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Machining theory
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tan ¢ Yo COS
an ¢ = ——m———
I—r,sine (2.1)
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57 cos(p-a) (2.2)
Vsin ¢

= = Vr,

° cos(¢-a) ¢ (2.3)
Chip Tool
A
Tool flank
9] wear
vV E E Finished
Workpiece Finished surface Workpiece Ve | surface
(a) No wears in tool flank (b) Wears in tool flank

Fig.2-1 Model of shear plane
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Table 2-1 Affection by cutting resistance

Cutting resistance p| Power required I
@—P Elastic strain B Size, form quality ..
—P
@ —p Vibration Roughness of
//: finished surface
Built-up edged
t & | Work surface layer —®
@— Plastic deformation \ g

T—————} Friction —p Cutting heat g————| Tool wear, tool failure, tool plastic

deformation
B

Figure 2-2\Z77 3 & 912, HIHI
B OEAREEHNF, EV LS
ARR GBS L EATTA
DS NE,DZ5y T35, LIH
MIOREE/EOLND LS, O

BB E ZORENEH LY DR
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R DNEFE LW,

Fig.2-2 Cutting resistance
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Tool face

Workpiece ) Workpiece

Fig.2-3 Cutting heat source Fig.2-4 Cutting temperature
distribution
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25 TEEE
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20 HFIC, MEETIEM, BESE, y—A v b, a—7 v FBES
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J A, XA YTy FERE, CBNERZEREOHFLNIEMBLEOESE
LB AN, ZOI00EM T, MEIMTIoEmEZREDES 2RI

252 TEOEFICHTIHERMAE
T BB D 4 % Table2-212 7R 7.

Table2-2 Tool failure

. Chippage

. Coloboma

. Break

. Crack failure
. Crater

. Flank wear

. Notch wear

Plastic deformation or creep

RFEW R TEERLOFET 2 Fig2-4IlR 7.

Brittle failure

Wear

1
2
Tool failure i
1
2
3

1. 7 Vv—XEFE: 90 < TOBEIZ
Fo T VWEELELZTESLEARAT

HoH. 7L—FTEWI LIIEET

2, T ARBLE < FTHBUL LA

Notch
wear Flank Notch
wear wear

X H LSBT, B A
ML, EHIWIWEHREL, DWIZIE

Fig.2-4 Tool wear
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150 25

E 8 "‘5

- P ge |

m - ﬂ./ o 3

> - .§ Q 57

8 © 3

250 | ® =8 10

~ 88

E gF 7

6 et

0 S T S U R < 0 seees
05 1 15 ) 25 1 50 100 150 200 250
Worked quantity n
Cutting Length km ey

Fig.2-5 Tool wears curve Fig.2-6 Tool wears curve in part 3
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2.7 SIHEIEA

2.7.1 tNHIMAIOELE
SIMIANE Fig. 2-7 O X 5 K HEEN 5. SEHAIRKCERETICE
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Fatty oil-mineral blends

Cutting oils [ Inactive

Extreme pressure oils

Cutting fluids Active

Emulsified oils

Water-soluble cutting oils —

Soluble oils

Fig.2-7 Types of cutting fluids
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BEAE2GHTEE, Fig. 2-3 ORBEN OB 5. SHIMIHORRE
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WA, WIAE LTIRERC=FERH 5.

1) ERRBMA - ERIISERE LILERIC L&BRREICSRBERL
MORBEARL, ZOBBEABISNDT L, BREKZET S,
CREEOBELEELZNLT 5.

2) FEZFBNEF : RERHEMNAIT 1000°0CE TOERE CHREMBBHE %2
RETD.

3) AU MLEaW  ARY MEeMmiTEEET LTEREZEL, 9
HimAICES<ERINTWVS.

FOf, HEE., 7 I, BERR ESUEIHORMA L LTERS

NTWa. ZH LEHENAIREEN-HEIHmEZ REICERT S Z &I,

2R M, BREEGRETRERMEZRESTIZ LIRS,

OEquipment cost 58%

[CORepair cost 8% Tool 2-4%
E Energy cost 8% ) .
Cooling lubricant
B Personnel cost 6% Cost 174
O Other cost

I Process materials 5%
H Cooling lubricant+additional cost

14%
B Disposal cost 1%

Fig.2-8 Cost of processing automotive parts(For example) (CIRP
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Figure2-8 X, FA Y O BEBETRICB T 2 HEBHOERICE T2 TEE
RTHD. MLaX M HEDDTEEOEEIX 24%THHDIEF LT,
PHIRBEERRIT 7-17% & 3-5F b R&EVWI ERG0 5. BIOFETITM
THOZFXNLX—EROPN, TEEBROEHMEERIC 20%, 77— NEE
WZ53% NI Bb D, FBERLAEOE TIE4E K4 Y THEM 75,000 t O
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Cooling lubricant used

