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Optimization of Milling Process Considering the Environmental
Impact of Cutting Fluids
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ABSTRACT

Cutting fluid is a factor which has big effects on both machinability and environment in machining
process. The loss of cutting fluids may be reduced by the optimization of machining parameters in process
planning. In this study, the environmental impact of fluid loss is analyzed. The fluid loss models in milling
process are constructed with the machining parameters. The models are utilized to obtain the optimal
machining parameters to minimize the fluid loss. The factors with significant effects on the fluid loss are
analyzed by ANOVA test. Finally, optimal parameters are suggested considering both machining economics
and environmental impact. This study is expected to be used as a part of a framework for the environmen-
tal impact assessment of machining process.
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Fig. 1 Material/Energy Balance in Machining Process
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Fig. 4 Workpiece Geometry of Case Study

Table 1. Machining Test Conditions Data

150 % 100 % 100
500000
Chemical Emulsion (1:20)
Density: 0.001 (g/mm®)
Specific Heat: 4.2 (KJ/KgK)
Latent Heat: 2438 (KJ/Kg®
Vaporization Temp: 373 ( °K)
Ambient Temp: 298 ( °K)
3048 3810 4572 53.34 60.96
0381 .0508 .0635 .0762 .1016
1524 2032 2540
12.7 25.4 38.1

Workpiece Volume (mm)

Cutting Volume (mm”)

Cutting Fluid

Speed (m/min)
Feed (mm/tooth)
Radial Depth (mm)
Axial Depth (mm)
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Fig. 5 Plot of Fluid Loss to Cutting Variables (Setting other
variables maximum)

Table 2. Machining Parameters for Minimum Fluid Loss

Mchip_ Mevan Mo,
Speed (m/min) - 60.96 60.96
Feed (mm/tooth) 0.1016 0.0508 0.1016
Radial Depth (mm) 2.540 2.540 2.540
Axial Depth (mm) 33.1 38.1 38.1
Mass (g) 0.3318 0.1438 0.6291
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Table 3. Results of ANOVA and Mean Test

(a) Moy
F value | Pr > F_| mean test |
Speed 0 1.0000
Feed 3673.46 0.0001 max
Radial Depth 44745 0.0001 max
Axial Depth 0.02 0.9841
(b) Mewp
F value Pr > F | mean test
Speed 96.05 0.0001 max
Feed 979.12 0.0001 min
Radial Depth 321.58 0.0001 max
Axial Depth 1265.03 0.0001 max
() Mioss
F value Pr > F | mean test
Speed 14.92 0.0001 max
Feed 282399 0.0001 max
Radial Depth 892.11 0.0001 max
Axial Depth 200.30 0.0001 max
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