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Energy consumption reduction has become an important key word in manufacturing that can be
achieved through the efficient and optimal use of raw materials and natural resources, and
minimization of the harmful effects on nature or human society. The successful implementation of
this concept can only be possible by considering a product's entire life cycle and even its disposal
from the early design stage. To accomplish this idea with milling, minimum quantity lubrication
(MQL) strategies and cutting conditions are analyzed through process modeling and experiments.
In this study, a model to predict the cutting energy in the milling process is used to find the cutting
conditions, which minimize the cutting energy through a Kriging meta-modeling process. The
MQL scheme is developed first to reduce the amount of cutting oil and costs used in the cutting
process, which is then employed for the entire modeling and experiments.

KEYWORDS: Environmentally conscious manufacturing (84 %3} 7t&), Kriging metamodel (2|2 HEZE),
Minimum quantity lubrication (X &% =& 7+&), Cutting energy (24} 0L X|)
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J(x) = Kriging model 2L o] F4e B o R E) AAF R
Z(x) = local deviation SHAEA 7} A A 9o, o= & Asy] 93]
R = Correlation matrix FAFAZ FRHT Quh. ARG E AT
0 = Correlation parameter A7y sl FXE I glow, olo] we} oA
F,.. = Cutting force Azpoll digk A= A SUkskal dvk Ad =
E,, = Mechanical energy U7k ARG AE ARIEA A FE ko] o3
E, = Overall energy 7 WspAQl Aatr] o] o sk L it
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Fig. 1 Experimental equipment (a) Milling machine (b)

Wattmeter (c) Force sensor and charge amplifier
(d) Compressor

Table 1 Experimental machining conditions

Parameter Condition
Spindle (RPM) 1200, 1600, 2300, 3000
Depth of cut (mm) 1,1.5,2,2.5
Table feed (mm/s) 2,3,4
Flow rate (mL/min) 2,12,30
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