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(Performance Evaluation Method for Cutting Fluids

using Cutting Force in Micro-Feed End Milling)
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Table 1.1 Classification for cutting fluid tests
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Tool life in drill test
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(a) Relationship between seizure load and tool life (b) Relationship between abrasion trace diameter

and tool life
Fig. 1.5 Relationship between four-ball test and drill test!*#”
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Fig. 1.6 Relationship between friction material and condition and wear form'*”
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Table 1.3 Classes of water-immiscible cutting fluids
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Table 1.5 Classes of water-soluble cutting fluids!”>
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2.1 #&

il

AHFFEO B, BIEIMAI O TAEREE 0 B M 23 il (2 B Vi PR A 2 L 55 2 Th
5. LoL, —HRITINTHEREE S o T, INLERECUIHISAE:, #HIM DiEWRE, Hix 22 T4hn
FAET 5. £ ZCTUIHIMAI O g & O BHEMEZ B E 3572012, k4 2N T2 T o GIE 1 #l o
IRERAE T HZ LI,

(ZETHM A O RAZ AR L 7o 13285, FlzX, £ 2.1 Oy, ERFIRIE, RFEH(C
0.35%) Z el 2 g 3 Fliod T HZ VT, BIHLESE 2.1 m/min, %9 0.1 mm/rev, YJiAZ: 1.2 mm THE
HIIN 21TV, IR OEACEY, (B SRR BYEHE L 0D, (i RS
SN REVVERL ) JE DI AT, IE@@“@\@WW@&@)& I FTARDEAMWIE T (1) ICBf%R
L, u B3HORIUEEZHZ 2T, T IHFET<OE _ EOFEEIG S (61) DFTZELND, n 23RA L
WREL72HE, UISTHOEAMWILT) © 3 612 JORELZRD, HAWmEIZ T ~VEET T, AkizY)
DT OWUNFT DIRAFEL, TR BIEL TR RN JE L 70 DL ST, REMCTE MR LIl 72 &2 ds
WC, BT EHED NSO, #EHES RS, 3 <OEBEEEBIMEN D EZ RSN TWD.

B4 2.1 0w, AT, BEREHOBERIIN TIZH T2 TR R ERT miRE S RS 0RERE
FRAL T 2D, BEHIAS 1X SMF4040 (Fe-C-Cu RO RERE 4 JE) & S45C, T H 1% ¢-BN 5%, 737 (R
{bF & -T AT R), UIHEHANT =~ L ar ZA7 R HWGI, SIHEE 100-400 m/min, 259 0.1
mm/rev, YJiAZ 0.2 mm THEHIIN L2323 407, IEIHANC L2 T 5 R ek i B O i) 2h S 1%
BREREPREVWTRIZEBEE THY, TEOREBICILT TEALERT EIREDN LA T 2LHIN
Wb Uz, $£70, THASERT miRENFEE ThiL, XL o 7 n Bifett L masgsn
FzEEN TS, LLELY, BIEIMANL, WEER CI3e<MEEERCEE BT S AL TV D
EEZEZLND.

# 22 0@y, TEHEMICEL L, MIKS, S45C % @l o T B4V, BIHIEE 45, 50
m/min, %Y 0.3 mm/rev, YiAZA 2 mm THEHIIN 247V, FREIEIRAZ VO CREGL Tna 22, 32
FEIMIRS BE A AL RV ED WD R BN R R L7228k TREMDE . BIHIHEE 50
m/min CTHALIEIMO LB 2L THEMPME T T 2501%, TEMEFPERZEZ 72D THY,
KEBEMEGIHIMA O T EEFEMAREWVOIE, HEMEICINZ, BHEIMESEZEL TWHES TS, Z0 k)
ICTEESFEICRAL CU, MO ES D Z Tl KR (RE M) <°, @O 27imANC L
5 LEOBRERE, mAMLEETHY, YIHNMANIEME/ERAL TV,
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Table 2.1 Difference of finished surface roughness in cutting fluids'->%

BIEIH 1 B EHE, pm
1) KPR TEVE AL AL 3 12.4
TN HAT T TEMERRAL I 23.4
JF A KT 10 1512 K 27.5
N ==} N V= BVANN
FLIMOIRATH 40.7
g A KA B A 28.3
[EPE K P B I 41.3
Table 2.2 Difference of tool life in cutting fluids*?
BIHEE EE, m/min 45 50
HAAT : min HL G H| 0.85 0.25
A LRIV 2.1 0.6
J4 M 1.4 0.35
ARV 80% + AV ST T 1 20% 6.0 1.1
e | AE RV %+ AL RENG 20% 3.3 0.4
TAERE : }:/ /EH 0% @luﬂﬁﬂi}?‘ ’ o
ARV 80%+ A NT T 42 10% 8.5 )5
+ i ARG 10% ’ )
7\t VRV 60%+ AL NT T 0 20%
LIS 20% 92 37
) 13455 FH i
Tl arx20 R 25+a 1.2
(LT T/l ar x50 AR 5.5 0.6
DT, EERA K ArARx50 F R 23+a 0.5
oeERE ' VY 2—a x50 FR 30+a 2.3
VY a—ax100 AR 30+a 4.2
20 — 20
| SMF4040 ® CBN1 (§72%) | A & CBNI (#::8)
e a=0.2mm A CBN2 (i%:0) e | © CBN2 (i ()
= S=0.1 mm/rev BTy 7 (H) B e M
N N \
< | i O CBNI (Jat =) < | \‘|‘<>
" i, \ *
2 10 R L 2 of 45
T . i a_:{;).IZ mn}
b L o A ‘ b, L . f=0.1 mm/rev
D L L 1 0 1 1 1
300 400 500 600 700 300 400 500 600 700
T HASRTHIEE T °C TEAERSFEIRE T °C
(a) SMF4040 (b) S45C

Fig. 2.1 Relationship between flank side temperature on cutting edge and finished surface roughness®?
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2.2 DY, KFEDHIE, S45C % SKH4 O T HA Y, 250 0.2 mm/rev, 1A 1.5 mm TYIH|HEFE
ZAEALSETHERIIN T2ATV, AR EGIEIHA SR EESIETm Al O T B &Gz Lz 2. G|
B 40 m/min STEFEBEIC, KOIHEREEMR], J70bh, MRS A RS DRI T, AREEEDIE
F LA AKEEPETIE R O T BHMARL > TS, 2, RAREEHESIEIMACIL AR PE DI
AN, HERR A SE 354y B Cldzel, M T 2BENR LN ZEITERR L TODEHEESILT
W5, ZOIHZ, GIHIMAI ORI TEIRIZRAFIC LV EDYS 5.

2.3 D@y, CIHIMAI ORI T, SERFIEEA I LI EL <D, IADIX, #
HIR CThDAaxL 718 O EFUIHNCERWT, T ERKF mRI SO MA 2 & B ER 5281
FHTEHFMOEELZREL D 29, M K20 o T E&2HW, UIHIEEE2Y 50 m/min, 250 0.2
mm/rev, YJiAZ 0.25 mm OFEHIINLIZF VT, GIARHA JIS K 2241 A1 FE 10 F5A7H0) Ot iE )33
IRDITHES T, W THIEEFENE 2B L, FiEE 281m/s (15MPa) T, fiE1E#Z (0.1MPa) (2 kb, #KiF
[ EFENE 0.2 mm (2725 F CTOUIHIERED 5 fFE TR LIZESN TV,

H)1151%, AJA (Air jet Assisted) BIEIEZ A2 0/L 718 Ol NN #E AL 2. AJA BIHI 213,
DIEmA (A& 5.25 Vmin) Z @8 AR>S B H RIS B 9D L RIRFIS, e 28 5 2 8 T Al
MO RFITIENZ L HF1ETHS. SiC b7 I 'T7Iv 70 T RIZ, UJHEHANIZ=~ Va2 A7 D
IKEEPEGIEN A (15 (5250 2 AV, GIHEE 420-780 m/min, Y13AZ 0.3 mm, 259 0.1 mm/rev D JE
HIINTAZHBUNT, EOUIRNEE OEIIC W T JEME 2 KB 2 B U IR E T 52L T, [EME 2250378
WEBA LY, THHEMDPK 1.5~2.0 FIER LS TS, 2RO T YIHIIAI DR E, HH
TERO58{EZIR-Teb DO THY, UIHIMEREICIB W TR L BIF 528N TE TN,

LIS O BIEEI DD AT RE§ DA 115 118 155, 12 Len 173 200340 . G Al O Fl
FE SR RORA T U Wi B2 E ORRFHI I C, A P E O S T EAR G ORI & A3 fee
NWTND. UL, WT LG IRE SN BIEISRAFOFFA N TOMETTHY, S TOHEIHIH A O
FERRHIZEAE BRI L 72> TG, IS, GIANMANC RS2 3CEIE dr b DA<, BLRO—i
PRI SR Iz D &, i B B oD T B A A M B HINC K0 G A1 & 3 L 7= FF1 3% 0.

ZIT, AR TIXEBILE, WA TEME CTHLOBIE TIAIN o—7 07 THEZHW, flix O
HIAE, BIEIZRME (BIHERE, 260, YhAR) OREHIIN TA2{To72. 254528 7C, KRN T4 Fott
SIS AUEERI O AR T A LU AL BT RS B L0, BikomEy,
GIHIM A OB EL BB F WV ESND D THSH. LoL, BEimHSIsmV M B E 2355611500
LTI, HEDMH D A THIHNMAIOMREFHN S CE W R TSNS, £2°C, #Hif-/em L
PEREDREAL I H LU C, A BT ICH1T 5 T RERESIR DR TRRAE 2D I 11T 7. ZOERERAZEIC
DWNTIE, TS UIHISREOE WO BERE B HAEIN TS 2908, BIEIAI OIS\ T
HFEAERESIL TRV, E e, ITFE TN TR EIR D HNOEIRIIN LA &, EEHRII T
HTENDY, IREFAEIC T T UIHIMA O BARE T HZLITAERTHD.

LRLOM@Y, AR TSN LA T O BT S - 8855822381 D UIHIH A DR R4 B 57>
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(295, ZLT, RELET, ZROOREREGIHIHA O EMEL O BEMEAMEIL, AL TIRET
DRI 72 GIHIR A OTE R REATR 5 DA P ZAERIE L i 5 2L TRGE T D2 &Lz,

0.15

AT MEGTFI I A1

’/K AR ME G H ]

20 30 40 60 80

BIHIEFH], min
T B ¥ AT 1 FEFEDE 0.7 mm
Fig. 2.2 Difference of V-T lines in cutting fluids

0.3 0.6

2-3)

Injection speed 54 m/s
@)

Customary
injecti .
tyection Injection speed 108 m/s

A Injection speed

<
)
|

Injection speed
281 m/s

Cutting speed

50 m/min
20 m/min
Workpiece : Inconel 718
Tool : Customary tool
Depth of cut : 0.25 mm
Feed rate : 0.2 mm/rev

l l l l l
800 1000

o
—

Width of flank wear land, mm

] ] ] ] ] ]
400 600

1200
Cutting length, m

Fig. 2.3 Relationship between cutting length and width flank wear land**
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2.2 EEHHE

2.2.1 fEHlin T3

F 2.3 (ZFEBRITHEFH UTHIM ORI Z 7R 3. RIS EIEI S COIEmAI O Rz i & o7

W, WMERCHLE DN B DR EIA L LT, HRIRZEZ S45C, (KR SS400, 7 AT T L8 SCM435,
A —ATFANRAT VA SUS304, < LT 2P A NRAT LA SUS440C, T2 44 Ti-6Al-4V
i LAY

3 2.4 |\ZFEBRSAM AT MAZAK $ NC fighg QT-15N 24 f L CoME R gl 217 -7-. THIZ
XA IR 12.3um OFBEE TIAIN 22— 427 F o 7 % .

24 I EANRAHLOFR TSR G E A~ NI LRI — P — M EE (F— T R,

TERBEL — P~ A7uAra—7 VK-X200) Z FHWCRIELTZ. TEIWENSEIN N EER T 5
S, WP EICESETORBORERELZ. ZORIELERNS N Az k7=, T Bk
FHENZIE, a—T 17 OREMEIROZEZPEERL, 1 LT~ T B Z5 IR DR B A2 % 1 U
IZRHE 45725, BFEEML BIF AL, S Ra % 0.02-0.03um SL7=. 29I 0.06, 0.10, 0.20
mm/rev O 3 KHEL L, BIHIEE L 10-250 m/min OFiPHCTHEERLT-.

AT AR Ot O LT H 2 kgt R SR CNRBEIERT, 7 V209 —7=2—4 DSF800K)
THIEL, I EEHE Ra B IO SR A1G72. e EOFEMPEEIME Ran (TP F ORIV EH >

0L, JEMEE FRGEE L7zt BT RS ORE RIS T BEEFEOR BN MR LD, SIHI S0
HIF 7 ORMA D= —F —2 AL, GIHIEREEDT 25m LU T L7250 5BR LTz,

Raon = 2P (L D et [ (- L)) = L2
Aen = o \zar 27)% %Zr x

24r T 18V3r

IR

(2-1)
F7z, YIRS OMAT DT80, FErlF 7 DN —%8) 7 5 (KISTLER 9121) (2 & L STHIHRHT
ZHIE LT, AL BT D T EREAR DR BEREZEZO R 22>V T, RENZREHELT-.
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Table 2.3 Physical property of work material for turning test

Work material SS400 S45C  SCM435 SUS440C  SUS304 Ti-6Al-4V
Hardness, Hv 182 251 246 259 190 336
Elongation, % 23 20 20 43 40 12
Thermal conductivity,

58.0 44.0 43.0 24.0 16.3 7.5
W/m-K

XARS I FEHNE, ZOMOMMEIIA—T DIV —h, KFEFFERS HP, STHk 292 .

Table 2.4 Experimental conditions for turning test

Cutting tool SNGN120408
TiAIN coated cemented carbide P15
(-5°-6°5°6°15°15° 0.8mm)
Cutting edge: R 12.3 pm horning

Machine tool QT-15N (YAMAZAKIMAZAK)
Cutting speed 10 - 250 m/min

Feed rate 0.06 - 0.20 mm/rev

Depth of cut 0.50 mm

Flow rate of fluild 3.7 L/min

Microphotograph of the cutting-tool edge

Flank face ' ,, Rake face

55.1
500

a0 gyl £ o P Rake face

300

200

50 pm

100

00 g 50.0 1000 150.0 200.0

Fig. 2.4 Profile of cutting-tool edge
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2.2.2 fE EFEICET 5 T AR OB SR ED T
2.5 \ZRTEY, BRERREE, TEMHOT a7y AL et EIF 7 a7 74 EOFTPK) -
R()|DIFHERAZTHY, LT OFNRIZ IV G RRAEZ RO T-.
O M EFmOMIHBRIZIBNT, EY~—2@1, TR — RO S MR o2 (522
SETTFN) D3 e/ N TR DAL A RS, ZNHDONEIZSH DT &M &9 5.
© FEAm 36 L OFHE ) S S iR O R 2D RIRFICHEE 5. ZDRZAEZ KLY~ — 7 DX D A
B M TH, IR E LoTiA 180~ — 2 (— X)) M ORHIE 07 &5 (3X(2-2)).

o2 = T, (P(x) — R(x))? (2-2)

@ HSHIFRDOEY~—2 DN DX D on DRI fEE T EREBOETIRZE o1 2 T5
(X(2-3)).

1
or = NZ{V:l O-Ti (2_3)

2.2.3 L

F 2.5 (RO R VE (BIREEE, LB, RimiRT ), iiay) 23 . YIHNmAIORELL T,
M, HHEIE, RBMEAUIEIERE IS5, 2 TCOMEMITEREE L R mENDNFLZETHY, 7
EEOHE TIIWTNOMAIL RS THHEB 2 BND. Fio, BkEE, WANFES THL0, FRILH
B ENCBWTE, UIHLROMmEINE BEEIRE ) bRELEZOND.

