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E1E

1.1 HFEDE &
1.1.1 BEXSMTOER & #E

T, 4V O, BRI CHEEETOREMENAKEL /I —XT v
TENTETEY, REICEBEL-RMER L CTEERSHIZB O THHIERREIC+
SEEETAIZENETETEELR - TETWD., ZOHMLICE T HHET RV
F—2/NEL LTRBAMAZBRBIEAMTENOBINEETHS. BHERSMT
EROBE T FLX -2 EDHEHEIH, BLOUHIMERLRT 2 TR CHIRICET
DB T RLF 138 50% [1-1], BEEMEITHN 40% [1-2] 25D TND L OHED
H5D.

ENHIMA OBETXIS M IC BT, B, BXOEMREOm G2 5H OB N
VETHD. BHZEICEO T, MEROUHIMIITERRIRMAZRNEINA TS Z
CTREICHEERIAAX VU ORBARIZRDARENEREN TS, DAETI,
BBEBRNORBAAAXF U UNBE L EORLE [1-3] 2 & > NT IO A o R RE
WEB SN, 0%, 2000 12 IS ZE L THHIMRA A — B2k T 2 BEFLE S
o En, 2001 FiohEREDHEHHBIE (Pollutant Release and Transfer Register,
PRTR #&) AHIE SNz, BENAREIZEWVTE, 1990 ERATHIZEHIMEO R Eolz®
EETS[REREOGERBEEICTIMSB0 100 ) v A% HE 2 2 EIHH 2 TR
T AMLENEEEERS, MLEKEEEBAICREICHERTLS 2 &L TEEERZR LS
FCEE [1-4,1-5]. L LZOMTEET=RLF—HENKRE S, SERBEBEORE
HICHBEND -T2 HH Y, 1998 06 O HAEBELFE#B R AT (JIMTOF) 2
Hidh S -4 R AR 0 REXIS TIEEW S S EAl TIEgRL B2 Tl 0, £ENE
M EMIEG TR BRESSMN TICEERBITLTE L [1-6].

7, I—o v NI BVTIE, B 0D LEBBEOEEREMBEN LY EFoh,
HIHIHANC DWW TS TE LT AR THHFHTHRIA SN TND. FHIZ MY TR, 4
HIA OB & BELIEOERILIZ LY, CIHMAOREANE A2 SR, THREIX
YEmAZO b0 2 ML B RELS, MIEHD 7~17% L O#HE [1-7] L H 0,



MITEMIC BT DRE~DELARE.

EIEIMTIC 384T A EIEIMO&ENZ, TEOT S WESLKITEICIER T2 BEH 2
ST PIEZ RS T DEBER, HAMOTAMRPL LR LYY <L DEE
Lo TRALZBEZRETAHHEH, EARENTG0L<FTE2MITA» L/ LHTHE
HIEAD 3 > Th 5. ZO-DUEIME RS R2L<TDH RIAMIIZ, MIICKT DEE
TANF—F/NEL LREAMZERESE 2800 X8BNRMT CTh 54, EIHEImA
Bo3 >OEAB/ LRV DkA RS RETS. TAETIE, TRV ITO
BRI KNI L 2 TRERBS JOTEXBOHMR b NCEEERIC L 5 LAFME
TRAELRLT D, IHIKNMIYOTERBES X OME LmaE &, 910 < FoLE
BN ~OHEREIZ X 5 TEMBOBRE R B L OB EOMERRE LT
n5.

BEERHS M TERIC RO TIE, SIHIRO 3 SOEREZ ED LS M cRET 200
PEETHY, INETICHIMOEL BT 22 < OREMSMIEHPRESNT
WA, IR IEM/ O GIEImE 2 LR HHE T 5 R/NEEA ML, SIElm A & < E
ALBRNRIAMI, MLRZHATLHEAMIIED 3 DI KRELSSRTE 5[1-8,1-91.

B/NEBAMMNIIE, RKEMH7Z0I128 ml 553 10ml OFEOE| A4 ERHER &
& BT % MQL (Minimum Quantity Lubrication) FUAAMUCERTH 5. #HIM, G
D TIZIFTIHIBAIRNIZEAEBOL RN ENL =T FZAML LT TS, F—
oy N TIHEREGRA~DEBRIREL, B 0O =T FIAMTOWEINEDLNTED,
IR MERTTE, IHIMA, LEME, $&ER, MILE, LI &R, BE=
Y= BELTELOBREN LI TS [1-10]. BARTH 1996 FHK 0> b EUIH]
Wi X DIEAMERE DR RIS HALT WD [1-11]. =7 R A LA S 5 EIHI
FZATOERVEDM, HDVIEERTATARERTHSH. T AT /VEIIMAKS I
L VEEBE R AR L, ZhABNENZEREELZEAHTES DA TV [1-12]. Wi
IAMRAEEENOMLAE TEMEREHAEL L TRENZHEEIND. I X MRE
HEL TEHNICRITD 2 CIlREEBAE L, IR MEHEICHEICHBESEDLN
BIFL T THRRFESNTND [1-13]. LU LIEMBA SR & 25720,
FEIOMEMII R M RAEBLRT TIA M2 EHOTEZEL ONTRICHET 2
NI XTI TR TED. WTHULL IR N HAEPOBEEIIHBEED Z
ENEHTH 5.

MQL FHDO—FE L TAA NI A MIAKIAMNEMATESGIA ML, A/ LI A
FOKRKFOBEHE N TWAHEES I X MNLE, BIUOKBEERED 0.1~0.2mm DOk
BHIR E 722 KOBLOREIZHEEA 100nm RREOBHEWMELEKA LTI a M IR



MR & T 2 IR & KM LIE, VWb D OoW iE (Oil on Water) BHFFE STV 5.
WTRLKEHAT L L THIBE L AR ZERFICRRTOIHIETHD. B2
BRI H O THE, AT L ABICH T BRI T OB A1 M T L EH & & T HE
THYHI A MIERTRERERBB LN ERRESNATWD [1-14]. MR X
KEMIHEZBOTIE, TALI=2ULAEE&0T RIVNMITHWHEBES GO
Zk [1-15], =7 XV U LEEOUHITARIENRELELRN E [1-16], SHIZT /NI
=0 LABEICEIT AWk IEI ORI [(1-17] BEEESh T3

MQL S D=7 RZAMTICEAL T, O BB ET ¥ ik O/MREMLIC
BTy MITOL=7 RIAMTICTHZ & CERHEEREMLAAIEELRY, ]
BEXHG 70T Tl < AEFEME R EASFIREZZ Z & [1-18] AEE I TE Y, BEMMISMIO
FTHRLERLENEATHWAMTIEELESAS. AIBIFT L TE2ATDI R MEALE
BIZBALTLZELORFRZEINTEY [1-19,1-20,1-21], BEREE~O=T FT7 A ML
DBANIENR > TNDHIEBHEEIND.

RIA4MTIE, SV IEESCKRESMAERINRWVE, SFSEOMI TIT$ TITm
BENRTVWS., BiZ, 794 AR FILO LD ICYHIMANIC KB 2HBRICE-T
EAETHRBHNFENTTEEMMET T AW IAlIICE VT, FI7AMINToh
TWAHELH L. L LAERL, MIEE, TEEFM, Y10 < FABETRENELS,
Ty NI E RIAMTA~OBITIE, Yy MIITAH=T K7 A4 ML~OBITIZ
WRB LR, ZORICHHT, ATV Ea—T 4 T LT mEEHE T L R
FTAMITHEHARTHEOBRERIZLY FTAEBEATWAMILIETH S [1-22,1-23].
FIAMLO—FEE U TEAIENZ X 2 UIERa OB RIS ZB51E L, TEBEFREDOET
FELEDED, RKAFOEREREMT CHELENT2EHN X FI A ML K
ENTHEY, = FIAMLICTTEEBENBDS LTWD Z ERHESINLT VS [1-24].

AHMTEE, AERMTARENZMIETHS. AEBEE AV T-30CLTORE
EMTAICKREICRENT, MTAEFEORELZFEL FICK NI 52 & CHlHIM %
LA SELLEBHIL, TEHEZGRALALEREZERTES. SN ITICER T 5 FHIK
DI L LTHD bR bOT, FHIMIAZTCZEE LD HIEIMEERSE L 5
ERBLNTND [1-251-26]. 7 ALBROFE L 2SN TEY, KMKRIL ., ALK
DHE B>V THE SN TWA [1-27,1-28]. &R LIEZ AN TIZS A L SCM435
WodE, HDHVITERDIH, SHITFZCOUHICEBVWTHESENRRESIN TN D
[1-29]. 7L =0 LE5E&OHHIZENTIE, FIAMMIICHXTHEHNTH D L ORE
Nsd [1-30]. HEMTIIERAHEENLETH Y, KT, UANZEREICZHR
EHBLAVHEBRALDROSHZ L [1-31] Do TEZM, b—F L THIEZX



X —HE, EREELRZ2VI L, BEBLIOHHIMRE TOMER CREN KRS
NTEY, MQL L OftH, BOLNTHEEIM TOMIIZREZNTVS.
BEMTEO—FEE LT, YHICE2RBBEKOERIZLE LRI TILBII L > THHA
TAHRULBAHM TENER SN TS [1-32]. SOFERIN T 2 BIEI S
MM ESC LEMEORE [1-33], KoftiaHiE [1-34], [ALBGHIE T VO & &
BHAS A BDFE [1-35] AR EN, AHTMITRERY 7 A4 AMILUIWMLITO
BohE [1-36] BMEIN TV,

BEMSMI T, BRERORS, REAFOFMLHETINATWD. EHIMI, =
YREIANMT, BLORYAMLICBOTURIKOLEE & TEHFMOETOREL
ML LR, FIAMTIEY =y MITICHAATRENIZELD 2 \VITRE
DOYIEIRENFEAET D Z EBRHE IR TV [1-37,1-38]. BEAR ISV TIZLCA
(Life Cycle Assessment) #EEMTTRIZEAL, MQL FRDO=7 FZ A ML, HmE
MIAT =y MITIZR L TES TS Z ERRESNTWS [1-39].
RESSISMTEMMIZFNZNER, EFadb Y, SMEUIH TR OB~ DA
ICH T AREMTEGEEZ AHITHERZS 2 TWNS. ZOHRT, MQL FRIZE D =
T RIAMTIL, T EEEREOMIMREZ MR L LT, WHMY, ~—F1romL
TR b, TFRAF—HEHBENBLTELZLENLHIIERINTWAIMIETSHS.

