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Research on the Improvement of the Casting Process of
Semi—autogenous Mill Cylinder Liners
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(1. Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China;
2. Yunnan Kungang Wear Resistant Material Science Co., Ltd, Yuxi 653400, China)

Abstract: The impact resistance, friction resistance and wear resistance of semi-autogenous mill liners have long been a
concern of major concentrators and mill manufacturers. The service life of the liner is closely related to its casting quality.
Only by strictly controlling the quality from the source of its production, that is, the casting process, can its service life be
guaranteed. To eliminate defects such as shrinkage hole and shrinkage porosity in the lining strips of large-scale
semi-autogenous mill cylinders produced by a V-process foundry, ProCAST software was used to simulate the macroscopic
casting process of the original foundry method, and the causes of shrinkage hole and shrinkage porosity defects were
analysed. Then, the casting process of the lining plate was newly designed by using the independently developed
“intelligent design of casting process (cast steel)” software. After simulation and production verification, the new casting
process effectively eliminates the shrinkage hole and shrinkage porosity defects inside the lining plate, improving the
casting quality and increasing the process yield from 65% to above 85%, with remarkable economic benefits.
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Fig.1 Semi-autogenous mill and its grinding process: (a) a large semi-autogenous mill; (b) grinding process
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Tab.1 Quality attributes of the liners

Volume/cm®  Surface area/cm? Density/(g-cm®) Mass/kg

Liners  9.27x10* 2.03x10* 7.82 7.25x107
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Fig.2 Three-dimensional liner model
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Tab.2 Chemical composition of chromium molybdenum alloy steel

(mass fraction/%)

Element C Si Mn S

P Cr Ni Mo Fe

Content 0.4~0.6 0.3~0.5 0.4~0.6 <0.02

<0.02 2.5~3 0.5~0.8 0.4~0.6 Bal.
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Fig.3 Thermophysical parameters of chromium molybdenum alloy steel: (a) thermal conductivity; (b) density; (c) enthalpy change;
(d) solid fraction
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Fig.4 Original casting process of the liner
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Fig.5 Flow velocity nephograms of the liner filling process: (a) 9's; (b) 11 s;(c) 17 s; (d) 26 s
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Fig.6 Temperature nephogram of the liner solidification process (local section): (a) 75 s; (b) 2 160 s; (c) 2 960 s; (d) 7 460 s
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Fig.7 The solid fraction distribution of the liner cast solidified
for 2 960 s: (a) solid fraction; (b) sectional solid fraction
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Fig.8 Porosity distribution of the liner: (a) shrinkage porosity nephogram obtained by numerical simulation; (b) cross section of the
shrinkage porosity nephogram; (c) cross section of the liner castings produced by the foundry
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Tab.3 Selection of coefficient S,

Average all hickness of castings §/mm

Liquid steel weight G/t
<25 =25~40 >40~60  >60
1.0~6.0 1.3 1.2 1.1 1.0
>6.0~10.0 1.4 13 1.2 1.1

Note: For castings with low technical requirements and simple
shape, S, is increased by 0.1~0.2; for high technical requirements or

large thin-walled castings, S, is reduced by 0.1.
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Fig.9 Dimension calculation interface of the gating system
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Fig.10 Dimensions of each unit of the lining gating system: (a) straight runner section; (b) runner section; (c) ingate section; (d) liner
pouring system diagram
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Fig.11 Schematic diagram of the tilt pouring process
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Tab.4 Influence coefficient of common alloying elements
on the volume shrinkage ¢ of liquid steel during liquid
shrinkage™

Mn Cr Si Al

Alloying element W Ni

Volume shrinkage
-0.53 -0.0354 +0.0585 +0.12 +0.13 +1.70
coefficient K%

Note: 1. Volume shrinkage coefficient K; refers to the change of
volume shrinkage rate & caused by alloy element ¢ per unit content.
2. This table is only suitable for the calculation of liquid
steel volume shrinkage & when the pouring temperature is lower than
1600 C.
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Fig.13 Chvorinov thermal modulus distribution nephogram of liner casting: (a) Chvorinov thermal modulus nephogram; (b) slice
diagram of Chvorinov thermal modulus nephogram
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Fig.14 New casting process for liners
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Fig.15 Flow velocity nephogram of the liner filling process: (a) 5's; (b) 7 s; (c) 12s;(d) 19 s
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Fig.16 Temperature nephograms of the liner solidification process: (a) 75 s; (b) 4 130 s; (c) 5 130's; (d) 7 130 s
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Fig.17 Porosity distribution of the liner: (a) shrinkage porosity nephogram; (b) cross section of the shrinkage porosity nephogram
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Fig.18 Liner castings: (a) castings; (b) section of the casting
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