VR EIZ OV TIE, M-VGS DMEMIHERTHY, ZNEHEHEIZHE 2 DL, M-VG8+S RIEAIEL T
LI BG5S Awt%l 72 DI H RGBT UTZ A THY, @ik - e T CoMBENH
ELTWA. B-VGS 1, EREEHETHTATI/LTHY, &REEITHERIICRAEL, WAERIZLDHE
W [R] = 00 4 @ B A 15 BB E O D IMERIL L CHER T2 22 Enmbi, SR ICRITDEE
BARBE RO\ IEFITHS. LLEDIIIZ, FAROEMZEDEIEEO B3 E DL I E KL T
RIMZREL, ZNHOMAE AW COIHIMEREZ TR AL 72
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Surface roughness curve

+ evaluated circle (circle with minimum deflection)

R(x)
Pix)

f

R(x) of M discrete data

R(x; ).T

Profile of cutting edge =g

Surface roughness digital data =—» @@

o R (XM )

R(x;)®

oo P

Fig. 2.5 Basic concept for calculation of cutting edge transcription error on finished surface

Table 2.5 Composition and physical property of cutting fluids used for turning test

Sample name M-VGS M-VG8+S  E-VGS
Base oil Mineral oil ~ Mineral oil ~ Ester
Sulfur
Additive None None
compound
Kinematic viscosity at 40°C, mm?/s 7.827 8.540 8.030
Specific heat at 20°C, J/g-K 1.89 1.98 1.88
Surface tension, mN/m 29.7 28.9 30.1
Sulfur content, wt% 0.02 > 4.01 0.02 >
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23 fEETEHSICRIETRIERORE —SIHIREOENCIDEIEIMA DR —

2.3.1 GIHIEREE - DBV ASEIHIMAI O RIC R T &
(a) S45C
(1) B E R O S B R ORE Feb B 52

FT AT R SR S45C ZHEHIA LT, BIHRMAOA S M B S I RIE T R
A LTz,

2.6 [ZUIHIHEE LA B RS O BIfRA RV SRR T, KDL, FQR-D)h 5RO 7 H
PP S OHEHEEF QOIERETRUZ. W TNOSMIICB O THEIHBEE 23R 51F 8, 1 BT
IS DN A ANCHY, —EDOBIHLEHE L, E TRz Uc W Ch B BT S &R %
HSENEONTZ., ZOFEAIZHFSOHE 27 L—87 5. 26D 0.20 mm/rev DA (ZYIHIEHE
100 m/min LA b, 10 0.10 mm/rev DA IZUIHEE 150 m/min PA E, 259 0.06 mm/rev D355 1)
HIEE 250 m/min LB T, BRERAE BT EHESIOEVVES S DI, T H AR miE L1 b
FSIIIABEIBR D H 2L VS TRY, BIHIHEA M IEE, DB REWVNEE, (L R
ARSI Z 3T D UIHINR L DS @ <720, #ERK N SE DA IR DI IS Db DEE X HiLs.

C72e2 W b STANGEEEE Y n Wl M ATATE (RN AR T4 T U 81015 111 e = O il s B AT ey 6= W = WA AR

MIEEAEFTRDONR. — T, IRicB O T B RS A B2 RESBZDEMFICB T, 4]
HITH A O B TS ORI R X3S Ch o7,

20 0.20 mm/rev DEGEGIHITIE, 2B B R SICRERIEDRSH DD, JHHFIOF KL
IZEDENE, 1ZFEAERRO LR, —T7, 35D 0.10 mm/rev OGN TIL, S THEARTHD M-
VG &, SEWNIREAIZRINL 7. M-VG8+S LT AT /L E-VG8 OHIC, {HiEHICH D TH
% M-VG8 Ot EIFEHEN K ELAAMHATHY, M-VG8+S & E-VGS IZERITRh o7, FTo, b
INSUVVIED ZHE 0.06 mm/rev DAH I TlE, =A7 /L Thd E-VG8 DL LT HH S A b /<, M-
VG8 & M-VG8+S IZZ RN T EAL 72l o7, 25D 0.10 mm/rev BL T CUIHHAI O OE D BLIL
=0, YIBWIESAELS, 3 <O E EOEEBIRN =8, K0 Mot E CmFINR S L3 Mgk
DEFENNBNCTLRDIENE 2 DD, T2, 50 0.06 mm/rev T3 <V E O - BIHITEE 2
IRSHRERN DN FDFFHIUT O ABEMER® D, 2, £V 0.20 mm/rev- UIHIEEEE 100 m/min O5:1F:
%D 0.10 mm/rev - YIHHEE 150 m/min DZAFZRE T, #K0ER RO R30S K&
TW5. ZHUE, IR O T ASEIEEE Db LRIk AN R L7220 R N e 3 E L L7012, BIHI
WA oWt B IS AL T2 72D OWE LHALIOFERPE > TNDHEEZHZD.

BIHIMANL, MR N FE DN KR ERE TH5MFICBOTE, MIcI0t L miEa s 3223,
LB H, R UIHI SR ORE R RN S DR NS A2 D GBI, B S A S T RELT D
LA NHHIENL, UIEIMAZ R T 0B8R0, TOMEMEEE T2 ETHETRE N THS.

34



5
—l— D1y
g 4 | --=lr-- M-VGS8
;‘: O M-VGSE+S
2 Q-+ E-VG8
7 3 1
L]
8 58
5 2 f o
o = Theoretical roughness
o
= 1 F of 1.60 pm
7
0 1 1 1 1 1
0 50 100 150 200 250
Cutting speed , m/min
(a) Feed rate of 0.20 mm/rev
5
—l— D1y
g 4 L --dr--M-VGS8
o cennes M-V GEHS
P O E-VG8
i 3
z 2 |
3
€ 1t
& Theoretical roughness
0 1 1 1 1 1 10 0.40 pum
0 50 100 150 200 250
Cutting speed. m/min
(b) Feed rate of 0.10 mm/rev
5
—i— Dry
g --dr-- M-VGS8
= 47 e M-VGSHS
3 <O B-VGS8
% 3 F
o
é 2
3
<1
;ﬂ.—: Theoretical roughness
0 i i i i iof 0.14 um

0 50 100 150 200 250
Cutting speed, m/min
(c) Feed rate of 0.06 mm/rev

Fig. 2.6 Difference of finished surface roughness in cutting fluids, cutting speed, and feed rate when

turning S45C
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X 2.7 12329 0.20 mm/rev, HIHEE 20 m/min (23810 A4 B oS #hiiRe <9, 8220 T, 5
V~v—rL LEa—F—R ONAKRPIHER TET, WLUL RIFHEAENTODERFTHY, imbIH|
LR TNDIEDND, MR EDFENREBIN TWDEE LN, —J7, XTI, WUHIOR
FEEAMIHI S TEHY, Mk RPN RESE T 222 HNMAIDY T WD EHEESND.

[ 2.8 1Z31%0 0.20 mm/rev, L0 @& THHEIHIEE 200 m/min (23517 A1 B i O LS Hifz <9
2, TS H IR T RERESROBEY D1ED ~— 7 Lo TR, WD 13k~ —21ZE L
DO E TN T Z<boT-. ZIULRTHR D@D, BIHEMAIOE A RICEDLDEBZ BN,

X 2.9 ({2150 % FIF T 0.10 mm/rev, YIHIEEE 20 m/min (28070 B O S gz ~9. 250
0.20mm/rev, BIHIEEE 20 m/min E[FERIZ, GIEHIHANC L0 N LD ESIIESNTWDHEE 2D
nN5.

2.10 (23D 0.10 mm/rev, YIHEEE 200 m/min (23515 D00 EF E O S##RZ R, 259 0.20
mm/rev, BIEIEE 200 m/min DG EITERD, EOMH IR LHL0EEIENIZ /2> TWAZENUR
SN TS, ZHUFRED e > THIHRR MR FL, TEALITHEOEEE B AR L TWAH720 Tl
RInEB 2 HNS. RSB TRZETARVOD, RO TR0 RY~— 7NN TSI R %
5.

211 [TEBITHEDVZE T T 0.06 mm/rev, BIHIHEEE 20 m/min (2361540 BiF O MSdh#iz =
T ATV THD B-VG8 OMIMMRNIH il THAHN, 0~ — 7 DR TER. BIERYEE)N
HESEIHDEEES D, GIHIAIOTEIEIZ L0 U N O BATE MRS RL, A BT A sk CiE

ZEMZLEIRIIN T 725 TUORWRTHEMED B 2 HIA.

X 2.12 12359 0.06 mmv/rev, GIHTHE 200 m/min (2330541 B oM S iz 4. Bk K
IN%0.56 pm THHZIEZBETHE, WT ORI E RS 720 B & 7e > Tz, BIHIEH
DMEED DT, BIHNEFE MBS /R0 ERS DN H TS ATREMENR S D, F72, HE0i XD J723,
K~ — 7 OO AR TN Z 5.

LU, GIATAN AR I H C IR A e DR R 2 ML, 4 BT S E /S350, ml A
TIEEY~— 7 DR AT EAb o7

36



Forofile  ——0.Tmm € TFeed direction

/M’\[ V»J\UA /‘f\m AM ML Av HAUAMMVAV(\NA/\ ]

(a) Dry LW

IMAnh VIS ﬂwnqu /(\ /\'\ /\{\ / nm Mﬂ/\ [LMAM »/\
P R R T

(b) M-VG8

/\«V/\f‘mn /J\\ wﬂ Mm /\MMM M\h/] Ak 7
vy TRk S P

(¢) M-VG8+S

| N N AR (VR AP N B A AR T AV T
Y B IR0 AL R Y S BBV wvw\/

(d) E-VG8

wng——
f?

Fig. 2.7 Difference of finished surface roughness profile in cutting fluids when turning S45C
at the cutting speed of 20 m/min, the feed rate of 0.2 mm/rev
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Fig. 2.8 Difference of finished surface roughness profile in cutting fluids when turning S45C
at the cutting speed of 200 m/min, the feed rate of 0.2 mm/rev
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(d) E-VG8
Fig. 2.9 Difference of finished surface roughness profile in cutting fluids when turning S45C
at the cutting speed of 20 m/min, the feed rate of 0.1 mm/rev

Red dotted line: Cutting edge profile

F.profile ——0. Tmm

(¢) M-VG8+S

AN N LN VR , SR S | S U A ot Gy VR LD R s SEP. VE A R L WA UL AR SO A A\ PO L W (SR « R L S .. U
WO N gy Wow N W T YN W A\ [

V.mag.10(200) H.mag.10(10)

ung——i

(d) E-VG8
Fig. 2.10 Difference of finished surface roughness profile in cutting fluids when turning S45C
at the cutting speed of 200 m/min, the feed rate of 0.1 mm/rev
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(d) E-VG8
Fig. 2.11 Difference of finished surface roughness profile in cutting fluids when turning S45C
at the cutting speed of 20 m/min, the feed rate of 0.06 mm/rev
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Fig. 2.12 Difference of finished surface roughness profile in cutting fluids when turning S45C
at the cutting speed of 200 m/min, the feed rate of 0.06 mm/rev
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Fig. 2.13 Difference of principal cutting force in cutting fluids when turning S45C
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(b) SCM435
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Fig. 2.14 Difference of finished surface roughness in cutting fluids, cutting speed, and feed rate when

turning SCM435
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Fig. 2.15 Difference of finished surface roughness profile in cutting fluids when turning SCM435
at the feed rate of 0.2 mm/rev
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Fig. 2.16 Difference of finished surface roughness profile in cutting fluids when turning SCM435
at the feed rate of 0.1 mm/rev
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Fig. 2.17 Difference of finished surface roughness profile in cutting fluids when turning SCM435 at the
feed rate of 0.06 mm/rev
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Fig. 2.19 Difference of principal cutting force in cutting fluids when turning SCM435
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Fig. 2.20 Difference of principal cutting force in work materials and cutting fluids when turning
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Fig. 2.21 Difference of finished surface roughness in cutting fluids, cutting speed, and feed rate when

turning SS400
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Fig. 2.22 Difference of finished surface roughness profile in cutting fluids when turning SS400
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Fig. 2.23 Difference of finished surface roughness in cutting fluids when turning SUS440C
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Fig. 2.24 Difference of finished surface roughness profile in cutting fluids when turning SUS440C at the
cutting speed of 20 m/min, the feed rate of 0.2 mm/rev
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Fig. 2.25 Difference of finished surface roughness profile in cutting fluids when turning SUS440C at the
cutting speed of 70 m/min, the feed rate of 0.2 mm/rev
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F.profile ——i0.Tmm

F.profile ——i0.1mm
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¥.mag.10(200) H.mag.10(10)

(d) E-VG8
Fig. 2.26 Difference of finished surface roughness profile in cutting fluids when turning SUS440C at the
cutting speed of 20 m/min, the feed rate of 0.1 mm/rev
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(d) E-VG8

Difference of finished surface roughness profile in cutting fluids when turning SUS440C at the
cutting speed of 100 m/min, the feed rate of 0.1 mm/rev
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(a) Dry, cutting speed of 20 m/min
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(b) M-VGS, cutting speed of 20 m/min
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(c) E-VGS, cutting speed of 20 m/min
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(d) Dry, cutting speed of 100 m/min
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(e) M-VGS, cutting speed of 100 m/min
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(f) E-VGS, cutting speed of 100 m/min

Fig. 2.28 Difference of finished surface roughness profile in cutting fluids when turning SUS440C at
feed rate of 0.06 mm/rev
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2.29 ()t B S S B R 2 RE<EA DTN 20 m/min (23S0 D814 fE D BIHIHE
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IRSFLTUVDIEY, S45C <° SCM435 K05 i@, 16T, T <WE EOHEER NI END, H)
HIFEAIA TH — 810 FIICRELICL, TOHEOEE A3 TERW b EShD.
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EHLE O KO A E—E L TRY, GIHANC LR K e~ DR BIEHRTO A BB T
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DRNFEIHERGTO L BE & — & O BIE M FHILTND. LarL, S45C TILiliHlfH o 2= 2 84|
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Principal cutting force. N

Principal cutting force, N

(b)

Principal cutting force. N

400 !
350 ’ ﬂ.n lib Y . M v " Jv\
300 flly AJ "UV\M“ “‘\N‘W\rm’\ A T A WH
AN, L |\ AL\ \ Y
550 _M,r 'M"A V \' l d vaﬂl Wy V J‘ '!{J"' /
200
—SUS440C
150 Cutting conditions —S45C
100 r Work material: SUS440C, Cutting speed: 20 m/min SCM435
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(a) Difference of cutting force in work materials when turning at dry conditions.
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Difference of cutting force in cutting fluids when turning SUS440C at feed rate of 0.10, 0.20 mm/rev
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(c) Difference of cutting force in cutting fluids when turning SUS440C at feed rate of 0.06 mm/rev

Fig. 2.29 Difference of cutting force in work materials and cutting fluids when turning
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(e) SUS304
(1) A BT LS B OHLE AR oo Je b 5 22
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IREIVTUWAIEY, SUS304 (3F 3 113/ IEL, <KW _EOHE EAMEN =8, BIEIHAI T2 —8)v<
FTRNREL, RN BEERA I CE TS ATREMED B 5.
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(C) Feed rate of 0.06 mm/rev
Fig. 2.30 Difference of finished surface roughness in cutting fluids, cutting speed, and feed rate when

turning SUS304
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(@) Dry,
cutting speed of 10 m/min

(b) M-VGS,
cutting speed of 10 m/min

(c) Dry,
cutting speed of 50 m/min

(d) M-VGS,
cutting speed of 50 m/min

F.profile  ——0.lm  Red dotted line: Cuttlng edge profile
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Ull"lgl—l
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Fig. 2.31 Difference of finished surface roughness profile in cutting fluids when turning SUS304

(a) Dry,

cutting speed of 10 m/min
(b) M-VGS,

cutting speed of 10 m/min
(c) Dry,

cutting speed of 50 m/min
(d) M-VGS,

cutting speed of 50 m/min

at the feed rate of 0.20 mm/rev
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Fig. 2.32 Difference of finished surface roughness profile in cutting fluids when turning SUS304

(a) Dry,

cutting speed of 10 m/min
(b) M-VGS,

cutting speed of 10 m/min
(¢) Dry,

cutting speed of 100 m/min
(d) M-VGS,

cutting speed of 100 m/min

at the feed rate of 0.10 mm/rev
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V.mag.10(200) H.mag.10(10)

Fig. 2.33 Difference of finished surface roughness profile in cutting fluids when turning SUS304 at the

feed rate of 0.06 mm/rev

61



(2) UIHHEHLORE R LB LR

2.34 (Ioft B S R EZ R E<HE A 72 UIHLEEE 10 m/min 1235172 SUS304 OEIHIH
PLOHERZ R, 1250 0.20 mm/rev DOZFTIEOBEIM L FERIC, 7L )7 23RS
EENED /NS, RN e D AR R Z IR T 29I F OZ RN BN THDHEB 2 HID. %D
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[ AWIR OEFE EFI2Eb 20, B AW ERE MK T 352 LT L CUIHHRHIN B 528
DERESILTND 29, Z0Zen b, YIHEEE DN H /25708, &AM OB RLUHHEITOR T 23+
ST, GIHRAIOZhF (AW 28 KRS D80 E) BEIUCK LR D ATREMER B 2 b,
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(a) Cutting speed of 10 m/min
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(b) Cutting speed of more than 50 m/min
Fig. 2.34 Difference of cutting force in cutting fluids when turning SUS304

M-VGS8 M-VGS8

(a) Feed rate of 0.20 mm/rev (b) Feed rate of 0.10 mm/rev

Fig. 2.35 Difference of chips shape in cutting fluids when turning SUS304
at the cutting speed of 10 m/min
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() Ti-6Al-4V
(1) AT B HEAHE J O S R O f% b & 52
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U7z, ZOHHIR L, SIMRED EFLoF WEEHITEEEMEREL, BRI T 216217
LENDHEHIM Th 2.
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T O RLEI ST, 1, M-VG8 Z VA&, 250 0.10 mm/rev THIHIEEEE 10 m/min, 59 0.06 mm/rev
CHIHIHEE 10,20 m/min OUIHISEECERYRIEA LT/, ZIHORE RIZK FIZFLHE L2207,
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Surface roughness Ra, pm

Surface roughness Ra, um

Surface roughness Ra, pm

Fig. 2.36 Difference of finished surface roughness in cutting fluids, cutting speed, and feed rate when
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turning Ti-6Al-4V
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oo, ZO%E, UHIMAIO#RENT, TEBEGZMEITL2ENEITRDHEBEZLND.