112 FI5ARBLP=7 FIAMIICET 2% &L BE

RIA4BLO=T RIAMTICET 2HESCERLOBERIT RS, LEMEHKAIM
DHEE, WikKEI THE Yy FIAMIXRFYAMMIE WS 72 MTiET & OREDE
B, S5 =T FIAMTIZEBVTIEAE Y RARL—H D5 WESE , A Lo ot
HBHERLFOMBMNBIC L Z2BERERHLZEARL . TNETORIA, =T F7A
Tz 5 TEAYE, MLk YIEEE MQLAI X b, 810 < FARIZET 5T
FEFREL L NI,

1.1.2.1 TEME

IENC BT, TR EHHIM, A2V TRE LIV S TORMAICKE 2B
1%, ZOEEH, BICTREOT S WEOEBENIZILEMEIZLI D RELEBELXTT
L, ZOEDEFIAHBHNE=T FIAMTICBWTIE, TEME, HICLAEREO=
—F 4 I T AN E LS RIEEN TS [1-40,1-41]. PVD 2—7 1 7B
T, (RSN, MEdE, MERER LoD OBEE R I OWREICE L T TiAl %, ALO;



FOa—7 v RTHA [1-42,1-43], TiB, #2—7 v FLE [1-44,1-45], (CrAD) N %=
—?yFIE[L%]1%ﬁﬁm:—7/hlﬁflewm BIRENTND.
TAIZTLAEEDRTIAHDIWVE=T RIAMLIZBWTIE, LEHE~DOHAIM
DIRFENBEL 70 H7-H, CVD ¥4 ¥E F=2—F v FTE, DLC (Diamond-Like
Carbon) =—F v FTEIZBFTAHENE . A ¥EL NI, HEREICHEETIDE
OHTHE, YU/ REARLREL, EEDLIKKEEEZORZVYWETH O, Mt
BEFEMECTHIREEICEN TS, CVD # A ¥ FEIXIZITE 100% MR A YE T
MBREVIL->TW5A, CVD ¥4 ¥EY Fa—F v RLEIZBWTIE, CVD #A ¥ &~
Fa—F v FLEOEEO%E) [1-48], CVD XA VYEV NIRRT OB X OZE [1-49]
PNEESNTNS. —F, DLC 2—7 v RTE® DLC BUZ EITRED sp’ fEA & sp i
BORELETENT 7 AEEFEEREBEORK [1-50] THY, ZOBRIT—MIZER
CERAEAE L, DOEVWEGFTERVEREREFE LTV D, — KB DLC X, KR
Z 15~35atom FRE G E SN TS, DLC IEEFHKEFEODRWERES DT E
FE<HMOENTWD., 72, FAYEL FMEED sp’ #EEZELHIRRVEINT
W3 [1-51]. DLC BEZBE L Cid, BRESIRE EF7 DLC IRIERBICE R IZT T ENMES
hTwd [1-52].

TAI=ZTLEEDORHTORTAMTIZE T, @EEH, B TR, TiAl %=
—F o RTECTOUYEENS TABRECEIETEENRESNR TS [1-53].

1.1.2.2 T H

RIALHBNE=T RIAMTICHB W TiE, Bkt I TREOBMHNE Z Vic<
<, EHIZ=T7 RTAMT TN BHEHIF 2> S BER L IRICEIHIT 5 E TOMICTR
CHBIREAE ST W), TV RIAIT, 75 A AMLIZET2HERE AL
N5, HEMIE, T =T AAEICESTEBEERDDRVHHOFIER L.
TIAAMIIZBO T, REFMTIE=T FIAAMILITCEERE, ML&E, SIHEK
FLOBEISIZEERMELFRSE, TLIoUAEETETEOT I WVE~DEE D
(TR [1-54, AR AT GIH OBEANSITIE K5 A MTIC~T=7 K54 MTAH
2 [1-55] LOBRENHD. FANI A MDOEBFREICOVTHHEEINTB VDS
ETY RIAMLT, =2 RIABHEIM > BT 2 H~OEKRBEHTH S &
ENTNAD [1-56,1-57]. FHLUEEDO RIAMIIZBWTIE, 2—7F v FEBELRIZK
ZTRFINMIR Ty 2y MITETEEBRENFRE THLZLBRESINTWVD
[1-58].

Ry, RUMTIZBITF AT LEED=T RZAMTIE, =< arFkK



BAEYHIM TOMITIC D LRV EFS DL Z EBHESIN TS [1-59].
FEENCBWTIE, Ho=7 R/ MLEft LR S, BEEROE TN A MIITxt
LTEDHTHY Y=y PINTEFSE [1-60], HDWVIE R T A ML & ~THIT EEFEIC
BHEPS AT VEHBRIIFASE THD [1-61] LomErhEsnTnd. £27<
VWEEERE, BITEERE, MIALEEHSOWTR LN RIAMT, vy MITICES
TRFER->THD LOHE [1-62] BhY, BRIZEEAVEL TS, SHEDOELR
HFENVLETHD. TIVIZULAEEDO RTAMTICBVTE, YHIGRGEIEMEIC
BRIETEELRESLTWD [1-63].

BRI TIZB8 W TIiE, CBN R A —/LIC KB BANEMICE O THEA I R FHEIO Y = >
NFENCR T A RS HE SR TS [1-64].

1.1.2.3 EUHIBH#E

TAIZTAEED RTAMTICE T, CIHERECOHIRRORE, Mo <F°4
ORI OB ECRELOBEMLF O EITY, B LEOEEOEHNHEESI L TY
% [1-65,1-66]. 10 < TR TIX, H10 < FTOEAME, TREOF Wi OFEMETIC
BOTY =y MITICHSNTRERMARESRIEROTAEZIT TV ZEARES
nTws [1-67].

1.1.24 MQLHAHI R b

FANI A MHRIZEZMT T, WAL LT=ATAREBINDSZ &A%,
ZFVEEOBEEILEE OUHIMOEB THL MM LI E, METL RS LEIE
WAERTLEEZEZONTNA, ZOTAFUIONTIE, G141 kit E LTOLBRE
~OYE T L UIHIMERE [1-68], 2 (RMERE L L C oAt & 2N [1-69], TR
DETDOWEE —THLFT7 o7y aBl1-70] 120 TOBENLIN TS,
MQL FRIZBIT D=7 R A ML T, &WEHIERES X 0 72 W ElHIM A T EB T
HVENRH L. ZOOFALTHEICA ANV A N EICHRET 2 HIESE OF M &
BETHY, AL b [1-71], 774 AWML [1-72] iIZBNT I R FORAUOIFFEN
HESNHTWD., ANV IR B TEEBOFEHNEZEL ALY FAZAL—FHTIE,
PR IR E N ONBEIZHBES S E T 2RERE LTV, ZOFA /LI A FDZE
OV TORaEL, Y Ial—va VOFRBRESATVS [1-73]. SHI0F, &
EEERFICM T AIC I A M2 HEEEICRET 2200 EERE [1-74], #451E (1-75]
ZOWTORERHS.

KSAHBHNE=T FIAMITIZBOTIE, I AN, WE, BECLIFEERBEDOE



LR ANE~DREIZH L THZBE L TELERSH L. ZODREAIMIICZBTSIA
bOKRIA~ORH [1-76], FFHINTICHT S HEE [1-77], FEELEE OPERERFAN [1-78],

TIAEEIM RE R SIS EDRES R OVERERETO=T FZAMT [1-79] »
WEINTWND

1.1.2.5 819 < O

FIALHDHWNE=T RIAMTICHECTE, 810 < FRENBFEEL 25, 810 T4
BIzBWTIE, MLEICRIT 280 <40, MIA»S080 < FHRL, BmPIicH
a0 < FHERR, A ~OED 4 OBVETHL. 774 AMT, =K
AL & OWEIEITIEY 0 < FRENSRET D, Zhzx LTidtl v < FRED;
A=, G109 PHBIEBRRIFTEN TS [1-80]. Y10 < FOET LTV LIEH
e LTI, BT IRV TERE EAE LUV TE2ETICE L THE
[1-81], ¥ v =y /2 Z TR A BEREGRE L LEHIMZ E2o/m 0 FIF 55K
[1-82] BB ENTWD. FIAMLOEATNWELETEY Y TIX, BE ORI
SRR ETHAZLTHIKTEETTICHR S ITHEL LTS [1-83].

5, EEHEMTTHLEEO RTAMIICBNTIE, YIEHREN ER L0 < T O
ERERTH LT, SN ZVEVWEID S TFRFBEL, HHIM~DBREIARIZLD
AEMHORT, tEASEBLLEZBETWARSOBRERELS. #OYH < FIXED
BEED 400CEBA D LRAIITNIZL 2D [1-84] 720, BID K FREEIZTETD
BINHERBLETHS.

1.2 BFZED B

AED L YR TA HDVE=T RIAMTICET 20%81F, I 2 MERBHIE, A
WA, TEME, #EM, Bl < FOEL CBRERS IORFEEOMEN 5 D
MENZINTETCEY —FOMLTTIXEHIELLEATETNS

LA L, Bl CIEMIZesinst, Emmi, ITEEBLOHHEEETL TORELD
HDOT NI = AEEOERANRKIBIZEATETEY, TVIZULGRIIBITL=
T RIAML~OBEERELS oo TWA. iy, #oO FZAMTICBWTIE, KikeblH]
THABRTEDIZTRIAMINEATHELOD, F7HOORFFAIMLIZBIT 5]
HIBREDIAMN R+ TH D, X LICHEM T THHHEHIDO KT A MITIZB W TIZYIH
BELEFICES T TOEERERL, G190 < FHEESERT D L0 BRENE
LTW5. ZOEORIAHDINNE=T FIAMLOBEWMBELDT=DIZIIFTAH D
=T K74 MT oo LA, MTHAKE, EBLvoEEIFTEDa T b



S EHBITT TR BIBZBHO - D DEFEM AP EXLTH 5.

AL, FIAHDHVE=T FIAMTICEL THHBRRZOLOOBRICERE
BE, FIAHHNE=T K74 TOMBBRUIHIEEICE 2 28058, HEOEEN MR
B, R4 HAWI=T FIAMIICHE LM, mTE LAEM (=—F7 47,
FRE) ORBEHEZH{LIZLEENE LTV,

HARAIZIZ, BAF O 2 2OEEIZ W CEIHIBE O MY, ERICmT 72 m Lo
REZITS.

(1) TAI=ZULEED=T KIAMLIZBNTE, ABHER- POy ) rFay
FMICHWSHN TS AC2B-T6 R 2 G ) a v SR BORLRLT VI =T L
BRICBITH=T RIAMLOYAIRS, BEREBIURERBELZHALNICL
BEIMHIOZOOMTLEERETS.

2 |MOFTAMIITB VT, Wik THHATEIVIZRI1T 5 TEERE, MLkm
Logiy < FEFICEL TOUHIEEZHA O NICL, ERb~DRE#HZ1RTT5.
EHICHERYIEITH BHEHITIE, Bt lmlssErsEsZ i<, GV LT
SYWTSETREZR 5V F BB TIEZ2REL, TONREEILT .

1.3 AL DR
AT, M1LIGRTEBVE6ENLEBRINTEY, FEOMEL LU TITIRT.

F1E R T, BENTICETA N ETORE, FICFRIAHD50MI=TF
SAMTICETAINETOMEEBHAL L0, KO THR, TEMNRAEMNT
EITo 7 L CRFEDO BN DV TR TN S,

BE2E (TAIZULREO=T RIAMIOYAIRS ) TiE, TVI=vLge
AC2B-T6 HY, BLIULVarvEHEDR2SD ACIA-T6, M7 /L I=0 LD 3 EED
TAI=DLAEEE@ETE DLC 2—7 v FRLERZ3EEOTEMELZHNT=7
KT A #EE4T T RTEEIZITY, @EED A TIZKDEEFEERRRERLEY <4
ORI OBLE, SEM XA TROTVEH EOBEOBE, A— V=77 EE
(AES) o= R/AF¥—4HAS M (EDS) LA LEOT Wi EOBEEFEBRDOILFES
W, WEARICBIIETOHIRE, TEOT WA, TEOTIWEHAIOEZRIZOW
THLMNIT 5.

