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ABSTRACT

This study manufactured a minimum quantity lubrication (MQL) supply system and identified the optimal
MQL machining cutting conditions for plastic mold steel (SCM440). A series of experiments were consisted of
twice. Optimal cutting conditions were derived using the Taguchi method, and cutting force variance; surface
roughness; tool wear; and cutting temperature in dry, wet, and MQL machining were measured experimentally
for these optimal conditions. The measured results decreased from dry to wet and MQL machining, being
particularly large for dry machining due to increased cutting time. Measured MQL machining metrics were
similar to those for wet machining, particularly for surface roughness, which is an index of machining quality.
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Fig. 5 Particle size and number of particles

Table 1 Measured results of aerosol particle with
sample number

Ave. particle ~ Occupancy

. R Remarks
No. size distribution
(6 bar standard)
(£m) (%)
1 0.5 App. 90% Good
2 0.5 App. 90% Good
3 0.5 App. 93% Good
4 0.5 App. 91% Good
5 0.5 App. 90% Good




TR, 719, odd, Fs4, A, dFTS, 2L, WAD  FFVAVETIA, Al6d, A6z
Table 2 Measured results of pressure resisting 3.2 T|AMA 3! HAZH
quality with sample number 3.2.1 A
Injecti Safety val R k _
o njec 1(();1 p)ressure ae;gv)a ve (95bem2tl:mza N FEAA AHEE A= ZgxE ZEG
ar ar .5 bar standar .
1 9.5 9.5 Good (SCM440) 2.2 A& 3ol J&=e 53 40
' ' t}. Table 3 FehH :!-347L«] shebd AES
2 >3 > Good el 9o Table 4= Zehg F8749] 7]
> 3 > Good Ad B4 dehla Ao
4 9.5 9.5 Good
5 9.5 9.5 Good
322 EAST H E4R
242 et AlE A3t H2}EFE HSS Co8 TIAIN FE 2 Hd=w

Wk dsol e doj2E ' <A fi—m
E fa3 Wetd Ade Fdsigon oF
(oil leak)®} *F7)(damp)= HAE A Ftrh. Table
2v WS AlgAHolH, FU7E ol&ste oF
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ZAA A3 delE Sz
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Fig. 6 Used MQL supply system
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Table 3 Chemical composition of workpiece
Composiion C Si Mn P S Ni Cr Mo

Max Max Max Max Max Max Max. Max
043 035 0.15 0.02 0.02 045 50 0.30

%

Table 4 Mechanical properties of workpiece

Items Conditions
Yield strength (Pa) >830
Tensile strength (Pa) >980
Elongation (%) >12
Hardness (HB) 255

—10 -
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Table 5 Conditions for first experiments Table 7 Orthogonal arrays
Items Conditions Cutting parameters
Spindle speed (rpm) 1600, 1800, 2000 No, B: o Cutting
Feed (mm/min) 60, 69, 78 pm  Feed FIC;W Ra force
rate
Workpiece SCM440 T 1600 60 10 1855 2251
Diameter D (9) 5 21600 60 10 2099 2411
Coating materials TiAIN 3 1600 60 10 1.879 254.5
Cooling type Dry, Wet, MQL 4 1600 69 15 2.293 256.9
Oil mist flow rate Q (ml/h) 10, 15, 20 2 1288 Zg 12 ?ggg ;322
7 1600 78 20 2.181 274.6
13 7 -é% fe ARAD F kil o 8 1600 78 20 1977 2746
P EATG deo Sanasen bW R
4 % (feed), % (ﬂow rate)o] W F 2739 MQL 11 1800 60 15 1203 2418
FHAEEE ot Avtye Fdsison 121800 60 15 1394 2027
7}gxAE Table 69 UYEHNATE F & FH(main 13 1800 69 20 1178 1882
offecy BHES A L, (3)e  Hmmaw 14 1800 69 20 1297 1744
(orthogonal arrays)E Table 7 UER O A 12 iggg gz ?g iéi; ;471‘6“5‘
E-d(smaller the natter characteristics)s &413}7] 17 1800 78 10 1.501 214.6
218l S/N Hl(signal-Noise ratio)S #4134tk A 18 1800 78 10 1284 1992
AIAGNE Tl 248 A4S o] &3} 19 2080 60 20 0455 159.1
ANAbE, S4247Fs, MQL FA2HS 20 2080 60 20 0721 159.1
ol g3t 23} MANTAYGS AAFT oo W 21 2080 60 20 0.583 212.1
Tl E(tool wear), A2} (cutting force), TH A ;i ;ggg Zg ig gigg 123?
A7) (surface roughness)E =743} Tt Table 82 2 24 2080 69 10 0:854 162:6
A Advbee A9 didxds Yed glen 25 2080 78 15 0843 1874
SAEHE Asl FTEEA (kistler 9272, USA), 26 2080 78 15 0668 1839
33 EA ¥4 =% 7](non-contact 3D surface 27 2080 78 15 0.538 188.6
profiler; NV 7300, Zygo, USA), +T3u7A
(ICS-Pro, sometechvision, Korea)¥} @3} 7lug} Table 8 Conditions for 2nd experiment
(TE-M1, Basecamp C&M, Korea)S ©]-&3}%th
Items Conditions
Table 6 Factor levels for the selection of cutting Spindle speed(rpm) 2080
conditions Feed(mm/rev) 60mm/min
Workpiece KP4
Factor A: rpm B: Feed  C: Flow rate Diameter & 5
Level Coating material TiAIN
1 1600 60 10 Cooling type Dry, Wet, MQL(20ml/h)
2 1800 69 s Depth 2mm
3 2080 78 20 Pitch 2mm
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