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A Study on the Improvement of Cutting Force and Surface
Roughness in MQL Turning

+

Young-Kug Hwang*, Won-Jee Chung’, Jong-Yun Jung™*, Choon-Man Lee"

{ Abstract I

At present, industry and researchers are looking for ways to reduce the use of lubricants because of ecological and
economical reasons. Therefore, metal cutting is to move toward dry cutting or semi-dry cutting. One of the technologies
is known as MQL(Minimum Quantity Lubrication) machining. This research presents an investigation into MQL
machining with the objective of deriving the optimum cutting conditions for the turning process of SM45C. To reach
these goals several finish turning experiments were carried out, varying cutting speed, feed rate, oil quantity and so
on, with MQL and flood coolant. The surface roughness and cutting force 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, this research proposed optimal cutting conditions to improve the machinability in MQL turning
process.

Key Words : MQL machining(MQL 7}), Optimum cutting conditions(Z}2 ZHA}27), Surface roughness(EH A4 7)), Cutting
force(ZAH2]), Full factorial design(£Hd 8.914138))
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Fig. 1 Experimental set up

Table 1 Instruments and specifications

Instrument Company Specification
Turning machine HWACHEON Hi-ECO 10
Dynamometer Kistler 9257B
Charge amplifier Kistler S011A
Surface roughness tester| Mitutoyo Surftest SV-624
MQL supply equipment VOGEL  {Vario UFV10-001
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Table 2 Specification of MQL. Supply

Oil droplet size
()

Aerosol quantity
(mé/h)

Air consumption
(N/min)

0.5 5~150 140~300

Table 3 Chemical composition of workpiece material

Composition C Mn | Si P S
Metal

SM45C

0.18| 0.021 |0.03

IR
R
(SN

il

Fig. 2 Shape and dimensions of test specimen
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Table 4 Specification of MQL Lubricants

Density at | Viscosity | Flash
Type Base +20C at +40°C | point
(gfem’) | (mms) | (T)

LubriFluid | Higher
F100 alcohol 084 25 184
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Table 5 Result of experiments for flood coolant tuming

