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Optimization of Grinding Performance for Large-type Semi-autogenous Mill
Based on Analytic Hierarchy Process

LI Feng' FU Kaijin' YU Xiangjun’
(1. School of Mechanical Science and Engineering, Jilin University, Changchun 130022, China
2. School of Automatic Control and Mechanical Engineering, Kunming University, Kunming 650214, China)

Abstract; In order to improve the grinding performance of large-type semi-autogenous (SAG) mill, the
trajectories of steel balls under different filling numbers were obtained through the test of the test bench of
mill. Discrete element equivalent model of test bench was built and the trajectories of the steel balls were
simulated. Test results and simulation results of equivalent model were compared. The comparisons
showed that test results of trajectories of steel balls were consistent with simulation results. The main
factors influencing the grinding performance and the influence law were studied. Mathematical model
between factors and evaluation indexes was obtained through the quadratic polynomial stepwise regression
analysis and analysis of variance. Optimal parameters combination was also obtained. The hierarchy
structure and judgment matrix between factors and indexes were created by using the analytic hierarchy
process. The prediction model of comprehensive evaluation index of grinding performance was
established, by which the main design parameters of large-type SAG mill were optimized. Compared with
the index values before optimization, the power per unit mass and total effective collision frequency
between steel balls and aggregates were increased by 10.78% and 15.47% , respectively, and the
maximum wear height of the lining was decreased by 10. 81% . Meanwhile, the comprehensive grinding
performance was increased by 17.25% .

Key words: large-type semi-autogenous mill; grinding performance; analytic hierarchy process;

performance optimization; uniform design method
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Tab.1 Structural parameters of large-type SAG

mill cylinder and liner
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Tab.2 Material properties of steel ball and ore and

collision parameters
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Fig. 1 Static distribution and local magnification of

steel ball and ore
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Fig.2 Trajectory of single steel ball in 25 s
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Fig.3 Release angle and local magnification of medium
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Fig.4 Displacement of steel ball in z direction
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Fig.5 Test bench of mill
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Fig.6 Simulation results and test results of steel ball motion
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Fig.7 Comparison of discrete element simulation

and test results
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Tab.3 Test scheme and simulation results of U, (20"")
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v
C[U

—_

81 245 43 155 26 21.32 30792 3.208 x10~°
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Tab.4 Parameters of regression equation
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Fig.8 Hierarchy between factors and indicators
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Tab.5 Comparison of weights of factors
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Tab.6 Random consistency index R,

n 3 4 5 6 7 8 9 10
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Tab.7 Results of judgment matrix

F iy

_— A [ A max Cr
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Tab.8 Comparison results before and after optimization
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