€ Feed direction
F.profile ——i0. 1mm
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(e) Dry, feed rate of 0.06 mm/rev, cutting speed of 70 m/min
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(f) M-VGS, feed rate of 0.06 mm/rev, cutting speed of 70 m/min
Fig. 2.37 Difference of finished surface roughness profile in cutting fluids when turning Ti-6Al1-4V
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Fig. 2.38 Difference of cutting force in cutting fluids when turning Ti-6Al-4V
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Cutting conditions
Cutting speed: 20 m/min
Depth of cut: 0.50 mm
Cutting fluid: M-VGS8
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Fig. 2.39 Difference of finished surface roughness in work materials when turning
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Cutting conditions
Work materials: Ti-6A1-4V, SUS304, SUS440C, SCM435, S45C
Cutting speed: 20 m/min
Depth of cut: 0.5 mm
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Fig. 2.40 Relationship between finished surface roughness and work materials thermal conductivity
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2.3.3 EIHABEFOBENEIHHRI ORI RITTHE

ZZETOMFHIBW T BT S, SIAIEE GRS, 03NS, HEHIM OBVRE R TR
FE, BEREITL CTEik7R, BIHIRHAI O B S ORI R LB | S A Th o T, T
b, UIHNRE MR/ 7 O BIEI B\ T, A BT IS e, BIEREAI Oz RIT K
Epole. EBIZ, ZOZELEYNARSLENOMRFET 5728, SCM435 DRI TIZB W T, A TH
AL ME B 2SS - EIEEE 100 m/min, 259 0.20 mmy/rev, YJiAZA: 0.50 mm DS ([X]
214128V, UlAAZ REAR TS B/ ERE T LT

2% 2.6 I[ZHEHIIN T.OEBR G273, YA 0.01 mm, 0.10 mm, 0.50 mm ¢ 3 KHETIHSEL7=.
FEFNHENTLRAREETHY, FEHITF > 7 2B O 72 T A B O AT LY — 2 UIA BN TX
TRWATREME S D, E D728, YIFHIEEEE 150 m/min, %Y 0.10 mm/rev, YJiAZ 0.05 mm OO FEH!
ITA%, ZOFEETF 7 H R TITHTE OIS CER L. ZoROM: B S, BiE
PIME 0.83 pm, e KES 4.64 um (BRERR K E S 1.56 pm) THY, HZEHFROBIA 2.41 12T, i
BIHI DR LAY NS, 0.01 mm OYLAZRSEETY, M LAETOEHIM OFR ERE M LT HEICE
B HZ LTV EEBE LS.

Cutting conditions

Work material: SCM435, Cutting speed: 150 m/min, Feed rate: 0.10 mm/rev, Depth of cut: 0.05 mm

F.profile 0. Tmm

AN S Y s . P L TP S S T A YA
g = W“WWUWWVW‘VWWYWM

Yomag. 2001007 H.mag.20(h)

Fig. 2.41 Surface roughness curve of work material for turning test

Table 2.6 Experimental conditions for low depth of cut turning test

Work material SCM435 (annealed)

Cutting tool SNGN120408
TiAIN coated cemented carbide (P15)
(-5°,-6°,5°6°,15° 15°,0.8mm)
Cutting edge: R 12.3 um horning

Machine tool QT-15N (YAMAZAKIMAZAK)
Cutting speed 100 m/min

Feed rate 0.20 mm/rev

Depth of cut 0.01 mm, 0.10 mm, 0.50 mm

Flow rate of fluid 3.7 L/min
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24212, UhAZ LA BT EHSOBMRER T, UIAZ 0.50 mm TIXEZAFB LN (M-VG8) D
M SRIEIZBWT, BT BP0 50, UHAAEZmEGIZ/NE<T5I1FE, 1 B
SN RELRY, TliAZ 0.0lmm DOZAETIE, BIFEICEIHIEAI O BT S ORI R 137D 5
ATz, ZHUE, BHAR D NSWNEERERL e 338 T D UIHISAFHEITA S AN BV BB B O 2208
—HT5.

243 12, REBRIZBITA B m oStz rm3 . YhiAA 0.50mm TiE, THEENIRIT
WED =T PRI TODR, YHARE/NSSTBIEE, UIHEEE AR T 2O LRI, WUIHIE7e
D, Kk ~—2ORITL LNIZIRBE IS o7, 2, GIRIEE MR T 452 & TRk N Je s ik -
RELRL T2l BRI L TWDEEZLND. — T, M-VG8 TIIULBAZDZEAIZ LD S i
DAL D72, FRZYHAZ 0.01mm CTiEEzE DB UIHIORRE AL, 260~—2 RO IR
P BLTeoTWA, Ziu, BIHIMANZLY, MR D EN I IESI-72d B 2 Hib.

LIk, YYIOBEEY, YHAAIHTHIEE, B SRR ELAe DB e/, GIElmAloHt:
FF IS RO OND LN/ o T, T, UliAAE /NS T HIETUIHRRENME FLE
ZEIZEDL D EHEESID.

B Dy
4 | & M-VGS

Theoretical roughness

Surface roughness Ra, pm

0 1 1 1 1 1
0 01 02 03 04 05 06

Depth of cut, mm

Fig. 2.42 Relationship between depth of cut and finished surface roughness when turning SCM435
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Cutting conditions

Work material: SCM435, Cutting speed: 100 m/min, Feed rate: 0.20 mm/rev

profile ——i0. Tmm h Feed direction
N AL A AN

(a) Depth of cut of 0.50 mm, dry

N N B N N B NN N
1.0 \“wa ““Qﬁrr “Nend” kaff ey \\WJfﬂ
(b) Depth of cut of 0.50 mm, M-VG8

Red dotted line: Cutting edge profile

F.profile —0. Tmm

N AL AR A
) MNMM n\ffw MJ\M#J \\g/ A k¢AL/ \\/*J \\M,H “qqﬂj v

(c) Depth of cut of 0.10 mm, dry

L/\ AN M A AN SN A
FTTVT W T R A W

(d) Depth of cut of 0.10 mm, M-VG8

F.profile —0.Tmm

wng—— "

(e) Depth of cut of 0.01 mm, dry

)

() Depth of cut of 0.01 mm, M-VGS8

Fig. 2.43 Difference of surface roughness curve in depth of cut when turning SCM435
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2.3.4 T ERM OBYURERDE D EIHIHF OB BRI

BIERREE 2MEL 22D, A BT I SIE R &<, BIHIA 0O %h K0S 170 D8 )
DFELIT. LinUeidn, GIHIEEE YA A 8 O R CIE, T B-EHIR o308 oA
NN ARE, GIHERE DA OERGEL TODD, BT LHIRE OB L0 EF RS A
ZALL TV LT EWEINZRW. 22T, LR OUHNRED A2 bS8 5720, a—T 47 TE
DR OBMZE R A IE T, EHIIN T3R5 B mE S AR L 7=

# 2.7 IZEBRICHWZS LEONM OBYRERZ R T ETORREHIFEBRTIE, TERMIZ P
A (P15) 2 Ve s, AREICIE, TEM OBRERLZIE D0, TERMIC K fEE
(K15), BB - —Av b (TN6020) & VY, ZHETEREED TIAIN 2—7 427 O TR EZ -,

# 2.8 ITHEHIIN TOEBREM 2~ 3. BHIMIE, R CTREITLIZT T, MBS B i
A HERELDE KE<ARD S45C Z vz, GIELEEIE 50 m/min, 100 m/min, 200 m/min, 5D
0.10 m/min, YJiAZ+E 0.50 mm THEEL7=.

Table 2.7 Thermal conductivity of cutting tool base materials for turning test

Cermet Cemented Cemented
TN6020 carbide K15 carbide P15

Tool base material

Thermal conductivity,
W/m+K

18 72 85

Table 2.8 Experimental conditions for turning test with changed cutting tool

Work material S45C (annealed)

Cutting tool SNGN120408
TiAIN coated cemented carbide P15
TiAIN coated cemented carbide K15
TiAIN coated cermet TN6020
(-5°,-6°5°6°,15° 15°,0.8mm)
Cutting edge: R 12.3 um horning

Machine tool QT-15N (YAMAZAKIMAZAK)
Cutting speed 50, 100, 200 m/min

Feed rate 0.10 mm/rev

Depth of cut 0.50 mm

Flow rate of fluild 3.7 L/min
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Surface roughness Ra, pm

244 \C T AR, GIHIRE AT P M ESOBIREZ /R T, BUmE R — Ay Tl
DOMFEIZEEA, A R RS I B HIE B DR AR D 72K, BIHIRAI O 2D/ . BIHIEEE 100
m/min LA ECIIEIHITHANCLY, 4 EF RSB0 RELRDEM THDEH, 2, fiffigFcos
5@, UIHITMAIOBEERICEY, BIHRREN FA-//zn B2 b, il K15 BLOP1S Tl
BIHIHEE DMENZE, B RSB RELBRDMNTHY, Y — Ay 070 EIFEHES AR EL
7podz. FRCEIHBERE 50 m/min CRZAOH: B EHLSIZIEF ISR ELZR0, GIHTmAI M B s
EREURHTETCNS. Z0 IS, TERMICE> T EFEHSIIRESE L. IoTC, GIHIE
FEEDME BT IS TIHTM A O R RITH L TV D EBEZBND.
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(a) Cermet (b) Cemented carbide K15
5
—i— D1y
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Fig. 2.44 Difference of surface roughness in cutting tool base material when turning S45C

at feed rate of 0.10 mm/rev
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2.45 \ZhEHIIN TIZH1 2 T ERM OBRE R L4 B S0 BIfRE UIHE 1R 3. GIH]
W 50 m/min Tl T EAM OBYRERMEVIEE, 4 BT IS/ NS A ThoT-. -,
BYRERDREINNIE, AU ANRAO B S E L hE<22o72. BIHIEEE 100 m/min T
FEMEERMENEE, RTINS [ Th o7z, YIHDEHE 200 m/min TiX, T
B OBYRERLCEEIMANC LB ST, 4 B HESIHRE Oz R L.

LLEXY, SRR AN RERRE LT WK BIENC BT, L ER OFMRE L0001 23
B ES~SKREEL, TERMOBYRERNZEVNZIE, T35, TIHNREMR LS TIH]
AN O IRNRELIRDEZ ZBIND.

5 5
—l— Dry —— D1y
g 4 b --dr-- M-VGS8 g 4 L - M-VGS8
& ....O... E_V'G.S & ...O... E_TV'GS
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g 3 &
s 27 e 27
5 e T §
€ 1t 8’"’_—:.‘.'.?7-'-7""" © g 1}
& i &
0 . , Theoretical roughness 0 \ . Theoretical ropghness
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Thermal conductivity, W/m-*K Thermal conductivity, W/m*K
(a) Cutting speed of 50 m/min (b) Cutting speed of 100 m/min
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€ 1}
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0 \ . Theoregical roughness
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Thermal conductivity, W/m-K

(c) Cutting speed of 200 m/min

Fig. 2.45 Relationship between surface roughness and thermal conductivity of cutting tool base

materials when turning S45C at feed rate of 0.10 mm/rev
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2.4 HETERSICI YRR OFEELD L DORIER

ZZCUIHImAIO EF SIS TR A FED, FOMEREBZETD.

GIAIANE, f2COIE O R R S 2 B RR A R EB R D WHISRIECB W T, (M R EHSE
WD ST, BIHHEE (TR NE S BPEE 3 k& <Aey, SIHNmAI O B I E ORI R 03
EE A AR T kYl

B/ NESWTT DS, BRI S i U7t B LT R & <720, SIHITMAI D= R ARSI 5 UIH] 3
FE DS HLPH AL TR o 7o, A TARD Cili< 58, 1 BT w2 RELZRD, SIHEhA Ot
DT iRY SR SR QY B NNyl

BEEIAIZBAL TI, S45C TH: RIS 2 BRI 2 R &< 2 HUTHEEE 20 m/min DSRIFIZHBN
T, BYRERDEOBEIANEE, BT EHES K ELARY, GIHIAI O B S ARE0sh S A3 8
FIHHm Chote. £, TERMOBRE RN ENELE, S45C Tldfh L mHIn k&b
5 CThH-o7=.

VL EORERDS, 38T 201%, BIHRREAMEL 222 St O BIEISREIC W T, A BT LS )3
K&L720, BIEIMAI O B L SARBEI RS K ELARDIETHD. 22T, TIHEANL, HEVER
OB ERIC L TR Z LB ORI LY, UIHNEEZ K TSR ENMbNTND 12,
ERoBEmNLTEE, CIHIMANC LV IEREE S T A58, (L EFEHSITIRELADIT T80, 4
HIHANC XY, f: B S NSAe D m R3 5672, Ko C, SIHNMANC LM EMER TIEzs,
FVEERICE B EHEN NS DB 2 HN5. 228X, GIHNRENFRC ThiuE, #Lb,
O BT EAHISDNSBRDEVOBHPHOWME 2000 EMATHNS. 20N, T HEHE
OR/MZIL, GIHNMAIOMEIEHER T 5L CNDEZEZ LD, IRETRET DH L FIEILLD
EHI A ORGSR LA B A E O BRIE A AT o2k Ic LT,

B E ORI T, @ISl (E B S S e  ch B E L2 b 54T
X, GIHTRAIO A EIC DO PHESEOBE O NFEA L e o7, UL, BRI EIEIIN Toft
FHEOMRREE, AR N 7 & OREN L, LRGN TIZ X T B R A b il IE e
IR B SNHIETHS. ZOFHIIZIF A BT EHESIET TR+ Thh, Byt B
PEFLNDEAETIE, T HENORERFEICIY, GIHIRAIO L E A~ 8% S L 7=,
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2.5t RIFEICRITA T EREIR O EERZEIC RIE T EMA o2

2.5.1 GIHIEREE - DBV ASEIHIMAI O RICKIE T HE

AITET Ot B LS OFMA S iE L7455, IR E 22281280, 2o EEIIsAI#
OFEFICL DD, #EFH I W B 2E6 7. BimiHSismy vt B E 2500 IHI S
T, MTABEOREELLT, (4 BT 5 T RO G Rz 2230, YElmAlo
BRI, [X] 2.6 X0 S45C IZBIL T, £5Y 0.20 mm/rev DA IZYIHIEE 100 m/min LL_E, 2%
1 0.10 mm/rev OFEICEIAGERE 150 m/min PL ECIEIXE R B mMESBAEON20, Zhbo
BRI IEICR N T, SRE AT AT T OIHh A O A A LT

2.45 (IR SRR BT FE LR B RAZE D BIfR A 7R 97, 15D 0.20 mm/rev TILETHIEEE3HE e
DIFE, BRERAEN/ NS D THY, YIHIEEE 100 m/min TR IMAIO A B0 kA L DE O 3
el AL, IR FERRENREL R o7, Fi, S THD M-VG8 VT AT /L ThD
E-VG8 DR B FAENKED T2,

2.46 \ZUIHIEEE 100 m/min, 259 0.20 mm/rev (2B D41 EIF O SRz R, B0~—7
—OD—DDIRBANHANCEILL, R LNTZINNCR DT END, KV~ — NP CThHLFERE
DT EA~OWENEEEEME BT HIZEEEL TODEE 2 B, ZOREE OFREE DN A OA O/
IZXV B DEE 2 B 5. UIHIMANC KRG RAEN RELRo7-DE, WA EERICEY, Bl
BEEDME T U2 EDNEEE I TR B LT A HEME NS 2 HD.

X 2.47 \ZGIHEEE 200 m/min, %0 0.20 mm/rev (231 A4 B O S iRz~ w2, 1B
DT, TRERIIERAENWITHE BT ARSI TEY, 207, IFREDEIV NS85
2B ZONA. ZHUTBIRIEEE 3 -0 12l Tz, fe- R L T, BEE O EENITIE e
STl EHEEIND.

2.45 (b)DiEY, %Y 0.10 mm/rev TiX, 25V 0.20 mm/rev LV HERGFRZEN K E IR DMHIA THY,
BIHEEEAY 150 m/min & 200 m/min DWW, 2KV OIRERAZEN K ERoT.

2.48 |[ZUIHIEE 200 m/min, 259 0.10 mm/rev (2315 A1 B H O S #i#E R~ 5oTik
Ba—7F—R ONAHPME BT HIOED~ =218, (ORI BRI IS A TN D DI
KL, WMATITIRAYIED ~ — 21 ZHA D2, IO BLATEL LI A CUiedao7z. 2.3.1 Hi(b)
THIRAR7Z18Y, 1250 0.10 mm/rev CTliEAl B ARSI 35 1 AU ED RS D KR 55 53 H e LA 122
LUF EFEFICH#i 725720, ATl R A RIRIC W T, ZEITHHIR 2B IRD Z LA TERW
AIREMEDN B X B, B DS, ZOZEBHRE A ORP > TNDHEB X HID.

