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Table 1 Working parameters of ®3.6 mx4.5 m ball mill

S Value
BREE L EL AR /m 3.6
BRI LS 4 /m 45
IR ST T (% 41
e KA BR A% /mm 70
e 3R /(r-min ) 17.29

1 ®3.6 mx4.5 m EREEHLE AR
Fig.1 ®3.6 mx4.5 m ball mill barrel model diagram
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Table 2 Discrete element simulation parameters

W A%/ (kgm?) 3250
ERF R/ (kgm?) 7800
[RERER /N 0.16
BERIAFS L 0.30

A B G 4 /Pa 2.07x10"

W Bk A [ £ /Pa 7.00x10"
WE R (a8 4) 0.35
WA R (=R ) 0.40
B A CRER-RER ) 0.70
HEERR (0 A0 7)) 0.68
FEEH R (0 AR 0.50
B R A (BRI ER ) 0.25
WONEWRE (W A0 4) 0.30
W EBRE (0 A -WER) 0.05
RN EEHE R B (R ER ) 0.03

R YN ER 22 e~ m (D70 mm) : m (D50 mm) :
m(®40 mm) : m(®30 mm)=15:25:35:25, Jil A
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Fig.2 Schematic diagram of different liner structures
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Fig. 3 Motion state of internal particles of ball mill of different liner structures
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Fig. 4 Collision energy distribution in ball mill under different
liner structures
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Fig. 5 Collision energy spectrum of steel ball and ore in different liner structure mills
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Fig. 6 The movement state of the particles inside the mill at different liner heights
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Fig. 7 Collision energy distribution of different liner heights
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Abstract: Aiming at the problems of low energy utilization rate and high grinding steel consumption in the ball mill, the
motion state and collision energy distribution of steel balls under different liner structures and liner heights were analyzed
based on discrete element method (DEM). The results showed that the structure and height of the liner significantly affected
the motion state and energy distribution of particles in the mill. The effect of rough liners (rib liners and double rib liners)
on load lifting was stronger than that of smooth liners (single wave liners and double wave liners), but leaving profound
impact of steel balls on the liners in the ball mill of rough liners and increasing the wear. Among the smooth liners, the
double wave liner had the most reasonable energy distribution, with the lowest 52.10% steel ball—steel ball collision
energy, and the highest 21.10% energy utilization rate (the sum of the collision energy of steel ball—ore and ore—ore in the
total collision energy of the mill). With the gradual increase of the liner height, the number of steel balls moving at high
speed may increase, and the impact of a large number of steel balls on the exposed liner would accelerate the wear. The
total collision energy in the mill increased with the expansion of liner height, with the incremental collision energy of steel
ball-liner and ore—liner, bringing the highest 21.10% energy utilization rate at 60 mm liner height, indicating that the best
liner height at 60 mm. Therefore, the selection of the appropriate liner structure and liner height could optimize the energy
utilization of the mill, improve the grinding environment, reduce steel consumption and save grinding costs.

Keywords: ball mill; liner shape; liner height; collision energy distribution; DEM
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