPRCHAG T 182D B3 D2 (i FIBALLMGENERATE R A fir 4 4 AR .
“BALL”f#r &M A2 “ballradvidixvyvzv” , HFradZEARKBHG33Z, id
RTERMBRAEE, x. yv 20 5RERABH =8485, v & M ERIE.
“BALL” & — KR MEAER—AFh, HBT “BALL” 44 A GEHAI B4 4 v Fvk
Bl VPR A B BRI OB R A ES . 85 #9BR ] LIFE “CYCLE” M &1
HF, HFHEBETEHFN, REARTESERMABHLTF, XHE{EH “BALL” &4
AR BRIE S AR AE R PERE . MERAERMNBRES AN E LEbr, B
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E s BB R X BB R, —BEM “BALL” M4 kKiBRRRT R PR —4
UKL (32 Fh AR .

5 “BALL #54 4 BRI 38 AR, “GENERATE” fiv4 FH R A R I Bk,
A SOEFE “ GENERATE” 7 2 K A2 OR B VRN & B 62 4% 202 “gen id v1 v2,rad v1
v2,x vl v2,y vl v2,z vl v2” HP R HMSHER v1 M2 {8, &GS mEdE —
SE DXHR ) — @ BB R G, A ROk 4 AR T V) W e (AT 5 9 A

“GENERATE” #ir 4 A AR BARLEI DAL, BT LA i — N Bk vy, REE5eitaT

MAMRHN, ARRERNBRA TR, WEEMRKBER TR . (E72 RS0 4 M
BRI A B REMBOAML, SUARKW .  “GENERATE” @424t T “tries”
FoB AKX T IREIR B TIRE,, (A0 “tdes v, v AEWAIRE, AT “tries”
“4 30000,

AL e BT AR P AR R 3300 AMEEBUR T B A B ADIRA, T RETERA N4
B 3300 N PAREBN BN, R FED AR OKERI M4 “ini rad mul m” {65 5TH
AR AR IROR £ R A B2 HE, B o Tl IR ER BURIE = D RPER F B d1EshiE iR
KEPURLEE & 1 A AR B AN T B N ) e 8 B E PR AR - PRC3D $240L T I £ — @ A B A £
4 RE HFLBR BE RN 42 B850 43 A B R A o B 5 4

Rigss g MMERh v, MARES BER VN RBR S S AR FLERRE n #iE X
A

n=1-V, [V VF=Z%:¢R3 (4-1)

AP, ROBERLAS; V, AP BRI AT A, X R Py BURLAR AR AR Ik An.
R 41> KA.
>R =3V(1-n)/dn (4-2)
FRAF AR RIEA RN, Ak /AR RBRL, < 5 PRl 3 ABOR R 3{E
BIEY KEIBAVI2H. IR (4—2) #EE:

DR 1-n

=" (4-3)

DR 1-n,
A, Re R, 7B ABREFRARAMYUERAR: 0y n, 5050 0 BRI & 4
FLERE ROV ROk e A TLBRE
BT B RS KRS m, % R=mR AR (4-3), 4.
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1
m=[]_nJ (4-4)

1-n,

XFEEIT R, (4-4) 0T LS BEURL R O 3

%ﬁﬁ%ﬁ%%%ﬁ*&ﬁ%ﬁ,mzﬁﬁﬁ%ﬁW%EWHwing,®%$
VR rh R BORE A R, B DL AR ] LR B 5 ) 1R A0 SRR FR AL (K A IR
%—':': }ﬁuﬁ=

SR =YR =NK (4-5)
A, NH4e R BROHE .
a3l (4—5) LA (4—2) T4,

V(1- — )
N = ( 3n) R= Ry + R (4-6)
47 R 2

Xef, R, ARANTRER: R ARATHRFZ.
PRI U7 BB, S0 T 0B LA R I AE R B LU JLE 58

(1) WHEBRMHE N, THRIER (4—6) HH;

(2) AR FE N AL @—1) I HGE TR RS HRILEEE R, ;

(3) W FARTAKFRE m;

(4) BJEH ALY K m fE, BERATHNESE.