Hy draulic oils
154,050t

Lubncating
grease 947,200t [ -
82 []86 ’ (918,800t Water) Emulsion 3%
. Cther products
272,325%
Lubricating oils
567,360t
Cooling
Lubricant 355 200 ,
75,491t Sty
(326,80t Weter) Emmulsion 8%ﬁ
28.415t
w Corncentrate i

Non water-soluble oil cooling lubricant

Fig.2-9 Used cutting oil quantity in Germany (CIRP Vol.46/2/1997)
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Fig.2-10 Point of cutting operation in 21st century
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The Effect of Lubricating and Cooling on the Machining Surface of Stainless Steel
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Fig .3-1 Characteristics and cutting phenomenon of stainless
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Fig. 3-2 DC spindle motor and hub
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The Effect of Lubricating and Cooling on the Machining Surface of Stainless Steel

Nozzle

1.Cooling (Water)
2.Lubrication

(0Oil, C1L, P, S, etc)
3. Flush away chips

Workpiece

Waste oil disposal cost

Fig.3-4 Traditional cutting work using large amount of cutting oil.

Cooled air

Vegetable oil mist U

1. Cooling (-10°CCooled air)
2. Lubrication

(Vegetable oil mist)
3.Flush away chips (Air blow)

o sEPieE
Bk _-,:_-:'!-'.-

1 e2 a8

Vegetable oil mist

Fig.3-5 Cutting method of using small amount of lubricating oil and cold air

cooling
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Fig.3-6 Oil mist supply machine BLUEBE FK-33
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A—%—:ITW FLUID PRODUCTS GROUP U.S.A
728, BYET — & % Table 3-1 |23 1919,

Table 3-1 Data about BLUEBE LB-1

Initial boiling point >218C
Maximum vapor tension <1mmHg(25°C)
Vapor density Heavier than air
Gravity 0.92(20°C)
Evaporation <0.1%
Water-soluble No

Firing point 320°C

Physical form Blue liquid

PH 6~7
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BB OBE R TR— Y ® Fig3-6 IZRL, OB LT RT.
L AAAVRy b TAREDOH DRI A—RR—MUTHS.
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Compressed air inlet

Fig.3-7 Vortex tube
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The Effect of Lubricating and Cooling on the Machining Surface of Stainless Steel

Table 3-2 Profile of voltex cooler (model 218E)

Model | Generator {Air amount of consumption |Cold air ratio 60%

No. 7kg/cm®GNL/min Cold air heat quantity kcal/h
218E 15-L 420 218

3. BEDa hu—)L

HHRBEILLI - TF2—T7OHDBREIIEDLS. ELIKREOCEITH
BEKOEKIBE LA T 5. fl 2 I1THKIR 21°C=294K, A ELLE 60%,
JES Tkg/em®G & LT, $RZEREE 3COHE, F=—7 OHHEEZ
KROTHSD

(1) Tkglem?G, 60% ¥ B H 5RO KR 21T 47.8°C L 72 5

(2) fefaZE SRR E R

(93+273)/(21+273)=366/294=1.245

(3) BEE  47.8X1.245=59.511(C)

(4) HHIEE 93-59.511=33.489 (C)

P T, HBERBE 2ICOHEETF = —7 OHIEBEEIL,

21-47.8=—26.8 (°C) LA,

345 EBREE

AEBROEIEI MU EIT Fig3-6 TRTEIICA—R I T—F—R L
FANF 2—T DENAFITR>T W5, FEDETEIHEIZRY 705
LHER, FANFa—T 2B CEBICENE. £ENLALESH
e, =7 Lo TIA M TERLN, TREDIUAAICEKEN
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WidiemEz@E-> CLEORTEICHEWETRHIBZH®IET 5. b5 —8i

RNVT IR —F—%Eo CTHA SN, TEDOHHIAIZ-10°C D% A % fit

BLT, ERZITY.

Vortex tube
—10°C cold air

DU /h

Compressor |

Oil ([ |

Fig.3-8 Schematic illustration of cutting method

3.4.6 EEREH

1. GIHIS % Table 3-3 IZ/RT

Table 3-3 Test conditions

Cutting machine

TSUGAMI PAN-3 automatic lathe

Cooling and lubrication

Model 208 vortex tube

system Bluebe FK-33
Test material SUS430F (Stainless steel)
Tool Carbide tool KW10 (KYOCERA.)

Cutting speed V (m/min)
Feed rate f (mm/rev)
Cutting depth ¢ (mm)

V=150
£=0.055
t=0.1

Cutting oil

GM15 (Nippon Oil Co., Ltd.)

