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Fig.2  Decomposition of the ball bearing and coordinate

system of the cylinder
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Fig.4 Trajectories of the steel ball inside the drum

Kl4rhr ZoRBiEiM, o LR &M, wEU
IS B 7 R . € RO NERERHBURL & 1 %
) — s MRBE C RTETR TN BE b AR N 45 2R
DI A B 2 030 It B VR 187, WUAE € itk
/NERBATERZ BN AL 105 T1 R F I Wk T S TR B
PN BETT IR IR S | K R I B IR A2 ) WL (4)

F, =Gcos « (4)

TRIE— B U s , oA N o, S E
B2V WY ER R shiz sl sh T, 2 20 B
OIS Fh

2
Femw'Ra F="Y

) (5)
Rl 3 B E AR AR fE O I 4 ) A e
ELO AR I X (5) FRA(4) 15
V? = gRcos a (6)
K (6) ABRENLN Y Rz B AT A,
YIRHYZ S V =2mnR/60 1R A (6) AT 15

cosazg(%) (7)

ME(T7) AT LA R 5 n 568 N R
RS o Z A1 [ E O FR . 4Bl 0, Wy ekt g
SR E n IR AR R A C, 05 Bk it
HATEARTC K

RIATESESG S n NisdT , 2ENER: — Ra i bl
BRI n (ARG, a BETIR/N G555 n (HHY
InEE =0 BFERR YR R A B O IE SRS
IS, 3K B HLAN RE S B RIOR % s U S BEPLIN
PRA R, KEARREBHLNMNEKS) B 01k, el N
fIK—28  /NELAR BE AL A% S ] A G R — 2, AR SCHIFE
FIEREEHLIE TR AR EE ML, S 1 R BR S HLA0
SETRUAR, BRI, 15 A 25O S R I s

% C R A T 4R 0 25 VR f41 PN BE 119 1, L
A AR BE v, 57K B— A B R TR 2 5
Wiz s e 5 2N R BE A B A, B R FVEAM, B AT
FRATE R, LA C s R sl AR bR R AT R A
[N C 15T G2 sh il 2

28
Y+ =Xt 8
212 cos’a an (8)
53%.(6) I A (8) T
2
Y+X73:Xtan o (9)
2R cos’a

TE C SSTTER YR A AR 22 v VR BT N BE 1Y) [l
(5] JE B0 B2 R

(X —Rsin @) + (Y +Rcos a)® =R’ (10)
F(9) AKX (10) Wi Jr REBE ST, SR RO AT 75 B A5 1)
ABRE (X, Y,) o

. 2
X, =4Rsin acos” o

(11)
Y, = —4Rsin’acos a
W B B IE SR AT R K
Rsin 6= =Y, — Rcos a (12)
B FIYARSLE T R R
Rcos 0 =X, — Rsin a (13)
B OADHRARK(12) 15
sin 0 =cos a(4 sina—1) (14)

Hi =X (14) ATHIBE 2 1 AR V& M B & | AT LA
R ICFEA AR/ NS R ¥ A B9 R/ T
BRIEHLIR 5 32 1 KB L
2.2 HREMNREZHXBEURIZM

Xt T A e K P A BRI AL =, A R I
BB BRIB BOR R A, TR AFAE— D IR BT R /Y
TWHl X — R AR AR B 2%, TR A s X
RAVEREHLI S B BTERPEATAT TS . TR SR
(M AR AR R R AT G, IR A &g, W)
BRE ISR PO E Y d, TR g & YR
REIRAETNE R Z L, K 5 s, TR
RN S, SR AR AR Y LUAE



- 90 - A T2 (A RRER)

2017 4F

" 1
A1 BT R] I (16) BT
arccoig(o d/R) o % JE-E
n= s (16)
Y

5 WREERRER
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mill
A YORHY AR B AR FE A 16 v/min 247, TR
U 16 1/min 5, YR R FAHEES = A 8l il
TR EAWN, GG IZEREYLPRB I TRCR ST
P, UEREEMLIE 121 75 BUB L 20 v/min DL, BK
FE TR R R, IR S LR B, HR T
JRIAEEEE D BTl — B AR, My
Mt E s BE A SO R BRI AR 2T & Al 52
Priz i,

