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Abstract: In a multi-pass face milling process, cutting paetars for each pass and the total number of
passes dramatically affect the electrical energysamption and production cost of the final prodiret.
this paper, the electrical energy consumption charstics of multi-pass face milling are firstly
analyzed. Then a multi-objective parameter optitiiramodel for maximizing energy efficiency and
minimizing production cost is proposed and solvgdtiie Adaptive Multi-objective Particle Swarm
Optimization algorithm. Finally, a case study isriead out to validate the proposed model and search
for the trade-off solutions between maximum enegfficiency and minimum production cost. From
the results of the case study, significant intéoaceffects between cutting parameters and number o
passes are revealed. Moreover, it also can be fdbat the traditional multi-pass parameter
optimization for minimizing production cost doestnoecessarily satisfy the maximum energy
efficiency criterion. Simultaneously optimizing theutting parameters of each pass and the total
number of passes achieves a trade-off between maxiemergy efficiency and minimum production
cost. Based on the work presented in this papenufaaturers can easily improve energy efficiency
and reduce production cost in the multi-pass faiténmprocess.
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1. Introduction

In modern manufacturing, the need to reduce eneomsumption becomes one of the most
relevant challenges due to the global energy cenis climate changes. Research has found out that
although machine tools account for a significanttipa of industry sector’'s electrical energy
consumption, their energy efficiency is quite IoA&& reported by Gutowski et al. (2006), for a mijin
machine tool, only 14.8% of its total energy conption is used for actual machining. Therefore,
improving energy efficiency and reducing energystonption of machine tools have attracted more
and more attention from academy and industry grewcérs.

Many researchers have studied the relationship dmiwcutting parameters and energy
consumption of a single pass machining. Negretel3p@resented an experimental study using
Taguchi method and ANOVA to evaluate the effectuiting parameters on energy consumption. They
found that the minimum energy consumption couladigieved through higher feed rate, lower cutting
depth and cutting velocity. The same methods wéliead by Emami et al. (2014) to investigate the
performance of four types of lubricants, namely enah, hydrocracker, synthetic, and vegetable oils,
with regard to the reduction of cutting force, dfiecenergy and surface roughness in grinding of
Al203 engineering ceramic. Simoneau and Meehan32étlidied the impact of cutting parameters on
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