Vegetable cutting oil

Bluebe LB-1(ITW FRUID PRODUCTS
GROUP)
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2. WEIF ONEB L% Table 3-4 (277§

Table 3-4 Cooling method and lubrication method

Cooling method and Lubrication Air flow | Oil flow Cold air
lubrication method supplying rate rate flow rate
method (NL/min) (ml/hr) (NL/min)
a. Mineral oil GM15 Normal method 0 0 0
b. Vegetable oil mist Tool face and
tool flank 100 17 + 17 0
c. Vegetable oil mist Tool flank 100 17 0
d. Oil mist and -10°C | Tool flank
cold air 100 17 100
e. -10°C cold air Cutting point 0 0 100
f. Oil mist and -10°C Oil mist supply
cold air in tool flank and 100 17 + 17 100
tool face, -10°C
cold air supply in
cutting point
3.5 EBRER
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HEHETEEZ e 25846, hROMRE (ER ) PILEOERET
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(e) —10°C“ cold air (f) Oil mist and -10°C cold air

Fig.3-9 SEM images of used tools
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Variation in diameter of workpiece um

Worked quantity n
—6—a. Mineral oil GM15 —%—b. Vagetable oil mist
—a—c. Vegetable oil mist  —&—d. Ol mist and -10°C cold air
—A—e. -10°C cold air —e—f. Oil mist and -10°C cold air

Fig.3-10 Variation in diameter of workpiece on various conditions versus the

worked quantity
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(b) Vegetable oil mist Ry=4.92;m n=250

A
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(c) Vegetable oil mist Ry=5.56p m n=250
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(d)Oil mist and -10°C cold air Ry=4.96 y m n=250
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(e) -10°C cold air Ry=6.84 4 m n=250
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| (f) Oil mist and -10°C cold air Ry=4.2pm n=250

l AL ALY,
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Fig.3-11 SEM images of finished surface and Surface profiles of finished surface
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Deposit drop out to adhered

on rear surface of chip

(a) Mineral oil GM15 (f) Oil mist and —10°C cold air

Fig.3-12 Deposit drop out to adhered on rear surface of chip
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Table 4-1 High silicon aluminum alloy

Cu Si Mg Zn Pb Cr

0. 5~1. 5 22~24 0. 6~1. 5 0. 2> 0. 1> 0. 1>
Fe Mn Ni Ti Sn Al

0. 7> g, 3> | 0. 5~~1, 3 0, 2> 0. 1> | Other

Silicon

Cutting face

-~ ¢:102 mm

a. Structure of AC9A b. Sample of cut piston

Fig.4-2 Test material of high silicon aluminui_n alloy

THIFEREHIE R b OBFERM TH S, Figd-2-b IZFRT XL, ¢102

mm DR NCRMOEESEmASEIEmE LT, FLERIZ ¢40 mm DR E
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&7 THIHIIE 31mm ((102—40),72) 20720, GIHIEEZ —FEIC LT, &

BtommZ# 0 IR LEI > T, EREZITRoT.

4272 EERES
1. NC fef : KREBRCHEA L -UHIZE X TUGAMI CORPORATION #

® T-PAN3 AR5 22 NC jef8 Tdh 5. Figd-3 1ZR7.

REFRIGERATOR
ORION AIR PROCESSOR APX-1500LL-B

Fig.4-3 Test equipment

2. MER MR ERETLILOOMBERIIA VA =T T ey —
APX-1500LL-B & T3 5.

F VA =7 —7Fatky ¥ —APX-1500LL-B OIEYEH % Tabled - 2 K&
U Figd4-4 |77 . ZOEBIIHRAHEMIE LT, -35CEREE CHRES

AL TeEZRZz - EMETHHESICHETE 5.
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Table 4-2 Specification of air cooler

-10
Model APX-1500LL-B . &)
Outlet temperature | -35~+125°C ° 20 §
E 2
Ambient 15~30 °C 5 g
temperature g .30 2,
Inlet air pressure 0. 2~0.95 MPa 2 .35 | §
Inlet air temperature |10~30°C et 40 5
(O -
Rate of air flow 200~800 1/min 2 < E
Weight 145 kgf 200 400 600 800
Size 378 X 702X 1300 Air flow rate  L/min

Fig.4-4 Cold air temperature change of outlet

3. SAMEHE - UEIMEIXNERETHIREDO I X MEHEIT ITW

FRUID PRODUCTS GROUP 7/ — G FK - 33 B TH 5.