EIE (I TAI=ZTLEEO=T RIAMLICBITHEBEOREL LORRER) T
i, BEOREEEICEL TEY < FLBEEMOMEMIRE L OCBmRkic 20T, &
WEIY K FOTEEDEAEMNTIZOWVTHMICBE LBEEORRBREWALNITS.
IREORAEMECEL T, BESETEOT VEEDREMNEE I 7 o iIZBE
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* Dry cutting in hobbing
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+ Observation of cross-sectional
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cutting

- Step-feed cutting and high speed
cutting in drilling
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~ Conclusion

* Results of this study

Fig. 1.1 Flow chart of this study
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5. EEEZTHTAEMCE LI LEME, Fiia—7 vy FLEOHIERS V. CVD
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Uz ET AR (AES) R 5L ¥ —4HOUS KIS (EDS) 25> THHT 5.
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11



22 BERIEAT DDV Y U F—~y R AC2B-T6 fHE D =T
KZA4mT
221 ERFELEREH
EBFMOSEEEL X 2.1 SR, FEHIM 3R ¢ 300mm O FAFEDAE ¢ 290mm %
BRELZHAETHY, AREBOE Smm %, EEZHAVTHREMNLT S RIdHITH
7. #EIEF, TR, BIXOEHEEDAT7OEBRZK 2.2 (2~ d. SIHERHUIKEIEE
KEIHIB HE (F X F5—9257B) ZHVWTHIEL TV, #HEIMOMEIZHEBER =
DY v~y FHCAVBRTVAT LI = 5484 AC2B-T6 S Th 5. 1k
FHRER 211, EBREHEEER 22 7T, T RT3 —7 v FTRTIIEHE
TE, BRI YESFLE, BERZYAYELFTE, BXU CBN THEHD 4 fEL,
a2—%5 v FLETIEIDLC =2—F v FTH, CVD ¥/ ¥E F=2—F v FLE, TiN =
—F v FTE, BLUTIAIN =—F v FLED 4 EO § EETHSH. IHLEEIT
100m/min~1,000m/min ¢ /R &iFHZ EHEEEE TERE L, SHIMANZ Y &7 1 v 7 =
A7 (2 m CM30T) 2425, TEOT WA, TREOFTSWEHS, TIHIEY,
IR MHEE, BIOIR MEHEFTHEOEEBIZOWTHRITTS. £ 22 OEREMFD
FCHEELTHEMEELE 23 10T, ERFRICEBVTEREMFLZLE L TWRWEHE
FEELZEAZAVTVS. TEOT L VWEEOEFOKRE I R IAIOGIHIE D 55
-~ 2mm BIEI%ZIC, GIHIEY SO TEOT WEH EOBEFELZHEL TWD. BIE
FEEZK 2317, AERTHE LAHEERSIOHEEEBEL R 24 1277

Cutting tool

Fig. 2.1 Photograph of experimental setup
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Workpiece

NN
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2| 5| .
ol = ?
% Cutting
v 7 O > o0l
-—
[] Cutting feed
direction

High speed
camera

Fig. 2.2 Schematic illustration of experimental setup

Table 2.1 Composition of workpiece, wt%

Si Fe Cu Mn Mg Cr
5.97 0.10 3.00 0.29 0.34 0.001

Ni 2n Ti Pb Sn Al
<0.001 <0.001 0.003 <0.001 <0.001 90.28
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Table 2.2 Test conditions

Work material

Aluminum alloy equivalent to JIS AC2B-T6

) Non-coated tools
Cutting tool

Cemented carbide tool, Sintered diamond tool,
Single crystal diamond tool, CBN tool

Materials
Coated tools

DLC-coated tool, CVD diamond-coated tool,
TiN-coated tool, TiAIN-coated tool

Cutting tool geometry

Rake angle : 0°, 20°, 30°

Relief angle : 7°

Cutting edge radius of cutting tools : Less than 3 y m
Insert shape: TPGN220304

Rake face roughness, Rz ( u m)

0.26, 0.44

Cutting speed (m/min) 100, 300, 500, 800, 1000
Feed rate (mm/rev) 0.1,0.3,0.5
Quantity of oil mist supplied (ml/h) 20, 40, 60

Supply direction of mist

Side of rake face, Top side of rake face, Flank face

Cutting oil

Synthetic ester

Table 2.3 Selected conditions for cutting tests

Cutting tool material

Cemented carbide tool

Cutting tool geometry

Rake angle : 20° , Relief angle : 7°

Rake face roughness , Rz ( u m) 0.44
Cutting speed (m/min) 100
Feed rate (mm/rev) 0.1

Quantity of oil mist supplied (ml/h) 20

Supply direction of mist

Side of rake face

Cutting oil

Synthetic ester

14




Cutting tool

Fig. 2.3 Adhesion layer width on tool

Table 2.4 Measured items and measuring instruments

Measured items Measuring instruments

+ Scanning Electron Microscope (SEM)

* Adhesion on rake face + Optical Micrascope

* Observation of boundary | - Energy Dispersive X-ray Fluorescence Spectrometer (EDS)
between adhesion and + X-ray Photoelectron Spectroscopy (XPS)

take surf.‘a.ce 5 + Auger Electron Spectroscopy (AES)
+ Compositional analysis

+ Cutting forces + Kistler, model 9257B

+ Adhesion width + Optical Microscope

15




222 ERFERLER
22.2.1 BEBOBE
222.1.1 BHEEN A T L 2BBFERRALOBE

HAE T B4 B CTHHBEE 100m/min, 37< V07 BXUN20° [ TYIHILZBEOEE
EAATICEPBEEERRIOETEER2X 24, K2.51277. K24 ICBWVWTEMOEE
BEEORERREY, EROBEIIEEORERRAZTL TS, K 2.6 I3HE-EL A
Ty FLEZMAWTHHIEE 100m/min, 3 <VWFE 20° (2 THHIL725HE O EEE S A
FICLDBEBELERRKROEELZTT. WTNLEEO FTICEBEEERRRZBE LT
KT BHIDDBEAMZRLTNDS.

HBETEZHNTT WA 0° ICTHHILEZEES (K 24) 1%, BEST Vi ki,
WHhOLHEHEAEE LTHBEL TWL2ORBESID. ZOBEEITEES I N 0.2mm 2
BIZRELTHET DL WVWI T A 7L Z2BVIRL TS, BELEZHVWTT WA
20° ICTHIAIL 7254 (K 2.5) 1%, BERSEVRER TR0 L3I VED
REICHE AT —ITHEELTVWD. KE, BEIFRTRIHFRHICEEL TS
DEBDbLND., ZHIZHLT, BERAAYES FTEZANTT WA 200 TUHILE
Ba (K2.6) 13, BEIIEBEShAR1ST.

0.2mm

0.2mm

Formation of adhesion Falling-off of adhesion

Workpiec Workpiece

T /

Chip

Tool Tool

Fig. 2.4 Formation and falling-off of adhesion on cemented carbide tool
(rake angle 0°, cutting speed 100m/min, feed rate 0.1mm/rev,
quantity of oil mist supplied 20ml/h)
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0.2mm

Adhesion

Workpiece
Chip

Tool

Fig. 2.5 Formation of adhesion on cemented carbide tool (rake angle 200,
cutting speed 100m/min, feed rate 0.1mm/rev, quantity of oil
mist supplied 20ml/h)

No adhesion

Workpiece

Fig. 2.6 No adhesion on sinterd diamond tool (rake angle 20°, cutting
speed 100m/min, feed rate 0.1mm/rev, quantity of oil mist
supplied 20ml/h)
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22212 TEDT S WEHLEOBEEBOBRE

27ik/va2—7y NLETHLIEELR, CBN LE, ERF1VYELFIE, B
LOHERT A VYEY FLEZ AV CEHHIEE 100m/min (2 THHIL72BE&DTAEDT
SVWHEHEDOBEEBONEFBEMETEL 7T, BELEB LT CBN TEOFT < W EIZ
FYIN AR LG < FRAFE AL THRICH P T IBEENBEIND. B
BEAAYEY FLEOT K Wl EICIZHEBRBRMEICORICHEENBEIND . Hibd
FA4 ¥ FLEOT L VWH  EICIIBEEFI2<B8EI V. 28 13Z=—7F7 v FLE
THDHTIN2—7 v FLE, TIAIN=—7 v FLE, DLC=—7 v FI&, KLU CVD
FA¥Ey Ra—7 vy FLEZBAWTHHEDEE 100m/min (Z THHILZHEDO T RO
SVWHEEOHEETOLFEBEEEL T, WTHOTLES, BT HE L FRICHERE
BALEY K PHRNFRSNHRICHO T DEENBEIND.

£ 2.5 XY HEE 100m/min (2 TEIHI L7240 LEOT < WE EOEFERRKRE T
HME L OMREE2 T, BENE AR LW IAMERERZRS A YELRTHY,
BEBIZEACER LRV TAEMEREZR YA VYELFIETHD. ChHUADTE
MEZROTHHEILESGEIE, ETRKRERBEVERLTND. CVD AL FTES Fa—
Fy FIABLIUDLC 2—F v FLEEZ, TAI =T LEE20=T FIA MTIZBWT
BWEDHEICARL DD LEDLNTVEN, KRERTIIRERBEVERL TS,

Cemented carbide tool CBN tool

Rake angle 20° Rake angle 20°

Sintered diamond tool Single crystal diamond tool

Rake
face

Rake
face

Cutting
edge

Cutting
edge

Rake angle 0° Rake angle 0°

Fig. 2.7 Photographs of adhered layer on rake face of non-coated tools (cutting speed
100m/min, feed rate 0.1mm/rev, quantity of oil mist supplied 20ml/h)

18



TiN-coated tool

TiAIN-coated tool

Rake
face

Cutting
edge
Rake angle 20°

Rake
face

'_ Cutting
edge
Rake angle 20°

DLC-coated tool

CVD diamond-coated tool

Rake
face

Cutting
edge

Rake angle 20°

Rake
face

Cutting
edge

v Cutting width (Smm) .

Rake angle 0°

Fig. 2.8 Photographs of adhered layer on rake face of coated tools (cutting speed
100m/min, feed rate 0.1mm/rev, quantity of oil mist supplied 20ml/h)

Table 2.5 Tool materials and adhesion

Tool materials

Adhesion
Non-coated

Coated

No Adhesion

Single crystal diamond

Almost no adhesion Sintered diamond

Large amount of adhesion CBN

Cemented carbide,

TiN-coated, TiAIN-coated,
DLC-coated, CVD diamond-coated
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2.2.2.1.3 BEBOHEMBE

25 ICBVWTHEEERRNE 3 2L, ZhoDFho REREFENERL
TWHBHETEBLU CVD 14 vEL Ra—Fy FLE, BEMZLAZERLTY
RV A A YEY RT R, BENEAER L TWRWERBEY A vE FLAEZER
LTEOFTWE EOBEEMLFMIBEL.

X 2.9 i3, BELEZHANTTVA 20 , SIHLEE 100m/min TEIAIL 7235550 T
B+ WEH LOBEES SEM BE L2 RT. EROEE IR ABERMEOEEREE
O SEM EETHY, TEROT VWEABLOCRTHOTMANBETE 2 Aoz L
TW5., BMoBEER, EMOEETCOTEOT I WEO AL EDOEEREZILKL
ZSEMEETHD. X 2.7 DNFEEMBEFTEICE WV TENHBERLHH0 < FHRNTT0
Do THRICHORTWAEETIL, SEM BEICEBWTCIRENFAER» SUHIEY
BHZHREI LR ORBIRICHEB L TWA I ERBEINS.

210 1%, BETHEZAWVTT WA 20° , BIHIEEE 100m/min (& TEHHIL 72546
TEOTSVWERI VKT ED SEM EEZ 6 EDS i EEAZ 77T, LEOERIT
THoOTWHE, TEREOFEEFITAORTEE LMAIC L THEBRBRT MIZHEL T
%. ERIOBEREZISEM 5E, AAOFEEIZEDS 4 EETHS. EDS SiFiciBWnTT
NI=ZULAETEOT VEHOAEBERE CHEEL TV AR LEOBRTFEIZITFEL T
WARWZERDb,S. Thbb, BEITEOTIVROALEERT Y XD FTERL
TWVAR, BFEEIZITAERL TRV EBDRDS.