A
R Nozzle | Cutting Feed rat Depth Rough Principal 4.1 84718
"\ diameter | speed ool 1Al o et | OB ntting force Table 5& &4 7h3of dist Aduia) @ A AHE B
order . | [mm/rev] [Ra]
[mm] | [m/min] [mm] [N] SESn )=
! Z ;22 giz (1’2 3;‘32 ;g‘l’z EUANE 274317] 93] Mitutoyorke] Surftest SV-
2 . . ) .
- 2 o]l &sle AN HF AZI(R ZA4stdr). &
3] 2 | 200 | 012 | 15 | 0775 | 47447 624 ol o e AZNE)Z °f’}**q
4| 6 100 | 007 | 05 | 49 101.91 Ak ooz A 339 FUALYIEE FAs 2 @
5 2 200 | 012 | 05 | 0885 210.28 59| g o) gotich Aatg e Ave] I $of 3+
6 2 100 0.07 15 1.895 410.72 £ 23t Kistler AF2) Tool Dynamometer 9257BE A 23}
7 2 300 | 012 | 05 0.43 190.58 of =Hge zAsgch
8 6 100 0.02 0.5 3.875 37.10 Table 6-& Eﬂ“ﬂ Q7]°ﬂ EH }_E'_,L _E'_@‘% L]-E]—LHJ?_, Table
190 2 fgg gg; 12 ‘:6;15 jg‘;’g; 78 Harglo] figh BAHRAS etk EAEA A
nl e 200 0A07 1.5 0.49 363.70 95% foi5E o2 & o pglo] 005K Hod 2 A%
: : : : L EARo] 005 HoE B A 9 3820 ¥ 2
12 6 200 0.02 15 1.75 187.75 = 07\]01] ‘rr-‘h’j' /\——i = T Mq'- 7]’05—4 1:57'113
B3| 2 200 | 002 | 15 0.345 131.83
4| 2 200 | 002 | 05 1.86 132.13
15 2 100 0.02 1.5 3.645 141.69 Table 6 The result of ANOVA for surface roughness
6| 2 300 | 002 | Us 04 145.41
17| 2 300 | 007 | 05 0.495 125.94 Factor DF | SS MS F P
18 6 300 0.07 0.5 0.345 131.83 Nozzle diameter | 1 | 0.399 | 0.399 | 0.790 | 0.388
19 6 | 200 | 002 | 05 | 29 80.04 Cutting speed | 2 |70.461 [35.231|69.580| 0.000
0] 2 100 | 012 | 15 | 165 317.07 Feed rate 2 | 2458 | 1.229 | 2.430 | 0.120
21 6 300 | 012 | 05 0.83 187.66
Depth of cut 1 | 8.227 | 8.227 [16.250| 0.001
2| 6 00 | 012 | 05 | 5325 147.10
B| 2 | 300 | 012 | L5 | 095 | 50594 Nozzle diameter |, | 416 1 0,209 | 0410 | 0.669
24 6 100 0.12 L5 1.655 600.44 -Cutting speed
Nozzle di
% 6 300 | 002 | 05 04 77.99 ozzle diameter | | o000 | 0010 | 0.994
%0 6 300 | 012 | Us 0.98 49761 -Feed rate
27| 6 100 | 007 | L5 2.64 389.43 Nozzle diameter
8| 2 100 | 002 | 05 | 6115 50.26 “Depth of cut 1] 0.062 | 0.062 | 0.120 | 0.732
29| 2 200 | 007 | 05 1.1 111.69 -
Cutting speed
4 | 3396 | 0.849 | 1.680 | 0.204
30| 2 300 | 007 | L5 | 0595 336.44 Feed rate
31 6 300 | 007 | 15 0.38 349.52 o 1
2| 6 | 300 | 002 | 15 | 0385 | 18502 uthing speed )5 1 8862 | 4.431 | 8.750 | 0.003
*Depth of cut
33| 2 100 | 007 | 05 4589 110.19
M 6 200 0.12 0.5 0.78 198.15 Feed rate 2 0276 | 0.138 | 0.270 | 0.765
5] 2 300 | 002 | 05 | 0235 4474 *Depth of cut
36 6 200 0.07 0.5 1.86 5543 Error 16 | 8.101 | 0.506
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Table 7 The result of ANOVA for cutting force

Factor DF SS MS F P
Nozzle diameter| 1 172 172 024 |0.634
Cutting speed | 2 177 89 0.12 |0.887
Feed rate 2 340689 | 170345 | 232.55 | 0.000

Depth of cut | 1 |469401 |469401 | 640.81 |0.000
Nozzle diameter) | o0 | 235 | 032 0733

-Cutting speed
Nozzle diameter| | 1,7 | 13 | 0g4 |0451

-Feed rate
Nozzle diameter| | Jy0c | 3366 | 460 | 0.048
*Depth of cut
Cutting speed |1 yeeo | 1165 | 159 10225
-Feed rate
Cutting speed |\ 15 | 3010 | 411 | 0036
-Depth of cut
Feed rate
2 | 97321 | 48660 | 66.43 |0.000
-Depth of cut
Error 16 | 11720 | 733
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Malin Effects Plot {data means) for Surface roughness
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Fig. 4 Main effects plot for surface roughness

Main Effects Plot (data means) for Cutting force
Nazie darmeter Cutting speed

8

g 8§

100 200 300
Gepth of cut

=
/

0.02 0.07 154 25 15

8
Feed rate

Mean of Cutting force
~

8

N

Fig. 5 Main effects plot for cutting force
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Table 8 Result of experiments for MQL turming

Table 9 The result of ANOVA for surface roughness

Run | ] et 520 13 o [Roughnes| (R focor _|DFy 55 | MS | F_| P
order | [mm/rev] [Ra] Nozzle diameter | 1 | 0.488 | 0.488 | 3.950 10.064
[mm] | [m/min] [mm] [N] -

1 3 100 012 | 0s 235 15427 Cutting speed | 2 |27.715 {13.858 | 112.140 | 0.000
2 6 200 0.12 1.5 0.73 504.41 Feed rate 2 0.362 | 0.181 1.460 |0.261
3 2 200 0.12 1.5 0.65 501.47 Depth of cut 1 | 2.684 | 2.684 | 21.720 |0.000
4 6 100 0.07 0.5 4.04 08.78 Nozzle diameter