4. TERERESOFX A ¥E> FTEKPDOIO A L 7.

XA ¥ FIE KPDO10 i, A»I&“/r YEr NRFEEESET TR

ELBEGE TEAL LEHAKEEMNTIAOIEAETHS. TOILEOKER

ix, OFREEDOLD,

MEFEMEICEN, REM. ORBERIRE L, B

EESHPICERN LMIALRETED. QFRWMEIAFTREIZRD. OREAR

RENRFEELIZL L

, mEBEEoHETERAE NS, ¥4 ¥YEFLE

KPDO10 2 L THI/A BT VI =Y A OBEMIRTES DL &

ns.

5. BIHIMIE Y A 2k NsHBE DA F v 7 SX580 KU ITW FRUID

PRODUCTS GROUP #» 7 )—~ LB-1 #{EH L.

50



The Effect of Lubricating and Cooling on the Machining Surface of High-silicon Aluminum Alloy

423 ARSI AERVHMEUEREEFE
ERFEOHKE R OE ) A)VOELE % Fig.4-4,Fig.4-5 12577 .

-30°C cold air i

Refrigerator'

Compressor

Oil

Fig4-4 Schematic illustration of cutting method by cold air and oil mist

Fig4-5 Cutting method
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AERITEFEDE O ZOEAEREICODVLFRBbhL TS, B
EWEME 202 LEREMETH D Z L2 b, Figd-4Figd-5S IR L5727
ECHEHI ARG R EEERESESELEZ. TREOTVWE, BFEFRML
I X MREIEIREZ, —30COmRAEZ ERETHIRICKRENTDEZLICE-T
HEEOGEHONREZREMELLS L Lz, THIEELZ—EIZLT, REo
WMEEZHRVIELE > T, TEOERRVCHELETEOHS 2587 5.

4.2.4 REREH
Table 4-3 Cutting conditions
Cutting Cutting speed (m/min) 400
condition Feed rate (mm/rev) 0.05
Cutting depth (mm) 0.2

Dry cutting

(Cutting oil was not used)

Cooling and | Water-soluble cutting oil was used
lubrication | Only cold air was used

condition (The flow rate 100 NL/min)

The vegetable cutting oil mist was used
(The compression air flow rate: 100 NL/min,
the vegetable cutting oil flow rate: 12 ml/hr)
Cold air and vegetable oil mist were used
(The compression air flow rate: 200NL/min,
the vegetable cutting oil flow rate: 12 ml/hr)

TEEFERESOFAVvE FTLEKPDOIO XA L.

UEDS&MGzAWTEHHRIRREZT2Y, SHIRICERIMOLETEL T
ROBEREBRE L.
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HHEIANOHERALEZMICTRREHRSZ-30COMROHZEM LT
BEOEBHS IV /HEND, —30CHHRAE I X MREEIMEHFALE
CEDREHIICHEARTRORCRLZETh- .

-
[«
oo

o]
I
/>

Finished surface Ry um
N o
/’
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Cutting length km « Cutting length km

~+-Water-soluble cutting oil —e—-30°C cold air with oil mist

-#- Ojl mist ~—&—Dry cutting

4 .
---30°C cold air with oil mist ~—©-0nly -30°C cold air

Fig.4-6 Variation of surface roughness finished by various conditions versus the

cutting length

e S AN
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Figure 4-7 \TR SN DM S HIBRDERF 26 R 5 &, %HI, AKEtEIH]
HTOUHIETRERERL DT,

Water-soluble cutting oil

Ry=6.4 pm

Dry cutting

Ry=64 pm

—30°C cold air with oil

mist Ry=1.8 um

Fig.4-7 Roughness curve on finished surface

n o QiT0ie

Oil mist -30°C Cold air with oil mist

Fig.4-8 SEM images of finished surface
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RAMBBEELTHS LB X b3, Figds OBEXROERDEEC R bh
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Water-soluble oil or dry cutting Oil mist + cold air
Nozle Nozzle 1 U
o Silicon 8
Silicon :
Workpiece Workpiece Nozzle 2
Oil mist
(a)) (2,)
Nozzle 1 U
Workpiece '
Workpiece Nozzle 2
o o)
A : B

Fig.4 -9 Schematic illustrations of cutting model
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40 /B/a |
g —&— W ater-soluble oil
3
§ 30 —@— O1il mist
g
= 20 —@— -30°C cooled air
E 5-7 : with oil mist
[ 10 —E—Dry-cutting

0 ~0O—-30°C cooled air

83 166 249 332 415 4938
Cutting length km

Fig.4-10 Tool wears curve
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"
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LT

=

Water-soluble oil Cold air with oil mist

Fig.4-12 SME images of tool wear
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Air Oil

Compressor

Nozzle

Fig.5-1 Usual mist supplying method
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Fig.5-2 Schematic illustration of oil-water mist lubrication machining method
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Tool

