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Optimization control analysis of grinding process based on improved
model free adaptive control

ZOU Minhong

(BGRIMM Technology Group, Beijing 100160, China)

Abstract; Addressing the issues of production fluctuations easily caused by manual regulation in the grinding process, poor
performance of traditional model-based control methods, and difficulties in effectively utilizing production data, this paper proposes
applying an improved Model —Free Adaptive Control ( MFAC ) method to optimize control in the grinding process. By collecting
industrial data from a semi—autogenous mill in a mineral processing workshop, a nonlinear multiple regression model is established.
Simultaneously, with a small ball mill experimental model and an independently designed digital twin model of an industrial-scale
grinding process constructed, the improved MFAC algorithm is validated through simulations at three levels: single equipment,
small-scale process, and full industrial-scale process. The results demonstrate that the improved MFAC algorithm exhibits good
effectiveness and reliability in the grinding process. It can quickly respond to desired indicator switches, effectively filter out
disturbances, and precisely control key parameters, providing a feasible technical solution for the intelligent and digital upgrade of
the grinding process.
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Fig. 1 Multiple regression prediction model
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Table 1 Partial operating data of the Semi—Autogenous Mill

5 B/ (t-hTY)  HkE/(t-hTh) BEHLIIR /KW BET W % BE/MPa AR/ (t-hT)
1 534. 06 216. 95 4 350. 44 70. 38 52.30 95.12
2 533.44 216.91 4 350. 83 70. 38 52.40 94. 36
3 532.99 216.92 4 349.39 70. 37 52.40 93.65
7036 481.99 222.29 4 395.50 69. 31 52. 60 89.33
7 037 480.93 222.23 4 395.92 69.32 52.60 89.25
7 038 480.93 222.21 4 397.61 69.33 52.60 89.22
15 662 558.34 221.72 4 369. 08 69. 41 52.20 86.56
15 663 557.92 221.81 4 368. 39 69. 41 52.30 86.42
15 664 555.50 221.75 4 368.28 69. 40 52.30 86. 45
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Fig. 2 Comparison between model — predicted power and actual
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Table 2 Comparison of tracking errors for semi—autogenous mills

EECIDIRES RMSE ERROR
MFAC 1. 46E+02 2. 04E+02
MFAC-NTD 1.31E+01 2. 02E+02
MFAC-ILC-NTD 6. 41E+00 1. 04E+01
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Table 3 Comparison of ball mill tracking errors

PR bR P i RMSE ERROR
i I L MFAC 3. 13E-02 7. 68E-02
MFAC-NTD 1. 18E-02 7.93E-02
MFAC-ILC-NTD  8.70E-03 5. 16E-02
P AL AL F MFAC 1. 30E-03 7.29E-02
MFAC-NTD 8. 80E-03 1.51E-02
MFAC-ILC-NTD  9.22E-03 2.82E-02
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Fig. 3 Simulation verification of expected control for key

indicators in grinding production process
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Table 4 Comparison of tracking errors for controlled variables

bl HEhs el r ik RMSE ERROR
BEHLII R MFAC 4. 07E+03 3.98E+03
MFAC-ILC-NTD  4.05E+03 3.88E+03
i L MFAC 1.87E-02 7.95E-02
MFAC-ILC-NTD 1.55E-02 6. 14E-02
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Fig. 4 Overflow particle size disturbance simulation validation
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Fig. 5 Mill power disturbance simulation verification
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Table 5 Comparison of tracking errors of controlled variables
against disturbances
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