PA LSS T R R S 4R AR Bk 7 i, (BRSO 1 A= s 75 2 T 4 1 JEE 1) 82
B, BVBRLLG RS A BT S 2o B AR R SR AR BE RS B S R RN L BE S, R
WJFT g BRAURLZE B T R A2 i TRA SRR AR & S, A dzsn
%, BFEEEm R A L FECFEEAUR R, R KM . PFCID BREIa ik nE

42 FiaR.
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B 4-2 PFC3D 488! 40444k ~ 3300 N Bk
Fig. 4-2 Initial PFC3D model ~ containing 3300 balls
ASEPBRLE) B AR, AXTBORAEAT N, B A h#EAEE) . “set grav 0
0-9.817, £ z Ml S 7 S INE s B . BURIE T I RI{ER T B b T2 4-3
B o
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KRBT R AA-BRFTAE AR 3

H43 Bl EAKATTE

Fig. 4-3 Falling of balls by gravity
T2 “ BRI, dat” SFH BT NE.
set disk on
wall id=1 face ( 0, 0, 0) (35, 0, 0) (35, 0 -8) (0, 0,-8)
wall id=2 face ( 0, 0, 0) (0, 0,-8) ( 0, 20,-8) ( 0, 20, 0)
wall id=3 face (35, 0,-8) (35, 0, 0) (35, 20, 0) (35, 20,-8)
wall id=4 face (35, 20,-8) (35, 20, 0) ( 0, 20, 0) ( 0, 20,-8)
wall id=5 face ( 0, 0,-8) (35, 0.-8) (35, 20.-8) ( 0, 20.-8)
gen id=1,3300 rad 0.45,0.45 x=3,32 y=2,18 z=-7,27
plot create moxing
plot set title text ‘Basic collection of particles in a box’
plot add ball yellow
plot add wall white
plot add axes brown
wall id=1 kn=1e12 ks=1e12 fric 0.6
wall id=2 kn=1e12 ks=1¢e12 fric 0.6
wall id=3 kn=1e12 ks=1¢12 fric 0.6
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wall id=4 kn=1¢12 ks=1e12 fric 0.6

wall id=5 kn=1e12 ks=1el2 fric 0.6

prop density 600 kn 1e8 ks 1e8 fric 0.6

hist diag muf

hist diag mef

set dt dscale

set grav 0 0 -9.81

cyc 100000

TEE R A SRR PRI 16520 IRGHER TR SIMIAN, W 4-4 Fios.

4-4 3300 A AL MR
Fig. 4-4 Granule packing of 3300 particles in the box

4.2 FRELE T E RGN K

AN AR SR LUR, ARB IR M ERE, £4 R MHTT SRR
FUIBUKAESL, RIGEIL “cycle” fir BRI G & AL 2 FHRR A . 7E PFC 40474,
BT SLMIBHU R AT A BRI 2 M 0 T RS, R B 430 .
HAEE A GIE BT ORISR 6], BAFAH TR ENRAUR LN DS 0T R
B, SR T BN ) B RS R A W BE IR A, BT LABE B AR
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“fric=0” ; [N REREAZEHVIERENF, 8 “wall ks=0 , fric=0” . #£ PFC3D
IBAT “cycle” Wilal, RGPS BTSN BEBURLER & 14 5T BURLET T XA T4 Fi i
KA S, FIRHZEAF PR “HISTORY” 497 LUBRE M AT O EDIRE, — &
H PR ORI RGEREHAT AW 58—, WAL RERRAN T A INEETE,
RGEMTRHEABEST - %, 3 Av.unbalforce 5 Av.cont.force HUH,
Max.unbal.force X5 Max.cont.force th{EREIT 0.01 i, AT LLAIBIAR LR G 20 F AR .

7E PFC3D ', RS FAEPRA HE 0] ME A =M IE A dr 243512 “CYCLE n”.