Fig.5-3 Coaxial twin tube nozzle
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twin tube nozzle@ Oil-water combined mist

Fig.5-4-a Schematic illustration of oil-water mist lubrication machine

OWMIST-CDC I

1. Oil mist outbreak container

2. Water mist outbreak
container

3. Oil supply pump

4, Water supply pump

5. Oil tank

- ‘ 6. Water tank

Fig.5-4-b Oil-water mist lubrication machine OWMIST-CDC I
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Air flow + Oil flow or Water flow
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Fig.5-5 Principle of vortex generation and mist supplying
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Oil mist Oil-water combined mist Water mist Oil-water combined mist
Observing by oil sensitive paper Observing by water sensitive paper
(a) ‘ (b)
Oil vestige of oil mist 100 p m

Qil vestige of oil-water combined mist

Vegetable oil mist  Oil-water combined mist

(©) (d)

Fig.5-7 Observation of oil particle by oil sensitive paper
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BERE TEMBEEE LTV, (2) BzEENEY, (3) MIEL
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Figure 5-81Z/;r 9 XL 912, EBRIZTUGAMI CORPORATIONHIT-PAN3EL #5455
NCHE#E % A\ CTHMEER TN & £ L. ERF BT ERMEOINRE &
DIRLEIEI LT, SIMIEEREDEICE 3 TEOBEERME FTEOR S &
BIE LTz, FEBRSEAF % Table5-1iZR7 .

Table 5-1 Test conditions

Cutting machine TSUKAMI PAN-3 automatic lathe
Cooling and lubrication Oil-water combined mist supply system
system OWMIST-CDC 1
Test material SUS304 (Stainless steel)
¢$ 88 X L45 mm
Tool Coated carbide tool US735 (KYOCERA)
Cutting speed V (m/min) | (a) V=250, f=0.1, r =0.2
Feed rate /' (mm/rev) (b) V=150, r =0.2
Cutting depth ; (mm) £=0.07,0.1,0.15,0.2,
(¢) ¥'=100,150,200,250,300,
£=0.07, t =0.2
(d) V=150, f=0.07, + =0.2
Water-soluble cutting oil | Uni soluble HD-M (Nippon Oil Co., Ltd.)
Vegetable cutting oil Bluebe LB-1(LB-1, ITW FRUID PRODUCTS
GROUP)
Coaxial twin tube nozzle | Internal diameter d=2.5mm External diameter
D=6.5mm
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THZRT. Fig.5-8 Cutting method
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Table 5-2 Test conditions

Test number 1 2 3 4 5 6 7
Water flow rate (ml/hr) 150 [150 |150 |150 |0 300 | 1000
Oil flow rate (ml/hr) 30 17 10 0 17 17 17

Table 5-1 |27 9 UK G4 (a) & OF Table 5-2 1236\ C, MO 4 E Q. 13,
Oml/br (#4572 L), 10ml/hr, 17ml/hr, 30ml/hr © 4 FE¥E, K3 2 F Oft
FE Quawer 19, Oml/hr (K I 2 M E#R 72 L), 150ml/hr, 300ml/hr, 1000ml/hr
DATEHL L, HEEEZEISET, TOHELHRS L. Fig59ic%h
THNOHMI A MHRER UK I X MEBEBIZBIT 2 TEOBEERNZRT.
MRENTEIBIERRE, REEI T AR EEFRETH 5. BEEITEUINIERESSY 0.5
kmiZ7d Z L ICHlE L.

MEOKRD IR FEOEMEY, TEBTEEREIER/NSLS 2o T
DI EVTD. KR, WAMEL B LICERTIES I 2 MEBEMRN,

_——
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Flank Wear um

0 0.5 1 1.5 2 2.5
Cutting Length km

Fig.5-9 Tool wears change curve
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Fig.5-10 Oil-water combined mist plus water mist supplying method

Table5-3 Cooling method and lubrication method

Cooling method and Air flow | Oil flow Water
lubrication method Lubrication rate rate flow rate
supplying method | (NL/min) (ml/hr) (ml/hr)
Water-soluble Normal refueling
cutting oil method 0 0 6x10°
Vegetable oil mist Tool flank 100 17 0
Oil-water combined | Coaxial twin tube '
mist nozzle, tool flank 100 17 150
Dry-cutting 0 0 0
Oil-water combined | Oil-water 300
mist + water mist combined to tool 100 17 (150+
flank , water mist 150)
to tool face

U e e e ettt rrrareesmmerer et
W
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Feed rate f mm/rev Cutting speed v m/min
Cutting length L=2.5 km

Fig.5-11 Tool wear change curves
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Fig.5-12 Variation of surface roughness finished by various conditions versus the
cutting length
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SEM image of Finished surface roughness
finished surface profile curve

