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Effect of Minimum Quantity Lubrication on Turning Characteristics

— Measurement of Tool Flank Temperature in Turning Using Fiber-Coupled Two-Color Pyrometer —

Akira HOSOKAWA, Masahito OZAWA, Ryutaro TANAKA, Tatuaki FURUMOTO and Takashi UEDA

In this paper, the MQL turning of two types of ferrous metals: chromium-molybdenum steel SCM440H and pearlite malleable
cast iron FCMP: is dealt with. The appropriate generating system of oil mist is constructed and the specified turning tool with oil
hole is used. In order to verify the cooling effect of MQL, the tool temperature at the flank face is measured using a newly
assembled fiber-coupled two-color pyrometer. In this new technique, a sensing fiber is inserted into a small hole that extends to
the outer surface of the tubelike workpiece and it rotates with the workpiece. The thermal radiation accepted by a sensing fiber is
noncontactly transmitted to the other fixed fiber and led to the two-color detectors. As for cutting force in turning of SCM440H,

MQL is more effective in low cutting speed below 100 m/min. The tool temperature in MQL turning is approximately 100°C lower

than that in dry turning over the wide range of 30~300 m/min. In the case of FCMP, the tool temperature in dry turning at a cutting
speed of 600 m/min reaches as much as about 1040°C, but it drops 920°C in MQL turning.
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Fig.1 Generating system of oil mist connected to
specified turning tool holder with oil hole

Table 1 Supply conditions of oil mist

Atomizer Ebara Ecomist ZELLS MBMO02
Air pressure 0.7 MPa
Mist pressure 0.6 MPa

Bypass pressure p, | 0-0.1 MPa

Oil Vegetable oil
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Fig.2 Influence of bypass pressure on oil mist flow rate
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Fig.3 Diameter distributions of oli-mist droplets

Table 2 Characteristics of fiber-coupled two-color pyrometer

Two-color detector Photovoltaic (InAs, InSb)
Detectable wavelength InAs: 1 -3 um
InSb: 3 - 6 pm
Optical fiber Chalcogenide glass
Core diameter Rotary: 400 pm
Fixed: 500 pm
Numerical aperture NA=0.4
Frequency response 400 kHz

Chalcogenide glass fiber ~ Chalcogenide glass fiber
Core diameter 400 pm Core diameter 500 pm

Pyrometer

Tubelike workpiece Cladding

P
Fixed Condenser
(BaF, lens)

Rake surface

Flank surface

Fig.4 Structure of fiber-coupled two-color pyrometer equiped for turning
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Fig.5 Influence of axial displacement between two fibers on
outputs of fiber-coupled two-color pyrometer
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Fig.6 Influence of transverse displacement between two fibers on
outputs of fiber-coupled two-color pyrometer
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Fig.7 Schematic illustration of experimental setup

Table 3 Experimental conditions
Workpiece: SCM440H (350HVO0.5)

Cutting tool TNGM 160408
Nose radius: 0.8 mm, Rake angle: —6°
Insert: TiICN-coated cermet

Cutting speed v =30-300 m/min

Depth of cut a =0.5mm

Feed f=0.3 mm/rev

Workpiece: FCMP (310HV0.5)

Cutting tool DNGA 150408
Nose radius: 0.8 mm, Rake angle: —6°
Insert: Alumina ceramics

Cutting speed v =100-600 m/min

Depth of cut a =0.15mm

Feed f=0.15 mm/rev
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L2 %, FCMPOBASCM440HD L 5 (2 EFAIG) < §°
BERSNZ2WEZD, TABAORLERHTAZ LI TER
VS, ISR L7210 < TOFENS, EEIEIEE S OMQL
Y CMINRELTWD D L AHEEINS.

B 141383 & MOQLIZ 3\ C T EKIT EIREE & UG v &
OEMETHEB L2 b D THS. v=100 ~600 m/min #if] TH 5
&, B Tidd &% 700°C~1040°C, MQL Tl 615°C~920°C &
RoTWA., Thbb, AL MORIC L > TTREIRE
23100 ~120°C FRERT L TRV, ZOBAEIIEHEIEE
BTEFREWIZ EXDMS. K12 DURREHORER & e
TELETSHL, MOLILICX o CLEHMMERT L RN
WEIND. 723, FCMPYIEIFED TEEEEICOWTIE, T
BOWIMZE b2 5 BIREEOERLOmE N HRETL, RETH
HTEFETHD. LEOERLD, _—F 1 NAlBEESEOE
HIZHWTH, MQLIM LM -\mHOMIER SR TE 72

5 # 5

7 7 A AR 2 IR R 2RI L CHfFSVAIEIRO TE
ETHEIREZRE L, FEEINTICRIT AMQLIITo®H -1¥
W% EERANTRET LTz, T ORSE, HIRAHEN RS 2
TREOSEME (7 0 LT ) 75 U, /=T A bAlRERER) 1
xtL, MQLIMTOEN RSNz, UTICHEREELDD.

(1) FBEEIINTo X 5 728N BV THE AR MQL D%

BEHT DI, 25 mehfEEDA A VI A NREN YL
EChD. £, REDOEMZERL & bIaRE -4
AN I A PBTERTEYICAE L CREBEE LCER
THEDICE, HIBREXRERMBERNLETHD.

Q@) A FPUCI A RFR—AEETSH IR b A—FR
A ME, TROBFEE T WVEICAA VIR bES)
BHNCHHIRT D Z LN TE, WIRWEE LIGBHB IO
M RE =T, 20—k AvrbiaIns A~
VI A P OKRITB L Z 28 um Th o 7.

(B) 77 A NEFER 2 AREHEAVDZ LT, HEEINT
2B 2 TERTEIREORERFRRIC R > 7. T
B, ERHERO TEHNEH DI TREE Thid 78|
FEFLICFEA LT T 7 A4 N (EHR T 7 A 2N) BT EEKTE
MNOOFNREZIEL, ERFERE S CRE EICE
BLEZ 7 ANEET 74 VIBETHHIETHS.

@ 7 uis-FU 758 (SCM440H) DYIHITIE, BIHIHE
FEvA3100 m/minLh T O FEIK TMQL O M 2h - ASBAZE 12

TEHIMILICSHIF S MQL DR

720, #RGIHNT L~ TEIEIHRHT A3 10~20%F2 RN
5. —7, . EJEHS & TERSEIREIZv=30~300 m/
min T T OFEIZ D= > TMQLOIRE R A B, TE
T EEE IR L Z100°CIE T3 5. EIEHEGT & BIHIE
EEFRREICEDLREOHEIT 2 &3 hiX, MQLINT
WKLo TMIEEREZRESUFET DL LRFARETH 5.

(5) 78—F 4 AEEEEEER (FCMP) D54, ALY <
TRERT B0 T VEEICAHA VI X IR SN
9L, YIHEEEC D LS EHIREARNT . FER
2, A BT S & T AT EIEE $1=100~600 m/min
TRCOBER TITHZYMQLOERALND. T
B iR I U B L £ 100~120°CIETF L, %
OB HBFIIEREE R CHETFRE V.

# &

AFRDOBITICHT=Y, BEMIHE ZFR WA —
7 <RS2 B ONTMQLEIEN A A V% TR T2 720 T B
KEMAER T 2 I X MIEHT 5.
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