X 2.11 1%, BERELA YL FTEEZAWTT WA 207, BIHIEEE 100m/min (2 TH)
HIL7=BADTEDT < WEH EOEEFL SEM EE%2 7. A0 TE LN HBERMT
FEDEEREED SEM EETHY, AAOEEREMOEETCOTEOT{ WEED
H A E T ORER ALK L SEM BETh 5. M0 SEM FE TIIHER ¥ 1 ¥ £
FTETOTEDT WH EOEEIZHEBBRIMNTICORITER L TEY, Ylh AR
MOUIHIXEY FA~OEEOREIRBE IV, G0 TN LR T OEETILK
SEM BEETit, BWEIINEERMTETEY EX-72BRTHY, BELRIZBWTIZA
BB LD e NEBRN SUIHE D F~DRBROEF IS BEI R, S A
TEY FLEIZBW T NEBERMEICOREEP AR L TND I E0E, TEOHE
BRAEOMMNPBEEREDERDOVDL>THD LHEESND.

M 2.12 %, HEEIAYELC FTEZHAWTTS WA 0, GIHIZEE 100m/min (2T
g LEBAO TAEOT S WEH EOEEH O SEM BE, EDS ST EEIB LU XPS 7347
%79, SEMEE L EDS T EEIFRAFKEETH L. EDS #iricBnTiE, #A4vES
FORSTHIRFZITLEOT S VEAEEIZREINDD, TAI=U LI EOHSD
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HHeELBHEATW2R V. XPS 04T, SEM BEREICEBITH LE Y < Wil AL FED
ARBIONENOHENT-BADO2EHEZRELL. ARBIUBROVTRIZENT
L7 A I =y MR ER TV, LLE® EDS 0878 LY XPS oMt OFE R L 0 B
A A Y EY NLETUHTALGI3BEPRERLRNEVZD.

X 213 X, CVD ¥4 ¥E Fa—FT vy FLEEZRAWTTI WA 00, YIHIEE
100m/min (2 TEIHI L2 BA O T EDT < Wil £ SEM BH, EDS 5 51, 3 L U AES
S5 ETT. SEM BEICBWTIECVD ¥ 14 vEV Fa—F vy FLEOT S WE EDOE
EAERKIE, @ETEOTWE EOBEEFEERKREFEKROFEZTLTEY, Un
FBERD HYIHIE Y FEICIRE LA bRRICHEL T2 KT8 END. EDS 7
kWL, BETHLITAI =T LABLIOVY) arBF VWEEEIZFEEL TN
ZEDHERESND. AES HHTICBWVWTIX, SEM BEIZBITAS C RETNVI A F A
Ry BY o P X o TREFENZANR Y Z Y 7 LTWE., ARy EY 7 EBRBLT
5 ETHEETHAT NI =0 LARED LTV AREMZICEBWTH A ¥E L NS
DRFEOFELFRITZDOT ML TS, ), BERSOZ 7 AT DIFELRIC
BlZHONTERERE OREIBER S b T iRWnWE Wz 5. T42bb, CVD ¥
AYEL FIEEBERMOLHBEL CRLT, 74 I=U LT CVD A ¥EL FIEIZ
BEHERELTWDH I ERbnd.

Rake face
Cutting Rake face
edge Cutting
edge
Flank face
IOE:L m 10um

Fig. 2.9 SEM photographs of adhered layer on rake face of cemented carbide
tool (rake angle 20 , cutting speed 100m/min)
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Measuring

direction SEM photographs EDS analyses
Rake face Rake face
Cutting Cutting
Rake face edge edge
measured
from above Flank face Flank face
500 4 m
Flank face Flank face
Cutting Cutting
Flank face edge edge
measured
from above
Rake face llanaD Rake face
500 4 m
Fig. 2.10 SEM photographs and EDS analyses of adhered layer near cutting edge

of cemented carbide tool (rake angle 20°, cutting speed 100m/min)

Rake face

Cutting
edge

Flank face

100 2 m

10um

Rake face

Cutting
edge

Fig. 2.11 SEM photographs oof adhered layer on rake face of sintered diamond

tool (rake angle 20, cutting speed 100m/min)
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SEM
photograph
of tool

Rake
face

Cutting
edge

EDS analyses
of aluminum
and carbon

Rake
face

Cutting
edge

o Cls
XPS analyses § g 7
of adhered & B
layer e
_ Binding Energey(eV) Binding Energey(eV)
Point A Point B
Fig. 2.12 SEM photograph, EDS and XPS analyses of adhered layer on rake face

of single crystal diamond tool (rake angle 0 cutting speed 100m/min)
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Rake

SEM _face
photograph
of tool
Cutting
edge

Rake
face
EDS analyses
of aluminum
and carbon Cutting
edge
500 m
si ~H
~ 100
S
E w c
®
B
60 -
XPS analysis §
of adhered = 40
1 @)
ayer he W
< ¥
0o 3 6 9 12 15 18

Sputtering time (min)

Fig. 2.13 SEM photograph, EDS and AES analysis of adhered layer on rake face
of CVD diamond-coated tool (rake angle 0 , cutting speed 100m/min)
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2222 TEMELUHIZHEORE

B4 2.4 L TAME L OIHIRE S REIRI S LIETREERT. YA YEY FTA%
HOWTEIHI L7256 1%, EBREZ1T - 72 tIAIE A 100m/min~1,000m/min O TILEAE 2
FEAEEREIZW., ZhiCx L, B TE2BAVTUE L8481, ERE2IT-o7-
STHIEE 100m/min~1,000m/min O i CITETIHI R TR E RIBEBENEREIN D
25, EERITUIHLEE ORI E > THA LTWwWa. DLC =2—7 v FTHE, TiN 2—F
vy FILE, BXUVTIAIN 2—7F v FLEZHWTEYHI LBAE, CIHEE RN IREEIC
BLETEEIE#E LEDOEELFAETHD. CVD XA ¥EL Fa—F v KT E, CBN
TH, BfEHF A vE N LETITUIHIEFEED 100m/min DADOERTHS. CVD £ A
YT Fa—7y FTREBLWC CBN TEZHWTHIHI L5613, #iE TECHElIL
Ha LRI KR EREENER LTV AN, BFERSA YT FTEEZHOTEHIL
TS EITEENREAER L TR,

I EDOREREY, BEOERMKI & OIHEEE & ORI TEMEIC LY KEL 2 DI040
T&D. EREREE 26 17T, 08 I OTHEME TN LS, ERETo1-
YIHEE 100m/min~1,000m/min O TITEFITIF LA EER L. LA v
NTERZNICET S, %8 (I OLEMETUHEI L-HEE, EREIT o - UIHEE
100m/min~1,000m/min O #iFH OEKEIHIEHEFIR TR E RBEBENER IR DD, BERIX
PIHEE DM > T LTWA, LA, DLC =2—7 v FTE, TIN2Z—F v
FTE, BLUOTAN =2—7 v FLAENZHIZETS.

B 2.15 1%, TEMELUAEE M EEHSICBLIETREL R, BRLAAI YT
TEZAVTHE LB, B S IEEEDEELZ T PIC R2ZICTH 3um
RETHD. ZhIZHL, @ETE, DLC2—7 v FLE, TINa2—F v FILH, Bk
U'TIAIN = —7 v FTEZHWTHIH| L 25613, STHGEE OV B m S
Na ELTWaS. Rl SIZEERBBAOT 50 A E LT 5. (KYTH] 5 E e
TIXEEORE, MR, BEIRVESRD Z LV EEHSIZE LTS b0 L
D, YIABERED 300m/min DL EIZBWTHE, A EEHSIITEMEORE L2
FICRZ AT 20 m BRI T Y, Bk 474 ¥ > K TR A RV TN L7 5 A ook L
HEICHRTRAERERNAFGON TS, DLC =—F v FTH, TIN =2—5 v N8,
BXUTAN 2—7 v FRLEOBEERIIERE Y A YEL FLAOEBEBFEIZEATRE W
75, BIHIEEE 300m/min L ETIXEFIIME T D52 LR ARICAHE L £ THRERN
FLLTERALTWS., Zo7ed, UEFOFT VAR KE 20 SIERR S Lt
R ENMEL TR EHEINS.

216 1%, BELEZMANTT WA 20° , SIHLEE 300m/min & LT 1,000m/min
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CTEIHI L2 G0@mEEN A 7 C XD EFEERRROGEELTRT. BEO FIZITEE
ARRREZBR LT TH200MAKEZ T, YIHEE 1,000m/mi ToOEHIZEIH]
HE 300m/min OYIHNCHAT, 810 < F L3 <Vl e DEfiiR EAES RoT0D.
TEOTWE EOBREITWTAOMHIEEDZE BRI 2.

X217 1%, 8BETEAZHAWVT3 <A 20° , BIAEE 100 m/min, 300m/min, 800m/min,
F & T8 1,000m/min (I THIHI L 725 A0 TEDO T WE EOEHL SEM EEZ7R7. )
IR RE OHEANZ R, I N SETHIE O FIAZHE L TV 2 EERARED LT

%. IHIE#EE 1,000m/min TOEIHITIE, HEBHRMGEOBEFIZVREES S HEW.
FEBRO SN HOICBREREDREA L A ON /N EREEFMBFIEL TVD B,
BEOREITBE IR0,

X 2.18 i%, @i LHE, DLC =—7 v FLE, BIUBERF 1 vE FLEZAWTI W
1 20° , GIHEE 100m/min (2 TEIEI L 7235E8 OUIHIE Y BEFRICE LT THEL R~

B4 YL N TEZHOCTYHILZHEE, EREIToZOHLY 0.1mm/rev~
0.5mm/rev D &iFH CTITEIHIR Y OEBEZZ T FTICHEBEMIZT LA EAER L TV 2RV, —77,
BETHBLXO DLC =2—7 v FLEZHAWTUHIL2HE1E, EBRZIT > UHIE
0.1mm/rev~0.5mm/rev O &i[H TITZYIH|E Y ORI EVBEERSBEML TW 5

QO | Cemented carbide
Non- /\ | Sintered diamond
coated - -
1.4 tools | B | Single crystal diamond
O | cBN
1.2 < | DLC-coated
Lo Coated | Q | CVD diamond-coated
' J | TiN-coated
0.8 [\ | TiAlN-coated

0.6

0.4

Adhesion width  (mm)

0.2

0 é’“ 'A' -,/__\.____

0 200 400 600 800 1000

Cutting speed (m/min)

Fig. 2.14  Relationship between cutting speed and adhesion width (rake angle 202
feed rate 0.1 mm/rev, quantity of oil mist supplied 20ml/h)
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Table 2.6 Effect of cutting tool material on relationship between adhesion
generation and cutting speed (cutting speed 100~1,000 m/min)

Classification Adhesion generation and cutting speed Cutting tool materials
G i i 1
1] enera'tlon of adheswn'scarce y observed Sintered diamond
over wide range of cutting speeds
Large volumes of adhesion observed at low Cemented carbide,
rij cutting speeds; however, adhesion width DLC-coated,
decreases with increase in cutting speed TiN-coated
Non- | (O | Cemented carbide
10 coated
tools | 2\ | Sintered diamond
i 8 <> | DLC-coated
~ Coated .
3 tools \J | TiN-coated
2 6 [\ | TiAIN-coated
£
2 4
=
3t
€ 2
=
77
0
0 .200 400 600 800 1000

Cutting speed (m/min)

Fig. 2.15  Relationship between cutting speed and finished surface roughness
(rake angle 20, feed rate 0.1 mm/rev, quantity of oil mist supplied
20ml/h)
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Cutting speed:300m/min

Cutting speed: 1,000m/min

No adhesion

Workpiece Chip

0.2mm

Workpiece

No adhesion

Chip

Tool

Fig. 2.16 No adhesion on sintered diamond tool (rake angle 20, feed rate 0.1mm/rev,

quantity of oil mist supplied 20ml/h)

