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Four-axis inertial composite excitation model and screening of

wet coal particles

WEI Shuhui, MA Xuedong', ZHANG Yue, YANG Huarui
(School of Mechanical Engineering and Automation, University of Science and Technology
Liaoning, Anshan 114051, China)

Abstract: Aiming at the problems of low material looseness, limited utilization rate of screen surface and
difficult to effectively improve the screening rate of traditional vibrating screen when screening difficult-to-screen
materials and wet materials, a four-axis inertial composite excitation model is constructed based on Lissajous
vibration synthesis principle and mechanical analysis. By forcing the gear transmission to control the frequency
ratio and phase difference of the excitation model, a variety of Lissajous composite vibration modes are
accurately realized. The four-axis inertial composite excitation model is placed in the vibrating screen to construct
a composite vibrating screen, and the discrete element method is used to simulate the screening process of the
material group on the surface of the vibrating screen. An experimental platform was built to carry out screening
experiments of materials with different particle sizes and different water mass fractions. The results show that the
composite vibrating screen can apply an exciting force along the width direction of the screen surface to the
material on the screen, effectively increase the reciprocating motion of the material, make the material more
loose, and significantly improve the screening efficiency.

Keywords: four-axis inertial composite vibration; Lissajous vibration synthesis; mechanical analysis; forced gear

transmission; wet coal; discrete element method; screening efficiency
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I (a) b Pl [ 4R 3h i P T 7 R0, 5]
MEBAIR - m IR SIAR O Ok s, PR LT, A
SRR A RRS . K1 (b) WU B LN,
WERI RSN R, BN m, . m, R 756 TR
AL OXFRAE, e a R e, HLAER
AT o ZH M. m=m, B, 2RO IE T
AR T X7 M A 53 T E AR, A R YO
IS B IR B mem, B, FEX. YT & AE
E—A g LR, Ha%m0 o kA3,
Wi Al A BGE U R R sh . BT (¢) A =l
5] 915 3 AR SR EROS L 3 AN IR T iB SR
ry VAR m WR T TR SR L 04k, 2
At R my PR T2 F 00 O X R A L, PR
TR R E YN w,, FMIZ . m=m,. o=0,
i, 3R OIR TAEX, Y7 a4 r= A — G i il 1
WHLRS, —HEEMEES; m=m,. 0,=20,

B, 3 MmO IR TIRAIAE X, Y7 [ & 754 — A4

IR o 18 LR AR B, =3 A A 2 22 0° Y
B P2
AR P IR A AR R B A 3 2 1 i O IR

R B B, AR R T ) A R B 1 T 1
I3, A BhiiARRS, S8R o AR, X T
BOMETH 73 R TEPRNY AL SR SN 1Y) 57 43 e 1 W]
WA, T A R B i R AL B S Rk i BT R
KA, 53R AR T, Tolk AKSE B A B
b0 S e T S T e S D 1
KR, DR R AR M 2 A IR S AR S T R
FLAE Ry ) B AR s S A
1.2 ZEENRISIEGRIERE

F 4 2= 5 andiR sl A& RN, 2 S AH B B
[FAE A . SRR AN ) 9 i ) 15 98 B Ze Bk 30
ATLLA S EL RS . BIRD) . WERS) . B R

TTFITRERARKRZZR (BARZEM)

M3k . http:/fxky.cbpt.cnki.net



342 TTIREARAKRF

Fik (B RFF )

% 44 %

PRzl LS ARSH B BN A2 A R sh A, I 1.
F1 FFEMIREIS BN

Tab.1 Lissajous vibration synthesis effect

SRR 22 12 A 3l 7 8
J— OTI‘MEH/% Y2 RS & U

45° 90°

"
- (X
A

1:3

R SCHE S A S dl . XUh . = bR e (L RE SE
WHZ . FAERS), MELISCEER 1R Ll
20 183 s 1, ML 4508 90° Ry IR Bl & A, Bl
EATRNEEACRRER 3R 1 TP T A RSN,
SR SCHE H DURB R S S B IRA Y , mlEpli 1
1 9 B i s
1.3 MH#AiRTEE S MREE

(1) FIRAETY

FRAEZE B IR S5 BT, a1 24
R L A 98 LR AR S AR FE AR 2%, AT
A Z 2 20is sl i = S iksh . BT UL,
P T PR A AR, T AR UL 2.

