UFFEDHR 2004 FHUBOY

=23 pp.28~33

MQL A27hgA] AAgzzie] EdA

.

0l

b
=]
ol

3=

+
[

%]

++
3

O

o
T

The Effect of Cutting Conditions on Surface Roughness in MQL Turning.

Choon-Man Lee*, Young-Kug Hwang” Jong-Yun Jung®
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, Abstract

At present, industry and researchers are looking for ways to reduce the use of lubricants because of ecological and economical
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reasons. Therefore, metal cutting is to move toward dry cutting or semi-dry cutting. This paper presents an investigation
into MQL(Minimum Quantity Lubrication) machining with the objective of deriving the optimum cutting conditions for
the tumning process of SM45C. To reach these goals several finish turning experiments were carried out, varying cutting
speed, feed rate and oil quantity, with MQL. The surface roughness results of tests were measured and the effects of cutting
conditions were analyzed by the method of Analysis of Variance(ANOVA). From the experimental results and ANOVA,
it is found that a better surface roughness can be obtained by decreasing oil quantity and feed rate.

Key Words : MQL machining, Tuming process, Optimum cutting_conditions
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Fig. 1 Internal and external MQL method
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Table 1. Chemical composition of workpiece material

Composition
Metal

C | Mnj Si P S

SM45C 045 0.64 | 0.18 | 0.021 | 0.03
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Fig. 3 Shape and dimensions of test specimen
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Fig. 4 Experimental equipments
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Table 2. Specification of MQL Supply

Qil droplet sizel Aecrosol quantity| Air consumption
(gm) (mi/h) (NI/min)

0.5 5~150 140~300

IH EAHAQ BUREE 27193 Mitutoyortd
Surftest SV-6248 o|g3lo} S44 H# AY/IRa)E
24390 &4 F4E Fig. 5ol Bol: A7 & &4
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Evaluation Length 59 AAE JISHEEL Azsd
Table 33+ Zro] &tgich.

Fig. 5 Measuring point and direction

Table 3 Standard values of evaluation, sampling
lengths if determining Ra

Cut-off Sampling No. of Evaluation
value Length sampling Length
(mm) (mm) length (mm)

0.8 0.8 5 4.0
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Fig. 6 Workpiece set-up

Table 4 Split-plot design

Repeat 1
Cutting Design MQL Cutting Feed
order order quantity speed rate
y 150 180 0.15
2 150 250 0.10
X 3 150 180 0.20
|4 150 180 0.10
H 150 220 0.15
6 150 220 0.20
7 150 250 0.20
X 8 150 250 0.15
9 150 220 0.10
10 10 220 0.20
11 10 180 0.15
I 12 10 250 020
13 10 220 0.15
14 10 250 0.15
15 10 180 0.20
16 10 250 0.10
o 17 10 180 0.10
18 10 220 0.10
19 80 180 0.20
20 80 220 0.20
V 23 80 180 035
22 80 250 0.15
23 80 220 0.10
24 80 250 0.10
25 80 180 0.10
VI 26 50 220 0.15
27 80 250 0.20
Repeat 2
1 80 180 0.15
2 80 250 0.20
Vi 3 80 220 0.20
4 80 220 045
s 30 250 0.10
6 80 180 a.10
7 80 180 0.20
Vit 8 80 220 0.10
9 30 250 015
10 10 180 0.20
11 10 220 0.20
il 12 10 180 0.10
13 10 180 0.15
14 10 250 0.15
15 10 220 0.10
16 10 220 0.15
\Y 17 10 250 0.20
18 10 250 0.10
19 150 220 0.10
20 15¢ 250 0.20
X1 21 150 220 0.15
22 150 180 0.20
2 150 180 0.15
24 150 220 0.20
25 150 180 0.10
Xi 26 150 250 0.10
27 150 250 0.15
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Table 5 Specification of MQL Lubricants

Density at{ Viscosity | Flash
Type Base +20°C | at +40°C | point
@er') [ (mirs) | (C)

0.84 25 184

LubriFluid | higher
F100 alcohol

e

Fig. 7 Nozzle set-up
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Table 6 The result of ANOVA

Factor | DF| SS MS F P

A 21 45399} 2.26997] 101.30| 0.000
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Fig. 8 Effect of MQL quantity on surface roughness
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Fig. 9 Effect of MQL quantity on surface roughness
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Fig. 10 Effect of MQL quantity on surface roughness
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Fig. 11 Effect of feed rate on surface roughness
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Fig. 12 Effect of feed rate on surface roughness
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Fig. 14 Effect of cutting speed on surface roughness
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Fig. 15 Effect of cutting speed on surface roughness
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Fig. 13 Effect of feed rate on surface roughness

Fig. 16 Effect of cutting speed on surface roughness
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