“STEP n” 20 “SOLVE”, n AfEFFUEERED K8 HEHRRE n B KR 10
A “CYCLE” BU# “STEP” wrd, MERZF AP T EPRESAEE DR TR
f V4. 10 “SOLVE” & W& A EEA AR FLD K8, ARG A dET, =
Av.unbal.force: Av.cont.force il Max.unbal.force: Max.cont.force {4 0.01 B BIIAZ|F
ERE, TFER. NERIEBR RS LR NIEEI R s e RE, —HmEdH

“CYCLE” 54, WD KHMEH n ANBIAMIE, 55— 77 {EH PFCID 1)

“PRINT info” -4 Kl i R4 1 BURLIO B 0« AP, BRODEIHRHMSER.
AL “CYCLE 1000007 KA, WASEIRS O 4 EAREFH.

PFC3D # 1 “Command” HEH i BULR SF415 B FFoR:
Echo file:off

Echo file pfc3d.dat

Safe Mode:off

Warning Messages:on

Notice Messages:on

Gravity (0.000e+000, 0.000e+000,-9.810e+0.00)
Safety Factor:8.000e-001

Time Step:1.000e+000

Density Scaling :Active

Ball Extra Var:0

Wall Extra Var:0

Contact Extra Var:0

Clump Extra Var:0

Time:1.000e+005

Default Time Step:1.000e-006

Maximun Time Step:0.000e+000
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Dt Calc Interval:1

Pfe3d>print info

Cycle Display:

Generate Error:on

Static Mode:off

Total Cycles: 100000
Est.max-balls:0

Actual balls:3300

Contacts (actual): 11990
Contacts (virtual):17336
SOLVE ration:maximun
SOLVE mech.ration:3.82e-002
Av.unbal.force:1.370e+001
Av.cont.force:4.051e+004

Av. Ration:3.381e-004
Max.unbal.force:1.027e+004
Max.cont.force:6.654e+005
Max. Ration:1.544e-002

Plot Update Int.:20

Update tolerance:1.250e-001
Thermal Option:not active
Hist.Update Rate:10

Hardcopy Selection: Windows Printer
Hardcopy Output:pfc3d

A AF FIPFC3IDH ) “HISTORY diagnostic muf” 1 “HISTORY diagnostic mef”

A RAD TR P HATE DR, 2 AmE4-5FE4-681 7R
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KRBT REREHIEF IR

B 4-5 M35 10000 KA 4421 R F 8 H gk
Fig. 4-5 Mean unbalanced force history beginning at 100000

A 4-6 B3K 10000 KA 42t-F 2440 7 dhie R
Fig. 4-6 Mean contact force history beginning at 100000
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4.3 TREBRBRESERNER

H RISk 2 (B R MESE S, AERABRTRERER, TEAEDE
BRBIRURLL (A INABAERE T 7 B FFAT EDRAASHE RS, (Rl B ARRLAR &6 T T
TR P B AR B S TS ORI BE SR R DY, R R e T R A A I
Blo BxE BRI S 7 8 B R AR ) AR T 0B x B B Al e 4-7.
Kl 4-8 firs .

B 4.7 FHERBL LA
Fig. 4-7 Coal granule packing at equilibrium
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FIFE T AL A A

B 48 FHEFH E AR T ahaER S

Fig. 4-8 Gravitational contact forces at equilibrium

4.4 KE /Mg

ATEH S5 HT T BURITRLT PFC3D 4 AR & B ik, 36 FLER S RGHIA
BB, FCUOLE “CYCLE” 4 T4 AEILAE & P BEARCH SR A B 1 R R A
BRI AT R B AR RACE BB A IR & 16, D2 PR
PR T B MBI
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~ ARRBTREREHAEFARY

£RE ETF PFCID REMAIRMER KB AENGE

AR LB A ATIA BT, FEMEEURSEDEFREARBREBBRERT
MIEEhIeE, R =R IO R T MR B AT A ERUOTE RS, IR A B0k
M= BEE TN PFCID W FERHEBEAFERFIR A FRIZT) AT TR A, 425
BET AR BkLE ) B R HE S A . RIE RS R BA M T HHR R &I 0E
AR, BETOH IR G A AT 0.

R E MY R S HWE 5-1 Fix.