Y

RO
owg/— ot x

k =
P2 e A 5 iR S
Fig.2 four-axis inertial composite excitation principle
K2, 4 MRAhESEA WOk T, HEZEHRL O
LB SRS R A RSN R GEX R L Y1) S LA
TCIFRIBE S BN ko ko 2T — MR 0, BT
A my IR TTE X7 [ IR A AR, A Y s
] I B RS, BN RN o, Biim,
P& FAE Y7 1) AR IR BRI, S X7 ) A4 TR

WHEZRS, RIEX. Y BRI A
ARG AR, A A SFETL 04 H
BRI

(2) AL h

DU A I5 1 A A5 SR T 7 A 2 R L A TR 3
BRIRD, (HAUH R 12 R sh & Y LAtk
A, BREAEREE PRI, TR
TS 28 LU RAE AL 25 0 S A A8 42 S A5 258 LY FNAH o7
25, AR AL S %, R MG g,
L 3,

K3 sl i 48 15 sh 4
Fig.3 forced gear transmission structure

fesh ity b 5 ARG, Forhdh 1 o 30,
Hoaxaoh Nshih, #cfhidd hifetesh. w1 BA
WHORRI st de 1, ke 2, 4M Nk LA A
Ik, Wife4 555 smia, WA, PRk
Bl 0 AR IV B2 AR ], Ferm A b g3 HikEE 6
W, BOHE, CRUES I AN v AR, B
AR . hife4. R SHIAR 3. i 6 ANE—1
VA, EATH. Wfe1 55 suia, St
Hi=z/7,; Vife2 53, EaLh =2/
Z,, Wbt BdEdl . o, TN RTa,. a,
M ZEAYRT b, by, TS PR B Rk AN
e MR RO  LE B PR RO R T S
A PRl ) O oI T AR L

NI B S 1 M s R o [ DIE /S
AL [A) — i, [ R AR Y O iR T A
LA o & 1R E A R e S R e s, 4%
Bl O AR T BN (O B AR T S, R T TR X
Y [ 8 EAT AN [ AH A 22 1 17 18 2R3, Bk
HZEREISE SRS

S 4R PR TR LR AL, R X
[ 1Y 1] ) 0 1 BLER RSl AR ARG 25 0 BRI A
72 . A O HR 100 I 07 15 2R B iR 3 it 2k i X
BRI 2,

TTITRERAREZZR (BAREM)

RI1IE . http://fxky.cbpt.cnki.net



%34

WA E, F.wsh IR A IR BB BB T 5 AT R 343

®2 FFENMEEIRINMESHELIEX R
Tab.2 corresponding relationship between Lissajous

composite vibration frequency and phase

WAL HANL2E

ZFENIRAEIE RO RO E

/0, 0,-0,/(°)
. :: i) Z
2:1 45 m @Z&
90 / \ 4@%
0 \/\ Jﬁg
« e N
.00 Fr

1.4 E&SIRGIENEES T

BT AR RSN A R, LA 2 ThiER
20+ 1 A ZE S 00 R U RS 4 52 45 POAIR A 28 Dy 51
PEATOIFE . WA 4B, IRl A S IR SR
RV -5 7 TSR A 6 R AR IR SR L AL . S,
W ZE5 1, S5 Xk o &, WG AR A IR B0 F

