
Author’s Accepted Manuscript

Pareto Fronts of Machining Parameters for Trade-
off among Energy Consumption, Cutting Force and
Processing Time

Keyan He, Renzhong Tang, Mingzhou Jin

PII: S0925-5273(16)30390-5
DOI: http://dx.doi.org/10.1016/j.ijpe.2016.12.012
Reference: PROECO6606

To appear in: Intern. Journal of Production Economics

Received date: 4 April 2016
Revised date: 22 November 2016
Accepted date: 5 December 2016

Cite this article as: Keyan He, Renzhong Tang and Mingzhou Jin, Pareto Fronts
of Machining Parameters for Trade-off among Energy Consumption, Cutting
Force and Processing Time, Intern. Journal of Production Economics,
http://dx.doi.org/10.1016/j.ijpe.2016.12.012

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 galley proof before it is published in its final citable 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.

www.elsevier.com/locate/ijpe

http://www.elsevier.com/locate/ijpe
http://dx.doi.org/10.1016/j.ijpe.2016.12.012
http://dx.doi.org/10.1016/j.ijpe.2016.12.012


1 

 

Pareto Fronts of Machining Parameters for Trade-off among Energy Consumption, Cutting 

Force and Processing Time 

Keyan Hea, Renzhong Tanga*, Mingzhou Jina,b* 

aIndustrial Engineering Center, Zhejiang Province Key Laboratory of Advanced Manufacturing Technology, 

Zhejiang University, 86 571 87952048, tangrz@zju.edu.cn 

bIndustrial and Systems Engineering, The University of Tennessee at Knoxville, 1 865- 9749992, jin@utk.edu  

*
Corresponding authors.  

 

Abstract 

Cutting parameter optimization of machining processes is crucial for green manufacturing 

and needs to take energy consumption, cutting force and processing time into consideration. 

This paper presents a method to optimize machining parameters considering the trade-off 

between environmental concerns and economic objectives. The model for all three objectives 

of energy consumption, cutting force, processing time and their relationships with machining 

parameters is established based on theoretical analysis, experiment design, and statistical 

regression to obtain Pareto fronts. Various algorithms determining strategies, including 

sharing function approach, VEGA, NSGA-Ⅱ and MOEA/D, are used to study the Pareto 

front. Examples of a cylindrical turning and a face milling are used to conduct relative 

validation experiments to evaluate the proposed method and the computational performance 

of all algorithms. All of the experiments were conducted on a CK6153i lathe and an 

XHK-714F CNC machining center cutting C45E4 carbon steels. Results demonstrate that the 

proposed method is effective in finding trade-off among the three objectives and obtaining 

reasonable application ranges of machining parameters from Pareto fronts.  
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Nomenclature 

ema  Cutting width of milling process[mm] 

,pm pta a  Cutting depth of milling and turning processes[mm] 

B  Equivalent friction coefficient for the feed torque 

calculation 
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