_
=

Accepted Manuscript __POWDER

Analytical solution for the dynamic model of tumbling mills

Ping Yu, Weiguo Xie, Lian X. Liu, Macolm S. Powell

Pl S0032-5910(17)30333-9

DOI: doi:10.1016/j.powtec.2017.04.035
Reference: PTEC 12499

To appear in: Powder Technology

Recelved date: 13 February 2017
Revised date: 6 April 2017
Accepted date: 11 April 2017

Please cite this article as: Ping Yu, Weiguo Xie, Lian X. Liu, Malcolm S. Powell, An-
alytical solution for the dynamic model of tumbling mills, Powder Technology (2017),
doi:10.1016/j.powtec.2017.04.035

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


http://dx.doi.org/10.1016/j.powtec.2017.04.035
http://dx.doi.org/10.1016/j.powtec.2017.04.035

Analytical solution for the dynamic model of tumbling mills
Ping Yu!, Weiguo Xiel, Lian X. Liu2*, Malcolm S Powell!

Julius Kruttschnitt Mineral Research Centre, Sustainable Minerals Institute, the University of
Queensland, Indooroopilly, Brisbane, QLD 4068, Australia2

Department of Chemical and Process Engineering
University of Surrey, Guildford, Surrey, GU2 7JP, United Kindom

“Corresponding author. Email address: |.x.liu@surrey.ac.uk; Ph: +44 1483686594

Abstract

Optimisation of grinding circuits is invariably dependent on sound process models
together with process simulators that can solve the process models accurately. Most of
the process models are solved numerically because analytical solutions are not
available, which can lead to errors in the results due to the numerical approximation
of mathematical equations. Whiten [1], and Valery Jnr & Morrell [2, 3] have
developed a dynamic model with numerical simulation for autogenous and semi-
autogenous mills, and validated the model with dynamic response of mills in terms of
power draw, grinding charge level, slurry level and product size distribution to
changes in feed rate, feed size, feed hardness and water addition [2, 3]. In this work,
an analytical solution for their dynamic model of tumbling mills has been developed
based on the knowledge of solutions to the first-order nonhomogeneous linear
differential equations. Two algorithms, Direct Single Time method (DST) and Direct
Multiple Time method (DMT), were applied to obtain the analytical solutions
respectively. It was found that analytical solutions are more accurate than the
traditional finite difference numerical methods. However, the DST analytical method
has a drawback of numerical instability due to the accumulation of round-off errors
which are amplified by exponential functions, whilst the DMT method can provide
stable solutions. To test the DMT analytical method, two cases of SAG mill dynamic
operation were studied with both the traditional numerical method and the newly
developed analytical method, further proving the robustness and feasibility of the
analytical solutions.
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