Cutting speed : 100m/min

Cutting speed : 300m/min

0.lmm ¢dge

Rake
face

~Cutting
— edge
0.1mm

Cutting speed: 800m/min

Cutting speed: 1,000m/min

Rake
face

Cutting
edge

0.lmm

Rake
face
Cutting
—_
0.lmm V%

Fig. 2.17 SEM photographs of adhered layer on rake face of cemented carbide tool
(rake angle 20’, feed rate 0.1mm/rev, quantity of oil mist supplied 20ml/h)
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Fig. 2.18 Effect of feed rate on adhesion width (rake angle 20°, cutting speed
100m/min, quantity of oil mist supplied 20ml/h)
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BERWTT<0E 200 ICTHHIL 256 0EIRTL, 910 < FRS, FHEAKA,
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FEHELOREVZENHRIND. I, PHERREIIAZFEN N DIV,
TROLUHIRENRKE S RDITHEVVISSRoTNS.
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Table 2.7 Measured forces, chip thickness, average shear alggle, average shear stress
and nominal coefficient of friction (rake angle 20 , feed rate 0.1 mm/rev)

Measured forces

Average

Average

Cutting Chip h h Nominal
Cutting tool materials speeq Tangential| Thrust | thickness fm;?:, :trzzg coefficient
(m/min)|| force (N) |force (N) (mm) (degree) |(MPa) of friction
100 421 198 0.17 34 266 1.01
300 376 133 0.17 34 266 0.82
Cemented
carbide 500 338 85 0.16 37 263 0.68
800 333 72 0.15 40 269 0.63
1000 326 53 0.14 41 277 0.56
Non-
coated 100 260 0 0.13 44 260 0.36
tools
300 270 0 0.13 44 270 0.36
Sintered
diamond 500 289 6 0.13 43 283 0.39
800 305 26 0.13 44 279 0.46
1000 320 36 0.14 43 286 0.50
CBN 100 470 277 0.22 27 266 1.21
100 415 200 0.16 37 255 1.03
300 357 110 0.16 38 264 0.76
DLC-coated 500 366 113 0.15 38 268 0.76
800 372 104 0.15 38 281 0.72
1000 352 84 0.15 39 278 0.66
100 427 222 0.21 29 256 1.09
Coated
tools 300 364 122 e — — 0.80
TiN-coated
500 361 117 . — — 0.78
1000 318 76 — — — 0.66
100 420 214 0.21 28 256 1.07
300 364 121 — — — 0.79
TiAIN-coated
500 350 114 — S S 0.78
1000 307 74 — - . 0.66
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Cutting speed (m/min) 1001300 | 500 [ 800 [1000
Non- | Cemented carbide O () D
coated | Sintered diamond AlAIAIAIA
tools | ~gN O|l— —|—|—
20 M DLC-coated O IR=2R:
S)Z?;ed TiN-coated \W} Ul—|H
TiAIN-coated JAY Ml— A

—
wn

Adhesion width (mm)
=

<
[v3

L e

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Nominal coefficient of friction

Fig. 2.19 Relationship between nominal coefficient of fricgion between tool rake
face and chip and adhesion width (rake angle 20, feed rate 0.1 mm/rev,
quantity of oil mist supplied 20ml/h)
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BIOLEOTSWEHERZ026um & Rz 044 um TIHAEFBIZEZTAONALOOD
BEEZMHTE BIZLOMREITBLEN TR,

221~ 2.23 (34858 T B % FH\ TYIHIEE 100m/min (2 TEIHI L 72855 0 MQL M 5
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A MEBEOKELZRLTEBY, IXMEE 20mVh X FF7 /L, IR MiGE
40ml/h 8 £ O 60ml/h (2R THEFWARD LTV 5. EBREIT > 72 MQL IR &MH D&
BT, SIEIMA], I A MR FABL IR MR BIREEZMFI TEZDIEEOHRE
LTV,
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Rake angle (° )
Fig. 2.20  Effect of rake angle and rake face roughness on adhesion width

(cutting speed 100m/min, feed rate 0.1 mm/rev, quantity of oil
mist supplied 20ml/h)
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1.0
0.8 |—
0.6 |—
0.4

Adhesion width (mm)

DA\

Air

g

Near dry Dry

Fig. 2.21 Effect of coolant on adhesion width (rake angle 20°, cutting speed
100m/min, feed rate 0.1 mm/rev)
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Fig. 2.22  Effect of supply direction of mist on adhesion width (rake angle 20°,
cutting speed 100m/min, feed rate 0.1 mm/rev, quantity of oil mist

supplied 20ml/h)
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Fig. 2.23  Effect of mist flow rate on adhesion width (rake angle 20°,
cutting speed 100m/min, feed rate 0.1 mm/rev)
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&R 7 b (Win Roof) Z AW THEEAEMZAEH L T35, SIHIEFUIIAGBEERY
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Cutting tool 7

High speed camera

Fig. 2.24 Photograph of experimental setup
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Cutting tool

Cutting direction High speed camera
\ ]

40

S

Workpiece

Fig. 2.25 Schematic illustration of experimental setup

Table 2.8 Composition of workpiece, wt%

Work materials Si Fe Cu Mn Mg Ni Zn Ti Al
Aluminum alloy

equivalent to 6.54 | 042 | 332 | 0.34 | 033 | 0.01 0.27 | 0.03 88.74
AC2B-T6

ACI1A-T6 023 | 008 | 487 | 028 | 0.27 | 0.00 | 0.00 | 0.20 | 94.07
Commercially 010 | 009 | 000 | — | — | — | — | — | 99.81

pure aluminum
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Table 2.9 Test conditions

Work materials ACI1A-TS6,

Aluminum alloy equivalent to AC2B-T6,

Commercially pure aluminum

Cutting tool materials

Cemented carbide tool , DLC-coated tool,
Sintered diamond tool

Cutting tool geometry

Rake angle: 0°, 20°, 40°
Relief angle: 7°
Cutting edge radius of cutting tools: Less than 3 u m
Insert shape: TPGN220304

Cutting speed (m/min) 15,60

Quantity of oil mist supplied (ml/h) | 20

Width of cut (mm) 1.0

Supply direction of mist Side of rake face

Depth of cut (mm) 0.1

Cutting oil

Synthetic ester

Table 2.10 Tool materials and rake surface roughness

Rz (1 m)
Tool materials
Lapped finish Ground finish
Cemented carbide 0.02 0.95
DLC-coated 0.12
Sintered diamond 0.02 0.51

Adhesion on rake race

Identification of
adhesion color

Calculation of colored area

Fig. 2.26 Adhesion area on tool
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DEALERESRY.
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Commercially
pure aluminum

AC1A-T6

Aluminum alloy
equivalent to AC2B-T6

0.2mm

0.2mm

0.2mm

No adhesion

Chip Tool

Workpiece

Chip Adhesion

Workpiece

Tool

Adhesion

Chip Tool

Q

pla-0.05mm

Workpiece

—>l-<-0.08mm

Fig. 2.27 Formation of adhesion on cemented carbide tool (rake angle 0:
cutting speed 15m/min , depth of cut 0.1mm )

Commercially
pure aluminum

AC1A-T6

Aluminum alloy
equivalent to AC2B-T6

0.2mm

0.

2mm

0.2mm

Chip Tool

-

Workpiece

Chip

Tool

Workpiece

Chip Tool

Workpiece

Fig. 2.28 No adhesion on sintered diamond tool (rake angle 0 ;
cutting speed 15m/min , depth of cut 0.1mm)
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Fig 2.29

SEM photographs of adhered layer on rake face of cutting tools

(rake angle 0°, cutting speed 15m/min , depth of cut 0.1mm )
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)% : Aluminum
— 0.6 ’/, ] Commercially ACIA |alloy
£ 217 pure T6 ivalent t
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= LT AC2B-T6
S 04 el Cemented
g p’ T carbide O & B
g 0 gl DLC ~ o
723 7] -
%’ 0.2 o coated } O -®-
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0 £ I
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Fig. 2.30 Relatlonshlp between amount of silicon content and adhesion area
(rake angle 0, cutting speed 15m/min, depth of cut 0.1mm)
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Fig. 2.31  Photograph of microstructure of aluminum alloy equivalent to AC2B-T6

before cutting

Overview of cross section

Magnified view of cross section of area A

Area A

Adhesion

Fig 2.32  Photographs of cross sections of adhered layer on cemented carbide
tool (rake angle 0°, cutting speed 60 m/min)
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Bl L7235 A OUHNRG, 810 < FES, FHEANA, FHEAMANBIVCLAED T
WEEEIY K TOROEHBEEGEKEZ R T, FHEEREITAE SN UHIRE»HE
HLTW3.

2331%, TEOFTWE  LOEHBEBRK L EEEHOBFRE T T, EHEEEK
203 LT THIITEEFITIT LA CERET, FHBRBEED 04 UL THITHEER
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Table 2.11  Measured forces, chip thickness, average shear angle, average shear
stress and nominal coefficient of friction (rake angle 0°, cutting
speed 15m/min, depth of cut 0.1mm)

Work Cutting Measured forces Chip Average |Average Nominal
m:trerials tool ‘ Tangential | Thrust thickness | shear angle|shear stress| coefficient
materials fieo o (N) |force (N) (mm) (degree) |[(MPa) of friction
Cemented | 4, 47 0.21 25 262 0.52
carbide
Aluminum DLC
alloy -
11 62 . 21 315 .
equivalent coated 8 0.26 0.53
to AC2B-T6 Sintered '
diamond 73 19 0.16 32 275 0.26
Cemented
carbide 118 65 0.25 22 317 0.55
DLC-
ACIA-T6 coated 146 70 0.32 17 353 0.48
Sintered
diamond 86 19 0.29 19 245 0.22
Cemented
carbide 52 25 0.37 15 114 0.48
Commercially
pure oL 66 32 0.48 12 118 0.49
aluminum coated | :
Sintered ’
diamond 51 13 0.49 12 95 0.26
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Fig. 2.33 Relationshipobetween nominal coefficient of friction and adhesion area
(rake angle 0, cutting speed 15m/min, depth of cut 0.1mm)
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Fig 2.34

Relationship between rake angle and adhesion area

(cutting speed 15m/min, depth of cut 0.1mm)

Cemented carbide
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edge
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Fig 2.35 SEM photographs of adhered layer on cemented carbide tool and
DLC-coated tool (rake angle 40°, cutting speed 15m/min, depth

of cut 0.1mm)
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Fig 2.36 Formation of adhesion on cemented carbide tool (rake angle 40°,
cutting speed 15m/min , depth of cut 0.1mm)
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Lo TN3D,

2381, BELEZAVWTHT LI = L8 KT AC2B-T6 4 # EIHI L 72356 D
THOT VWHLEOEES A FEMETEL T T. AC2B-T6 YUY L7-5HAE, 7
v P ETFE{T o7 Rz 0.02um O TETEFAENLERIEY Fr~F < WEREKICE
ENERLTWAS, )7, FEEEF21T572 R2095 m D TETix, TEHA%ENLIE
WS OEEMAHANTVDLORBEIND. M7 A=y AEEAILZEEIE, oF
Mt BT %1727~ Rz095um D TETIE, TENEDLHWE S OEFEBBHBN T
ZoRBEsNS. BELETEITIROTS VEHBEPNREWIBRTEOT I VE LR
B L OEMERENS VRN, BENRBIBEEIFPARLT VD LHEEIND.

BEfE A4 v FLEZHAWTHH L 7BE0BEEDOERITHEERTEDOHATH Y,
FEBBAAEDOMEICT VI =7 ABEFE LTV, 20D TEOTSWEMRIAK
EVWHPBEEERIKESRoTWHEEZLND.