I/ =18 i Ry e TV ol U AT/ = oY, g Wl =) [ 11 B S S b SR QNI ) S RTi  PoilbA RSN B 1S A VNL TR
PN T DL DT
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Fig. 2.45 Difference of transcription error on finished surface in cutting fluids when turning S45C
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Fig. 2.46 Difference of surface roughness curve in cutting fluids when turning S45C at cutting speed

of 100 m/min, feed rate of 0.20 mm/rev
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Fig. 2.47 Difference of surface roughness curve in cutting fluids when turning S45C at cutting speed

of 200 m/min, feed rate of 0.20 mm/rev
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Fig. 2.48 Difference of surface roughness curve in cutting fluids when turning S45C at cutting speed

of 200 m/min, feed rate of 0.10 mm/rev

82



2.5.2 HRHIET OB HSEIHIHFI DB R RIE 5

BEHIM OE WP G RAZICKIT T B LM A L. FEHMSEFIL, BERZEDOREIVED 0.10
mm/rev &L, GIHEE ITA B CREGGR LS IS ML BT E A SO D3 E L LT, S45C, SCM435,
$S400 Tl 200 m/min, SUS440C Tl 50 m/min, SUS304 Ti% 10 m/min &L7-. %Y 0.06 mm/rev O
FL, A EIOEBREFOFHPANIZINT, HHIM L TEE RS ISV BT A b
W, FREIDBERIMNLUTZ.

2.49 | ZHEHIM 43 ORR T RA 2 N A Ll L TR g™, SUS304 A FRE, W ogkilk Icks
W, BERERA DI G ENKEL o7, S45C TIFRIENCR W T, IRER2EDE T, YIH|
AN LD EEE ~ DS THORHEIM ~O R EHITER T2 DLBLE LI, MOBEIM T
[ S ovaYiRviag itk iF ' VARVSE 2% = e Naeet el B

Cutting conditions
Feed rate: 0.10 mm/rev, Depth of cut: 0.50 mm
Cutting speed: 200 m/min (S45C, SCM435, SS400), 50 m/min (SUS440C), 10 m/min (SUS304)
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Fig. 2.49 Difference of transcription error on finished surface in cutting fluids and work materials

when turning at feed rate of 0.10 mm/rev
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2.50 12 SCM435 Oft: i i O LS fhi A # e XA g LR 7. 722K M-VG8 O 5 73 -
727 a7 7 ALl TNDN, BREFAZEIT M-VG8 DN KELIp-> TS, ZhU, V~—2 D
ROFLANCEDHDEB 2 B, M-VG8 TILUIIRVES R85 50 ~— 7 O AR /312008
FELBHDINCHZ, (B3 EMERENC LS TR B3> TWAIIIZRZTHN5. ZhZuIHlh
FNC LD T E-HIM O Ic XY, TROBMEMNR R LD EHEESND. SCM435 TlEft:
T AEEE ORBPNFIEAE RN R A DT80, TEORMEDEVICEY, RGO ZNBL
AT REME DS S D.

2.49 1 SUS4440C Tix S45C LF720, M-VG8 DR ERAFEN H k&L, RO T E-VG8 DERE.
RRAENREVFER ST, ZOBMEELE T 570, L i momMS iz iR L7z

2.51 12 SUS4440C DAt BT O S #i#R 2R3 M-VG8 TIERZAUTLL~, B IC L0 Y]
HNZZ2 > COD e DR BRAZE N REL 2> TN D EE 2 HiID. E-VGE TIEMAMIZETIAIZ > Tnd
BR300, BRI 250 ~ — 7 I3 R T HLIZ 72 o T A E TN 2 O LUK DR T RAZE 3K
TNEB X HND. AU, BUNIEIE 22D BT RA IR CL EITHIHI TETRWIZENREKR THD
ATREMEDN DY, E-VGS MMM R DOH DT AT IV ThDT®, HUNIHIfEE ¢ T AU N OBk
VAR NTA DY et (X~ AR

2.52 12—, RE LR CHR B RAAE A S Ch o7 SUS304 Oft: BiF oS iz~ #
REMXDOELELDT T 7 ANEEV~—T DO EFEIHDH, 1FFE T HEREREY Ot
FFHEIC2>TEY, HoICiEBEN NS85 2 5D, SUS304 (LRI Rl FE 2MEKL, Vs
ERMETIHRRES LD, THEBBEEIM ~RATELT L, UIHIAI DI FRAAE~ D
ENBINI2oT2EB 2 NS,

VI b, ZLOHFHIRIZIBNT, BIHEIANC IR GRAER K ELR LB M Tho7o. ZIUTEm M
ZHTVME BT A DS L 72 EE ISR I B0 T, BIHITMAI 2 RS ORRE 2L RKELTH2
L0, BHIM ~DO T H A EMEAR FIEHZLITRERL T D EHEEIND.

84



Cutting conditions

Work material: SCM435, Feed rate: 0.10 mm/rev, Cutting speed: 200 m/min, Depth of cut: 0.50 mm
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; Red dotted line: Cutting edge profile
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Fig. 2.50 Difference of surface roughness curve in cutting fluids when turning SCM435
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Cutting conditions

Work material: SUS440C, Feed rate: 0.10 mm/rev, Cutting speed: 50 m/min, Depth of cut: 0.50 mm

z Red dotted line: Cutting edge profile
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Fig. 2.51 Difference of surface roughness curve in cutting fluids when turning SUS440C
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Cutting conditions

Work material: SUS304, Feed rate: 0.10 mm/rev, Cutting speed: 10 m/min, Depth of cut: 0.50 mm
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Fig. 2.52 Difference of surface roughness curve in cutting fluids when turning SUS304
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2.6 GIHIMHIOERICBE 5%

ZZCUIHREAIO B IR TR R A E LD, ZTOEREEETS.

BIHImANS, w2 IOt B AL E AN R E A K E A D UIHI SRV T, (BT S A
MEFT T 2.4 FiD, GIETMAIOTEEERIZEY, EEIEIO KR &2 M R R SO RER 23 Ik
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—J5, EERHLSISE W B RGO L& TiE, TRETIROERERE or 23l B
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bD. — 2 BIE, GIHIMAOMmANZLY, £ B EA~DEE D BN RELLRDIETHL, T
OIHE A< T 52T, #AEB BN 727257,
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ROV, BN —ITRNENDZENEZHZ 5. ZO T EAMEMIE, BIHImAI OB
KAETHEEBIT, RIEIORFERDPOI TRIFICH REURFT DEEZZLND. Lo T, ZOMIEMFIC
JECT=GIHIRA O T B A &ML, RS EHIHT7- /i A I E B T D2 e Al AT
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GIHH 1 OO v 1 &I T RE O B ME AR 3T 2720 D AR B L C, Kk & 2N T4 Chgn|
ITOA: I EHLE S T HERE O R GRA 2 R AE T U HI A O B A T A L7 AE R, DL T Ok
137
(1) g BIE T B RS S BRI R E B AN LRIV, IEImANTt B sz

FLhEK L.

(2) GIHLEE DS EVIEE, HEHIM - TERM OBREERENEE, Fio, UHAL MR TV
IZBW T B IHE TR ELAe D THY, YIHTmA O BT IR SRR R K& o7,

(3) EVAMERNNEE, (1 BT ST E R I L~ K& LR, GIHTA AL 0 L SR b K
X polz. U baFLD DL, UIHREE DMK T I LA AR E T D4 BT mHS A K
=720, UIHIMANC LD BT ISR RS K& HEB 2 5.

(4) BYREEE DRI OF I &= AT /L TlE, N ROH LT AT VO BT RSO 3NS5
-7

(5) AR CHEFH ST WME BT mAELNS I T4k, 1 B m S S YIHTI A O A 808
HOREPROLNR T, LinL, A BT I/ NENWZ LT AL BRiFe B
S ETRBIRNTZ 8, BRERH SIS M RIS O I LA T, LRRIIORGRZE or
(ZBAE T ENHIm A O B A AL 7.

(6) BEFRHLSIZAME BT HEME O TARAFOFPHN TIE, BIHIEE L, B0/ hSVIEE,
HR GRAZE or N R EL R o7z, SHIZUIIWIE S 372 AR KD St TIEBIHIM A DO AR 12 KRS
RZE or PREL Tz, 20T, I ADEBICEY TERMEMHEME FT22LNnEZLNS.
7283, SUS304 LW o= HIA O L& Ic Lo Tk, YIHNIEANTER G RAZE or (T B L 220 5T,

(7) EKEEE SRS DOFEM I E = AT )L TIE, AT VOGRS or DT HRELRDHMHITH T

LLEDS, B S T RSG5 3872212 LI 3B EI A O S22 D B R 12720, BIHEIh Al
OB MEE OB Z R ET A7 0 DN TF — 2 &G 52N TET-.
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3.1 #&

il

1 BTk 72i@0, BIE A OMEEPEOREICIE, SIHIER OHIM O e B R mE TR
LD DOEEER S, I TR Bl 303 2> DB S TN O JE 1 3 W CRHIS
DD DHEE Z T2, ZD IO EE RS A B D7 O\ B E i vTRER T IEE LT, BibE g
BRI ECDT T Ay O RUVINTLIZHE B L2, ZOF X FIZHOWTEL FIZEEIZ IR ~5.

T IAZIN LA T2 E D2 R alis TEOMETIA LD EREEIVIZREWTIE, THELHK
BB OF BT WIRD, B bk 2 IR KU ESISELIZ%, FORRICRD SV 8
HIEIE R R AR U CH B AV ER SND. Z D76, T HLHHIAF OBk B A ST BE12 1, ik
BRI /0 & DUIRIBL G LT R L IE B R MFET D ). BIZIE, GIHIG Akt L CHlA
FDIB RN 2 W THAINL TOSFr R R N0 ZRSTUIHNZ W T, TREERHIM ICHRRL THo
GBI M ETOT R EXE, WA RN KEL, YIHIT M OOV ES OB/ NEE
ERLRDIE FIPHESNTND. Fe, FEIZ L p, T<WA a T DL, BIIRVIES p( 1+sina )
WA=y 2 fBIREEINS TAERBEIROSE H THHESN TS 3. ZNHDZEEREIL, FEmINICY])
HIBRAE ETOT R E &% B U CTHMEZE IR O BEBAR B A ST 3572018, e KEJEDEE 23 M 4
AR NS~ IaT7 =R RV T AT 7 o N CERELT-.

3.1 1% S25C D/ A RHIM DI 2 e ORIEVEEREAFI L T 1 [RIEELAP IO S8R A
FET ST E DTS5 T) q BLOE 5571 p DIRBU g/p LOIHIEEBEOBARAZRL THh 3, ZoM%

S\, FAYE, BIHI R RS DTl LTz,

4 3.2 (TIXHMEZE T, VAT, SIHI DRSO A2~ T, FELIZEDE, ¢/p 2305 0T
— BN R B AN ZE TR (K 3.2 (a) THY, THAWERTHICHEI O FuaAEL, T
DRI KT 52 L THPUELB I R T 2003 B HEE T8I (K 3.2 (b)), EHIZEIN<T AT 58]
HIlfEEE (B 3.2 (o) I DRI — B A LD 39, ZHHOFERNG, I THOEIHRTT L OHER
FOINT e A X B L7, ARFZECIEX 3.2 (a) DL 7S IR O BE AR S A B MR B D E H L
CR 2 T RNt Y

TURUVINLIZEWTL, LREEHRMOF.OH D53 1% F, B0 71% F lL, Zhb
OIATLL F, / F, OB DMME R, WIVEE IR, UIHSA XRILT-. 2L C, ik i)
% Fi/F, DY % i-MFM EEFRL, SIHERAOBEMEEofEEE Lz, 2L C, ZYJHIHAID i-MFM
SO Tz 240 BT EHEOBRMEE T C, ~ A 787 4 — R RV TAZE DR 53
WY THHNRFELT-.

ARETIL, ZO~A707 (—RZU RV TS5 T E — HIA R O BEER I pi-MFM O Al
EOFEMZ IR~ 5.
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Cutting condition ~ Cutting edge

S25C
a=5" _ _
V = 10 m/min ; One rotation of workpiece -
i,=1° 0+ >
A
Workpiece 4
A 7,

V. Feed rate, mm/rev
iy - Cutting edge angle

(a) The interference shape between cutting edge and work material

1 —
-

q/p

Elastic Plastic Cutting
term e term — Y term

q
q: Principal cutting force /
p: Thrust force /
7 ﬂ

0 10 20 30 40

Cutting distance (mm)

P> q (kg'mm)

(b) Relationship between cutting distance and cutting force rate

Fig. 3.1 Transient phenomena in the initial part of contact between tool and work material®*

Work material Work material

Work material

(a) Elastic term (b) Plastic term (¢) Cutting term

Fig. 3.2 Cutting process of tool edge
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3.2 EBRHIE

3.2.1 wA/nT 4 —Rx RV (MFM) II TR

# 31T~ A7 =R RUVINEO FEBRGA 2R3, iRIA G S COIHIh A D %0 R4 7
B D70, £ 2.3 OIEY, YVELHARD SR DWHIM EL T, PIRSEH S45C, A—AT FTARAT
VLA SUS304, < /LT A NRAT LA SUS440C, T4 54 Ti-6A1-4V Z Hv -, T EIZIE
FHEALAFRED 2.3 pm DFBRE TIAIN 2 —T 4> 7 F 7 % -,

33 ICEBRICHE AL TEO AL RE R T, AT —F —BAMSE (F—=2 X, B
WRHEL —W~AraR2—7 VK-X200) % FAWCTHEL. TEI WIS ALER T 551
12, P HENCELFTORBOIIRERE L2, ZOWE LIRS NI AR E RO T

HEGXVRCTEHIG T > 7 o heLie. TIEETEIROFE BLAAR 372, 60 BT A Se A8
FO/NEL, LT TR O S/ MR EE TdD 1 pm/rev LT,

BIHEEE L 50—200 m/min OFLFHN CTERERL7-. #2HI#1%8) /15 (KISTLER 9257B) EIZREEL,
P77 —ME, YIHIEEE 50 m/min, 100 m/min D542 200 kHz, 150 m/min, 200 m/min D3}
A% 500 kHz THIHIHERHTZFHAIL7-.

Table 3.1 Cutting conditions for micro feed end milling test

Work material S45C, SUS440C, SUS304, Ti-6Al-4V
57x60%25 mm (wxbxh)

Tool holder MTES335 (KYOCERA), ¢ 35 mm

Number of flutes One

Insert TEEN1603PETR1
TiAIN coated cemented carbide
Cutting edge: Chamfer honing p = 2.3 pm

Projecting length 43 mm

Machine tool NV5000a1/A4 (DMG MORI)

Cutting direction Up cut

Cutting speed 50 - 200 m/min

Feed rate 1 um/rev

Axial rake +15°

Radial rake 0°

Axial depth of cut 1.0 mm

Radial depth of cut  17.5 mm

Flow rate of fluid 0.5 L/min
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Microphotograph of cutting-tool edge

——140.9mn

Flank—g 3.0
side " /

B Rounded

/ “\cutting edge
8

p=23um

Fig. 3.3 Profile of cutting-tool edge for micro feed end milling

3.2.2 BRERRER

TERDGIHIMA DO— A7 EEEEABRIE L U T, IR BR O BRI AR AL, & H MU EREBRIZ I 1T D et
XMEH, =/ EP RBROBREMELIRY LT, ~ (707 4—Rx RV TICB T DEEGE -
MFM &AM A S L ComtEs g L7,

WRaRBRIE, R B E 3ORELU TR 12 B IREISE, ZOWEEORRF0, SLFME T O
BREARD D TTETHLD 39, IR ok 2 B R Z AL, 720 M7 R BB O BEEAR A
TZIHELTEHDTHY, HETHKEDORWHELL T—EKIIZHLILTWS 30 ZoRF3BRIT
JASO M 314 [THEHLL TRlBR L 72

PO ERERBR L, TV O E R RB I I T DR & - @l & 72 & OB OB GBI MR, 07
b, it ERE A BRI 2 B L L THWBI, JIS, TP, ASTM 728 Ok 2% Daklip 7 ik -3
BRENFINTEDHILTND 3D, KEITIE, BT EDRTAELRO R KON B RO 2D H U BRI A JIS
K 2519 (T, 0@ CRlBRER A L OflE DN BATDETOMEL KDL =/ EP 3% ASTM D
2783 IZHEPLL CRABRL 7.
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3.2.3 R

F 3.2 ([T O AL ETRL L, TERDBEEGABRIC B IT 5B HZ =T ZnbRBRfEs~ A rr7
=R RV LIZBITDEEERE u-MFM (22, YIEIAI O Rt E U C ot 2 g L7z,
M-VG2, M-VG8, M-VG20 [FFHTTHY, KEDENIIDEEMEN RS, 5 2 EThiR~72i@
D, M-VG8 & E-VG8 |ZEIHEEE 23R % Th 573, MLAKDEWIZ KIS B2, E-VGS [T 5%
BTDHTZATITHY, SBBHNEROICREL, WA B L0 i 7 L o4 8 Bl 21517 58
EOHLMMERIEL THEH T 528 X0 EGHL, S CEBIREGN R O @\ Al Th .
20728, E-VG8 3R Tleb BEEAREAMEL, & HIUERGBR Ch W BEfT & EZ R T LB 2
bivd.

