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A Study on Machinability and Cost Evaluation of MQL Milling Process
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This paper is related to MQL (Minimum Quantity Lubrication} milling process, which is one of the
environmentally friendly cuttings. The objective is to compare MQL milling process with
conventional cutting fluid systems. To this end, machinability of MQL milling process was
investigated, followed by the cost evaluation. Cutting force, surface roughness, tool wear, and
cutting temperature were compared with each cutting fluid method. Consequently, fotal
production costs wear evaluated with the mathematical models in terms of machining cost and

cutting fluid loss.
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Table 1 Instruments and specification

Instruments Company Specification
Tool dynamometer Kistler 9257B
Charge amplifier Kistler 5019B
Data acquisition Data translation DT-9816A

. Infrared integrated
Infrared thermal imager IRT 4010K
Systems

Microscope Mitutoyo
Surface roughness .

Mitutoyo 301
measurement
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Fig. 5 Tool wear of milling process
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Table 2 Cooling and cutting conditions

: Cooling
Case No. pm Feed rate DOC
methods
A-1 100
1,000
A-2 300
Fluid
A-3 100
2,000
A-4 300
Axial:
B-1 100
1,000 Tmm
B-2 300
MQL
B-3 5000 100
B > 300 Radial:
0.5 mm
C-1 100
1000
C-2 300
Dry
C-3 100
2,000
C-4 300
Table 3 Cutting volume and fluids Data
Workpiece Volume (mn’) 100x100x80
Cutting Volume (mm3) 758,000
Cutting Fluids Density(g/ cn’) 0.9
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Table 4 Environmental costs by cooling conditions

Case No. A-1 A-2 A-3 A-4

The length of tool life(m) 7.3 14 5 6.8

The number of tool exchange| 1.64 | 0.86 2.4 1.76

Preparatory time(sec) 5 5 5 5
Cutting time(sec) 168.24| 62.82 | 168.24 | 62.82
Exchange time(sec) 329 | 1.71 | 480 | 3.53

Manufacturing time(sec) |176.53| 69.53 {178.04| 71.35

Equipment operation cost(W)| 24537 | 9665 | 24748 | 9981

Cutting cost(W) 11702 | 4580 | 1396 | 521
Fluid loss cost(W) 5687 | 2224 | 10856 | 3965
Tool cost(W) 11507 | 6000 | 16800 | 12353
The cost of

. 47746 | 20245 | 53338 | 27020
manufacturing(W)

Environmental expense(W) | 913 359 920 369

The total cost of
56346 | 22828 | 65114 | 31354

manufacturing (W)
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Case No. B-1 B-2 B-3 B-4

The length of tool life(r) 43 8.9 3 4.1

The number of tool exchange | 2.79 | 1.35 4 2.93

Preparatory time(sec) 5 5 5 5
Cutting time(sec) 168.24 | 62.82 [168.24 | 62.82
Exchange time(sec) 5.58 2.7 8 5.85

Manufacturing time(sec) | 178.82 | 70.52 |181.24 | 73.67

Equipment operation cost(W)| 24856 | 9802 {25192 | 10241

Cutting cost(W) 10756 | 4235 | 10897 | 4418
Fluid loss cost(W) 0 0 0 0
Tool cost(W) 19535 | 9438 | 28000 | 20488
The cost of
. 55147 | 23475 | 64089 | 35147
manufacturing(W)
Environmental expense(W) 0 0 0 0

The total cost of

manufacturing (W)

Case No. C-1 C-2 C-3 C-4

The length of tool life(m) | 3.5 | 6.5 | 2.6 | 23

The number of tool exchange | 3.43 | 1.85 | 4.62 | 522

Preparatory time(sec) 5 5 5 5
Cutting time(sec) 168.24 | 62.82 | 168.24 | 62.82
Exchange time(sec) 6.86 | 3.69 | 9.23 | 1043

Manufacturing time(sec) 180.1 | 71.51 |182.47| 78.25

Equipment operation cost(W)| 25034 | 9940 |25363 | 10877

Cutting cost(¥) 10514 | 4175 | 10653 | 4568
Fluid loss cost(W) 0 0 0 0
Tool cost(W) 24000 | 12923 | 32308 | 36522
The cost of
. 59548 | 27038 | 68324 | 51947
manufacturing(¥)
Environmental expense(¥) 0 0 0 0
The total cost of
. 59548 | 27038 | 68324 | 51967
manufacturing (W)
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As = wR[cos™ (1 R) tan (2R)] (A16)
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A+«=wR[cos™ (1 R)+tan (2R)] (A1)
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Mo = CtV[d™" +2w" +2Rfd” cos™ (1- %)] (A18)
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