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Research on parameters of ball mill’ s trapezoidal liner based on
DEM-FEM coupling approach

Li Kunyuan, Tong Xin, Li Zhanfu, Ye Yiqing

(School of Mechanical and Automotive Engineering, Fujian University of Technology, Fuzhou 350118, China)

Abstract: A large-scale ball mill with a radius of 4300mm is simulated by DEM-FEM coupling.The

total deformation, strain and stress of the trapezoidal liner at different inclinations, top edge lengths

and heights were studied. Then, the optimized scheme and significant influencing factors were ob-

tained through orthogonal tests.
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Fig.1 DEM-FEM coupling process
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R ZIEE L EAE R 4 300 mm [ K KA
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Tab.1 Orthogonal test table of factor levels

KFE M) BUAKEE/mm &E/mm
1 22 130 200
2 26 150 225
3 30 170 250

2 W L(3") EXREE
Tab.2 Orthogonal test table of L,(3*)

WhKE,  wE/

WS M) w5

mm mm
1 22 1 130 200
2 22 2 150 225
3 22 3 170 250
4 26 1 150 250
5 26 2 170 200
6 26 3 130 225
7 30 1 170 225
8 30 2 130 250
9 30 3 150 200

T SR AR AR B S T 4 56 3k R AR 4
54 80,100,200, 300 mm , & 435 A 15 800,
2 700,255 .25 B A Fl—FRiAE R 120 mm
6220 MY BRHEAT 5 B, BURLEECR 25 000
A BORE SR 24 R 35K S LN AR FR Y 35% , Rk
FEHLAY I 78R 250 35% , Ho 4Bk 29,5 15% , -
L2085 20% , EJFEHEN 66 027 kg, ZIREEHLIG A
59K 14.45 1/ min, 7 HR K 74.46 1/ min, W
TAEREH N 10.76 v/min, Bl 1.126 8 rad/s, J5 S}
)0 1 s, P8RRI N 0.7 s, i A7 g 9 s, &
I, Bk DL AR 58 B, AT IR, & E 5l
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2.3 ANSYS Workbench 3k f#

TE Workbench %37 DEM Solutions #E

Pressure.axdt X5 A F| Resulis ., @i 71 &



5 6 ]

FRYF, % ET DEM-FEM M & ERIEHLMIE A RS B 5

525

G B Results 5 Setup K, TP R AL
T SFABRRBHAS AL ELRL JE A Mechanical
S, 2 SCEREEHLAR AR AR B EE AR L RO
DRA% , 25 L 2] Do s 50 R T o, ¥ A RS E
50 mm, PS5 S ECE R 118 389 A, 4K BT AL
H22 710 4>, BINZR 2 A Pressure , #3744
1A BROCA Y anfEl 2,
2.4 HRTKFELE

TERTRS A ) B 40 1 A ik e v, e A8 0B |
1 AR 3 A FabR o HE R AR B EE U O, 3 9 A
R, A ER 3 K, REME, Blmasfid
SRTEIEASZR T LSk A R UK 4 FiR

B: Static Structural
Figure
Unit: MPa

0.045032 Max
0.040028
0.035025

| 0.030021
0.025018
0.020014
0.015011
0.010007
0.0050036
0 Min

Z‘/L‘X

0 2e+003 4e+003 (mm)

1e+003 3e+003

B2 #HRARTER

Fig.2 Finite element model of the liner
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Tab.3 Physical properties of particle models

WURIEEA B/ (kg - m ™) THFALE S E/GPa IRSNEHRE IKE R BEEREK
o B 7 800 0.25 70 0.5 0.2 0.01
Ak 7 800 0.25 70 0.5 0.2 0.01
el 3 140 0.30 0.1 0.5 0.2 0.01
x4 EXHBER
Tab.4 Orthogonal test results
BEs MiMA/(e) =9 TKE/mm @E/mm HKREE/ pm TR NAE R S1/Pa
1 22 1 130 200 58.511 3.19x1077 61 976
2 22 2 150 225 56.510 3.54x1077 69 671
3 22 3 170 250 53.882 2.82x1077 55 083
4 26 1 150 250 47.830 2.86x107’ 56 737
5 26 2 170 200 44.392 3.37x1077 65 741
6 26 3 130 225 53.150 2.56x1077 50 689
7 30 1 170 225 46.463 2.67x1077 52 393
8 30 130 250 47.602 3.19x1077 62 333
9 30 3 150 200 46.391 2.98x1077 59 311
3 NFEE EEE@EXMJ\ET }‘J\i‘%ﬂlﬂﬁ]uﬁtﬂ,ﬁﬁé\/}’zﬁﬁ{ﬂﬁ
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> FAR TR, 77 58 B4 5 B2 2 200 mm,
R g 220 AR T BE S 150 mm ; 2855
JO7 A (RS0 PR 2R 3 U A e A e JBE >4 ) 1 A >
FIARUA R L, 575 58 B8 B 2 200 mm, 4
BRBIBEAA N 220 AR TR BE N 150 mm,
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Tab.5 Deformation range table
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Tab.7 Equivalent strain range table