B 7 AR ARG ES A 2 R G R AT AR BY
A i AP RS A ik F) 88°
F, RIS AR, B 8 MR TN R EHAR
XFPIRET 3% A S
4.2 ERE5HEEAER

Fi ARSI TR T R A A T kS
VR TR 2 b T AR EA T O AN 9 o, P IRT 9 Wl L
B BE BRES DL B3 & VR R N EME TR
fAT AV TR RR B Z 34, DN SEEBRs DL, e 3 1) 34
I AS VR 18 P RL 7 A 431, 1) 25 308 B VR Bl ot 1
iz,

4.3 EHREX HESREZH
o AR SCIA T3 7 6 TR 7 v e g A 3

90
80t
70+
__60F
;Esof
401
= 301
20+
10r

0 Il 1 1 L L
30 40 50 60 70 80 90

TEMOIC)
K7 Wrkhzsh TS s A SR

Fig.7 Relationship between the maximum falling angles and

the separation angles of the ball

W
801* n=5 r/min
70+

|: n=10 r/min ,

n=15 r/min

q.O I 115 ‘ 2I.O 2‘.5 31'0 3i5 4.0
HA%/m
K8 R[EEHE T YR T IS5 M SERE ERNKR

Fig.8 Relationship between the maximum falling angles and

the diameter of the ball mill

28
261

)
SIS
T T

_— = NN
=
|

PR fh i R m?
N

15 ‘ 1I6 1‘7 1‘8 I 1I9 20
%3 /r - min™!
19 A i Sl AR OC &

Fig.9 Relationship between rotation speed and contact area

MG IRBVR & 09 A4E #4705 5, 25 R &l 10
o K10(a) il T AETR %50 15. 51/ min B}
B RZ 1ED, I 10(b) MR %453 20 r/min
B 2% 2 R AZ 1 O

K11 52 TH TR 0.4, %3N 15.5 r/min
BHR YR Z 3G G, B 10 (a) FTET 11 (X
Fo &, 3 70 S0 B AR R A sz 13 T i
1. 78 1,



- 92 - A T2 (A RRER)

%010 20 30 40 50 60 70 80 90
al(®)
(a) n=15.5 r/min(3EFE20.3, %33 15.5 r/min)

80710 20 30 40 30 60 70 80 90
al()
(b) n=20.0 r/min(3EL 7£,20.3, #%7#20.0 r/min)
K10 n=15.5r/min, 20r/min I YIRS BRAGZ 1500
Fig. 10 Force on the material in each quadrant, when

n =15.51/min and 20 r/min

1252.0
]251.84-
1251.6
E 1251.4:
#1251 207
g 1251. Of
1250.8 -
1250.6 h
A
1250'40 ll() 2I() 3I0 4‘0 5‘0 6‘0 7I0 SI() 90
al(®)
Bl 11 7=0.4,n=15.5x/min I}, YPESZIRNAZ 1500
Fig. 11  Force on the material in each quadrant, when
7 =0.4 and n =15.5r/min
4.4 BEEEWMBELNSENEEOBM

ARSI BHER A NI IEFEFE R 0.2 ~0.6 Z
[T 7107 = o o0 N B e A7/ b 2 e SN S EA = R
FEGO 2T, H 4 SOCHAE FH R ) 5 e S 50
FIEAT AR A oy — A2 AR (8, BAAdn
B 12 iR,
4.5 YRHRENENEZES

BUEEBE RN 0.1, 7EFE N 15, 5 v/min JATT
FA 51 0.3 F10. 4 PIRMEDL T, X ERES HLIR 4
BE iy 32 BEA 134T 05 L A0 A, G181 13 BiroR . 43

2017 4E
120 -
—+—n=16 r/min
HOT 4 217 v/min
100+ —e—n=18 r/min
- —8—n=19 r/min
.E 90T =20 r/min
z 80+
£ 70t
% ol
50+
40 L
30
20— . : : . : : — 3
0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65
(a) T 3 &
4.5 -
40}

—+—n=16 r/min
—a—n=17 r/min
—o—n=18 r/min
—8—n=19 r/min
----n=20 r/min
L n 1 1 n Il L 1