Water-soluble oil
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Dry-cutting

a

o & a2 2 & a8 3 A n
IR £ 3 il ii Fi il i f1
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Fig.5-13 SEM image of finished surface and roughness profile curve
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Deposit

Dry-cutting Vegetable oil mist  Qj]l-water combined mist

Water-soluble oil  Oil-water combined mist + water mist

Fig.5-14 SEM images of deposit formed on the cutting edge
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0.6mm Cemented carbide chip

Holder

0.4mm

Digital thermometer

Thermocouple

Fig.5-15 The temperature of tool was measured by a thermocouple

250 250
—¥¢— Water-soluble
200 | 200 | cutting oil
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=
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0.1 0.2 0.3 0.4 0.5 0.1 0.15 0.2 0.25 0.3 combined mist
+ water mist
Cutting depth mm Feedrate f mm/rev ‘

Fig.5-16 The temperature of tool
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1. EBRFIE

() EHOANEBMIICBWTMIE#®O TR EMIEMTYIEENRE

BIZRTEBOTHEZLET 5.

(2) FEBREM % Table5-4 1Z/R7.

Table 5-4 Test conditions

Cutting machine

TSUGAMI PAN-3 automatic lathe

Cooling and lubrication
system

Oil-water combined mist supply system
OWMIST-CDC I

Test material

S45C (carbon steel)

¢ 69X ¢ 31 XL45 mm

Tool Coated carbide tool T725X (TOSHIBA)
Cutting speed V (m/min) ¥V =70,110,150,190
Feed rate /' (mm/rev) f=0.15
Cutting depth ¢ (nm) r=0.3
Oil flow | Water flow
rate rate
(ml/min) (ml/min)
Cooling and lubrication 1. Dry-cutting 0 0
conditions 2. Vegetable oil mist 17 0
3. Oil-water combined 17 150
mist 1
4. Oil-water combined 17 300
mist 2
Vegetable cutting oil Bluebe LB-1(LB-1, ITW FRUID PRODUCTS
GROUP)

Coaxial twin tube nozzle

Internal diameter d=2.5mm External diameter
D=6.5mm

2. RBER

EBE R % Fig.5-17 [Z5RT.
HEEIIRABONBEEETHS. 2L, D, RMTEERBRNEDOT

HBTHY, D, RUEIREZ 1 AAE L TZ2RICEEZRORBRNEDTE
Thd. HHMIZUEEETHS.
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ARRTIHEENINOLEEMTE CMIEELZT LT, MIEED
ERICLDOHRIC I 2RBNENTTERELR . EROBRIT
Fig.5-17 779 & 512, MITEE 70m/min OEKEM LT CIE, ZRIMIT T3
BEORBAROELMERRRTH Y, %ixkﬁﬁmi6MI%2M<
DEMAE 300 ml/min) THMILERBAROELERRNTHD. iz,
EEMIT 2HBE, EE I X MURICI B2MITEE 1k o6 A £ 150 ml/min)
TMILEZRBRNEOELELIANIA MURICIZ2MIETHMILE
RENEOEBEIITERBETho. LivL, MIMEEZIEEMI
CREMIICET DL, ERXMITHELEAAVIRX MBIZLANMIET
MITLEEBARORMERIEM L ST 5 I L8 0»olk. BEMTIIIC
BOWTHEES IR MRIC I AT 2 (KofEMAE 300 mV/min) THNT
LERABARDOENERN RN THDZ E bahol.

16
14 —%— Dry-cutting
12
& —a— Vegetable oil mist
3 10 | g
Q8 F
A —e— Oil-water
g 6 combined mist 1
M o-——o—\_,o/] —o— Oil-water
2k combined mist 2
O L ! L .

Cutting speed m/min

Fig.5-17 Getting under control thermal expansion by supplying oil-water

combined mist
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A NDEEHE BB LS MR ELTE L, MEDREBED - VH AT,
EHHETIEHIX POBEIENREL RBIH5>FABTEZLICLY, 2oL
BN ES LB LRTES,
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—EESIRAMITEOERE—

6.1 ¥=5

TARNX —EEBR R P TERIEN S P, FAHAEEMES BEEOERIC
BOTHOHETZ RNV IRERMBEL R oTWS. HEIEIZRBIT BREH
BT 27202013, M DU oBEE, EE0ZESIER DK,
BREBEREDFENFHEINTNS.