i N B S PR Bh 2k S22

¥

XOYi#azim

2, S=d,si
.
XOZIH 5 1

Kl4  SA RSl 0 A X

Fig.4 composite vibration and relative position of screen

surface

PRSIV RS O iR OE A, Tk
R 20 - 1 B UG (B 0 3 B o 18I 8h 7 i 1
(XOZ1i1) W WU IRITE 4R 3, 7 B¢ 0 i 4
BHORAEL, 72 B (XOY -1 ) I R
W E RS, D0 RSB 2 . e
CIE S I E B e iR N D G N A L INA L i 2
g 3T AR IR B, X AY i B LR IR Bh T o b
%, YRR LR Bh S ST B A R AN L, Z
] f) 15 3 B2k IR 3h 1 S R Ak AN . 5155
JRBNTHAR LE, 2 PRI A R A% T a8
3L A A 22 B R 2 R 2R R A 2 A IR s AR =,
T AR X349 AT 265 4 20 7 B A 7 T R ) IR T
s AL T HRHE G LA — 2, AR T
YR 5 T R

2 BT AR AR BLIE E  AT
2.1 (FESHIEE

157 5 K BT 5 43 BR 5% R A0k VR SR F 5
XFRR L SRR E G ok By Vi RURE X 7 JORL AT
2 O UKL e, B 0 FURE AR X RLEE 2 0.2~0.7
CREORE AL B Ry 0K R AR 5 1 1) i LR =2 1)
A URLE 7 50% ,  E i HURE AR X AL E R 0.7~1,
A BURURLE 5 30%, AN 37 1 FOURLAH X R B R T 1,
A TR R 5 20% . i BRAR X R BE 45 G B ALA B,
FEFD A L2 000 0K o AR 4l 7 P M AECY B AT
FIH GEMM (generic EDEM material model) ik
ARV ECEE B, ROk (B] 1) SR RTRE . AF
BRI R, DL R AR S5, B 6 S, ] AR
PRI 43510 10 Hz, 2 mm, S, [a]A950%K | JRIE 535
920 Hz, 2 mm, Hifn (] 254K 3x10°s, {5 &
BHC R 15 5. TEMFISES 51T, PRIEHR 3 REAE
AR, B T W R i (BRI ) MR
FR R 450 20.8 Hz, 2 mm.

2.2 (FE&ERSH

XoF L 3 e I B B AR 0, A B SR L]
5, Hr, 2L SORCh N IE T BURL , Sk 0N S X
OB, B (OSBRSS OB, I S (a) Fiw,
B AR B 0 075 o3 R URE B, B2 HE RS
B, S0 o T RBURAR FG L Rk 1Y) AT O
Rt EW L, SEOR P BCRAE 2 . HEIRBTH
325 PR Bl s A 1 - 10 R JURE IR 1) 07 0 38R WL I 5
(b), X HCAT VLA 4R 2 0 7 0 o M ORI, ofe
FIRFEER /N, RUIE G0 Ge 08 A 20 & Yk
(0 73 BORE B o WL e sy ORI 174 375 i 175 190 & 3
BRI o & A R 2 R R E R, RS

TTFITRERARKRZZR (BARZEM)

M3k . http:/fxky.cbpt.cnki.net



344 TATFTIRBARAKRFFHR (ARFFR)

% 44 %

YR Sl 5 ) L T R L B R RCR KA
K5 (b) BEMETH, i B0 BRI
HAWRET AL L S (o). WA
5 (c) WLIF M, ZE R ARHZ 1k
FAXHAN R EL I 5T, R WURL 8] 9 7 BE S5 A8 95Tl
FE AR 858 o AR S i b ARHZ 88 5y

Ak

(a) EEARBNIifi >+ SR AL
Ficfi 3N
3.90
332 1 8. as sl s abaled & acas &
274 | | AL \,\r_«,

0.99
EE AR i

B b

MR iR

A B AR, UKL ARG E PEBCR , R B 4G
PTG, 2R 1082 i W RH Y 20 U . 0B i
i o ORI BRI R R SRS T, kL
XN Z AL, BT HEIRNUZ B X6 YR
WAk ), EAPRSEN Tz (FRmRLTE) BEIR
71, R TSN

s e

R waka
(b) HZ B ARSI 4 1Bk

ji fﬁJ' JHN

A i Eh i

(c) HZ ARSI i 7R IR 7 B2 4 3 A
KI5 Wk o1 bl L

Fig.5 comparison chart of material screening situation

PIRPAR SR T, O U 9 A 1) Y 52 7 L
Klo. EaiRal T, WUREREmZ EKR, FH2
JIREEARS 9.1 4%, U BSOS AR i 11 58 B J7
] b AYIs S B, MR T OB AR R 1) (43 50
P, ARATR T WRERD™ L AR T BELE A,
T R R A B R R