Rz (12 m)

Lapped finish Ground finish

Cemented carbide | O~ | 0.02 0.95

0.7 Sintered diamond -\ | 0.02 A | 051
0.6 i
.l ,//O
. ‘_/
0.4 ==

4

0:1’—‘A A
0 : ----- A 1- i b

o.i \0.5 1 5 \10

Commercially pure AC1A-T6 Aluminum alloy equivalent
aluminum to AC2B-T6

Adhesion area (mm?)
<
W
1
L

Fig. 2.37 Effect of roughness of rake face on adhesion area (rake angle 0,
cutting speed 15m/min, depth of cut 0.1mm)
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Commercially

Aluminum alloy equivalent

Rz (nm) pure alminum to AC2B-T6
Ground finish | 0.95 Kake
|| face
_ Cutting
Cutting width (1mm) Cutting width (Imm)  ¢qge
Lapped finish | 0.02 .
1
Cutting width (1mm)
Fig 2.38  Optical photographs of adhered layer on cemented carbide tool

(rake angle 0, cutting speed 15m/min, depth of cut 0.1mm)
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HEEHT. DYy v E—~y KMOT LI =u hE48 AC2B-T6 HHIZHKIT D

il

BIHEAE 100m/min U EOETHNEEFIK, BLOV Y arFFRORLLMT VI =
% L, AC1A-T6 35 & U AC2B-T6 fA¥4 (2817 % YIHIEFE 60m/min LA T o> ) HIl 55 & AR
ZBWT, BETE, BEEAAYEY FLEZEO 8EEO TEMEICT “Rclldl %
TTotz. BEEN A TICEHEEERRNOBE, SEM I L HEEMOBIE, EDS X
AES 72 FIC L DB EHORS AT KV LT ORBHAL NI R~ 7.

(1)

(2)

(3)

4)

(1)

TN I =7 5G4 AC2B-T6 #8245 1235 17 5 EIHIEE 100m/min 2L TOEIHIBL S

BERSZ A v RTEZRWCHHI L2561, EREIT - - UIHI#EE O#HE T3
BWEMNTEALEREN V. A EERSIIW TR OGEIEEE CTH Rz TR 3 um 2
ELRIFTHD.
HETEZAVTYUEI LZBARTREOT S WE EICEENERIND. HAEEI
IHIEE ORI > TR L, tEEM SR, (b S 3 UHl s
300m/min 7> 5 1,000m/min D F TRz IZTH2umBETH OV RERE Y1 VY€ FL
BCUEI LRSS LR%EU EIZ/R25. DLC 2—7 v FLE, TIN=—7 v FLEE
LOTAIN =—F v FLETRHEETLETHHIL-GE L RAKROBRPIEBOND.
Wi A YE FTEZHWTYHEI L 7=H41E, UIHEEE 100m/min (280 TH
WENEEKRENRW. —F, CVDa2—7 v FLEB IO CBN TEZHWTH]
Bl L7238 A0, SIHIERE 100m/min (233 THAE LH L EHRICKE RIEEDER S
na. |
UIHEHOMED» S B SN 5 FYEBEH L EERII T EMER L UYHLEE
DEBEZZ T, ZIEHHBERCHH. BESIZLALERINRWEEIE, EE
FEIZO0SUTFTHS.

YV aLvEREBRDRERDMT VI =T L, ACIA-T6 3 LT AC2B-T6 FEHIZHIT S
YIHI# FE 60m/min LA T COEIHIE S

Y aLEERORRAMT LI =T L, ACIA-T6 B XU AC2B-T6 fA4IZKIT
B LETOYENCBW T, TAVI=v L5400 ) a VEFE0OEMIHEOE
EREENEMT S, EREAAVYEL FTEZHAVWTURILZSEIE, v araf
BOEBLEZTT, BEIXFTEALEK LRV, DLC 2—7 v FTEAZ MW HIH|
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TiE, BETETOUHIOEE L IZIERKOFERL 2D,

YIHMHERORED O B S 2 FHEEREK L EEREOBE LB LR, ¥
FEEAZEN 0.3 LA F OB AITIRBITIZEA EAERET, 04 L EICBWTHEENA
52N LT,
TAI=gLEEEHBETLAEBLONDLC 2—7 » FLEZHWTYHEI LSS,
BEILAEOT S WADEIMIEVEDT 5.

T =0 LA4 ACIA-T6 B L 1N AC2B-T6 fHY # i LHIS L U'DLC =—7 >~
FTEZHAVCTYHI LGS, BERAEKT DL OOURIBBERICB WV CXEE
DREEFBEINR.

BEFREAAYE FLEZHANWTT VI =Y 554 ACIA-T6 5 L TVAC2B-T6 fH Y %
YHI L-BE1E, EREIToATREOTCVWEMASOFEETIE, TEOT < WM
ERKREVHFRIBEEmMBEIIHEMNTS. —F5, BELEZAVWTTIAI=VLAESR
AC1A-T6 33 L TN AC2B-T6 M4 2 HIHI L2351, EREIT o7 LEOT < WiEH
SOHETIE, TEHOTSWERIAKREWEPEEERITED T 5.
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HIE

=

=1

FTANI=ZTALAEED=T FIAMILIZBIT A
BEDRAER L UOKREEE
3.1 ¥

FTILIZUARLED =T RIAMTICBWTIZLENEICEENERT S0, YUY
CPEHFVICIATEFBBIVNMIBEEOBELZHF XTIV,

IO, BKTIET
BEME, UHEEBLXOMQL OMERETHIG LTS, EELIMGT 28N 2 H T

THEDICIIEEORARBIUCREBRELZHAONCTLIZILENEETHS. BESRND
MIfEfLL, TEXNELE L TOREEZHS TWAHEITIERAILLFTINTVS. Z0
WAL SEICBE L Tid 1892 41 A. Haussner [3-1] AIXUDH THEMR AL ZR D TLUKSE
< DOIFFENRZRENTUVWS. Schwerd [3-2] I@mHEEGEEEIC IV ERALEZEEL T
B, WHIMEAOERILELPHERTIRBAEER L L2RELTWVD. BL [3-3]
I, R REEEEMO—EAE L, TEERIBRICHEBL THERENLD HDTH
BHEFER L. s [3-4,3-5] 1%, BREIMOBRESREICHERENET D L HENRT
EITERT 2L 2BEL TS, TELOHMER X OEEEEICE L T, MTils
[3-6], HEDS [3-7] ICL VRSN TWVD. ZToOMIZ, KRFMBITHEHFLE
% [3-8], EEETHMBEICL 290 < T LMRNEDBE [3-9.3-10] RHEINL TV
5. UEOBREIZETHTOMETH B0, SBHEBANEORE & NRAEDHEMEN K
KHCRBA SN TVD LIEEZRY. TAIZULAEEIZB VT, HEAEDOEE
r— I TOWMEDBEL FREL 2> TE TS,

[3-11,3-12] BEINTWHERMEOE TV ARV, BEORAEEZI /7 udicH b ET
HERIZETRALTWVWAREBLEZ A ZLENTE S, BIETIHE, Hr2piEEl

BEOFVWEHDFEF EHEIM THET LI =2 LA 580RFRHENE X OMLEa 2

£ o TRl MER T OME ORI FEFH G REBLRITE [3-13] 5 2 L0/ A—MLR

KETIE, TAIZTLEED=T FIAMLIZBITA2BREOREBLOKEHEL
oM T Ao L AEME LTS, BEDKREMBICEL TIE, 919 PLEETD
W ETGE L OB c SV CEE LTV A, B0 < FOTREDT < WEE o
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WEATIZ DWW THEMICER LESEORRBREZRFTL TV, BEORAEBEIZEL
Ti, BERE LEOT S VWHEHEOREMETE I 7 nICBE, BT LIEEREDOER
R DMEORRE L OMEFEREEREBIZCOWV TR LTS,

3.2 ERFGEERREM

F2ED 222 HIZEB VT, IWEOABKI E UIHLEE & ORI TEMEIC LY K&EL
2O TE S LR 26U, 5 (1] OTEMETUHILZEE61E, KBRET
- 7= G E 100m/min~1,000m/min D TIHEEITIT LA AR LRV, S8 (1]
O LEMETYHIL - 5BE1E, EBRE(To /- UHIEE 100m/min~1,000m/min O &i[H DK
YIHEE IR TR E RIBENEREIND D, BEERITYHLEE OB -> TR LT
W5, I B TAER A MY FLEBIODE (I KR sBETRELRLT
Lnxcﬁ~?yFIﬁ%%wf,%2%@211%K%Lkﬁﬁ%mwf@:&imm
EITWIREORAEB L URREIEL R T 5.

# 3.1 CHEER LAEEBELTRT. BEOREICEL X, REEBELH VT
DL TOMEMARE I OCBEEROWEMKEBET L. BEOBRAERBIZEL T, &
— V= EBFHNE (AES) BL BT XX —08E X BoiriE@E (EDS) AW TEAE
HWETLREOT K VEHDOREMEERT DT 2. RIZ, EF=RrAF—HRDIHE
(EELS) # MWW TDLC =—F v KT E®D DLC BEO{LFHSIREEZ ST T5. &b,
EDS MW THERL A vEY FLEOKARITH S 2L P RBEERAEICB LT TREEY
Bt 5.

Table 3.1 Measured items and measuring instruments

Measured items Measuring instruments

+ Adhesion on rake face + Scanning Electron Microscope (SEM)

+ Observation of cross

section of adhesion + Optical Microscope
layer and chip
- Observation of boundary | * Auger Electron Spectroscopy (AES)
between adhesion and - Energy Dispersion X-ray Fluorescence Spectroscopy (EDS)
rake surface + Transmission Electron Microscope (TEM)

+ Compositional analysis + Electron Energy-Loss Spectroscopy (EELS)
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33 ERERLEBE

331 g1 < FEASS X UBEERFEEROBE

3.1, M321F, BEREFAA VYT FTABIOBETLEZAVWTT WA 20° , G1H|
W 100m/min (2 TT7 V2 =7 L E4 AC2B-T6 f8 4 Z YIHI L7256 081 v < 377 Ak
BH%ZRYT. BEAA YT FTETHHILEZRS (K 3.0 1%, 10 FDLESL
WEE OEBEIIES A THDH. —F, BETETHHILZES (K 3.2) iF, 910
DTETL VEEOBBEIZIZE Y < FIREFM~DOMEBRABEIND. O
EICTHESSNEEETS. BREY A YEY FTAZAVTOHN LEBAIL, WE
TIFLALER SN TS S ABRBRINZ V. —F, BELELZHVTUHILZEEE,
RERBEENPERLESS AP BEEIND Z 0 h, SSOUDBEEDOEMICEARL T
WAHEEZOLND.

3.31%, HAIETO 7 v =7 L&4 AC2B-T6 S OWmEMELE L ~T. U3
AR FRICOM L TWDORMERTE S, BETLEZAVWTHAIL 24T, K 3.2
IRT X D80 < PHTRMARO U = UARIXEIHIET O FRASERICER LTV .

34 13@BETLEZHANT, < 0A20° ICTHHI LRSI TREREENE
L TWDTL WA ICTHHILZHBE0d 0 < FHEHEEELZ~7. K 3.2 03<
WA 200 THIHILZZ8A L T RERISAPBIEIND. £, TEOTS VAL
DOEBEMTITEENICLY RELSLERL, Wb s “REBEHEENSBEECHLDRL T
5. ®3.5 13K 34 O S NMOFERBEMBEEEL T, &S < EoWrmEH#RICR
FAYY U, U1 PAREOREMRICBTL Y a BTy Y a HORE
BREHLS 2> TV D.