ZHOLH, A THEFEFOREMBERVE TR LTF—~ORY HHD
F—RLLT, ERHEOBELMIEDLN TS, BICEFHRKA —
EKRESEHICERE T2, FZXALXF—~OMERKE L, HKRTE
PHETNVI = AERIIEBNICHEGEBR I L2255, —FBHIZT A
U LEEHERA - (ULTFTNAVI=TbRA—)LEeME) BRI E.
PIHl, BEOMIBEREZET, FMRICRDIZILENREZV. ARFRIZIIDNOI L
THI=ULARA—/VOGRIMIEZRY £, BRECELWVWEI RS A4
HETHOBEE IR MG L 2B T o2 EAZ E2BE L

TW5.

6.2 KEVIHIMZEERALEKEEROMIE

6.2.1 H£ERIK
WEDTNI =T AR, —NVEEBDOE % Fig.6-1 IZFT.
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BRe&BHS. BeeERKIcLs L, BRERNOFHAERAT VI =
AHRA—)VOEEEITFig6- 1 ITRIND I I 20 FRETEEERIL 3 FL

Fiz#EML, S% LT TCEEENERTIRBLTH S .

79 80 81 82 83 84 85 86 87 83 89 90 91 92 93 94 95 96 97

1500

O Volume of production
1000 | @ Volume of sale

500

Amount (x10000)

Fig.6-1 The production of aluminum alloy wheel at present situation

6.2.2 FILE=H Lk —JL A # #
ARFERICBITAHEIMIIZHMERARA —LTh U, M E 1T AC4C-T6 &4

BT7NVI=0AEETHB. FOMEBRRS % Table 6-1 |27 .

Table 6-1 Ingredient of aluminum alloy AC4C-T6 Unit %
Cu - Si Mg Zn Fe Mn
0.2 6.5~7.5 0.3~7.5 0.1 0.17 0.1
Ni Ti Pb Sn Cr Al
0.05 0.2 0.05 0.08 0.05 Other

TNHNI=ULEEDOHRT, i, ~ 7RV I LERREREEATZT VI
S AEESITERINTHEN BBV E SRS, BIL, IR EE THY,
oL FErABLLTL, £ EFTEORMREL, TEOHFEMRAEV LW
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2Z¢ETHD. o T, AERIERESNET VI =T LE4 ACAC-TG
LHOEERICHEBEL T, HMBMTHES LNV ZLithoTd ™. L
PL, BEIEORA —NVIZERERDZTLI =T L5808 E1E, BRRK
E%%<?5kwmﬁﬁ%~m%hﬁ%$nﬁ?ﬁ@@ﬁaihfwa
T, TEROEBFEZEEL, TEFEMILTLLELRZNVEWVI DR
HRTHD. GHLET, THI=UAKRA —VOERIZBW T 624 &
FTEITTIVLKTLEULTRESNIERKRE VWD, TEEEIRLT
%ﬁ?%&%%wk&ofmé.it,Twi:?Aéﬁﬁ@bB#wﬁ
W, TR~NEETDHILBHD. ZhiZ&>T, ETFTEOBEREZ S
ZEbLHDH. TOM, HEOBLERENED &, TLI=U2EEOH
BN THERRE BT D 20,

6.2.3 N L&
Figure 6-2 IZ7 R 3 X 912, HIHIGZBHIEITAZB SR OMIMEBIZ L VES
=, —OOHGEOEYHEImE A~B O ETFMITES Z DERERTSE L

L CHRETT 5. UIHEIZH % Table6-2 |Z7R 7.
Table 6-2 Test conditions

Cutting machine

OKUMA automatic lathe

Cutting workpiece

Aluminum wheel 54111-48EO0(HONDA)

Test material

Aluminum alloy AC4C-T6

Tool Carbide tool K10(SAFETY:VCGT13030821)
Cutting speed V (m/min) V=1500 (N=1000 r.p.m)

Feed rate f (mm/rev) f=0.2

Cutting depth ¢ (mm) =02

Water-soluble cutting oil

Highchip SX580 (Taiyu Oil Co., Ltd.)
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D458

Fig.6-2 Figure of a product

6.2.4 HIHINSTIL
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(1) TREOBEF BEIRELLBET LD, LLFEIAEL LY, T
BEMMBEHICEL RS,

(2) BHIB DT A RPEIHIPICEIRIEIIBA L, SIHIBE SIS ES.

(B) FETNI=UARA—/NVOBIEBRRIZBIT 280 < TOREEXRS,
HATETAEL TS 10 BEOKRA — VI OWTHENT-HEER, Fig.6-3
IRT XD, —BSZVWEHETEHEMD 40%% 5D TS, BEOKEME
PHEIHZER LEMIEETEREORECE D < FRGEIMICHELEE
FORETHHSATLES. CORR, FRERDHIHO 30%234819 <
PRI SN, EEEENL L TABSNARTRIZR LAY, 0
e, TVIZWARA—AMIOKRIA, €I RIAMIIRT I =

Y ARA =AM TERICBRSEENRTND D,
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e e e ]
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[
o

M odel of wheel

Fig.6-3 Chip rate

(4) AKEETHIMZERATHIZ LIZL Y, BEEHOOE VR NESL S D
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6.3 HEIRAMERRICKDM I %

BAI R MITHE, BLATESENSKE IR MRIC LTHRET 5
LT, EYRMEE IR B 72 B SIS O I % b 2 R T A
BT BMTHETHS.