/b EP SRBR OOV faf BIXENR B O B2 280 Tk, E OB RIURE R LR o7, 205
I3, iR EE T OMEEMEZ AL L CTRY, MERINRREEL T 0720 ThHhHEBEZLND. HH
PERGRBRSCS =/ EP sBRCIX, MEAIZ S Te M-VG8+S 23 et i TR EREZ 7323, 4 2 THODHE
HISZBRTIX, M-VG8 &b, HIL o7 BB AELNR T Lo T, AN TIZI T, ififfar B hE
IXUIHIMEREDFIE L L T T LISV ATREME S5, A BIE, ks LGl - = AT /L DENIZ
o TR 2 S hE L 7-.

LA, Bk B oA R oD S22 2 BEEAm A2 IV T, BIHIT A 0 R e 1 & BT HI I e 00 BAAR M2 it L
7z,

Table 3.2 Composition and characteristic values of cutting fluids for micro feed end milling test

M-VG8+S
Sample name M-VG2 M-VGS M-VG20 E-VGS
(Reference)
Mineral oil
Composition Mineral oil Mineral oil Mineral oil  Ester
+ Sulfur
Kinematic viscosity at 40°C, mm?/s 1.621 7.827 20.44 8.030 8.540
] o 03< 03<
p in pendulum style friction test 0.244 0.098 0.133
(Unstable)  (Unstable)
Seizure load in soda four-ball test, MPa  0.20 0.20 0.25 0.40 0.60
Welding load in shell EP test, N 981 981 981 1236 2452
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3.3 (/a7 —Rx RV (MFM) I ZIZBFAIM I et &

3.4 12 MFM L7 0vAOET )V EZ RS, ZORIE, 8 TR N Jeo il Ty AT 2ol
TEELARNZ LRSI LT 5. TR, TENKEEE 57200 Tk, YIRS AWREI O
BPERREEZ T EID720, BIDSFITAER LRV, ZiUE, RN p, T<VA a & T 58, DIERDE
& p( 1tsino )H3BME - BRI E GNP KB OB H O B L THHIE HEBETHL, AL
R p=23um IZKL, IARUIBVES 1 um TIIOIHBRIZEL TO7eWnW B X 65720 Thb. T.A
PO OHERITLE, BEAIF DSV IR EE A8 2 51012720, Be REVERD EEIZ/R DAL DR & (248 A
MOERNEES (K 3.4 (b), (). LT, K 3.4 (dnd, THE 1 BEREOIN TR E FIRES 7
v, X 3.4 (e), (DDIEY, M IZHMEIREE 53 OB L K OIS T2 AS RN D, INTAERT 5.
ZOINUINEDTHDLH Teut FUTHPEE IR I HIRANRAEL TS0, BIHHRFL B ND
Z X RS BN D% .

Work

Dotted line: Cutting edge tracks 5 o
Elastic limit
Elastic limit

hY \
Initial work shape Initial work shape Tnitial work shape
Plastic term start \
Plastic term start
Feed direction
~_ Cutting edge

_ Cutting edge
contact start

contact start

(a) Just before plastic term (b) After one cutting from (a) (c) After one cutting from (b)

11 Elastic limit
Y

Elastic limit

A
" Plastic term start

Plastic term start /)
4 }: 0°* )

Flastic limit (@=0°)

A 2
i I
i T
_—.-— Initial work shape ~ 1 Elastic term e - :ElaSllC term
o Plastlc term start E . i
= (8=0°) v
¢ Cutting ed
! Elastic term . . ut:;ntg tta%f
v Cutting edge ontact s
'\ Cutting edge contact start
contact start
(d) Uncut chip region of constant (e) Cutting progress with residual (f) After one cutting from (e)

stock removal by elastic deformation

Fig. 3.4 Cutting processes model in micro feed end milling at dry condition
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3.51TIIMN LAE R IRREIZ /2o Ttk O R RO G EHEHT F, (A BHEF OB D53 77)
BEOQ F,(CHREERM ORI MO 5 ) OHERB O iz rr 3. giiilks & T oOBhE % CrisEsg
IR (E-VGR) @ F, (LERBEIEAM OS5 D53 77) B LD @i<ig>Tnad. Ziud, T,
T - BRI TR D BE BRI KO HIA DYEVEZTE 5B b9~ D E COMMERE D &L, UIFRL &1L
W EZ 2D,

3.6 [Z Bz EBER, MADEEDO~ A0 (— R RV T.O7 2% R8T, £,
T H IR ~$filt%, 1RO MR E 22 TSI E TN G ED. T LT, #HIA OMIEETE
WA FESTOIL, T HEREE R T 5728, T H 3@ L7t OPHIA OFRS T A 1[5l
I THEEZLND (X 3.6 (a)~(c)). ZOIHZ, HEMHEDOENZEY, T Ho TH—#FHIk
M OBEMRFEDHEZ T AL T HZEND, T HOEEOGIEIHHTOMEIRILIE T AEMECTHEL <25,
ZOXO7REMADG, MIETEORALICIE, TH LHHIR BB 4 S 7 O UIEHRFUCE B 7228
ML THD.

Cutting conditions

Feed rate: 1 um/rev, Cutting speed: 100 m/min, Work material: SUS440C

100 100
Fn Fn
go | T g | —F
Z Z
8 60 S 60
& &
en en
E 40 E 40
&) &)
20 20
0 0
0 3 6 9 12 15 0 3 6 9 12 15
Time, ms Time, ms
(a) Dry (b) E-VG8

Fig. 3.5 Comparison of cutting force transitions during one cutting between dry and wet conditions in

micro feed end milling
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() Elastic limit in dry cutting

+
(2) Elastic limit in wet cutting ‘ H %
] o
) 4 Plastic term start | S )
Pla§tlc term start : i | Plastic term start H
P ! of i
¥ 2 . [ ) 1
i Elastic term | Elastic term 1
I 1 [}
Elastic term | JS+ Feed rate ! !
i i i
: ; -
+
. Cutting edge
Cutting edge i contact start
contact start SRS LR
(a) Difference of elastic limit between (b) After one cutting from (a) (c) After one cutting from (b)

dry cutting and wet cutting

Fig. 3.6 Cutting processes model in micro feed end milling at wet condition
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34 wA70T74—R RV (MFM) I TIZEB1T5 T B —#REIM B o B E Hik

3.7 1CHECTED 1 pm/rev OFAFIZEIT DI TEAAA O T T ETOUIHIRGT (Y [ksy) OHE
Boflzrm3 . TESHHIMIZHEAMLUIGD THHEEISE TOUHRUL, e [Z8NL72%, 1213
—EDETHR LTz, ZOEFEIRIEOUIHHEPT LV SR S A R H L=

38 IZEFAIRRED 1cut MIOGIHIIERHIOHER (3.7 D 1 1Ly OREA IR LK) 27, 2
DIDIEY, GIHFEHUT x-y EERICB W CEHAIL-.

3.9 [ZE RV TACEITS T B —REIM oM E/ERZ R+, UIEEHT £ & FiE, TR
WA DS M D53 ] F, LRS00 5371 Fo~, TRt D@ T LT,

TH[ERf 0
F: = F,sin + F, cost (3-1)
F, = —F, cosf + F, sinf (3-2)

310 IZ=RUVINTAZETD F & F, BEO F/F, ORRFFEACO—BlERT. F/F, X THEDH
HIA B T DABRIE) Ve RE ], —EDEZRL (K 3.10 (b)), 2Dk, 23K EF L%, 200
TEN RN 3D — EE THEB L2, ZAUE 3.1 IR FH SO E e —&§AHmTHY, A
WFFRIZ BN T, TH—HHIME OB LRVEBZEPFEEL T b0EEXLNDS. £L T, TH—
PHIR R O BEBR S -MFM 1T, R O@EVICEFRLTZ.

GIHEIt OV 7V 7 RE: S, ms  lcut HD u-MFM F5 BAAAIERT : T, ms
leut 1D p-MFM GRS TR T, ms T & T [H10D75:0.20 ms

1 T. F,
MM = 770 231 (£) (3-3)
Sr N

Cutting conditions  Feed rate: 1 um/rev, Cutting speed: 150 m/min, Lubrication: Dry
60

s
o

Cutting force Fy, N
(]
L=

0 lllllllﬂllﬂllhllLﬂUll.ll UIJMJMMMH

0 1 2 3
Time, s
Fig. 3.7 Example of cutting force transition in micro feed end milling
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Cutting conditions

Feed rate: 1 pm/rev, Cutting speed: 150 m/min,

Cutting fluids: M-VG2

80

e (=3}
=} (==}

Cutting force, N
[§%]
[an]

Fx

Time, ms

Fig. 3.8 Transitions of cutting forces Fy, F)

during one cut in end milling of S45C

Cutting conditions

Feed rate: 1 pm, Cutting speed: 150 m/min,

Cutting fluids: M-VG2

80

(=3}
=

Cutting force, N
=
L=

2
=

Force interacting
on work material

Work material

Fig. 3.9 Force interacting on work material

and tool in end milling

Fig. 3.10 Transitions of cutting forces F,, F;, and u-MFM during one cut in end milling of S45

Time, ms

(a) Cutting time:0.0 — 11.0 ms

2.0 80
Fn Ft Ft/Fn
1.6 E
. 60 | T, T,
12 = > :
EE t«e 40 | 0.2 ms
B0
08 & g i
=
=
< 50 W
v MM
M.
0.0 0 A o |
10 0.1 0.2 0.3 0.4 0.5
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(b) Cutting time: 0.0 — 0.5 ms
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K (3-3) 12815 p-MFM D EHRBHAARER (Ti, ms) EFHEE TR (T., ms) (TP 31T 2 EE#2
R E R T D0 ER L.

3ALITIFT Y RIVIITH O THOPH L OO XEZ R, TFy b —% 25 ET5L,
T BRI ~ AL CD, TEESVEAD 027 mm B2 5ETIE, YIMASEHIA ISR
TRE i DMK IE /2 B2, ZD7=8 leut F10D p-MFM O F 5 BIAEHER (T, ms) 1%, kADHE0IC
EFRLZ.

EUHIRES .V m/min - BRIV K ERRHIRA 7508 2 AR B2 22 5 T OO RERE : 0.27 mm

0.27X60x1000
To= —————— (3-4)
V%1000

leut O u-MFM OFFFLHE TR (T., ms) 13, PLFO@Y, HAEL TR OSBRI —E DK
[ CEE AR Z B T 272, T, 12020 ms ZAMATAEELTZ. To& T, DFETHZ 0.20 ms 13, IHIE
FEDINT HIEE VRN D T H Lm0, et Ml ORI CTHLUHE L 200 m/min (ZF1F
DRI DI B[] 2 2 B TR E LT,

T, =T, + 020 (3-5)

K I3NRTUIHNR IS U7 T & T O K OYIHIESGTEL F/F, OSFEEED p-MFM (2725,

102



Work material

Dotted line: Cutting edge track

A | Radial depth of cut : 17.5 mm i

Axial rake : 15° Cutting direction .
ial rake

Rake face of insert | A 27.48 mm A
A-A’ cross section IAxial depth of cut : 1 mm

:1"001 — work contact section : 27.75 mm 0.27 mm

The tool — work contact section is slightly longer than the cutting edge track
in one cutting due to the tool axial rake.

Fig. 3.11 Cross section of cutting edge track in end milling

Table 3.3 Calculation start time (75) and end time (7,) of u-MFM during one cut according to cutting speed in

micro-feed end milling

Cutting speed, m/min Ts, ms T., ms
50 0.32 0.52
100 0.16 0.36
150 0.11 0.31
200 0.08 0.28
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3.5 BTEGRHIM OEELRE n-MFM LN TERRDE £

BEEIAICI33R 2.3 DY, MEHEFEDR KELSLERDH DL LT, — XA R FEHH S45C, F X4
Ti-6A1-4V, /LA RAT L AHH] SUS40C, A —AT FARRAT UL AH SUS304 2=, =D
FONTHEHIE DFENLCUIH A O A HEIZLD pi-MFM O3EWEFHAEL T, I THRROELEEZT-7-.

3.5.1 p-MFM (2 RIEHeHI D8

312 [ZHEEIM S p-MFM Z3HRIL 7245 e m 3. B4 O i-MFM 2 i35 4,
S45C b @<, ZOMOPFEHIF 1T 0.6 AL TREN o1, ZOHMEEZLET DD, leut D
FJF, DA FRITLT-.

3.13 (a), (b) (ZHEHIAAAY S45C, X 3.13 (c), (d) IZ SUS440C DIAIZHITS Leut D F/F, D
He 27, (a)k(b), (c)&(d) TIXE 2Rl (1cut BIAA O ORGEEEM) O KMEA Ee> T,
S45C TIX F/F, D E T EEBNKELS, ZOMEITFHIX ORI TR L Tz, Zhld S45C Tl
THIZEEEMD AL T SEBBEER LR, MOPWHIMIZH A F/F, DESEELRNIENEZ XD
5. SUS440C b Fi/F, DIEEIRKEND, S45C IZHEARDER0REWME T EDOHEB A RLIZ. EH5
OEHIRAS T BRI ISR, F/F, 23— B2 R T KB AHR TERW 0, i Ti
SRPEZS TR S R B, WA IR SN TAMAEDEE 2 H5.  S45C 1E SUS440C &b, [FHU
PEZSTEIR O K CHII LEEND F/F, P RESET T 5720, K 3.12 D@D p-MFM 23 E<ebe
ERHID.

3.13 (e), (f) (ZHEHIASAS Ti-6A1-4V, [X 3.13 (g), (h) {2 SUS304 DFAICEITD leut B F/F,
OHERBE /R, Ti-6Al-4V X° SUS304 Tl, F/F, DZEBYOFEEE N LB/ NSV, ZHE, 2o gy
MCIE T REICEEED DA LIS TD EHEEST 5. BT Ti-6A1-4V X THM IR L CTEEETE m
SOLEINDIHIK THDA, 2 FED SUS304 <° Ti-6A1-4V DOFEH| 325 Tk, EHGIEI SIS
WME BRSSO END, A 7a7 ¢— R ROV TR Tk B A a0 1572
U NEIHIFEIR T, TIAIN 2 —7 07 THRIZRL, 2D O#HIM OEEEVEITIROATREME R & 5.

F72, SUS304 <° Ti-6A1-4V ORFEEL T, THBEHIM ~EEALL TH0D, F/F, 7Y S45C X° SUS440C
DINT EFAFTHHEEPNFEAL RONT, leut DBRARE LN DD OB E O —EE CHE L=
ZDTEND, SUS304 X0 Ti-6Al-4V (TN VST EL A L7, TREMIEF IR EOT UK
HIkTEE 2 Hb.

LU DS, BT, W OBEIM TH I I Z TR BLL 20D, #HIAM IS LD 55T
LT B AfTEMEOE S i1-MFM DIEICZERNFNLEE Z B,
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Fig. 3.12 Difference of p-MFM in work material when micro feed end milling
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Cutting conditions
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Fig. 3.13 Transition of F/F, in micro feed end milling
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3.5.2 p-MFM (2 %I 3 EIHIMA o2&

3.14 (2SR D FIF, OHEREEWHIM "3, S45C & SUS440C T, F/F, BMENREE
XD DIIE — EME CTHRB L HMEE IR BL TV DHEBZ X D5, RIfiOmEy, 2Tk
EFIENFEEL TH 5T, X 3.12 (a), (b)ITRT 1Y, S45C & SUS440C THIHIAI DG I I RE
< W-MFM 2ME FUZ00, AN BINDI2DEE 2 DD,

F72, X 3.12 (a), (b)DiEY, LD M-VG8 SOl RDHHT A7 /L E-VGS DJ5 A p-MFM 73
K<, RICHMEETZIRIZIIT DA CHIMFRLRIZED, ZDOR/NNEDDLIEN 5T,

—77, SUS304 TIZHIHIHA OHEARIZ LD p-MFM DOZE L3NS (K 3.12 (d)), Ti-6Al-4V TiZ, 13
EAE BRI BT (K 312 (¢) . ZAUE, X 3.14 X0 SUS304 <° Ti-6A1-4V Tl il
FRHELCH, D7t I TRV M-VGS CIT R ERR M A AR BIET TRORMEMRR
Wb EE 2 HID.

U EDEIZ, p-MFM OZAI TIPS TGS M R T 72 572 E DN LE—RNEDDHTER,
e OREE NG L CODEHEL S, W UCLTh, ZAUZEIEIHA O BERRE R2 R L TD
LEZBND. XoTC, p-MFM % T B — 41 M OMEIEMEOFIEL L CTHWADIXE T Ch 2 LIk
7-.