A5 B BGh RdhiE Sgk

Table 5-1 Physical properties of particles and walls

25

Hids EERE BRE EERE PR
(m) RE B i3 -3
(kg/m3)  (N/m) (N/m)

0.45 0.6 0.6EH03 1.00E+08 1.00E+08
(&4 5-1)
HhRESH HE B (s)

PEHE SRl mRAl YR FEA
FH i i3 7 =
(N/m) (N/m)

0.6 1.00E+12 1.00E+12  Auto  1.00E+05

5.1 BRI SER HER A — R @

BEREAPRSOEMRGRE, ARRRPROEBRA ML SMAREE XK,
B UARAC IR B G TR X HE M T IR R AW TE . AR AR SR
FRARME, a8 ERI M IE SRR, REEXREOTRERN IR HRELH,
FEH IR SR R BRI R TR 0L, ATLLSHESP R CR R B B & . XA
FRTPEIRAMLGE L EEMSNES 1, BERIEREGCRNTGME, A RHR
EXFP R EAMRMGHEIERT, TR, F0E 215 SR A= IR fHE
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KEET REFT RS R

R RPN, B LR BRI 0 T AR B B BT T R L B o 7 B A A B A
S, BT WWSBREREURA % LA RA RN, BT DUARER M2 /F oo 5
TR, FF6 BRI = 4E S5 T 4F PFC3D o JLF AR B 8PS AR AT E 2 A
FL, IR AT LEBLERP AR HOTIAR 0V BB b B b

A3 B BRRS P AR RIS AR B AR B T RO AR BT AR U7 51, X PUAPTEAR T AR 2>
BIRATT TP IEAR . XK=/ 2RISR AR Lk AR . ARIEEE ==
LI PYFR R AL AR FE G5 S BUE R IR R 0, A S R IE MBI R TR A4 1) TG
B SR Ao JU) 2R RS T JERIARAR T X ok 40 2 1 AR F) AR 2 o 1] G BR A6 DA ke 1 X
SMIEEAR AR . AR 4 O IR & R T DA BR e M e s, T
75 th AR HE T REBURL HE R 1 — SR .

FEIBURLSL 2 TE0G PFC3D BAFRT TR AR BIRCFIRBO U 3, BT BRI ) LA
BRI L T BT SRR A5, SIS R S A, B SRR BN
T xR BREEAT RIS E, XAFEL R T ERACR, G TFREIR I BT S
D TP AR R
5.2 WA EIHHET R BRAENHE

JHBTR R B BT AT PRC3D EENLHI A IR G, X LB R E M —
A FRGHRRL, BT AR AR, IBR A 45 430 2 i 44 mp R (1 £ S A0 R s i~
4R, {2AR4E PFC3D AFil i & B AN TR HERE R, DA RFRTFHITEER 0 2,
X F B UG R G BRI A2 ) SIS P s B R & —FF .

S B R R K T T T S AR LSS OGO SRR s B P TP I RO AR B, B
SURIAHESIER T, b inl S I SR BE A TR ) AU RERSRAR 2, Tk R BRI 0 ERLAR 2D,
HAO MR prs:

T A R RERAA BRI HE D AE I T RE SR, A SOUEIL R G 2% Z S
Bt 90 B, {49400 i dE 20T I AR TSR, ERIRG e 5K 51 B,
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B 51 KFHFaPREATRNEGELAE
Fig. 5-1 Right elevation of simulation system of rectangular planar breaking-down shovel
Bl 52 NS BERURENMER, BT A aBAZEELERR, TATH
) 4T 800k 20 O by $aARAR, AR RIAR BT RkL, BLE L7 R AR R e B KL
SBRZ BRI, ERENEAN I nFREE —REHIRER KRR FHREER

B AZHMEE, LSEFPREFR—EREENN PR, SRS 2R R
AIZE).