2.0
— H & irahiif

1.5 — B kiRl

ZJ7 52 J1/(107N)

5 IIO IIS 2‘0 2I§ 3I0
e} [a)/s
K6 Irshififh 21052 )
Fig.6 Z-direction force of vibrating screen
i 3 280 A A R S 6 7 03 BE ) 0 HE AR AR
Xof L % 2l 9 i 8038 T L S e 3 R RE A 25
i3 G i = RN W)
_ (a=0)(p—a)x 100
a(f—0)(100 - a)
XA a AR TR E RL BE B4 4R B
Fe, %; 0. BArilhis B9, O R T e R

x100%, (1)

JE R AR BT 4

it o ﬂﬁﬁ%ﬂ@7oﬁﬁﬁﬁ% i 14
(7 REHED) MG Y (K 7REHE2F) BE
KA, FARIE (1) TR IRSN I B9 9 20 305

100 1 —=— AL
96 + —o— IR AR R
o 92f
M s
=
% 84t
= 80t
76 |
72 : : : : . '
4 6 8 10 12 14 16
i [E)/s
(a) HAIRSITFTERG /T R0k
100 ¢ = & IREh T
ot o - AR
o 92f
W o8t
=
’\‘5 84 M
=80t 3
S e
7 : ; : ; : )
4 6 8 10 12 14 16

i [E]/s
(b) B ELRIR )AL I o UL

7 TR L

Fig.7 comparison chart of screening efficiency

TTITRERAREZZR (BAREM)

M3k . http://fxky.cbpt.cnki.net



%34

WMARE, F R AR BB BB i 5 AR 345

5~15 s N ELZAR SN 0 70+ . M ARER0RE B4 57
SRR T (a). AL, LRI TE T 43 T4
WURLING , P Y08 7330560 93.0%, 725 e 0R:
I, ST A BORAU R 84.0%. HHILE i, HLIR
Sy i 7 i 0 P A URE INF ) i 7 2803 ) I AR, O
OYRESIRAE . 5~15 s WEHZRARSNTH . K4 Ik i
i AR ORL R XTI 7 (b), WL, S5 HR
2y i i 73 SRR (47 2 5 70 2003 0 95.4%, HLEL
LIRS 11.4%, X UL S5 PR Sl 2R 4
BeREGE, AR

3 SIS
3.1 HHBRBFAERE

R R PR B I A 0 ROR BRI US A
mE, TR R AR, HIET RS E A5 IRS)
TS5, WS, AT, R4 mm/E
BV 5 F3 A U1 B AR A 22 L A S AR B T AR
Z .2 mm JE 0 5 70U E S 0 AR A
M, 3 S K PR AL B R T e o iR A g RS
A @1.5 mmx22 mmx40 mm, i BB B, T AL
JRSFHR 2.5 mmx2.5 mm, 22 HAEM 0.5 mm. ffi
FRE ISR 2 0 A X P A AR, Rl A AR £
PR S0, I R B E PR R
R

R
ik
K8 BAWIRNGLE G

Fig.8 composite vibrating screen test bench

2R R MLZE AR AT L S 0 PR A,
LA AR, LAGRAIE B W SO F AL B A3
HAR, TE R 4 s S, 7 1 BOSER 1o 2 AR
PREPLIEGAS L. R XSARATE, i 1R g i
i, PABRAIEZE A 2 DR LR R AR ), 2R
4R S, 7 ) IR T o E e IR TS 2 A A R T
RS P IR F LR AR, 4 G A o
RSN 44 IR LRI TAER, AR 24
MR B RS, & Ep e Sk,
2 HA 2D AR L AR, 1252502 A 2
THEHLRSE, Jom SRR

