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Optimization of Lifter Bar in Semi-Autogenous Grinding Mill Liner Design
Based on Discrete Element Method

FANG Xin', LIU Yu*?, LI Maolin®®, HUANG Lilong>*, LUO Cong', LI Liangwei', WU Caibin'
( 1.School of Resources and Environmental Engineering, Jiangxi University of Science and Technology, Ganzhou 341000,
Jiangxi, China; 2.Changsha Research Institute of Mining and Metallurgy Co., Lid., Changsha 410012, Hunan, China;
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Abstract; The parameters of lifter bars in the design of a @12.2 m X 6.7 m semi-autogenous grinding ( SAG) mill liner
for the Las Bambas concentrator in Peru were optimized by employing discrete element method, and a quadratic
regression model was constructed based on response surface analysis to investigate the effect of various factors on total
collision energy and energy dispersion. The results indicate that lifter height has a significant impact on particle motion
behavior, and it can alter drop height, particle trajectory and moving range, thereby impacting the collision energy
during grinding process. The face angle and width of lifter can influence the distribution of collision energy by adjusting
particle positions in the cascading and grinding zones. Based on a comprehensive consideration, the optimal lifter
parameters are finally determined as follows: height of 380 mm, width of 100 mm, and face angle of 30°.
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Table 1 Physical properties and contact parameters of

steel balls and mineral particles
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HEE/ (kg - m™?) 7 800

Ek EE/N A 0.3
FPERL I/ MPa 70 000

W/ (kg - m™) 2700
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Fig.1 Liner structure and geometric modeling of SAG mill
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Table 2 Control parameters and level values of liner

KA BT mm

WIS/ mm BT/ ()

1 340 80 20
2 380 100 30
3 420 120 40
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Fig.2 Particle velocity variation and position distribution

during grinding
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Fig.3 Energy distribution under different forms of collision

during grinding
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Table 3 Experimental scheme and result of BBD

e PRTMREE RTIREE RIMAWA aiE Akt

€4 H/mm W,/ mm A/(°) Bhea/] EHURE
1 340 100 20 5017 0.288
2 340 120 30 4878 0.271
3 340 80 30 4824 0.311
4 340 100 40 4650 0.229
5 380 120 20 5368 0.343
6 380 80 20 5625 0.366
7 380 100 30 5684 0.159
8 380 100 30 5554 0.157
9 380 100 30 5705 0.159
10 380 100 30 5549 0.159
11 380 100 30 53808 0.153
12 380 80 40 5246 0.361
13 380 120 40 5318 0.328
14 420 100 20 5749 0.347
15 420 120 30 5626 0.390
16 420 80 30 5832 0.407
17 420 100 40 5670 0.405

MG 3 bR 53 52 i DR 75 W i A 22 i ) 5
2 X R BT GG, AR ANOVA
AT R I 4.
PR R S e E A AR
E = - 24250 + 130H + 80W — 344 — 0.081HW +
0.18HA + 0.41WA - 0.15SH* - 0.32W* - 1.454

(2)
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Table 4 ANOVA analysis results of quadratic regression model

xi] EHM AHEE B F1E Pa
REfHEALAERE 2.160x 10° 9  2400x10° 3473  <0.0001
RISEEE 1.54%x10° 1 1.54%x10° 22252 <0.000 1
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BRI 95613.46 1 95 613.46 13.84 0.007 5

AR 170.59 3 56.86 0.0047 0.9995
Rl BEUERE 0.1469 9 0.0163 88575  <0.000 1
PRI 0.0253 1 0.0253 137276 < 0.000 1
IR 0.001 6 1 0.001 6 86.12  <0.000 1
vl iyl 0.000 1 1 0.000 1 3.12 0.120 8
AN 0.000 1 3 0.000 1 4.59 0.0875
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o R B LA AN AN B 3 U B L BB A A Ay b
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VRl AR S HOREE D A RIE R R
D = 11.25 - 0.038H — 0.058W — 0.077A + 7.18 x 10 °HW +

7.35 x 107°HA — 1.10 x 107° WA + 4.84 x 10°H* +

274 x 107*W? + 8.25 x 107*A? (3)
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Fig.4 Comparison of predicted and actual values of motion

during grinding with different liner parameters
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Fig.5 Influence of interaction of different liner parameters on drop height
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Fig.6 Influence of interaction of different liner parameters on moving range
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Fig.7 Variation in maximum and minimum impact energy during grinding with different liner parameters
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