X3.61%, TEOT L WH EOBEFEROMEMAKFTEZ RS, 3.5 0810 < FHE
WCERSNZEETHY, TEDERIIK 35 LRAUTHD. G100 < T OMAEMEREF
BizERo Y a HABESND. 20 ) a3 MiE, TEOTKOEELYIHIED 5
Mgk Bz > TBIRICHHL TN 5. Y a U HOBHRIEL, M35OrT &S
ZRITLVV A ABOBRRLIFIERLTHS.
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Chip flow direction

Contact surface with tool

100 2 m

Fig. 3.1 Photograph of cross section of chip cut with sintered diamond tool
(rake angle 20, cutting speed 100m/min)

Chip flow direction

Contact surface with tool —
100 u m

Fig. 3.2 Photograph of cross section of chip cut with cemented carbide tool
(rake angle 20°, cutting speed 100m/min )

Si

P
S50um

Fig. 3.3 Photograph of microstructure of aluminium alloy equivalent to
AC2B-T6 before cutting
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Chip flow direction

Contact surface with tool

Fig. 3.4 Photograph gf cross section of chip cut with cemented carbide tool
(rake angle 0, cutting speed 100m/min )

Chip flow direction

St

Secondary plastic zone

Contact surface with tool

—_

S0um

Fig. 3.5 Magnified view of cross section of burr in chip (rake angle 0°,
cutting speed 100 m/min)

Chip flow direction
' Adhesion

Si

G s,

Tool
50um

Fig. 3.6 Photograph of cross section of adhered layer on cemented carbide
tool after cutting (rake angle 0° cutting speed 100m/min)

54



3.3.2 TRE DRREHE

HE T B % AT AC2B-T6 FiYS 2 U1HI L 7235613, 910 < I LEDOT S Wil : O#
WEAN KBS SN TV 5. ZREEEO Y 2 RO R < N LE
LLTHEY, 90 < FREOMIELL TWARWERIC N THREEREIIRE S 22T
W5, Zok), YV PFETREOTWEOERINKRES LD L, G0 S FTHREEO
LA LTV AR WG CREEN A L, MTRELL TWaD ZREBMEEATIY <2650
BT 5, TREBEEAY Y K L ERISBE LS SIREERETRL, Y10 R
CESTFHARS S NEERKT . BERLEISINTICBITSY ) 3 OB
RMEERCTHHDOE, Wb ZREEEPOHBEL TV LEZLND.

TR AT K TS RRICHBE L IRERIIER AL E LTERL, 10 <F
RN EOTC VWEEEZEHTS. 810 < T EERAXOMOBEEANRT Y < THE
DORERE L) RE WA, G130 T REBEHEERTOSBEIC L VIEFILZS HIIKE
LTV, BEIRE LBEALEOT S WARKE S 2D LUHEITERTS. 20
R, GO0 TEBRALOMOBEINIET TS0, BEORRIZ-EDOREET
EFEBEBEZOND.

3.3.3 BEOREME
3331 BELEBLUDLC =2—7 v FLE

3.70%, BETEZANTT WA 20° , YIHIE#HE 100m/min IZTT7 LI =T LG
4 AC2B-T6 tHHY 18| L =B A OBEEME TROFT Wi & O REfED AES (L%
WREREZRT. X370 LA FAEERME A ATORETHY, K 3.7 DTFTRITHE
BHEIVBEENT-HS B R TORETHE. TNENRRICTAIT AT ARy Z Y
TICEoTHEEBUM»O TEOT S VWEHMA~NERS FRACAANy ZY 7 L— 1
80nm/min TIT-> TV 5. FLEERMT A & AEBBRLVBENLZHS B AT, B8
HMEBETHOTS VEEDOREICKITI2BEOREEZBIZREREVAALNTZ. FK
AL A STRBEER L BETREOT WHEORE CHREIRH ST, BHEHL
BETEOT < VEERANE N S PEERELTOS. i), FEEH LY B
SBETHEERLBETEOTICVEHEDOREICEENSRBEINT VWS, BRIBEH
ENBDLDEFHELEORN THIZ LV TATUVBIORESBRHEINIBEDLRITH
BIENSL, ARy E Y T EBBLTIS R THRESA TV DBEEIT VI =T A
DREILICE S THFELTVWABRETHDILEADLND. £35S HMHETIETAI =T A
ERHER TRV bLTEBRIIREEIN TS Z b, ZORBKTORS
[TWC OBBLICL > CTHEL TV IBmELEZELOND. ThLDORRLY, AL VA
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NEZESBRICEBIT AT AV =0 AOME LE~OEEM TIXIREICBIEY 23 A TR
Lo TWHEHEIND. ARBRMTEA R NEBRIVENTHSBRTYY
A OBREEIZOVWTHEVRALNDN, ZHETAI=TLAGEDY Y a DR
—pE b oXIzXBEELTVD

3.8, X3.91% BELEBLUDLC =—7 vy FLEZAWT, ¥< 1A 0 , BIHIE
& 100m/min (& T AC2B-T6 8% % HIHI| L 723556 O N EBRMAEICB T 2 TEO W
HEOBEBOMEMAKTE L RT. 3.8 BL UV 3.9 OLEMOFE L5 WA
BOEKBEREEZ T, K38 BLUKN 39 OLHROEFERE, EMOFEEDHNEEH A (X
3.8) BLONEH BEH (K39 OHEREELFT. BELABLUDLC 2—7 v FT
BT LZBE, BERO VY 2 CHITEHIRICERR, 2 2oBRICEELTWD
e, E, AREIIKEEX Y IBEEROFNEBERMTICSY 3 SHEBMEEL
TWHDOBRBEIND.

3.10, X 3.11 1%, BETEBLXUODLC 2—7 vy FRLEZHWT, #< WA 0° , 4|
EE 100m/min TT7 /LI = A54 AC2B-T6 Y Z HIHI L 72356 DEEM L TED Y <
VW & D REAAT YT D TEM 5 E HAADF - STEM (High Angle Annular Dark Field - Scanning
Transmission Electron Microscope) 1% & EDS #5047 %~ 3. @i LEZ HW\THIHIL 7235
A, BEEE TEDOT L WEE ORE 10nm 134112 Mn, Fe, Mg, Si BREL TV 5.
ZELSIIEIWOE—ZEEER>TWNEEDIC, EBEOFEELVBWEL > T
LAREMEA S H D, Mn, Fe, Mg, Si ORIER, HELREIZBIT2BEEREDOENDAHE
tEEREL TS, DLC 2—7 v FLEZHWTHHI L2561, BEBE LEDOTL
W & DREFTITICE N T, IEEBMORE Snm F2E(2 Si , DLC BE{l O Fifi Snm 2L
IZ Mg MRIEL TW 3. Mg, SiDW{EIZIDLC =2—7 v FLAIZ fé(a%%é%@t‘ﬁ
OFFEMEEZ R L TV 5.

DLC =—7 v RTEX, RANRD LN TEBRERL/ NS BEAILZETIEL2BZ
BHDHEEONTWVAR, RERTIBETLELZBOTUH LGS LR, KEE
ENERLTND. Z0kd, BF=xL¥—HEyHiE (EELS) ZHWT DLC 22—
7 v FTHO® DLC RO FREERELREFT L7Z. K 3.121%, DLC =—7 v FLEZHW
T, T<KWA0° , YIHIEE 100m/min (2T AC2B-T6 4 % kT EIHI L 72354 @ DLC
L EEE L OREIED TEM 5 & BF-STEM (Bright Field - Scanning Transmission
Electron Microscope) % & EELS (Electron Energy Loss Spectroscopy) A-X2 h/L&7RT.
EELS A7 M ZE T B K EHEX DLC IEL BEHFH & OftmE (0nm) 725 DLC BEOIR S
Fr~OiEHE (Onm~15nm) %7557, DLC 2—7 v RT.E® DLC 1377 7 7 1 ME
EDsp RERETAYEL FEEDsp ADRE LT TN T 7 AMEERERKFEBETH
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%. DLC D C-K WL (1 —AR > D K sk 2~ fL) (28T, DLC RO K
25 OEE 0nm 3 L O lnm 1F7E E 2nm~ 15nm (2% L= %L ¥ —38 5 285eV {1 4T T &
CE— I HERBROLND., ZOE—2WETF 77 A MEED spP’ A THBLIERLT
W3, T4bHIK 312 ([2#T DLC BIZEEH L ORFIZTT T 7 74 MEETH S sp’
EANREE & 2o THRY, ¥ YEY MEETHD sp’ AL THEE®EITSH D &

HESND.

IDZEMDLC a—T v FLETOERBELERD—RTHD EHEESND.

Measurement point

AES analyses

100
Neighborhood of cutting edge 229 Col1vsc
— Col1vso
80 A Col 1vs al
: —— Col 1vssi
Measurement point A . T Coltvsw
P S 60
Rake | =
£ =
ace 15}
Z 40
20
0 . : : ; : : ; }
— face 95 20 25 30 35 40 45 50 55 60
100 . m Sputtering time (min)
Sputtering rate : §0nm/min
100
Tail of adhered layer 228 e
Col1vso
80 Col 1vs al
—— Col 1 vs si
Measurement point B _ Al o
< 60
Rake - Y
face g
S 401
Cutting
edge 20
Si
Flank 0 : : : ; : . —————— |
face 0 5 10 15 20 25 30 35 40 45

Sputtering time (min)

Sputtering rate : 80nm/min

Fig 3.7 AES analyses ?f adhered layer on cemented carbide tool
(rake angle 20, cutting speed 100m/min )
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Overview of cross section Magnified view ofcross section of area A

Adhesion

Fig. 3.8 Photographs of cross section of adhered layer on cemented carbide tool
(rake angle 0 , cutting speed 100 m/min)

Overview of cross section Magnified view ofcross section of area B

Adhesion

Area B S

100 . m

10um

Fig. 3.9 Photographsoof cross section of adhered layer on DLC-coated tool
(rake angle 0, cutting speed 100m/min )
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TEM image (HAADF image)

Adhesion

50 nm

100

Atoms (%)

Distance (nm)

Fig. 3.10 EDS analysis near boundary of cemented carbide tool and adhesion
(rake angle 0’, cutting speed 100 m/min)
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TEM image (HAADF image)

DLC coating

Adhesion

100

Mg

50

Distance (nm)

Fig. 3.11 EDS analysis near boundary of DLC-coated tool and adhesion
(rake angle 0, cutting speed 100 m/min)
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C-K absorption

TEM image (BF-STEM 1mage)
DLE coatmg J' i 5

. L
8 S —0
g G — 1:: :
E g A 2om +— |5nm
= / — 3nm

I — 4nm

I l ~—— 5nm

1 1 = 10nm

\ / = 15nm |

7
s

275 285 295 305 315

Energy loss (eV)

Fig.3.12  Chemical composition analysis by EELS near boundary of DLC
coating and adhesion (rake angle 0 cutting speed 100 m/min)

3332 BERFAYEVFILE
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TEOFWHER~NEES FEIZA RNy Z Y 7 L— F80nm/minTIT>» T\ 5. EHFH L
W TEORB CTHREBIRHEINT, BERE LRI E N S TEEEELTWVD
[X3.141%, BERES A YEL FLEZHAWTT <V A20° , YIAIEE 100m/minic T 7V
=Y AAAACB-TOH Y #9IH| L7-SE8 D TEDO T WEH EDOSEMEHE L EDS/HHT#E
HERt. EMOSEMEE L FMOEDSORTE~ v v 71X FEEFE TR CALEICS IS L
TW5. SEMEEMNLEFR S A YT FLE TR NEBRMEICOLBEEL TWDLOMN
bhd. EDSHITH b HEBBRMTICE T 2EEHOT VI =0 LS FEERELY
%%mummﬁ@twﬁw%®7wi:ﬁAﬁ#ELTwé:kﬁbwé.:@ﬁ@ﬁm
DT LBERFAAVEL NITEOBEMEBEREEZ DN,

[3.151%, ZOLRVWEOT VI =v L5 E S LICEEE T2, BT ZEDSHAT L 7cid
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RETT. BRI AYEL FLEOEAMTHLIa L bR REHSh R (KW
OO TIREBEBEDOR S THE TN =7 LRELKEH (NOOE) ST,
THRIZa L NIBEEREDESOFRREERH D LETEBL TS, BfEF 1 VE
v FLETHIEI L=BE1x, FAEBERMEICOZREEBERL, AP OHNTIET
TREOEAIZA OGNS bODOEEIZL T, HAEBRMEOREL, HEhsA¥
Ty FLEOAEERMEOMBICHBORESNIBEELTNDEDLEZLND.
i, FAENSEENTME CHEFSAMYEL FLEOa L MIZAONDT LI =

LIZTEEDOBOEEANRTHEL, RESERLEVWLDLEEILNS.