3.2 R AEBAIRH &

EZB 0 ) = S 07 T YA B G AP
H 375 i SRR A, 5 X G UKL A 5 O Ok . B
BB A TR 5 EE 20% , MEGH R & HE 30% . &)
i kL 5 HE 50%, T FLRSE A 2.5 mm*2.5 mm, 5E
gerh, SRR R UL I 9, N [RRE B A R o
HIUF . NEGEk 40 g Chift H2.5~3.5 mm);
MG WURL 100 g CRiAE N 1.8~2.5 mm); 5 i kL
60g CKifEN1~1.8mm),

SR

(CIRE S/ UL
Fig.9 coal particles

FRAE B SCAEP IR RIS, TR T RERURL o A
Tt /K DIVE IR OB (BRSO 1) 5 7K BT 4 53
B

my
m,

Ko my B TEPIMAKE TR, kg; my T
IR, kgo

FEIRLL B 7k, SR K BT 2 Oh 5% 1
YR AR SIS o K IR A S MR R4 50 1
MG AR B, RS E . WET T Y
ARHURLAN G 2 RHBORE , I FRIBCBURL T
3.3 XBMHLER

MR I 2 0 T TR, 90T 8 98 %o O] o 25 1) 7
B, AT LSRR Y A R A B AR L O R AR AR
AL, AXTF A m S IR f AL, o] AT T A ]
(HZLIRDN) W Sc . IR, =R
ML, AT AR E ) (BEIRsl) B sk
Ky, BOER . RS 2 - 1503 2 1,
DUBR DR 2245 A0 BT P 2H R P AL AR LR 2 1
5803 1o BRI S5 R pvER M, FEAH R S5
FFT ., AT HEIRSh oy 5 2 AR 3h T 7
B o> 5 s S, R (1) S >
RO, 4RI 10,

w= x 100%, (2)

TTFITRERARKRZZR (BARZEM)

RI3IE . http://fxky.cbpt.cnki.net



346 TATFTIRBARAKRFFHR (ARFFR)

% 44 %

92,

QS 88‘/—\/_\1
_J.?é 86 A M= Th (8 4T 2 o
e - 22 ‘}}L(_Ah'lﬁl_{d" 'T““"”
£ sl —o— LRI )
: ~ TSl

82}

- N\

?8] 2 3 4 5

HE

B 10 ks
Fig.10 experimental results

A 10 AT UL, 5 20 B4 sh i 19 0 20 R0 533l
9 78.6% . 80.1%. 79.3%. 80.6% Fl78.8%, F-I
T RN 79.5% . IRIRAT -0 ORS00 B
PRI B LS AL, TEA 2 452 E 40 4
WAL R 2:1 W G iR B Y 0 o 280 A o
91.6%. 90.5%. 91.3%. 91.0% #190.1%, F 7
IR 90.9%, M T HELIRSN T4, FI0H 55
RORSEE T 114D H S A 507 BB 2 8y i
IIRUR 95.4% M EL, RIS RN T 45 H 0 M.
Shy 4 S I UE TS R [0) T3 )5 0 977 53 300 R 5 A R
L, W m A AL SR ML R LA 3 T
DIAA AR HR R o 3 1, FHA 0 40 R0 4 Bk
88.3%. 90.3%. 91.5%. 89.5% F189.2%, ¥
IYRCR A 89.8%, ML T H LIRS AYF 0 43 80R
PE T 10340 EH 585

XFTHRE, BT Z 500 1, BRS
IR A DR M AR 7= A 0 S S AL, (AR R
PAHL, PEIEYRIER T IR 2, MR/
(YR 25 5 SR 0 ), B O R o X AR
TRIGRTE Y RL T 25 5 (2 folf 151 4R 4 Rk 428 5t 1 W
B il a, SEimisr . Rk, DO A 4R
SN SRR A Tz 0 N S