Cutting conditions

Cutting speed: 50 m/min, Feed rate: 1 um, Cutting fluid: M-VG8
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Fig. 3.14 Difference of F,/F), transition in work materials with cutting fluids
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3.6 p-MFM &HER B BB oD BI£R

U-MFM S0 SRR BR E O 22 AP GINT T 5728, ZNDOBIRIEZfENT U=, TEREERBRO
R XA CTHHZEND, u-MFM [3HEHIRTIZ S45C 2 AW FHRIL 72, F72, p-MFM (3 f4EhiE %
BIHIIN T & [RARIZE A< B TE 5728, FHAIBFOBIHIH L 50, 100, 150 m/min L7,

3.15 (2 4 O MAI M-VG2, M-VGS, M-VG20, E-VG8) %\ T pu-MFM % 3HAIL 7= 5% %
AT SR OBRREEE DS ENEE i-MFM B 72D, AT /L ThD E-VGS Db i-MFM ML 72
ofc. F2, UIHBHE 2> T p-MFM 23EEIL CTEY, u-MFM (XUIHIEEE IR AT E RN H DT L 550
o7z, 2D u-MFM DAL, GIEITMAIORERBEEGBR L LT, R ilBR OB SR, & HIUERRER
(B DBETEWE, /L BP RBROVAE (nf EOBIRIEA MR L 72

3.16 |2 p-MFM E1EROEEEGRBRIE DO BIfRZ R 3. 3 B O BEEBR O CI3R R &b
W-MFM &R WFEBIAME DL, ZHUE, B2 73R8 2Y 0.7 GPa O E¥HEMRT ) F IR 2 BEER T
BHDDIZHFL, MUEREER O BRI TBER i B2 Be PRI 7030, BEAHE ST E ORI A
FARD Dt faf EAEZ 7R L CUND. i-MFM. &1, i far EERE LY — 8 2381 2 EE AR - D BAEME A3
EWEEBZLND. FTo, EOPEREEGBED UIHHE 50 m/min @ p-MFM &OFEBELRED b &
<, CTHIEEE DSRZEMBREAMEL 2o 70, ZAUT, IR TRBRORE KT <VEE DK 6 m/min, &
FH DY ERFRBR C 6.9 m/min, > /L EP fABRClE 41.5 m/min W T NUHIETHY, B 50 m/min
IZ81F % p-MFM ORI E BREE A LB, 16 R EEEGABR DB BRI ) o 7o 72O B 2 DD,

RT3 BR O BB A H H U ERGRBR O BEAT AT E TIE p-MFM &—E DN ELNIZA, M-
VG2 &£ M-VG8 OFRBREIZZANBN TR (3R 3.2). — 5, i-MFM Tl & CoOMEMIcH T, #
BABLITEY, UIHIMAIOREIC I AR EOEWE LVEE ICFHMICEob0LBE 2 65, DL E
DIEY, u-MEM EGEREEERBRE DM 2N 22— B LW, IREEICT, kRS L i
SEDBMEMEA LERFIL, v A/ rT7 4 — R ROV LI K DHIED A A RGEEL 7=
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Fig. 3.15 Difference of pi-MFM in cutting fluids when micro feed end milling S45C
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Fig. 3.16 Relationship between u-MFM and conventional friction test results
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T 7Ty ORIV TAZ BT DGR B DI O IR & 22 D R 2 5 35 B A R

FILTZRE R, LU F Oftima 7.

(1) BT (LH0) AR IR BISE 5720, U RV TSR D KUTER0 ESIE A 5
HAHFEIVNESRELZ. ZO~A7u7 4—RZ U ROVINTIZEWT, TREEERH O LT
[MD5y J1% F,, 8887005y 1% F LU, BIHIRSUEL F, / F, OB BRIEZETY, IV,
BIH kD X217 57z

(2) ~A/aT =R RIVINTIZBWTHIRRNRAIZ S 2L, Tout O T F, / F, (3%
VR, —EDMETHER L-. ZOXMAe A EmE EE L.

(3)  BIHEIMANZEIEIIN TIZR W TR IR OIS D5 CIER 3588 2, HEE IR0 X O
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4.1 ¥EE

% 3 B, UIHIMAI OB A M 28722 kL LT, v A ra T o — R RUVINTIC BT
LA O UIHHEGTEY w-MFM ZH T 5 FIEEB R LI, RETIX, ZOFEFIED A 2%
ERRGEET D701, GIHINTIZEB A0 BT S E i-MFM OB E A Mt L.

BT SIS T2 ER R ORI 232 HH 5. EHIINT T, 5 2 Bk
fE SOy, A L LS AN BRI A REHZ D8I ST, A B IS OB TIH R # 0
T PERS A>TV,

Wrise BIHI O B I T DUIHIHAI O RICEL TX, 774 A TO SCM415 DY —)L
GIHNCHBWT, LT Ca AR —NORYLAEI I, HELEMIBR = AT V22N E I B ET
T A E TS 3528 T, BTSSR ELSE T HIENMESNL TS 4D

V—~INLo: EFEIZREL TE, BRELOHFFIZIBVT, #HIFIZ S45C 2V, SOOI
INEWZEE, W= MLl RELRD, V—~v R\ SIT/NE<72 5. I TIER Uz e~ Ly

ZVIHINT 203, ROJERRIFTDSH BIFmEES BRAFTHY, KM RKEEMECAE 5% - 15

HRFCSRINIFNOE N2 SN LY, A BT IR E DL LS TS #2. Fie, ALY Ky
JIT.CIL, Hong 78 Ca AVARFR— MR &0 A LIS A ICEIEI V2 380 L, 1 B LSS +42y
BEESNLHIEEHEL TS+,

UL BIZZE T T2 O HIN Toott B kS, SRERINFN ZLG0E A OB S RE L
TWAHEEZ BN, ZOMBYEOFEIELL T, i-MFM  S0ESKREEEGRER I D & B B AN T D)% ELik
FEAML 7=

EEEo@Y, SIHIIN I 3Rk 2 2N T AR Y, ASFTAM 1% 0D i F i PH 28 IR <KRFE T 5720, R
RTAITIA, & 2 ECRMLUZANERERIN TS, Bl cdor= RIVINT, THOA
fHE B HETOMYIBNER LGN N E ~— P B TOM T RN O S=AERA O T B3 8 &
TERLTHE B mE S ER T DY —< T #9E L7z, RO R 25T TI2R8 W T, INLmEIC
7] — D YIHISAE S TEIHIM A D 22 22 B CTHEERL, A b m S 2Rl L 7z,
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4.2 EEHE

42.1 =URFIVINTHEER

TURUVIN L2 E OEife GIHICIE, YIRS RERME R BMER 5. £/, %, S Ridm
BB AR IRS D, B AT D8 )0 Am IS LA BME R AR TN 2 8LA0 5, BIHIm A
I, FRERAY, BEE B WSO E T AEAICHD. ZOXIRT U RV TIZB W, i B mHss
u-MFM O B2 AR LTz,

R AV RUVINEOFERSEMZ 7R3, YRHRIZIEE 2 Eo s L CegH ST i BT
I DMFHI D U S ORI A b <, BIEIAI DR ZEFEL 0TV S45C vz, T RIS
3EOVAuT 4 — R RUVINTLFU A eI AHEE 2.3 pm OFERE TIAIN 2 —7 (7 F o7 %
Hue, TEROIRNOFELRT DI 1 CNEL, YR IET > 7 By he Uz, 135013 25 pm/rev
L, BIHIEE 1T 50 m/min & 150 m/min O 2 S CHEHELT-.

4.1 \RTEY, I TR O B S 2 gt R oSG NIRRT, 7 Y2 —7a
—24 DSF800K) THIEL, HAFFHAHS Ra B LU Hh#R 24572

Table 4.1 Cutting conditions for end milling test

Work material S45C (annealed)

57x60%25 mm (wx bx h)
Tool holder MTES335 (KYOCERA)
Number of flutes One
Insert TEEN1603PETR1

TiAIN coated cemented carbide

Cutting edge:

Chamfer honing p = 2.3 pm

Projecting length 43 mm Measurementarea
Machine tool NV5000a1/A4 (DMG MORI)
Cutting direction Up cut
Cutting speed 50 m/min, 150 m/min i TOOI holder
Feed rate 25 um/rev
Axial rake +15°
Radial rake 0°
Axial depth of cut 1.0 mm de(:i?i(:;
Radial depth of cut  17.5 mm
Flow rate of fluid 0.5 L/min
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422 V—<INTLER

U—~INL T, RULZREIZE S TN LS NNEE, I CRTEDHEIZHIV IR, 512
BIEE 2~ — VU CEOIE UL B S & ) S5, BEARRICITED 5 MOS0t B
ME78%. U—0b~— U A TR O = DM ToND T2, ORI ORI 15372 SR B
FOEAEELIZEIL, FE - TEHAEMNENT S, V=< T CIXBIEREA O B A2 B i &
{EDOEARFIERNZH 720, IKEBEMEZOS A KEEHECIHIMAI A HELE S D . 2o ol, SIHImAIAH: |
T U CRHC B2 2 -3 N TICR W ThRET &1 T 72,

# 42 |2V —~ I LOFEBRGM27m 3. HHIM L, = ROV T EBREFERROBEH ) S45C %
Az, TEHIFHAMTHINAADAN — ) —<%H 2, 25013 0.14 mm/rev, YIHIEEE T 12
m/min L7z, LIRS 15-20 mm O X O BT EAHSZ AR O 80 0 S iETRHAIL7Z.

# 43 12V —~INLO FROGAIGMEZRT. GHIIAD Z D TR TR S CRIAINTL, V—
~ IO H IR MAIZ 2 L CHEBRLT-.

4.2.3 HEAIIN TR

SEHIZ2E OBGEYIHITIE, Bk OUIHIIAIZ WD Z &3 T2 M OREE OB DAF
FLLARW. i, KEMERTEHE, OB TR, SAMDREFAERLS KO ERMED E
F57-0, ek OBNEIAIZ 922 ENEAMTHS. ek, £ 3.2 L0igEEOR
BT TDITHEEE DR % ThY, MO ELTRE T D720 20D M-VGS & E-VG8 %
FAN=.

DL 2 B 2.4 LRIEREL, KT H ORE S Ra0.02-0.03 pum O TEA . #HIFS

T S45C Z AV, GIEEE I B RS A E R EE KESE A5 50 m/min (28T, E0EMHEIC
EIHIMA OB BRI AL BT TS, THEIEREIR O T RR 2 O BIRMEA T L 72
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Table 4.2 Cutting conditions for reaming test

Work material
Tool holder
Cutting tool

Projecting length
Machine tool

Cutting speed

Feed rate

Removal amount
Cutting length

Predrilled hole

Flow rate of cutting fluid

Cutting fluid supply

S45C (annealed)
BT30-HDZ12-90 (NT TOOL)
Chucking reamer SCR9.5 SKH56
Straight flute, Chamfer angle: 45°
Number of flutes: 6 (Eikosha)

47 mm

Tapping machine MTV-T350 (Mectron)
12 m/min

0.14 mm/rev

¢ 0.2 mm

20 mm / hole

Blind hole ¢ 9.3 mm

3 L/min

outside

Table 4.3 Cutting conditions for predrilled hole of reaming test

Work material
Tool holder
Cutting tool

Projecting length
Machine tool
Cutting speed
Feed rate
Cutting length
Cutting fluid

Flow rate of cutting fluid

Cutting fluid supply

S45C (annealed)
BT30-HDZ12-90 (NT TOOL)
WSTAR drill MVE(0930X03S100
DP1020 (Mitsubishi materials)

70 mm

Tapping machine MTV-T350 (Mectron)
84.4 m/min

0.25 mm/rev

27 mm/hole

Daphne alphacool EX-1 5%
Water-soluble emulsion
(Idemitsu Kosan)

3 L/min

outside
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4.3 BEELAE p-MFM LB LIEICRIT 5 BT mH SO B%

43.1 = VFIVINT

4.2 12 S45C ZHEHIM LU CEHAIL 72 i-MFM 36 JOME SR EEEGRER L, S45C D= RIVINTAC
B A B EHEOBERE R, UIHEE 150 m/min T, #2738, & HIUEKGRER, ~=/L EP
FRBR ORI S A BT IS E DM BRI 0.7 LLF &R o702, —J7, i-MFM Tlid, ZDfEAMEN
(ZEE EFHEAHLEAVNELZ2D, A1 BT S EOFBIREITA 1.0 &72o72. p-MFM (fE B ES
EEOFEBINEZ R0, BIEIEAIORFEMEEL ThebiE L QWD EB OIS,

UKL 50 m/min TIE, R 73Rk, 8 HIUERGRBR OB TS (L B m LSO BB 0.9 &
—EOFBAMENGOINTZD, ZORMIZE VTS i-MFM A bt BT S & @ O FE B2 R LT,
Yo T, FERFEERRL LS n-MFM 0 J7 A3 I i O W A7 9 4 & U C AR T,

PEREE BRI BA LTI, SR UIHI LB G O BT EHS AR B @ a7z, ZhUE,
PR RER O KD 6 m/min, & HIPUEKGER T 6.9 m/min, > =/L EP iA5% Cl3 41.5 m/min
EOTIBIEETHY, 50 m/min (23513 D T KUV T O BEREEBREE 3 LU, TEREERERBROIEE)
BRERII T2 B 255, £, B EMNERGRERCY =/ EP sBROBRE I A OO il 7 FHAE
ALTHEY, ZRHOEE A B mE ST, MBI MRV, 26 B0 S, & B EREUER )
R [ET R CORERF ETEICH L, =/ EP BRI & HEIHE CIEE DR AETHETH ELHLL T
LEWVI BRI & 72> TV, ZOMEMEDRHGE D e b L LS AH B DM RS R &7 o

c. ZOIOZMEMERBRIE, SIHNMAIDMEH 3 ABEER B CE BT 2R Tl RN e E 2 bivs.

U bZgldnl, b B S EAEBEMESE OB, i-MFM, IR 1RO BB, & MY
ERBROBEAT EME, S /L EP sRBROEAS M EONEFCHY, Mt A% 3N 3~ 5 s8R 24 B
FHLES & B A3 LSO .

7 A7 =R ROV T K DFHM TiE, #HIH A3 EIHI S a7 BLA% DT e 4@ i & T Ao
BB CHDO 2, ML OMBBMER T DAL FERRDIE ) THY, ETBZHWTEIMTLRFETCLIH]
HEDOSLMFRENATRE THDH20, UIHIIN T RS WVARBENSELNLEEZLND.
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Fig. 4.2 Relationship between friction characteristics obtained by different methods and finished surface

roughness in end milling of S45C at a feed rate of 25 um/rev
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43121, =RUVINLEOM B moMEhi#ize <7, 7 a7 7 A MIABHNC KR EELILTWD
ZEMD, D7R0RERC R A ME BT EICEEET DUIHI S LB 2 HiLs. FEAINTIZ I CTHI A A
150 m/min TIE, A EOFENIEAL RO oT20, U ROV TIEWHEgIEI<HY, 8]
HIRLEE 23 LI PO 2D, R R SE DS, BELST N EEB X HND. ZoZen b, (Kl @ik )
HIl D 5 TIFA 2SN R A FHEL, p-MFM OIRW AN EHERL AN DR 2 TETWHEEZ L
n5.

