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Machine tools usually consume more energy in cooling systems than in spindle motors. This is
largely because circulation pumps in the cooling systems are continuously powered to measure
the temperature of spindle motors. In this paper, energy saving algorithms are proposed, which
modify this behavior of the circulation pumps in such a way that the circulation pumps run only
when it is likely that the information on the temperature is critical to bang-bang control of
compressors in cooling systems. A mathematical model is established that explains heat transfer
phenomena near the spindle motors. The power consumptions are measured for individual
components in a machine tool, and the parameters that appear in the mathematical model are
estimated. Computer simulations are performed with the estimated parameters, and the results
are compared with the experimental ones. It turns out that a large amount of energy can be saved
by using the proposed method.
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Fig. 1 Power sales of Korean industry sectors
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Fig. 2 Trends in industrial energy costs in Korea
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Fig. 3 Energy consumption of a machining center
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Fig. 9 Voxelization for computing MRRs
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Fig. 12 Thermal response of a cooling system without
controlling circulation pumps
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