1-(5).20‘0.[25l 0.I3OI 0.I35‘ 0.40 0.45 0.50 0.55 O.6OI 0.65
T
) B AR
AN e AR TR T A PR
3 4 T8 0 A

Fig. 12 Gravity and centrifugal force of the ball for

50T HAT/N - m?
w
<

B 12

different speeds and different fill rates

BTl 0 VR fR B A 2R 52 B RS U 52 BR 1 B 4
Wil 5 2 S P 1 T A S I ks A X 5 ) R B
SR TE = T 2 WA OG SR, AR TR A6 5F 5 PR R 452
T30 A R ELAR DU 2 PR, AE W RP IR TR R
T WRLXT R TR RE A EE 5 ) A 5 — 5 B bl T
I, X 13 (a) (b)), R%EE&HT,
IR 0. 4 B WL 0 f PO BE (1 B 462 0 02 i 70 %
0.3 BFAY 1. 33 £,

5 ik

(1) BREEALIZ AT I, W) 00T R 87 P4 BE el AR 14 )
FAER AR A% 7 3 D RIRR BN A FH B9 /E A
T, YPREXVR 18 B AE T g B 43 A1 52 1 1 e U FITE
FERIEM . 25575 ARSI 4518 LIRS HLIY
 KIBATHE RN /N T 226 v/min, i 18 17 5% 4 4%
TFE 16 r/min X S BREBRCR LA F . ASCHTE
H’Jﬁ@‘(%iﬁ?ﬁ@f@%ﬁﬂfﬁ%ﬂ%ﬁ%%ﬁﬁﬁ%

(DKEJE’JEEW%HL%%B"Jﬁl‘%%ﬁ?,ﬁﬁ*
BRI = BRI LS PR A B 0 ot 12 T 56 1M
HUEBREEHLVR (87 5 SORN [ A A G 7 It 25 4 [



%6 1 K BAE . KR T REREEHLYIRL 3 124 20 b - 93 -
126.0 SE
12587 (17 3kT. BREEHL CAE BRI D]. K& HhK
7‘1223: %, 2005. o |
§ 12591 ; Zhang N. The study of application of CAE technique on
¥ 12500 the ball mill[ D]. Changchun: Jilin University, 2005.
& 124.8 Y e (in Chinese)
1246 A [2] #F. BREBHUET N RIE s/ 5 S8 D). iT
SO e L TR A, 2008.
"0 10 20 30 42 /(0)5 0 60 70 80 90 Yuan Z. The motion analysis of grinding medium and the
(a)yn=0.4 optimization of parameters on the ball mill[ D]. Anshan,
94.6 Liaoning: University of Science and Technology Liaoning,
94.4 2008. (in Chinese)
942} [3] FR&lE, H W RBILW AR mLERIT]. hE
Z os0f Bk, 2006, 15(8) : 94-97.
g 93.817 3 Chen J F, Xiao F F. The summarization of the developing
& 9361 trend of ball-mills[ J]. China Mining Magazine, 2006,
034 By 15(8) : 94-97. (in Chinese)
B e (4] ZE35E, W, TIE, % FAMCREREHLL 3
010203040 50 60708050 IRTIT. W IIBLAR, 2007, 35(1) ; 13-15.
(b) n=0.3 Li W L, Yang T, Yu X J, et al. Current development
13 n=15.51/min, n=0.4 F10.3 BHkl %A 1 status of foreign big-scale ball mill[ J]. Mining & Pro-
BEHE ) cessing Equipment, 2007, 35(1) ; 13-15. (in Chinese)
Fig. 13 Friction of the material on the cylinder when [5] #k—R. BREHUEBRIZZ 25T XS RARE I AT 5E
n=15.51/min, 7=0.4 and 0.3 [D]. BB EIGHTR, 2010.
EWRIET , R BEFIL E{J%ﬁ%%ﬁ%ﬂ VB 15 B A 3 I i Yao Y M. The study of motion analysis of milling ball and
ﬂéﬁ%ﬁ?’f: E5E LR ,/ﬁ%ﬁﬁéﬁkgﬁ%igﬁﬁd\ ,}i to the liner influence on the ball mill[ D]. Wuhan: Wu-
> ,/E%Eﬁ%ﬂd\%ﬁﬁgi?ﬁ@j{o han University of Technology, 2010. (in Chinese)
JORREF  ESUEA AL 0. 4 i PR £ B9 1 Dl S A, 200
. R . . Tian Q J. Study on the working performances of large
o $4 5 ,ﬁbﬁ#f*%*ﬂﬁn%@{TE%{i%ﬁWﬁ% tumbling ball mill based on the discrete element method
W AR RRIE LIS 17 T 4H ’ AN T4 1o A 7 A [D]. Changchun: Jilin University, 2011. (in Chinese)
Fo T LR L AR BGT A BORIS (I (7] g, S6 T = 4epslOnoeik MR HLA TR 2%
SO 0. 4) P I 25 3 R AP Dol e 125 70 A BFE[D]. BT BT K, 2008.
ﬁﬁﬁ%ﬁ%ﬂﬁ(ﬁ‘%% J:Ejj o Shi G J. Study on medium parameters based on three-di-
(4) WL ER BE LR T8 N fF M i) BB 3 h N 25 mensional discrete element method of ball mill [ D ].
2000 , SEREEMLI B ) A R S bR , i@ o A Kunming: Kunming University of Science and Technolo-
'S JJEE 8 AR BR S HLVR 15 3 A% R 9 5t N # gy, 2008. (in Chinese)
W E:gi T?\g;ji@ %g;ﬂjimaﬁ ijilj‘ﬁ [ﬁ]l, ﬁ j\‘ig; 1%53 Eg [8] LuSY, Mao QJ, Peng Z, et al. Simulation of ball mo-
. N . = tion and energy transfer in a planetary ball mill[ J]. Chi-
AARTT FEEAE 16 v/ min ’\Fé%ﬁ4ﬁiﬂﬁiqii nese Physics B, 2012, 21(7) : 078201.
R, I AE 1 T2 TR RS AL 400 A e o D 3o A0 A e .
. N . [9] Huang P, Jia M P, Zhong B L. New method to measure
HOI 2] JEER & %5 I8 ’ A8 PR R BRI 2R Y i 4 the fill level of the ball mill [—theoretical analysis and
r ’ iﬁfﬁ?ﬁj?ﬁﬁ%ﬂﬁ 0.3 il‘l 0.4 Z'I‘ETJ ’ {ﬁ%%lﬁ% DEM simulation[ J]. Chinese Journal of Mechanical En-
#7F 16 t/min s B AT DA /N R 1T 1 AR 38R g m] A gineering, 2010, 4(23) ; 460-467.
PRUEA RCAY ERL A R 3R A5 BRI AL [10]) Zeimae. S0 T 2 MOT 5 R 09 BR B ML 2 8000 1k BF 5%