(a) Cutting speed of 50 m/min

(b) Cutting speed of 150 m/min

Fig. 4.3 Difference of finished surface profile in cutting fluids when end milling of S45 at a feed rate of

25um/rev
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4.4 12 S45C ZMEHIB ELCRHMILZ u-MFM BXORERDOEEGERE LS, S45C DU—< NIz
BiIHA BT S OBRZ R #1308, 5 HINERERERCH A BRI 0.96 L@V FHBI S
BT, ZOMMITIEIZB TS pi-MFM 23t RIF S & feh @V OB A R U e, 1ER R A
MU RUVIN T B S E @ OFEB M Z R ULI=0lE, V—< I TOIEIEEE D 12 m/min &2
W2, LA O AIDME R 3 250 O B 55 L FEENH DR IER BB O SR L ELEIL T D
ATREMED B D

v =/ EP

RER DS HIL, = FUVINTLERERIZ, A B S S b HHBISRBME Tz

U=~ NI THRENEDOFRBREI X B E MR LB B ND.
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(a) Micro feed end milling
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(b) Pendulum style friction test
® E-VG2
M-VGS8
i ® M-VG20
B R*=0.8634
E-VGS
2000 1500 1000 500

Welding load in shell EP test, N

(d) Shell EP test

Fig. 4.4 Relationship between friction characteristics obtained by different methods and finished surface

roughness in reaming of S45C at a feed rate of 0.14 mm/rev, a cutting speed of 12 m/min
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4.5 12XV —~< Il Lot BiFm oSz rd. 4 B o RS ASBANC R EELIL, Hak
HEPREEL TNDEEZLND. V—~ DA EGIA A O IHIRF AR F S K0 i H| &
720, I HANE~ =V TON=UAEATH BT & R TETWRWS D EHEZE T 2. DA
WANZED, A1 B S AR 500%, B ERICKOEIEIREORERH 5E O RLE A2 #1352 A
U-MFM (ZL- TEDDI-DEEZ B,

Lk, S45C OV—~IIToOMH: EFEHASIZEWTY, v(7r7 4 — R RUVINTTIZED iS55
u-MFM (%, BIHIHAIOVEREDFEREIZ25.

profile —0.Tmm

wng»—q o

s ﬂ ﬂ H ﬂf\w M\WM\/‘MMM ﬂﬂ
W WWV \WUM’UU U‘WMWVW UW\/J ww

(a) M-VG2

%Mﬂanhmwﬂ el VI A 1N
w\/ AN vww W\/v v\/ Ul Y B

(b) M-VG8

|
ﬂanﬂmMAMfmﬁnhmﬂm Mmmﬂﬁnmﬂ RMWmﬂﬂnhﬂnﬂ
AR wvvv Ao KT

(c) M-VG20

Lungl—l

(d) E-VGS

Fig. 4.5 Difference of finished surface profile in cutting fluids when reaming of S45 at a feed rate of

0.14 mm/rev, cutting speed of 12 m/min
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4.3.3 fEAlINT
FEHIIN T B mHEE p-MFM O BIEMEA R 72, FERIIN TiXo > RV & B - Tl Ul H|
THY, IEEVROV—~<INT.OINC FRICHFINTEED, N TH~ERICHAINMHE S Eb B
W2, MBIORFBHEOEL 3B BT RETHD. LoC, SEEimILER:E A3 % T
FF KO u-MFM 7352725 M-VG8 & E-VG8 &L, b 50 T u-MFM &AE BT EHL S o0 B M2 4
AUz, fE RO EEERBRL, R CIIRE LR BRE NS DO TR LS TERY, M-
VG8 & E-VG8 @ 2 ;87 —# TIFM M RFT T2 2, FEHIIN T Tl p-MFM &t B RS
DEIRD BRI
4.6 12 S45C OFERIINTAZEBWW T, 1 EIFEHES B EE K E<EB 2 H0HEE 50 m/min @
BB O EF LSS i-MFM O B3R Z 7R 7. EDEDRIEIZB W TY, p-MFM 23 E WO 22008
b RE BT EHESZRL, RO T, i-MFM OV E-VG8 A3 M-VGS L0/ &7t B
AL AR LTz,
B4R E T 0.20 mm/rev 23K, 0.10 mm/rev & 0.06 mm/rev 1LV MEZERLTZ. ZH
EOMENE, F<WE EOHEEMEHFINRBE LT WL, GIIRVEIDNENZ & THIH A
SE0 RT3 2 Vg CEAE R H S D BLIE ~FBEL T N2 e D, KLV SF0 5 A3 EIHI i o1
TEPED BN RER DL DEHELR T 5.

hy
=}

R*=0.8249

W
= n
1 |
5
<
Q
o]
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_—~ 2=0.975
o R2=0.973
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Fig. 4.6 Relationship between p-MFM and finished surface roughness in turning of S45C at a cutting
speed of 50 m/min
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4.4 BEERE -MFM I T o EiIFE IR 5 TR0 52 0 iR

ATETETICEIEIIN Lot B S EGIEIMAID p-MFM OBSEMER SN EERFELT. — 5,
BRSSOV BT SR D U TIE, &5 2 EOBGEHIRIZIN T, SUS304 < Ti-6A1-4V %
BRUNTZBEEIRE T, AR Stk CREAIDIE D 7 23 B 0%~ — 7R AVELN, T R shrE
ROBFHBRAENKE o7, ZAUDE, RICED TRAEMEMOR T RELLNH70, FEHIn L
O BT HEIZHT 2 T RO EIRE or & i-MFM O BIFRIEZREILTZ.

4.7 [ZHEHIFFIZ S45C, SUS440C, SUS304 & vy, Elgmtls i vt BT L2 o8I HIZR A T o
R FRAFEL i-MFM DOBIfREA R

4.7 (a), (b)DIEY, HEHIFEAS S45C & SUSA40C DEHLLOBE TS, 25073 0.2 mm/rev TITIRE:
FRZEAD p-MFM ORI TRD DA, —J7, 38D 0.1 mm/rev TIE, p-MFM 2MEWNELE, 5
HRRFE or DR T DIANCH T2 35D 0.1 mm/rev D&, THORFEIAHEE 123 um IS LT,
BT HE AR O R KRGV ESAS 12.6 um THY, A LT AR T, SIRVESORERSHH
AT ARRLL T LIRS, 20T, TRAPEHIB IR AZIZLL, FHTEEIED SO BTH]
A WD E, ZECHILS T B ERT D IEF2EIHIINTIZZ0IZNnEE 26N 5.

4.7 (c)Dilb, SUS304 TlE, EDUIHIGRMZ BV THIR AL R TIRGRAZE or |CHIRE/R 2R IX
OB T2, SUS304 Tl #alEinzl (M-VG8) DZIZHUTINT, EVCUIHEE I LR
FRAZENABIL TEY, GIHIHAILOS UIHI RS TR KA L T

PLE, AL BT HE ISR T DIERE or 1013, THREMNSIEORENRE NI LEFTRICT DL, Y
WL, EORARMHIMIC LV GRS or ~OUIEITMAIO R BE DL DLT0, GIHIZEMHFIZE-T,
EIHIA O TR A ST T 52 Z20N5. BEREN LREAMEMICER T 5L A MaE
HZE, ZLUT, TR EORHMiEL LT, YIHIZRAEIZIG CIZOIRH A O T2 R A Sk 2 SR IR
THILEREITTRRILE.
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Fig. 4.7 Relationship between p-MFM and transcription error on finished surface in turning
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BROVRERTE) LA, GIHIIN Tt B IS Em VO HBIEZ R UT-.
(3) BEHIN T CIEREOAMEV T 23, i-MFM EAE B LS O AR B 23 - 7.
(4) S45C X° SUS440C OFERIIN TAZd 1 DA BT RSIE, —EDOUIANRELL BT 5k, YIETm ]
DA B BOL T EE SO B EME D03, KBV CITEIEIAI D p-MFM 723
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5.1 #%

[l

ITETIE, A~— 74 AW ATL R0 LED L AR 8 CRE N T.oO=—X AL,
EIHIIN TA~OERAE B L@ <A DD D 9. GIHNMAI O 2SI TR EICFH 53 58EL T, |
A, BB ERICIOBEEIM S T RO EEZ M 528, THAOEEZNH T8, TEENNO
B EPEICEREY T, /— XA RAMAE T EICIDREAIN Tt B A= sk oo L5720 NI H 8 ©
LB T HAERKL, T EmEROER TR/ NSNZERENE 2 HD.

THOPEHIM ~ORAAEIZEAL T, BEOHFRICIH N THI LA RICH T2 ORENRES
N5, A HDBIE, ¢ 0.5 mm D TIAIN 2—TF (L ZHEEAZ =7 TRV (2 N, AUifh 30°) %
VY, 250 5 pm T SKD61 Z N TL7-fE %, U AORMFEMUENEATHE, 4 BT mHoOE(LZT T
72, IRAGIZRL B FEOHIE DXL SEIME KL, -HERBESIIRE ENBA T2 HEL TS
DoNEIXZ YT INTICHE N T, TRORMERRBO ALORER T ORRKIZ/RDZE0D, HEWY
A M OEBRSOEFIZIDEAEEO M ENREBLEVOBIZEZFEZ L TS 2. LLEDOFIDX
N, TEOEAERBIFEIHIN TSN T, TR E OB AL ZENS, UIHIMAIOESHE
T OMENDHDHEE ZDBID.

AWFFETIL, 55 2 BRE 4 HOMKROMEY, SETEHIINTIZH W CHE G SISEWE BT S
5D H DD (0.10 mm/rev BL ) OEIEIGAHICIWT, T HERELOER G322 (B Al 73 528
FTHZEBHLNI 5T, ZOERIZOWTLL FIZBEZRAD.

5.1 (ZHERIIN T B A USRI 3B 1T DB B RS ORI 27~ 3. GIHIMAIS IR G RR 2
FLT2IEY 0.10 mm/rev DFAETIE, 5§ 2 EORHFEROEY, /—A R 0.8 mm O LEOEE, H
FEIAFEEEN 12.3 pm (ZxfL, B A IR O R KOIBVEZIL 12.6 um Th D, Lo T, {1 BiTiHE
A R D KRSy DUIRIE SN N AR LN/ NS 70D, RSB R p, WA o 5L, Y
IS p( 1+sino )35 « BIPEGEI B0 < TAERGEEI DS B 0 B 2 Th DL O a2 E12T 5
&, R OARIED G Tl BT A I T R Je S BT L CEIIRD R S AN 2w, TR
HIA IR A E12<L<AeoTHY, UIHIMANC LW CRAZMEME TLOTWEE LD, ZD7D,
B AR TR ZE TS TR AERE T, IRERREOEIICER >Tob DO EHEREIND. 202
EERRFET D728, BEHIIN T4 g w2 sk o Lo et MNITENC B 2 O HIR L2 i 35 2 %
EZ T ZOHEELT, FEHIIN T CIEEIBYESIZHEOE DRI ECTHAMBRHLDITXL,
IR E SIS U ORI M CED U ROV TICH O B L2, 2O RV T.oO Y4
BEHB IRV ESE A DB DOWTLL FIZiR 5.

52 2= RUVINLIZ BT DU B ES ORI 277 ZORKTIEFRETT M OULA L T A
EEDN53THHIZD, 1 cut MOYIHRVESITRKRT 1 NHTZVDREYFOESITRD. LoT, Fh
WU RV O A IANAEE 2.3 um (2L TiED % 2 pm/rev UL N IZERE T UL, e RUTERVIE
&/ T EORNHIEELD | RiGOM NI L7225,
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Feed direction
Feed rate S —

Work material ..U % Cutting edge

Nose radius

Uncut chip thickness

Finished surface

Maximum uncut chip thickness in finished surface formation area

|
Feed rate

Fig. 5.1 Uncut chip thickness in turning

FEHIIN T AL BT mA Rk (0 NMITIR D ES) o
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NBIBIES D= RUVINTIZ B 2B HHREUZ A A

Work material

Uncut chip thickness
I ] Feed rate

Rotation | Feed direction
\ . . I _
\direction

Fig. 5.2 Uncut chip thickness in end milling
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5312 845C DT v 7 Iy "D RIUVANTIZEBIT D50 1, 10 pm/rev DA D 1cut B OUIHEIHL
gt Ft (L REERM OB T W05 7)) OS2 R~T . EHERT 7 Iy MO RV T.OYA, I
AR, BIER SR A2 GIHHET L <L e KBTI RS A A Je L R L0 K
E7218Y 10 pm TIEZA O ETEEBRHL A UIHIRGUIRF OB E LB ITHINLTZ. —J7, HKY)
B E SRR MR LY/ NS0350 1 um TIEBIEHRTAYAWERIZ B TN &I A0 L
7o ZHUE, ERICE D THORMERRIZEY, KT DL EITEDREATEK LN D EE X
bid.

ARETHE, ZVRUVINTIZEBWT, ERoX57%2 1 cut MOUHHRIOR L ENEEERALL, 0
fii% CFIR (Cutting force instability rate) & EFEL C LEBAEMEDOIRIELLTZ. Z1LC, 20 CFIR LlE
HIUNT.oft: B mEmiciid s T Rlgsloir G Ra 2L OB M2 TR A 352812k, MilFIc o8RG 4
ZOEALRK PSR A EMEOK T THHIEEMFEL, CFIR XV UIHIFIONN TR E OS54 E v
RECHONERFILI-.

100
— =10 pm/rev
% 80 f=1 pm/rev
53
V]
2 60
S
on
g 40
O ’
20 | /"
0 L il Y 1 L | ]
0 2 4 6 8
Time, ms

Fig. 5.3 Difference of drifting cutting force F; in feed rate when end milling of S45C at a cutting speed
of 200 m/min with E-VG8
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5.2 EBFHE

521 TURIVIITER

# 51 I RUVINLEOFERSAM 2 -3, gRHIM I 4 BT p-MFM LR G RR 22D BIRA A
L7z 845C, SUS440C, SUS304 %\ /2. TEIZZINEFTOTURIVINT FEER L FIERIC H e LA 5
23 2.3 um DOFEEE TIAIN 2—T 427 F 7 % FANT 1 MCNEL, BIEIG T > 7 v he L. Yl
OREAET, YEVESICREURTFTDHEE25NDH720, 2501F 1-10 pm/rev OFEPH CE{LSHTH
BRU7-. BIHIREE L, BEAE SCBEFED e B A )RR L C, A1 L1 TR o0 T B 28R 5 7A =4 A 3
H78, FEHIIN TAZB W THEIM S B R SISV B m A3 oo 56 B o3 L BEFE O
ITHNHL 72 % G HI Gt 23 T C I L 72

5.2.2 HEH

# 2.5 BXOE 3.2 [TRLTZ M-VGS8, E-VG8 ZH\ 7=, M-VGS8 138541l T e ME2ME<, E-VGS
W= AT IV THYEEEOE WA THD. ZNHEHDLED T, TEORMEMOFMAE Eit 2
ZllizLr=.

Table 5.1 Cutting conditions for end milling test

Work material S45C, SUS440C, SUS304
57x60%25 mm (wxbxh)

Tool holder MTES335 (KYOCERA) , ¢35 mm

Number of flutes One

Insert TEEN1603PETR1

TiAIN coated cemented carbide
Cutting edge: Chamfer honing p = 2.3 pm
Projecting length 43 mm

Machine tool NV500001/A4 (DMG MORI)
Cutting direction Up cut

Cutting speed 100 m/min, 200 m/min

Feed rate 1-10 pm/rev

Axial rake +15°

Radial rake 0°

Axial depth of cut 1.0 mm
Radial depth of cut  17.5 mm
Flow rate of fluid 0.5 L/min
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Cutting force Ft, N

5.3 ~vA7u74—R U RUVINTIZBITAEHEFROARZENE CFIR OB H 5k

5412 845C DT RUVANLIZEITS 1 cut DBREED B T ETOUIHIRGL F, OHERB &2 D 2
e KMEZED SRR T, ERERT Y7 Iy O ROV T.OYE, ReEIc L > TRV ES
IHINL, BIHHRHTH L T ZoZenhb, UIHIEET F, 0 BiEHE KIEE MaF, LU, MaF, & F, O
ZMRENG BT T NLEITAERE T, BfFEENEWSHW L. 2O ISR ORIt O R %
7EME% CFIR (Cutting force instability rate) &L C, IRADBEVIZEFR L.

CFIR = (bia) [2{MaF,(t) — F(6)} de (5-1)

a: TRV TAZEITS 1 cut O TER DN, 5 %DFE R
b: ORIV TICEITS 1 cut DA TRERION, 95 %D

5.4 127797 18Y, CFIR (332973 10 um T 0.033, £02% 1 um TlX 1.454 ThoTz. EDMEWGE
(21, BIHIHEHIS R EIGMERAD ZAR0 I L TRLETHY, ZDIH735612, CFIR fEIEEm<ebZ
DD,

CFIR =0.033 CFIR =1.454
a b a b
100 | i =--=--- Maximum accumulated Fr 100 i -===-=- Maximum accumulated Fr
Ft Ft
80 Z 80
&y
5]
60 | == S 60 |
<2
[=1¥]
40 | g 40
I I e
N N MMWM
0 L L L O 1 1 E\
0 2 4 6 8 0 2 4 6 8
Time, ms Time, ms
(a) Feed rate of 10 um/rev (b) Feedrate of 1 um/rev

CFIR: Cutting force instability rate

Fig. 5.4 Difference of CFIR in feed rate when end milling S45C at a cutting speed of 200 m/min
with E-VG8
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5.4 GIHIMHI S OIRIESIOR L S CFIR ICRIETRE

5.3 HioiEy, GIHEHA D FE T THEDRIFICEY CFIR 1TRESEeS. Fo, i EOWE 323905
b, TEHEMEMEIUIRVESE NSNS ERIKFET D, ZOZEnD, TRUVIITIZEIT 584
PO ARZEM: CFIR 1, AN SRR EIES MUCT,/ A Je LA 148 RCER HIZIGUTHIEL
7o REBRTIIHILIA LR —EDTD, EDIMENIEE MUCT,/RCER bR DZ L5 BT 5.

5.5 1T S45C, 4 5.6 |2 SUS440C O FIVANTIZF51F%H MUCT,/RCER th& CFIR(Cutting
force instability rate)?DBAfR% /K9 MUCT,/RCER HMELZRDIFEUIHIRPIA AR L ELL, BT
1%, ZOMEMPFFICEHE CTho72. Lo T, MUCT,/RCER [MEL7e5E, Hiici THORFEM
METTHEE26N5.