T T o Tos Tos T o0 -Cutting speed | 2 | 0055 | 0027 | 0220 |0.804
61 2 wo | 007 | 15 | 127 407.96 :

T30 o Tos T o T ezor Nof;l:esli‘;?:ter 2| 0630 | 0315 ] 2.550 |0.109
8| 6 100 | 002 | o5 [ 318 3136 ~

s T 2 200 | 007 | 151 om | 39020 I\I“;z;hdf:f::r 1| 0003 | 0003 0020 |0.885
0] s 00 | 002 | s | 215 97.84 Cutting speed

1| 6 200 | 007 | 15 | 107 339.72 “Feed rate | 1| 1:774 | 0439 3.550 10.030
2| 6 200 | 00z | 15 | om 195.72 :

B 2 | 200 | 002 | 15 | 06 | 16486 Cutting speed | | ¢ )67 | 4134 | 33.450 | 0.000

+Depth of cut

14| 2 200 | 002 | 05 | o044 57.37

15| 2 [ 100 | 002 [ 15 | 249 | 8007 Feed zate 1) 1 0499 | 0250 | 2020 [0.165
16| 2 300 | 002 | 15 | o043 162.38 Depth of cut

17| 2 300 | 007 | 05 | o022 12091 Error 16 | 1.977 | 0.124

18] 6 300 | 007 | 05 | o032 12054

s p 200 0.02 05 051 331 Table 10 The result of ANOVA for cutting force
0| 2 100 | 012 | 15 | 066 583.11 ~ Factor DF| SS MS F p
21 6 300 | 012 | 05 065 153.86 Nozzle diameter | 1 | 1027 | 1027 | 1.02 | 0.328
2] 6 | 100 | 012 |05 | 391 | 14230 Cutting speed | 2 | 533 | 267 | 026 |0.771
B 2 |00 042 |15 | 0M | 51523 Feed rate | 2 | 364812 | 182406 |180.71 | 0.000
Ul 6 100 | 012 | 15 | 126 537.83

Y p 300 0.02 03 023 ppw Depth of cut 1 | 504978 | 504978 | 500.30 | 0.000
%] 6 300 | 002 | 15 | 099 | 48797 Nozzle diameter | | oos | 4oe | 042 | 0662
27| 6 100 | 007 | 15 | 12 391.23 -Cutting speed

8] 2 | 100 [ 002 [ 05| 39 | 6070 Nozzle diameter | | oo | 491 | 049 | 0.624
9] 2 | 200 | 007 | 05 | L1l | 11537 "Feed rate '

30| 2 300 | 007 | 15 | 048 32636 Nozzle diameter 11210 1 210 | 021 | 0654
31| s 300 | 007 | 15 | 046 35371 -Depth of cut

32 6 300 0.02 L5 0.89 179.56 Cutting speed 4| 679 | 1699 | 168 | 0203
33 2 100 0.07 0.5 2.97 93.59 ‘Feed rate

M| 6 200 | 012 | 05 | o6l 169.33 Cutting speed

35| 2 300 | 002 | 05 [ o040 59.88 -Dept}% ofcut | 2| P10 | 755 | 075 | 0489
¥l 6 [ [0 [ ] L | 6% Feed rate | 5\ 99007 | 49954 | 49.49 | 0.000

-Depth of cut

Sl 241 20713, MQLS B4 52 Walshe A ror | 16] 16150 | 1009
S Bl 4= 9lgich ol ARt SAVFR Y Ao 58
A ZAEATE o2 QlF| AAEY EAFE 2FfH B a7t 2 FFE vAe AoZ eyt
HUAZAZ)7F UikA) = AR AR Fagos o4 Fig. 6, 7& £HAY7] 9 A4 tj3) 2ane) 27
%, 4apg0le] 2B} o] $L T A0 2017} 2T 2 uzely] Yo 2= 28 2 Roly
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Fig. 6 Main effects plot for surface roughness

Main Effects Plot (data means) for Cutting force
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Fig. 7 Main effects plot for cutting force
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