4 L

WG AN AR B0 & B, R S D el 5 1 52
BARIR, FR % S AR B TR S i
MR T S RSN o Xk PO Bl A R AR L A
ARSI, LTSS

(1) $ A DU A R A2 A R L, D0 o
JiHE, Al 2 AR A T RS, fER
iR Rl R ) I TP i N fod ) I o
Ol P 5 TR A Y A3 3 L RIAR S 22, AT K
s E k=N I VNS R A R ]
LS

(2) HEWALE 2 0 1, AHAL2E Sy 0° 14 T il 151

PER A AR S TR, MERE SR,
FE T B BT IR X% A YR 3 i 5 B2 R B i O 1
YRR T B, S5 REM . B ARSI T 40
PRl il v 07 T B O 1) IR T, (R R T
AL, AT ERCRE IS, Rk, 04y
B EIRTE T

(3) im 1 ) &) B A4k sh i 52 56 5 T J 1
BT SCG, S5RBRUE HLIRATEM L, 4
P sh 5 A I A RCR A R 10%~12%

2% 3k (References ) :

(1] RSO A Ul ™ 5T A A 7 Al Bl B AR AT ST,
BBk 27 41%,2024,9(3): 464-474.
ZU Binghui, LI Changsong. Research on carbon emission reduction
pathways for coal production enterprises to meet the “dual carbon”
targets[J]. Journal of Mining Science and Technology, 2024, 9(3):
464-474.

(2] F7 < M8 . RLAEAR 3l 83 BT sl B~ KA s i 75 B WP (D). AR M
FRE S K ,2021:1-2,

(3] i, B, Wk ML 55 . SR A M 15 R 2 s DXt e )
[9]. VEZRb 57 K 2F 24 417,2023,43(2):228-235.
MA Li,MA Wuyang,YAO Gang,et al. Determination of spontaneous
combustion characteristics and dangerous zone evolution of
washing-processing coal pile[J]. Journal of Xi'an University of
Science and Technology,2023,43(2):228-235.

(4] B 28 J0) 0 B TR PR A AR S 0% 07 LA 9T N F BOIR KK S
T RIR AR (SRR 17),2020,51(10): 2689-2706.
XIA Xuhui, JING Weimin, ZHANG Zelin, et al. Simulation
research, application status and development trend of vibrating
screen[J]. Journal of Central South University (Science and
Technology), 2020,51(10):2689-2706.

[5) P PR SR T SRR 0 04 A SR [ 1], R 3h TR 412,2007,
20(5): 427-434.
WEN Bangchun. Recent development of the course “vibratory
utilization engineering” [J]. Journal of Vibration Engineering, 2007,
20(5): 427-434.

(6] W FL, 3K . 2658 9 0 s 20 2507 B 40 A S AR AR 0], Bt e BE AR
2024,30(3 1] 2):1-5.
CHEN Fan, WANG Bin. Dynamic simulation analysis and
optimization of vibrating screen for coal preparation [J].Clean Coal
Technology,2024,30(Suppl.2):1-5.

(7185 A7 22, /IR, 6 TR, S5 L B HIOC R TR0 A1 R o i 1o ST 9
JE[I] 0 P 55 JH,2024,44(1): 126-134.
XIE Cunli, TIAN Xiaosong, WANG Feiwang, et al. Application
research status of discrete element method in ore crushing[J].
Conservation and Utilization of Mineral Resources, 2024, 44(1):
126-134.

[8) I B, 1 K € AT T RS BOUTIE I 2 R ICER B 5521 A B
HUEE D ZCRBEFE [T 07 47 501 F11,2023,43(4): 60-67.
GUO Hongchen, XIAO Qingfei, LI Yunxiao, et al. Comparative
experimental study of multi-stage ball distribution to improve the
efficiency of semi-autogenous grinding[J]. Conservation and
Utilization of Mineral Resources,2023,43(4):60-67.

TTITRERAREZZR (BAREM)

RI1IE . http://fxky.cbpt.cnki.net



%34

AAE, v s AR A AL IR BB IF 2 AT A 347

(9] X1 £ 7 XS MY Z= 4w, A5 ANV AIKEL 75 it 5 Tl W7 LG A i e R e
fif 1 &1l B9 CEFD-DEM B AU 1], g K222 40 (B IR B R,
2024,55(7): 2677-2689.