1.8
¥
£15 |
2
é 12
7 MUCT: Maximum uncut chip thickness
=09 r y = 0.1293x0928 RCER: Rounded cutting edge radius
[&]
5 R2=10.9858
“= 06 |
)
o A\H*éﬁﬁ.—ﬂ—n
00 L L \I_A
0 1 2 3 4 5
MUCT/RCER
(a) Dry
1.8 1.8
¥ ¥
=15 15 |
z £
212 | 212 f
) ]
7 y=0.2134x1197 | 2 1
=09 R2=0.9618 = 09 y=0.3702x!-712
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06 T 506 |
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= - < = B
8 0.3 8 0.3
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(b)M-VG8 (c) E-VG8

Fig. 5.5 Relationship between ratio of MUCT / RCER and CFIR in end milling of S45C
at a cutting speed of 200 m/min

131



Cutting force instability rate
(=]
O

1.8

1.5

1.2

Cutting force instability rate
(=]
O

y =0.4388x122
A R2=0.7801

MUCT/RCER
(a) Dry

&y =0.0384x2-0.4578x+1.4139
R*=0.9449

Cutting force instability rate

MUCT/RCER
(b) M-VG8

—
oo

—
L

—
[

e
(X}

e
o

e
w

e
o

MUCT: Maximum uncut chip thickness
RCER: Rounded cutting edge radius
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Fig. 5.6 Relationship between ratio of MUCT / RCER and CFIR in end milling of SUS440C

at a cutting speed of 100 m/min
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5.7 121% SUS304 D= RIVANTIZH1F%H MUCT /RCER ke CFIR ORIf%%7~3. MUCT,/
RCER LE0UNHIMAI O A FEIZBEH 5T, CFIR IXIFEAE (LT MlEZ R L7-. SUS304 138/ N)
HI R CH THR R ELT WD BT MNLEICARLL, SIHNMAIAATEL Th 2 E e UIHIIN T
IR EE DD,

LI EDEHIZ MUCT,/RCER HSCHEHIR Lo T2 BIEI Sl Lo C, BIATMAIAS CFIR ~&IX 78
BRI DHEE ZHNDTD, UGS TEHAEAME OIS ETHD.

1.8
D
E15 |
£
s 1.2
=
20T y =-0.0016x + 0.0846
= R2=0.0555
<06 |
=10}
o3 |
0.0 = L = L | = , o
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(a) Dry
1.8
D
215 |
2
é 1.2
Z y=0.0011x + 0.0729
§ 0.9 F R2=0.0772
Sos |
=10}
o3 |
0.0 1 1 1 1
0 1 2 3 4 5
MUCT/RCER
(b) M-VG8

Fig. 5.7 Relationship between ratio of MUCT / RCER and CFIR in end milling of SUS304

at a cutting speed of 100 m/min

133



5.5 YIHHEFIORZENE CFIR it BT HEICEIT 5 L AR RO ERRZ O BIfR

BATEMEOFRIE CHD CFIR 2RI Lot BT mICET2 T g g0l Gt 722 M IF T 2%
FHAE L=, FEAIN T 0.06, 0.10, 0.20 mm/rev ([ZF 1T DHREA7EE CFIR ORREZ D780, 4%
PSRRI Y 354 B AR B O e ROV RS MUCT, M Y6 AL A4 -8 RCER [t 0.37, 1.02,
4.24 O CFIR %#[X] 5.5, [X1 5.6, [X] 5.7 OITLIAIHF H L=

5.8 {2 MUCT,/RCER 67273 0.37, 1.02, 4.24 (£ AUEHIIN LY 0.06, 0.10, 0.20 mm/rev (&
FH4) @ CFIR EHEHIIN .02 0.06, 0.10, 0.20 mm/rev (Z331F 5 T EEHEROIRE A or EOBIRE
. B OISR = AT, #:, M-VGS, E-VG8 Z/RL T\ 5. MUCT /RCER = 4.24 T,
BIHIANZ LD CFIR OZ#EII/NEL, TEERIDIRGIRE or BIZEAEE LD o7, — T,
MUCT,”RCER = 1.02 CiZ, #4473 S45C & SUS440C O i J5C CFIR 2884 51EE, T Eimziod
HR G RAE or N REL g o7z, ZOZEIZLY, CFIR X T E A& AR THHIEND, FEHIINTIZ
BIIHHE BT RO GFRZE or L LEBMEMEICREZEINLZ LN FEI S, 72, CFIR 128D
U NEIHISEIRIC 351 D0 TR FE DB 24 B TE D IR ME S RS Tz,

5.8 (b)Di@Y, SUS304 DA TIE, MUCT,/ RCER = 0.37 & M IR LTI IZHIHDY E
SIMFENETH-TH, HALWAT CFIR (M 2R A2, ZOMEITIET IS, THEEE D
IR GRRZAEL /NS ol ZOZENBE CFIR & LEREOIR G EL ORIV EEZOND. £
7z, SUS304 |ZLENEGIZRMSHBIEE 2B, KFIEL, #AM O TR EEORMIZHTE
A TCELAMREMED B 5.
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Fig. 5.8 Relationship between CFIR in end milling and cutting edge transcription error in turning

CFIR: Cutting force instability rate
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5.6 #5

[l

FERIN Tt B HEICI1T 5 TR O EIRZE o EIHIMAIOHHIZ LV KR ELARDDIL, Y]
B RSB EOEIRIC T2 TRUNNORMEEISER T8 0LE 272, ZORBMEMOEZRELL
T, Ty 7 Iy bDOTRUVINTIZET S leut NOYIFIEIIOARN L EM L ERLL, Zh% CFIR &FE
#L72. 20 CFIR ICKIE T UIHI G0 UM A OB B A TR A LT /G R, LT Offama Sz, 23,
FAMSAIE, BB AR LS I M BIT E A B SN TIEEREE L LT,

(1) S45C X° SUS440C D= RUVAITIZEWT, FAREIEVES MUCT,/ HJe AL A% RCER .3
fRVMEE CFIR (35E<720, BIHTMF OMEAGIZ XY, 2O mIESHICEHE o7,

(2) S45C X° SUS440C TiZ, FEHIIN Tooft: FiF ARk MUCT,/RCER 2 MEWGE, EDLIC
K L72 CFIR 23EWBIHIMANEE, 55387 or WRETeoTz, ZOZEND, BREFEZE or T
HoOEfEMcEBINLIEVRENT.

(3) SUS304 Tid, MUCT,/RCER HCUIHITHA OAHEIZLSHT CFIR 13RS, (ZEAEZEB L0
7z. LT, MUCT,/RCER=0.37 L\ o7z HSe AR L TR KBTI R S A3 iReD Ty )
HIZE T, BIHIAIOA EICRE OO T T RO G or IVNSREZRLTZ. 2D
PHI Lo T TRHOBMEHIIREE DD EN 3T,

5.7 & 3CER
5-1) A HEEKD, FIPEZER, N2, REBOEI, KRB 2 /MR RULIN T 3817 A

BIHIBLRIZOWT, B LY BT RaH N CEE(2012).
5-2) /NESHN EEHIA B 7O TAZ BT 2 900< T HE I BI 9228, TR R K78 L3R 5 (2018).
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WoE A i

6.1 FFERREOBE

BIEREANXE N, SEERICEST, 4 R misotEe TEBREOMSIZRE DR RS 5. L
3L, GIHI A o BRSSO MR E 11T, 20NN TRBRIC LD MERERGEDTDIZ % Kieds & B LT
1Y, ZOVERED I E/ R FBIE DML N EN TS, BIHIHFOIER DS S, HENCEL T, A
DEMRFEREDOBE DB KELTH TROBHEEDOZIIENTHHI LMD, TIHITEREIZIE, YIHTIA O
TEPE DR K E. ZOT2OARBIZETIX, GIHTMA O @20 s IS O EEL HRELT-.

I A O BIERM A OAE FHEALISDUNT, SRR S D Lo 2 e @il - w1, $eg OF LWL
— BEHIM [ 0022 B A AL ~ B A N2 95 281, BV TR LD KS O RE L HYE
ZAZW. D72, TEFWE O F RG5O L5722 A28 i A A AR (B 25 T 38080 12
BIHRAI R EL, EOMEOBEE ) BN 35287C, HABAOHEK, BV T IREELT WO
I F AR SO P AECT, AL RF IS CERERENEN T DB 2 5.

LI EXY, GIEIMA O EEREm I, WEIM oOFAmATEHLZEZOEN 2B E T Eo
WO EEEAR A, BIHIIN T & [FRE B 003 ~=0 58 B SR S Tk N O 15 71238 W CHRIE 25 4%
FRHD. ZOIIRBEEEREA FEB T2 T, Ty Iy O RUVINTIZE A LEZ. 20T T
TR (EVE0) IR Z R T, TR WEATAIED ER0RACL8BMEE R, G103 H34E
T DU SV S T2 =D DREIRBFET D, ZNHDH G, BEETE OS8R T O BIHIHHTE
TUIHA O BEER A F L, GIHIN ToMd BT RS T EREIR O G RE 75 Lo B2
REtLTz. LUT, AR CRLNIRE RIC OV TRT .

752 B, BIHEHA O IEYEL I THEREO BN EZ AR D720 O PR BeFs &L T, HEdinTLo
BT R SR T R 2 DR FRAAE T RAE S GIHIh A O B A TRA LIRS R, LA T Ofama 57z,
(1) X GH O B RS B A R EB DM TAEFIZIBWT, SIHREANEL M L s
FLLhELLT.

(2) BIHIHEEE DS EVIZE, #EHIM - TERM OBYRERNENEE, £z, UHAL DR THWE:
(BN T BT A SIERE AR DM M THY, GIHTHAI O BT R SRR RS R&ELRoT.

(3) EVDMERNEE, £ B IS XBRRR IS R ELRD, GIHEAI O B S ARG R K
ol PLbERFED DL, UIHNRE MRS /2D I T4&M4A2R E T 5L B Ik
&7, UIHIMANC Z DM BT LSRN RS KRELRDEZZ DD,

(4) BYREEE DRI OF)IH & AT LT, IR DOHL AT NOME BT EHES DTG 2V NS85
A7
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(5) A THERHSIOEWE BT ISR AT, A LT E S (O E A oA 80 fE
B ORBNRBOONIR T L, A PSSV NSWZ LT A0 LS BAFett BT
L E7RBIRNTZ, BEGH SIS VE B E GOSN TR T, T RO EAZE or
(Z T T ORI A DB a A LTz,

(6) BERRHLS TV ME: BT T 2SS LA OFIAA TIE, YIRNERE S ELS, BT/ NSVIEE,
R GRRZE or SR E LR o7, SHITHIRY RS ANE R DIRIED S TR BRI A O G IS KRS
PR7E or MRELIRoT, 2072, SINADOIRICEI) TERMSEME T F2ILnBA6N5.
723, SUS304 LW o7l HIAM O LA T Lo T, YIANIAN TR G RRZE or (TR L) 0T,

(7) B EE DS RIE DI E = AT /LTI, AT NVOEREFAFE or D J7 8K EL R DM MIZH T2

LLEDD, BT RS T B 2 O R TR AT MAE 3 UIHIM A 0 5280 el 272 o Tz

%3 BT, Ty Iy b0 RV TIZE T HUIHHRGI S MO FE L e D R 2 5 H

TOHEEREFLTAER, LLT OfEima 157,

(1) BPEE A BRI SE 5720, T RIVINTIZET D KU B E S I3 R e LA L
WINSSERELT. ZO~A27u7 —RT U RV TICEBWT, TREEEZH O LI 045y 114
F,, BRI D5 )% Fo LU, F/ F, ORERBD LA, YRIEZEH, BIEIRO X BIEFT 7.

(2) v A/mT7 4 =R RUVINTIZBWTHHTRAIZ G358, 1eut SO THIHIT F./F, 13D
PR, —EDMETHERR LT, ZOX 2 e LT

(3) GIHIMANZ O AN TAZ B W THMEE IR OIG D CER T 585 2, AL/ DX [H O
F,/F, OBl % p-MFM LEFEL, BIHIMA O EEZ R~ s L.

(4) i-MFM 1%, BIEIHAIOEREECHLR (BLPilh &= AT W) (X o TS 720, BIEIEEE ~DRAF
PENHDHZEMMBONT 2T,

(5) i-MFM ZHIEE D T BJEE AR A2 HIEE, u-MEM E0E SR EE BRI OFH B MEAMEL Ao 72

% 4 WL, ~/7a 7 — R ROV TAIC BT UL B H U7 B LR AL ui-MFM S B
ITOME TS BE O T BEOR G or EOBMRMEEZRFIL R R, UL FOfsmatsr.
(1) GIHIHAID u-MFM MEWVNEE, =2 ROV, U——=, JEHIN Tt B mEE 3/ hE<7eo7z.

(2) pw-MFM (3, $ERDEEEEBRAE (R T-3RBR O EEELR S, & HIUERGBR O BE(T & HE, > =/ EP &
B DV ) e~ I Ttk B m s & E O FEB M2 R L.

(3) FEBIIN T TIEED MRN8, u-MFM &t EF LS OFBINEA & o 7.

(4) S45C X° SUS440C DOFERIIN TAZd 1 D40 B mRSIE, —EDOUIHNRELL IS5k, YIHImA]
DA TEZBIOL T E RSO EIFE2ME 5503, KBS CITUIHImAI O p-MFM 23
RVNEE, CHEARFSOIR T RAZE or DFEINLT-.
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%5 B, RN oM BT HICET D LEmISOIRERRA o UIHRRAI O IR KEL
72201%, YIBVESENEIRICK TS TEONAOBMEIEICERT2H0LE 2 7. ZORME
PEDOFEIEE LT, Ty 7 Iy hOZ U RUVIITIZEIT S leut NOYIHIRELO RN ZEMEZ ER&bL, 2
Z CFIR &EFLTZ. 20 CFIR (2T UIAISRA-CUIB A O 5 B A TR A L7 /G 2R, LUT Oflw
7z, 7k, RS, BRAIA i CHER HL SI ME B E MS O D DR R EEE LT,

(1) S45C <° SUS440C DRIV TAIZIWT, HeRUIEDES MUCT,/ HSe A48 RCER b3
KU NEE CFIR 1Em<720, BIHIHAIOMAGIZXD, ZOMAIISHIZFE 2o,

(2) S45C <> SUS440C TIZ, FEHIIN Lot i HEA A D MUCT,RCER HEMEWEE, ZDHIC
KIGEL72 CFIR 2AEWEIHIMANZE, 85 357 or DR EIeolz. ZOTEND, 85787 or D3 1
HOBMEIITEINDTENRENT.

(3) SUS304 Ci, MUCT,RCER LLCUIHIHAIOA HEIZEST CFIR 1HEL, 1ZEAE LB L0
7z. LT, MUCT,/RCER=0.37 & o7z HJe AT L Tl K ETHRD R S 75 Ty )
HIZE T, BIHIMAIOAHIZBD 6T TR OEIRGRE o 13/NSMEZRLTZ. ZOEHI
BHI I Lo TH THOBMEPRIRESLE DD EN o7,

PLEND, wA7a7 =R ROV TIZE T HUIHERIT L0 B H U7 R RS p-MFM (219, 1)
HITR A O NN TERE DL & 16 Sk O BEEGRBR 1 L~ U R E TE D, BT v 7 Iy bR
JVINTAZ BT 2RO AR Z ENE CFIR (3 T A EMEORRELZRY, GIHIhA O TR E A~
ALY RIS U CREM /T REZR FEIEE T D T EAVRENTE.

ARFET, BUNEDTHEEIM O D22, WHOAR—=T T =AF v 7% D, SOITFRRTR
HAO BB BRS R B C, SRR A AR L AU IS S &, BIEISHITIS Ui Bl 7a gl A
A ZE - BRFE (TR D EANT THHZ LD, BEAFO TN OVEREFEAT L A~ THH# TRY,
HOSVBIGOAFEECIN TR E O FICH G T2ZERHRT&5.

6.2 SHBDOEE

AMFFETIE, BFTLIZOIHNEA DAL, YIHISRERRIZRONTEY, 4#%b 5| &, FHm 5%
DA - i I, 3RER ST VE DU D LEEHEIZ O T, JHAI BRSO R E AR S I EBIE L
IRE, MAEERHT DMENHD. Fio, RFIETIE T E-PEHIA 0 BB A S IClE 352
ENTEL-0, WA R KRS E DD T ROa—F o 7 LEIEIRF OM-E -, itz L2
MOUIN A BATEM AR T 5720 O TELEIHNMAI O EE72E, GIHNMAID A OFHEZ T T2<,
T RIS AT HENORETT228T, bOSBUILEOA /X — T a AT 7= S 572 5 H i)
RIS OHDEE X BV,
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KAFFEDBATICHTZVART TR, TR BETRBLZ BV EL SR E T, IRERFRY
Bt TP JeR R s A7 A L BN Lo A7 MMIFSEEE HEHdR B FERER 18 TR
AHBLET. £, AR ZITTDICHID, B TERTEE, ZHE2BVELLIRERE 4&
B WRAME EEICDIVES OB ZRLET. SHIT, H 2 OHFEEEO T OiEima @l T,
THREL T E 2o TR B R R F B T A FERE IR S A7 A T2 BB BN T2 AT 258
= Ffx IWHEE] Mt A ZBIEHOEERLET.

THETALEBITAN GO S 2 5 2 TIHEEL DL ER IS AL i i = 2E0r5E
AT PR R, MEh L e ERIEE SANAER, BRI T v —7 ERFHA
TN =TV = IREH R L LT ET

SHIZ, AWHROZITIZHT-N TEOZTRMEZHY L2 e 7RSO Bk K, =2F~7V
TR AE AL D BRI IR AL L B T

RN, RBFFEORBREMITH TS ELLHIL T 77 R A TR ST ER RO
FRICERUEH OBEERLET.
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