wR,

[D]. K& HMKE, 2009.



- 94 . A T2 (A RRER) 2017 4E

Li Y H. Study on the parameter optimization of ball ﬁﬁ‘m{mUEﬁﬁ[D] K. hRgkaE, 2004

mills based on the technology of distinct element meth- Chen L M. Research on ball mill roller stress of three di-

od[ D]. Changchun; Jilin University, 2009. (in Chi- mensional finite element analyses and its residual life pre-

nese ) diction [ D]. Changsha; Central South University, 2004.
[11] BREREI. BRESHLIER N 10 =4EA FRIT/ T B R A (in Chinese)

Analysis of the material dynamics of a large lattice ball mill

ZHANG Wei' REN Chong' LIU YuNan® SONG YuGuo '

(1. Engineering & Training Center, Inner Mongolia University of Science and Technology, Baotou, Inner Mongolia 014010
2. Advanced Manufacturing Technology of the Key Laboratory of Beijing Municipality, College of Mechanical Engineering and
Applied Electronics Technology, Beijing University of Technology, Beijing 100124, China)

Abstract: Due to the lack of data for an imported large ball mill with grinding balls in a cylinder, there is insuffi-
cient reference material to allow the speed and filling rate of this type of ball mill to be optimized. This results in
frequent failure of the ball mill. Therefore, it is necessary to study the influence of different filling rates and differ-
ent speeds on the mechanical properties of the ball mill in order to obtain the relationship between the rotation speed
and the filling rate, and extend the service life of the ball mill and improve its efficiency. In this paper, based on
the movement inside the ball mill, the interactions between the steel balls in the ball mill are analyzed. By consid-
ering different speeds and different fill rates, the load conditions of the drum of the ball mill are analyzed, and the
relationship between the separation angle and the falling angle are analyzed. By means of the above analysis, a fall-
ing angle and separation angle model, a load area model and a roller friction model were established. A simulation
analysis of each model was carried out under the actual working conditions.

Key words: ball mill; filling ratio; falling angle; separation angle; friction
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