LIU Leilei, DENG Gang, LI Weichao,et al. Numerical simulations
of erosion of gap-graded sandy gravel soil with different fines
contents and gap ratios using CFD-DEM][J]. Journal of Central
South University(Science and Technology),2024,55(7):2677-2689.
(101 7736 ki /ISR A7 XA, 45 W R 45 iR sl s 0 HILERAIFSE (D). PG T
1R EF AR (A SR FH ), 2024,46(2):164-175.
FANG Pan, LU Xiaogang, SHI Shuangquan, et al. Screening
mechanism of the solid-liquid mixture vibration screen [J].Journal
of Southwest Petroleum University (Science & Technology
Edition) ,2024,46(2):164-175.
(1] 9 [ & PR AR X 55 2 T EDEM IR k52~
432 T2 AEAR[I]. H 0 A,2024,49(2): 95-100.
HU Guoyu, CHEN Xudong, ZHAO Tengfei,et al. Optimization of
grading process of walnut shell and kernel mixture by vibrating
screen based on EDEM[J].China Oils and Fats,2024,49(2):95-100.
[12] B A0 I8 91 30 6 1 B A SR 92 5 07 o3 1k RE O AR [D]. M-
feff K2, 2020:35-56.

[13] 5 3%, REIEHE, 5 A U AR 2R 181 5 b o A O A 4 2R vy g O O
AL HLAR R 35 6 3,2024(1): 1-5.
TANG Xian, XIONG Xiaoyan, TANG Jian. Impact disaggregation
simulation of wet coal agglomerate and sieve plate of flip-flow

YIRS

screen using discrete element method[J]. Machinery Design &
Manufacture,2024(1):1-5.

[14] 5K 55 206 104 G 11 07 2L o R FF 5 (D). KM 3] B Tl 2,
2023:14-71.

[15] KARACOR D, NAZLIBILEK S, SAZLI M H, et al. Discrete
Lissajous figures and applications[J]. IEEE Transactions on
Instrumentation and Measurement, 2014, 63(12): 2963-2972.

[16] £ SCME 7 7 HE, 22 2 W . IR 30 14 4 Joe B L AR A3 Hr (07, 97 L
HLK,2016,44(4): 47-53.

XU Wenbin, YANG Yongzhu, LI Suyan. Development and
technical analysis of circular vibrating screen[J]. Mining &
Processing Equipment, 2016,44(4):47-53.

(171 Ji137, B0 Jot FH, 56 . B 0% 5 0 S 6 RO Bl R 43 A 0], o
T#,2023,55(11): 173-178.

ZHOU Yang, HUANG Bo, QU Yang, et al. Analysis of particle
motion characteristics on the screen surface of linear vibrating
screen[J].Coal Engineering,2023,55(11):173-178.

[18] 5 = 01400 7 Ja il A58 . =l e 15 03 25 S 40 3l 9 3l g

WFFE[I]. B0 LR, 2011,32(6): 75-76.
ZHANG Shimin, LIU Chusheng, ZHOU Haipei, et al. Dynamic
study on constant thickness vibrating screen of variable elliptical
trajectory with three axes[J]. Coal Mine Machinery, 2011, 32(6):
75-76.

[19] 28 XA . 5 Y e 25 = Sl 630 i sl s 20150 45 (0] SR AL S5 AL
WAK,2017,34(5): 103-107.

QIN Shuangying. New efficient triaxial elliptical vibration
screening equipment[J]. Road Machinery & Construction
Mechanization,2017,34(5): 103-107.

[20] 2= e AL AR AR . Sl 4% S0 i 28 2 801 3 2 05 FL A0 BT (). ARBLAR,
2021,52(11): 19-24,8.

LI Zhan, BAO Jiandong. Dynamic simulation analysis of single

shaft circular vibrating screen system [J]. Construction Machinery

and Equipment, 2021,52(11): 19-24,8.

