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Experimental Study of Cutting Force and Surface Roughness Prediction
in MQL Turning of Al 6061

Young Kug Hwang‘, Won Jee Chung“ and Choon Man Lee’

ABSTRACT

Cooling lubricants are used in machining operations in order to reduce friction at the tool-chip and
tool-workpiece interfaces, cool both chip and tool, and remove chip. Furthermore, they influence a strong effect
on the shearing mechanisms and, consequently, on the machined surface quality and tool wear. However, several
researchers state that the costs related to cutting fluids is frequently higher than those related to cutting tools.
Moreover, the cooling lubricants cause an increase in both worker’s health and social problems related to their
use and correct disposal. Therefore, many researchers have focused on the environmentally conscious machining
technologies. One of the technologies is known as MQL(Minimum Quantity Lubrication) machining. In this
paper, an experimental model to obtain the optimal cutting conditions in MQL turning was suggested, and the
effects of cutting conditions on surface roughness and cutting force were analyzed. For these purposes, FFD
(Fractional Factorial Design) and RSM (Response Surface Methods) were used for the experiment. Cutting force
and surface roughness with different cutting conditions were measured through the external cylindrical turning of
Al 6061 based on the experiment plan. The measured data were analyzed by regression analysis and verification
experiments with random conditions were conducted to confirm the suggested experimental model.

Key Words : MQL machining (MQL 7}&), Optimum cutting conditions (& 22 21), Surface roughness (&
WA A 7)), Cutting force (22413)), Response surface methods (S5 XHH)
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Table 1 Instruments and specifications

Instrument Company Specification
Turning machine HWACHEON Hi-ECO 10
Dynamometer Kistler 9257B
Charge amplifier Kistler 5011A
Surface roughness tester | Mitutoyo Surftest SV-624
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Fig. 1 Experiment equipments
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Table 2 Specification of MQL Supplier

Qil droplet size Aerosol quantity
(em) (mé/h)

0.5 5~150

Air consumption

(Nl/min)
140~300
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Fig. 2 Shape and dimensions of test specimen

Table 3 Specification of MQL Lubricants

Density at Viscosity Flash

Type Base +20°C at+40°C point

[g/cn’] (/5] [Cl

LubriFlui | higher

dF100 | alcohol 0.84 25 184
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Table 4 Experimental conditions for FFD

Process parameters

Factors Levels
Cutting speed [m/min] 300, 600
Feed rate [mm/rev] 0.2, 06
Depth of cut [mm] I, 2.

MQL supply
Factors Levels
Line length [m] 3, 10
Air pressure [bar] 4, 8
Nozzle diameter [mm] 2,6
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Table 5 Result of ANOVA for principle cutting force
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Table 6 Result of ANOVA for Surface roughness

Term Effect | Coef. T P Term Effect | Coef. T P
Line length 8559 | 428 | 3.03 [0013 Line length -2.06 | -1.03 | -1.34 | 0.200
Air pressure -2.259 | -1.130| -0.80 | 0.442 Air pressure -3.764 | -1.882| -2.44 | 0.026
Nozzle diameter 4.107 | 2.053 | 1.46 | 0.176 Nozzle diameter - -1.830)-0.915) -1.19 | 0.252
Cutting speed -9.388 [-4.694 ! -3.33 | 0.008 Cutting speed 0.385(0.192 | 0.25 | 0.806
Feed rate 189.718|94.859 | 67.23 | 0.000 Feed rate 7.83 | 3.915] 5.08 | 0.000
Depth of cut 126.599163.300| 44.86 | 0.000 Depth of cut 0.204 | 0.102 | 0.13 | 0.896
Line length*Air pressure | 4.946 | 2473 | 1.75 | 0.110 Line length*Nozzle diameter}-2.165[-1.083} -1.41 | 0.179
Line length*Nozzle diameter| 4.607 | 2.303 | 1.63 | 0.134 Line length*Depth of cut |-3.681]-1.841] -2.39 | 0.029
Line length*Cutting speed | 1.077 | 0.538 | 0.38 | 0.711 Air pressure*Cutting speed| 1.669 | 0.834 | 1.08 | 0.295
Line length*Feed rate 4896 | 2.448 | 173 | 0.113 Air pressure*Feed rate |-1.829|-0.914 -1.19 | 0.252
Line length*Depth of cut | 7.987 | 3.993 | 2.83 | 0.018 Air pressure*Depth of cut{-2.308 |-1.154] -1.50 | 0.154
Air pressure*Nozzle diameter| 3.818 | 1.909 | 1.35 | 0.206 Nozzle diameter*Depth of cut|-3.931|-1.966 | -2.55 | 0.021
Air pressure*Depth of cut| -2.607 |-1.303| -0.92 | 0.377 Cutting speed*Feed rate | 6.355 | 3.177 | 4.13 | 0.001
Cutting speed*Depth of cut| -4.183 |-2.092| ~1.48 | 0.169 Cutting speed*Depth of cut|-2.221|-1.111] -1.44 | 0.169
Feed rate*Depth of cut | 60.396 |30.198| 21.40 | 0.000 Feed rate*Depth of cut [-6.111(-3.056] -3.97 | 0.001
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Fig. 3 Main effects plots for cutting force and surface
roughness
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Table 7 Experimental conditions for CCD

Process parameters

Factors Levels

62, 200, 300, 400, 533
0.01, 0.1, 0.2, 0.3, 0.44
03,1, 1.5, 2,27

Cutting speed [m/min]
Feed rate [mm/rev]
Depth of cut [mm]

MQL supply
Factors Levels
Line length [m] 2,5, 75,10, 13
Nozzle diameter [mm)] 0,2, 4,6, 10
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Fig. 4 Overlaid plot according to cutting speed, feed rate
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Table 8 Cutting conditions of verification experiment

Run Line Noule Cutting Feed rate Depth of
order length | diameter speefj [romrey] cut
[m] [mm] {m/min] [mm]
1 5 4 250 0.15 0.8
2 5 4 150 0.08 1.2
3 5 4 330 0.18 22
4 7.5 6 120 0.12 0.6
5 75 6 80 0.05 1.2
6 7.5 6 270 0.12 0.4
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Table 9 Results of verification experiment

Run| Principal cutting Surface roughness
orde|  force[N] | ErTOr L] Error
r Exp. | Prediction (%) Exp. | Prediction el
1 54.2 53.8 0.74 2.37 2.47 4.05
2 46.5 46.0 1.09 0.85 1.03 17.47
3] 1521 1419 | 7.19 2.20 293 | 2491
4 28.8 326 | 1166 1.73 1.95 11.28
5
6

29.5 29.7 0.67 0.47 0.47 0
27.5 26.5 3.77 1.63 1.96 16.84
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