HE M B B LG T VR % Fig6-4 IR T X 51, D B AR My 50 B
RUAKEABED ) AT 5. MO L kORAME /X
DOEALIEHR S, GEINMTHEOBEBEOHERZITRS.
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DOil-water mist device@Pipe@ Connection device@Nozzle® Work® Tool

Fig.6-4 Schematic illustration of cutting method and test equipment

(DNozzle@ Compressed air entrance@Oil-water combined mist outbreak container
@O0il supply pump® Water supply pump®Oil tank® Water tank

Fig.6-5 Oil-water combined mist machine OWMIST-CDC II

6.3.1 HESAMNITEE




Application of Combined Mist Processing Method in the Machining of Aluminum Wheel

BEIX MNEBOKMMEZ Fig.6-5 [T . HWMEGIEIE & KixBl~ 0 &
YIPLRyTEESTIRA MNEARICHBIBALT, Fa—T 2B T,
JANVITHEART D, S A MRAZEZHNMATDZ LIT LD EYMHEEEIHE O
MAKZWRLFLT 5. EMER LEWHEIEIME (X7213%HK) ORE
WIXIRANREZETRESH, /AVOBHAOTY 5 —E#Mad 5 3.

Air flow + Oil flow + Water flow

7
' Vortex , Vortex
Z éé /Diffusion outbreak A —
tai
E‘;‘&\‘\K\\H&A comtamer

é? Vortex of 011.mlst _________________

or water mist

Fig.6-6 Vortex generation and supplying mist principle

6.3.2 BREHEELIDZIRAMEERV/XILADHKEBTE

Figure 6-6 IC R T L O, EEIA MEBIXII XA MRAEZZFIA L THE
MR R K ZMEFIC L TTAEE XS, EMEKLEDBHREO
KOBEWIIA MBAEAZCBREEESY, BE, BT 5. BEO
WITEMERKOBEICKE N ODWEEE THLI bR e LICHET 5.
WIRISHES R E KE =7 —RBRE LR FEZ ) ANVETESRE. J ANVOE
HOT, b5 —EMkb LAZICHETDS. / AIE 6mm O/ 1 T %
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FALTCITEO T VWEECRTEICHESEST 2 °Y. FHIR~DHHE D%k

¥ % Fig.6-7 |Z7~7.

Fig.6-7 Oil-water combined mist supplying method

6.3.3 ML &4

AEBRCHWEMILEHFZ UL TICRT.

1. I AERICEOEERET MV TERZITR O LDIT,
AEaRNEIMZ D XS KRR EMESRIMzERTL L L. =
2 hEBMBOEEEBRF Lz ECRHBICEDN I HREAZ 7/ HTH D
WEHmEFERLE. EAEX, AV—AKY7ZY R2mlhr THD. 077
A W DYt % Table 6-3 [ZR7.

Table6-3 Property of fried food oil for the experiment

Show gravity  g/cm® (20°C) Firing point °C
Lemon yellow 0.92 318
Viscosity mm?/s(40°C) Current Point °C Water-soluble
35.8 - 20 No
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2. WER  AKEKREEBL, HEEIL ) AV—K Y72 Y 75mlhr TH 5.

N =

3. EZES B EIXT ) AN—AY =Y 100NL/min T 5.

H

4. fiaHE  TRETE L WEmMGRICHET 2 (Fig.6-6 IZR7).

6.4 HRRUBE

641 TEDAERUVIESM
TNHI=UAEEITMIESTREERRRY, WMAMEY, BSNE
WIREDEMEDR D D7, BIRIMEICEFEE 228, EEICIXNMIERR
KRBRNWZERHE. TOHAET VI =T AGENKL LN D, T
BORNECEEN > RET DD THS.

Flank Cutting face

Water-soluble cutting oil

Flank Cutting face

Oil-water combined mist

Fig.6-8 View of used tool
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Fig.6-9 12777,

Pinhole Swell of
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water combined mist

Fig.6-9 Finished surface
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PHO0~LEAD L., FOERES Fig6-10 IR .
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Fig.6-10 Results of processing with oil-water combined mist
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Water-soluble cut oil consumption : 7600 thousand Yen/year

Vegetable cut oil consumption : 230 thousand Yen/year

Fig.6-11 Cost reduction
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