[21] BEAVE, 085 855 R OSGHIR LR ST A 52 (0], ARl
B HAR,2022,48(5): 11-13.

HUANG Zhiyang, WANG Ting, GUAN Yujun, et al. A study of
high frequency double excitation linear shakers[J]. Agricultural
Equipment & Technology,2022,48(5):11-13.

[22] i PR, 5 MG, B DR, 5 . 7 681 30 5 0 75 2 9 B (LA 40
T[T, A TMHLIN,2024,52(4):62-70.

HAN Qingfeng, LYU Zhipeng, Min Qingxin, et al. Numerical
simulation on sieving performance of variable-ellipse shale shaker
[J].China Petroleum Machinery.2024,52(4):62-70.

(23] Z= PR R TUA  CHR Bl 0 2 O e il 3 0 4R (D). 3 B
AEHRA,2016:11-28.

[24] 5K KR, 5, 1 T AR, A AR S A AL R B 45 4 15 38 TR 1
U] LT TR AT 224 (AR R),2022,41(6):481-489.
ZHANG Yongli, LIU Ting, MA Yulin, et al. Coal pore and fissure
structure and permeability under microwave radiation[J]. Journal
of Liaoning Technical University(Natural Science), 2022, 41(6):
481-489.

[25] W tedh, 2F 7R X T EE, 55 3T DEM B9 & A IR sh TR 0 ) 7 43 HL

Tl AL LB 7T [J/OL). W 7= 45 45 Il 1, 1-9[2024-07-08]. https:/link.
cnki.net/urlid/51.1251.TD.20231120.1538.012.
YANG Huarui, MA Xuedong, ZHAO Xuanjin, et al. Simulation
study of mineral screening mechanism of composite vibrating
screen based on DEM [J/OL].Multipurpose Utilization of Mineral
Resources: 1-9[2024-07-08]. https:/link. cnki. net/urlid/51.1251.
TD.20231120.1538.012.

[26] I A% e B, B 2 AR 45 . S IR Sl 75 6 201 RE ) 2 TS

BF 5T [J/OLY. 87 FH 1 2 244 , 1-7[2024-07-08]. http://kns. cnki. net/
kems/detail/61.1112.03.20230720.1044.006.html.
WANG Xiaochua, YANG Huarui, MA Xuedong, et al. Discrete
element simulation study of composite vibrating screen screening
performance[J/OL]. Chinese Journal of Applied Mechanics: 1-7
[2024-07-08]. http://kns. cnki. net/kcms/detail/61.1112.03.20230720.
1044.006.html.

[27] SRR . TR IR 7 52 4 0 W 25 R 0 Ak Beit 5 124 43 BT [D]. b
HUALARTL TR%%,2023:1-8.

(28] EAFR I FHELE F R8N A R i B R DRSS Tk B[], H
JE95%,2019,45(8): 91-95,115.

ZHAO Huanshuai, YIN Deduo. Research and industrial
application of F-series composite vibration screen[J]. China Coal,
2019,45(8):91-95,115.

(291 282 AR AURL B8 IO TR 70 20 W S 80h5 s M HL o &R [D]. K5
KA T K A%,2019:83-89.

[30] 74 i, A& e e, J5 At . ML R 2R PH AR A 2R 1) B8 O TR LA 5T
[I]. 45 ¢ T#2,2019,51(12): 167-171.
ZHAI Youxiang, XIONG Xiaoyan,
disaggregation simulation of wet coal agglomerate using discrete
element method [J].Coal Engineering,2019,51(12):167-171.

(3118 5 3, 227K E B M0 L, A5 . 6 T 3R 11 8 ) R AR 5 7K 3R RAE
FE[I). R A AR ,2021,27(1): 71-79.

LIAO Guiwen, JIANG Yongzheng, HU Yafan, et al. Methods for

TANG Jian. Impact

characterizing moisture content of wet coal particles based on
surface energy[J].China Powder Science and Technology,2021,27
(1):71-79.

TTFITRERARKRZZR (BARZEM)

RI3IE . http://fxky.cbpt.cnki.net