: d View Tioe:Easic coliection of panicies h 2 box
PFC3D 3.00 —_—
Seltngs: Mode Pempecive
Step 100000 11:53:12 SatFeb 26 2011
Center ~ Romton
X 175024001 X: 2008
¥:1.000¢+001 Y. 0.000
Zi13532e-001 Z: 10000
DI 117864002 Mag: 131128
ki Ang: 22500
Axss
Lpesy ke

lEsca Cﬂﬂ_it.ll.u’lﬂ Group. nc
Minnezpolis, MN USA

B 52 KFHPE-FHETENEL
Fig. 5-2 Simulation system of rectangular planar breaking-down shovel

BT AR AEE CAERF A E, B E R FIRE I X R R Z 3 r (8] )42
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KIEH T REBHREFALIEIL

i, FEEIMRAE ) RN B, 2 RE BRI ER 2147 20004 B 25 3000 B 22 4000
Bt 5000 FH MM IO 25 45 R BRI 4, BEEzhERE 5-3. & 54,
 5-5. P 5-6 Fiiase

LI X R
. R
B 53 £F%FO-FHEEAE AT 2000 o B4 )

Fig. 5-3 Movement of coal particles in rectangular planar breaking-down shovel at cycle 2000

YT : ..3'&‘;.
AL AP

Nesag

L LT TR AN K
IS SRR SP 9 S @

vvvvvvvvvv

4T 00 5.0 RSN G NNy
N AT YL RO AD
| 90067710166 5785.8) 8" 48 6976

B 5-4 ¥F P @A AN S 3000 W HEBEIE 2

Fig. 5-4 Movement of coal particles in rectangular planar breaking-down shovel at cycle 3000

‘ 5820, 2 ¢
OO NI O DAY
1207858 08 8 8 /ags iiﬂa?h%:@!& :
COCCAO0 S0OO OO

B 5-5 K7 F-F&-FRRE AN T 4000 8 HEFALE S

Fig. 5-5 Movement of coal particles in rectangular planar breaking-down shovel at cycle 4000
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KIRFE T X F AR 4 2R

V0% 0e (93 Aaes g g
o esetessenudeie’

s mti&dﬁuﬁﬁ CY

B 5-6 KA F & FHET AT 5000 o HBALE 3

Fig. 5-6 Movement of coal particles in rectangular planar breaking-down shovel at cycle 5000

ME 5-3 ATLLF R 2000 B, BARRISRER AL, BT LUIHE ABA L Rk
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Fig. 5-7 Velocity of coal particles in rectangular planar breaking-down shovel at cycle 5000
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Fig. 5-8 Side elevation of coal particles movement at cycle 5000

th PFC3D =) “HISTORY” 4 KB BRI R G b (1 F 38 4%AL )y, BB 2
6] LA R BBk 5 ks 2 1) () - 3B fuk o 4 A AN 5-9 B

il A - il ik,

B 5-9 B4 100000 746 -F 354k 7 65i2%
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Fig. 5-10 Tree-shape graph of contact forces of rectangular

planar breaking-down shovel at cycle 5000
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Fig. 5-11 Simulation system of symmetrical triangular breaking-down shovel
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Fig. 5-13 Movement of coal particles in symmetrical triangular breaking-down shovel at cycle 2000

B 5-14 s AR -FEER E AN S 3000 BB H4E )

Fig. 5-14 Movement of coal particles in symmetrical triangular breaking-down shovel at cycle 3000
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Fig. 5-15 Movement of coal particles in symmetrical triangular breaking-down shovel at cycle 4000
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Fig. 5-16 Movement of coal particles in symmetrical triangular breaking-down shovel at cycle 5000
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Fig. 5-17 Velocity of ¢oal particles in rectangular planar breaking-down shovel at cycle 5000
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Fig. 5-18 Movement comparison of coal particles at cycle 5000
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Fig. 5-19 Tree-shape graph of contact forces of symmetrical

triangular breaking-down shovel at cycle 5000
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Fig. 5-21 Simulation system of parabolic breaking-down shovel
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Fig. 5-22 Right elevation of simulation system of parabolic breaking-down shovel
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Fig. 5-23 Movement of coal particles in parabolic breaking-down shovel at cycle 2000
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Fig. 5-24 Movement of coal particles in parabolic breaking-down shovel at cycle 3000
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Fig. 5-25 Movement of coal particles in parabolic breaking-down shovel at cycle 4000
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Fig. 5-26 Movement of coal particles in parabolic breaking-down shovel at cycle 5000
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Fig. 5-27 Movement comparison of coal particles at cycle 5000
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Fig. 5-28 Velocity of coal particles in parabolic breaking-down shovel at cycle 5000
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Fig. 5-29 Tree-shape graph of contact forces of parabolic breaking-down shavel at cycle 5000
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Fig. 5-30 Mean contact force histories beginning at cycle 100000
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Fig. 5-31 Simulation system of symmetrical parabolic breaking-down shovel
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Fig. 5-33 Movement of coal particles in symmetrical

