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Optimization Design of Material and Casting Process for Large
Ductile Iron Machine Tool Bed

ZHOU Tao', PENG Xiang’, XU Da-yi’, FENG Da-shun’, HUANG Zhong-yue'
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Abstract: To address the prominent problems of insufficient mechanical properties and solidification defects in
large-sized QT600-3 ductile iron machine tool bed castings, the process optimization was carried out by combining
microalloying treatment with numerical simulation technology in this study. Through designing two process schems,
including the conventional stepped gating system with feeders and the combined scheme of multiple independent straight
sprues with feeders and chills, and adjusting the composition via Cu-Sn composite microalloying, the mold filling
process and solidification characteristics were systematically analyzed. The results show that the optimized scheme
improves the temperature field uniformity of the casting and the temperature distribution and solidification sequence
at key positions of the casting during the mold filling and solidification processes. The shrinkage porosity volume is
reduced from 958 cm’ to 423 cm’, with a decrease rate of 55.85%; meanwhile, the mechanical properties are enhanced
to a tensile strength of 648 MPa and an elongation of 5%, all exceeding the standard requirements of QT600-3. This
optimized process can provide a theoretical basis and engineering reference for the design of similar large-sized complex
nodular cast iron castings.

Key words: ductile iron; machine tool bed; QT600-3; numerical simulation; casting process optimization;
microalloying; gating and feeding system; solidification defects
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Fig. 1 3D drawing of the machine tool bed
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Fig. 2 Design of the gating system, chills and risers
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Tab. 1 The chemical composition table after microalloying
wg /%

ES C Si Mg Mn Cr Cu Sn

J%E— 355 253 006 045 0.16 042 0.002
g 355 210 005 043 017 053 0.03
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Fig. 3 Metallographic structures of the two schemes
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Fig. 4 Mechanical properties of different schemes
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Fig. 5 Finite element model of the casting
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Tab. 2 Pouring parameters of the casting used for simulation

PR DrEIRIE/C RPEIREL  BeiERtEls  FTHEIREE/C
QT600-3 1390 ULy 0 142 200
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Fig. 6 Thermophysical parameters of different schemes
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Fig. 7 Mold filling status of the casting for scheme 1 at different times
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Fig. 8 Mold filling status of the casting for scheme 2 at different times
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Fig. 9 Temperature and solid fraction fields of the casting for scheme 1 at different times
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Fig. 10 Temperature fields of the casting for scheme 2 at different times
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Fig. 11 Solid fraction fields of the casting for scheme 2 at different times
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Fig. 12 Distribution diagrams of shrinkage porosities and shrinkage cavities in the castings
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Fig. 13 Gating system and the actual casting
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