AR wifa, KR, SR AR fisfi/ . DAk E, ®E/
SO - m e () mm mm
k, 56.301  50.934 53.088 49.765 k, 3.18x1077 2.91x107 2.98x107" 3.18x107’
k, 48.457  49.501 50.244 52.041 ky 2.93x1077 3.37x107"  3.13x107 2.93x107’
k, 46.818  51.141 48.246 49.771 ky 2.95x1077 2.79x1077  2.95x1077 2.95x107’
W2 R 9.48 1.64 4.84 2.27 W25 R 2.50x10% 5.80x107* 1.80x10* 2.50x10°*
B2 R=JK -/ b 0 B R kR
*k6 BEAZRMEUNANRER x8 TERFAENH
Tab.6 Equivalent stress range table Tab.8 Variance analysis of deformation
fz; " “ffﬁ)/ g DR 25 fﬁu By R Bk
k, 62243 57035 58 332 62 342 Wif 15412 2 77.061  32.206 ¢
k, 57722 65915 61 906 57 584 235 4.79 2 2.392
k, 58012 55027 57 739 58 051 T 35.525 2 17.763  7.424 T
W2 R 4521 10888 4167 4758 mE 1033 2 5167  2.159 p
W ZE R=1e K kH-f/ k 1H RZE e 4.79 2 2.392
MIRE 479 2 2.392
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Tab.9 Variance analysis of equivalent strain
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Tab.10 Variance analysis of equivalent stress

, B . , R .
2518 T HEE  Hir F{E W 2E 518 . HEE #Jr FE W
Bifs 1.18x10™° 2 5.92x107'° 0.561 Ji fifs  3.84x107 2 1.92x107  0.493 T

23] 5.56x107° 2 2.78x107" 2% 2.01x10° 2 1.01x10°
WAk 5.31x10° 2 2.65x107'° 0.252 Ja WK 3.05x107 2 1.52x107  0.391 7
W 1.16x10° 2 5.80x107"°  0.55 & B 4.13x107 2 2.06x107  0.529 G
WZEe 556x10° 2 2.78x107" WEe 2.01x10° 2 1.01x10°
BIRZE 8.43x107° 8 1.05x107° BRZE 3.12x100 8 3.89x10’

. Foos (2,8)=4.46, Foo (2,8)=8.65

4 e

AU LA Al i) S 50K 60 S H Y 54T F
GE RPN BR G X TR SE A A Y
S5V MG — 25 3 B, A B 1 5 58 SR e Al 4 £
22°,Tﬁf@ﬁf§ 170 mm,%ﬂ‘*ﬁ%fg 250 mm,

iz A FRoT 5 B BOT AR & 7 0 el B i 45
R RS BEATWESE i 3 28 e Al 28 I T R

T: Foos (2,8)= 446, Fyy (2,8)=8.65

A A B A0 EAT 8 3 RS, DR T A B el
AR OUIS R of A 061 A1 At — 220 Ak . i
ol AR T 4 FEE A A i JEE R SR T 4 SRR W5
WA AN 225 (BRI REAFAE AT 5, AT &

BREEDLAY S bR TOUR L A AP AE AR 2 2 TR
PUE UNBRIEHLEGHE  BRIBEHL N AL 3R 5 48 . A
SCHXH AR MR UL R AT, B
TER PR S BT 5

A SR AR S 8 ) 2 8 B, R B A A ) f £ o

S

(1] AAF, E R, SR BRIBHUBIE AT AR BET[J] .47 PR, 1993(5) :5-7.

[ 2] Rezaeizadeh M, Fooladi M, Powell M S, et al. A new predictive model of lifter bar wear in mills[ J]. Minerals Engineering,
2010,23(15) :1174-1181.

[3] Yahyaei M, Banisi S, Hadizadeh M. Modification of SAG mill liner shape based on 3-D liner wear profile measurements| J |.
International Journal of Mineral Processing,2009,91(3) .111-115.

[ 4] Yahyaei M, Banisi S. Spreadsheet-based modeling of liner wear impact on charge motion in tumbling mills[ J]. Minerals En-
gineering,2010,23(15) . 1213-1219.

[5] Djordjevic N. Discrete element modelling of the influence of lifters on power draw of tumbling mills[ J]. Minerals engineer-
ing,2003,16(4) :331-336.

[6] Djordjevic N. Influnce of charge size distribution on net-power draw of tumbling mill based on DEM modeling[ J |. Minerals
Engineering.2005,18(3) :375-378.

[7] Jonsén P, Palsson B I, Tano K, et al. Prediction of mill structure behaviour in a tumbling mill[ J]. Minerals Engineering,
2011,24(3) :236-244.

[8] Jonsén P, Palsson B I, Higgblad H A. A novel method for full-body modelling of grinding charges in tumbling mills[ J].
Minerals Engineering,2012,33(6) ; 2-12

[9] Mindlin R D. Compliance of Elastic bodies in Contact[J]. Journal of Applied Mechanics,1949,16:259-268.

[10] FNECIR, FEHE ORI By 2 S8 [ M ] AL Bh2r H i, 2000.

[11] BEEAR. T B BT 54 BROTH & 19 R BLEREE DL A PEREDFIE [ D] KA AR, 2015.

[12] 2, WG SR R Bt S8R 0 [ M. ALt Ao~ Tolk i ikt , 2008.

(REHE: BFE