parabolic breaking-down shovel at cycle 2000
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Fig. 5-34 Movement of coal particles in symmetrical

parabolic breaking-down shovel at cycle 3000
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Fig. 5-35 Movement of coal particles in symmetrical

parabolic breaking-down shovel at cycle 4000
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Fig. 5-36 Movement of coal particles in symmetrical

parabolic breaking-down shovel at cycle 5000
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Fig. 5-37 Velocity of coal particles in symmetrical

parabolic breaking-down shovel at cycle 5000
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Fig. 5-38 Movement comparison of coal particles at cycle 5000
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Fig. 5-39 Tree-shape graph of contact forces of symmetrical parabolic at cycle 5000

+

35



KERE T RF B UE AT 3

B 5-40 B 100000 74 F 4k Ak A 6hink
Fig. 5-40 Mean contact force histories beginning at cycle 100000
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Fig. 5-41 Movement comparison of coal particles at cycle 5000

57



KRBT K LB R A AL

B 5-42 3% 5000 BfHEF AT B AT LG

Fig. 5-42 Velocity comparison of coal particles at cycle 5000
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Fig. 5-43 Tree-shape graphs of contact force comparison of coal particles at cycle 5000
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THE PERFORMANCE ANALYSIS AND STRUCTURE
OPTIMIZATION OF HETEROGENEOUS SURFACE
BREAKING-DOWN SHOVE

ABSTRACT

Because of the way of loading coal into the train, the coal in the middle of
the car will pile up while there will be less coal in the brim of the car, therefore,
the coal must be leveled off, that is to push the coal mounded in the middle to
the edge space till the top surface of coal is leveled in order to avoid rise and
flying of the coal during the transport process and ensure the train’s carrying
efficiency. At present, most of the breaking-down shoves in use are rectangle
with a flat section. However, the efficiency of this kind of breaking-down shove
1s very low and the leveling quality is poor. The most obvious problem is that an
extra artificial leveling is needed to meet the requirement of railway
transportation because the coal in the middle and at the back of the car is still
piled up due to the coal cannot be pushed to both sides timely. There are a little
improvement for some breaking-down shoves: welding acuminate prominent
parts in the middle of the rectangular area, which makes it easier to push the coal;
although the efficiency of streaming the coal has been improved, the problem is
still not solved fundamentally, therefore, to get an ideal effect of leveling coal,
the shape of the shove must be improved.

Aiming to improve the breading-down shove to push coal to both sides of
the car, this paper focuses on the optimizing the shape of shove structure;
introduces discrete element method to the leveling coal process and conducts
simulation analysis with PFC3D software. The study in this paper includes:

1. Based on granular dynamics and contact mechanics in the discrete
element method, the movement rules and contact force change of coal granules

m
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will be analyzed theoretically to find out the contact model of coal granules in
the process of leveling.

2. According to the actual parameters of coal in the coal mine, conduct
modeling of the loading car with PFC3D discrete software, and analyze the
equilibrium state of the model by the software to ensure the optimizing of
breaking-down shove structure can be carried out in a balanced discrete element
car models.

3. Using the wall granules concept of PFC3D software, simulate shove
structure by using granules group arrangement, in this way the coordinates of
granules can be changed directly to get different shapes of shove structure. This
method is not only simple and quick but the simulation effect is very clear as
well.

4. Through the leveling simulation of 4 kinds of shoves with PFC3D
discrete element software, the granule distribution diagram, granule velocity
vector diagram and contact force tree diagram can be obtained in different
numbers of cycle coal. Comparing and analyzing those diagrams give rise to the

trend direction of optimal shove structure.

KEY WORDS: discrete elemeﬁt method, PFC3D, modeling, simulation, flat

coal equipments, shape of breaking-down shovel
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