Measurement point AES analysis

Measurement point

Rake i\o,
face g
]
: =
~ [Cutting
edge
— Flank ! 7 i ; :
100um .. 0 50 100 150 200 250 300

Sputtering time (min)

Sputtering rate : 80nm/min

Fig 3.13  AES analysis gf adhered layer on sintered diamond tool
(rake angle 20, cutting speed 100m/min )
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SEM photograph of tool EDS analysis of aluminum

Rake face

Cutting edge

500 pm 500 um

Fig. 3.14 SEM and EDSo analyses of adhesion on sintered diamond tool
(rake angle 20, cutting speed 100 m/min)

Al Co

5% m

Analyzed
section A

Analyzed
section B

Fig. 3.15  EDS analysis gf sintered diamond cutting tool face
(rake angle 20, cutting speed 100 m/min)
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34 % E
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LIEEOMBIRE ERIZTRIEL TV 5.

4.2 “RTYIHNZI T 2 Wi IRl B X COLAAEE YR DR R
4.2.1 EBRFE L EZREE

W2ED231EHOK 224 R LT Y = — 3% AW ZIROTHIHI 2TV ke BlEl 3 L OF
AL ZEHEI OB ELBRFTH. HHIM, TR, BIUOEEHEN A7 ORBMEZKX 4.1
R, HEMOME R T VI =7 5584 AC2B-T6 tHHY TH L. (LFMIITE 2 ED
231 HOR 28 17T, {421, Wil YhAREBAIR L AL —E R
B AW HHIAT O A-A B (K 4.1) OWERRE 7T, WeEIHIC 7 #HIM O
HOFRIZERORE £ 2mm, iEHOEE 0.2mm TH 5. YIHEEE 1lmm & FELIHIEERE 2mm
ZYIAZ 0.1mm (2 THIEEEIHI 3 5. UHAZEBEIANC AW - HIM OB ORRIT, #
HOEX 2mm, EHOES 0.05mm TH 5. UIHIEEEE Imm Z485A %4 0.1mm, YDA FREE
2mm % YLAA 0.05mm (2 CELALEEYIAIT 5. UIAL—EMEOIET AR OhE 2
PiAA 0.lmm —EIZ CHEEGHIT 5. EREHFEEZR 41T, BELREZHVWTYS
VW00, SIHIEEFE 15m/min I THIHIT 5. BEEDOKE I, F2ED 23.1 HDK 2.26
R HIETHEEEEEIET S, BEERIIHEEIH, PHAZLBEIHIER L OUhAA
—EEBETE O NF BV T HELHIFEREA 13mm 35 X0 40mm LIAIRICRIET 5.

Cutting tool

. .. High speed camera
Cutting direction

.
N

Workpiece

Fig. 4.1 Schematic illustration of experimental setup
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Cutting method Schematic illustration of cross section
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Intermitted cutting <l (Cut portion) & &
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A 0 U\ Y 7
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cutting B a ‘g.
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Workpiece
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depth of cut cutting ( é’
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WW////////////////&
} 1
Workpiece

Fig. 4.2 Schematic illustration of cross section of workpiece
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Table 4.1 Test conditions

Work material Aluminum alloy equivalent to JIS AC2B-T6
Cutting tool material Cemented carbide tool

Cutting tool geometry Rake angle : 0° , Reliefangle : 7°
Cutting speed 15m/min

Width of cut 1.0mm

Intermittent cutting : 0.1mm .
Depth of cut Variable depth of cut cutting : 0.05mm / 0.1lmm
Continuous constant depth of cut cutting : 0.1mm

Quantity of oil mist supplied 20ml/h
Supply direction of mist Side of rake face
Cutting oil Synthetic ester

422 ERFERLEE
42.2.1 BEED A T LI BEEHELERRAOBE

43 1%, BETEZRAVWCTT WA 0° , BIHIEEE 15m/min (2 THrkLOIHI, B1AA
TENIN], UhAR —EEFKUHIZIToBEORBEEN A TIZL DBEEERRROETR
27T, BEO FTIZHEEERRREZBE LTS T5-00EXKE~T. EBROE
BIIWimOIE], P EEO BEEIIULAA LB, TBOBEEIIULAL — EER A2~ .
A0 BTEITEDHIESE 2mm {435, PROGEIEGHIERE 13mm i, ZROEE
(L VM BERE 38mm R T OEE AR & T, WEEIINI 0841, Y1 ZERE 2mm
R LT Bmm RO WTRICE W THEEDOERIIBRE IR, UhAAEBUIH
B X OYLAR - EEEDHITIE, WIS b ECHIERE 2mm (HF 2 THEE O AR
BEshs. WsElt, YHALLEYHIR L OUHAAR—EEFRYIHNIC LS TEENE
RRBREAE E TOREBEN R, BEDOAMBMBIFYNEL 2> T 5.

Wit OIHl OB AL, FELHIERE Smm (TU7F Tix, TEIEIEEHY b IECIHEICBIT
THLXIZGVLTEHWL, KB LY FRLEOFT VI, OBER L. £
HIBEEE Smm FHEURETIE, IO K FIIERY TEOF S VELLHR L2 RD. 2
NIZEBENRER LD TN B LHEEIND. YLAARZEYIHITIE, T < FESRS
EE#TH57-OUAL—EEBRIANZLESTY O S TR LT <R >TSS, YIidR
ORI E, BEREISBEBL TV D I EMHBREIND.
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Actual

cutting 38mm 13mm 2mm
distance
0.2mm 0.2mm
Intermittent
cutting Adhesion No adhesion No adhesion
Tool Tool > Tool -
Chip Chip Chip
]
) _ {0.04mm . .
Workpiece — > Workpiece Workpiece
0.2mm
e 0.2mm 0.2mm
Variable
depth of BT L T
€s10 i
cut Chip " Adhesion b
cutting
Chip
Tool Tool
e
Workpiece |10.08mm||| Workpiece _|[0.05mnl|| Workpiece
0.2mm 0.2mm 0.2mm
Continuous
constant
depth of Adhesion Adhesion
cut cutting
Chip
' Tool Tool Chip Tool
Chip
— ] ]
Workpiece " 0.0Smnlp Workpiece ||0, ogmql]1 Workpiece . 0.02

Fig. 4.3 Formation of adhesion on cemented carbide tool (rake angle 0
cutting speed 15m/min , depth of cut 0.1mm)
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4222 TEOT VWEHLEOBEROBEB L UEEEROES

X 4.4, X4.5138ETLEZANTTWA0 , SIHEREE 15m/min (2 THIGELIHI, Y]
ABLEEYE, X OUhAA—EBGEYIHI 21T > 2546 O EUHIERE 13mm & 40mm T
DITEDOTL VWA LOBEEHMEAEEB L OEEREOHEB 2 RT. EOHIEM 40mm

TIRYHA R — EHEGEIH 21T > - B A OEEEEIL 0.49mm” TH 5. ZHICK L, Wikt
@W%ﬁot%é®%E@%@QMMf,@ﬁﬁ%ﬁﬂm%ﬁot%é®%%ﬁﬁ@
032mm’> THh 5. YhAA—EHEFEYIHIZIT o HHA T, BRHITiEH 70%, 8
ABEBEIH) T 35% DIEFEBORD N A LS. ECHIEERE 13mm TIiL, Kiket)
HIZITo /AR TROT S VWE EOBEFERIZEALBEINRY. THIE, Hikitldl
TILIEEIHEER 2mm ORI TEOT S VWEMA I X MILVEBESN D Z & TEEGRHEN
BKFL, WEOEKBHE COEBPREL, BEOREBIVHRORBEVPES RS D
DEEZLND.

Actual cutting
distance 13mm 40mm
y Rake
Intermittent
. face
cutting
~ Cutting
* Cutting width (1mm) * Cutting width (Imm) “=  edge
Variable depth of Rake
cut cutting face
e .| Cutting
Cutting width (1mm) edge
Continuous Rake
constantdepth of face
cut cutting
——— . ' Cutting
utting width (1mm) = Cutting width (1mm) * edge

Fig 4.4 Optical photographs of adhered layer on cemented carbide tool
(rake angle 0, cutting speed 15m/min)
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Intermittent cutting

Cutting | Variable depth of o
method | cut cutting @ -
0.6
Continuous constant
0.5 depth of cut cutting D 3y
(‘lg /
E 04
3 L~
= 03 A D
e 03— 11T 7 [
s ! | | AL
S oo l— | e 7///
5 Y ,@V .
< Py / ............. AN
o /'/ 55 S R e
0 baz ]

Actual cutting distance (mm)

Fig. 4.5 Relationship between actual cutting distance and adhesion area

(rake face ', cutting speed 15m/min)

4223 TEDOT WEH EOEHEEFRK L EETHEOBR

#421F, BETEZAVTT WA 0, SIHGERE 15m/min (2 THIRLOIHI, A A
ZEIIEI, B & OYLAL — EEFEEIH] 21T - 7= 56 © ELH|BEBE 13mm & 40mm TOY]
HIHEHLS L OUIAHER A S EH LT EOT S WE & 810 < 37 L O BEREARZ R~ T.

M 4612, TREOTLVE EOPHBEFRE L BEEEROBGREZ R, FHEERK
203 UTTHRITHEBITIZE A LERTT, FHEEEEN 0.4 LLETHIVTEEN
AT A, ATE BN TO EDEIES 3mm OHETHY, BEEIFELLTIRD
FVEERV LK FTLOBMTEL D, BFIZWFELE TOEDHIFERE 40mm, YHIAARL
EYIH| T OELYIEERE 13mm 35 X O 40mm, 72 H ONZE)A A — EH KT EIH] T 0 ELTHIE
B 13mm B L0 40mm OFETH Y, BEIFEETREGE VST LOMTEIZALT
WHEEZOLND.
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Table 4.2 Measured forces and nominal coefficient of friction
(rake angle 0, cutting speed 15m/min)

Actual cutting 13mm 40mm
distance
o Measured forces Nominal Measured forces Nominal
uttin : ;
methoﬁ Tangential | Thrust g?effii;zﬁt Tangential | Thrust f)?effﬁct;zﬁt
force (N) | force (N) force (N) | force (N)
Intermittent cutting 34 11 0.32 35 18 0.51
Variable depth of 56 31 0.55 70 36 0.51
cut cutting
Continuous constant
depth of cut cutting 133 60 0.45 85 44 0.52
Actual cutting distance
Cutting method
13mm 40mm
Intermittent cutting AN 2\
Variable depth of .
0.6 [ | Cut cutting @ @
Continuous constant a7
S
0 depth of cut cutting & ® hd
g
£ 04
S <
£ 03
=
i)
g 0.2 dag
=
2 AQ
O- 1 w
0.0 25
0 0.1 0.2 0.3 0.4 0.5 0.6

Fig. 4.6

Norminal coefficient of friction

(rake angle 0, cutting speed 15m/min)
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4.3 RBITMITITEBT B AT v 720 8IHIE X CEIEEE D8
43.1 ERFGEL EZEREMH

ERIKROLETEZK 4.7 IR T. S ¢ 14mm, R LCHA 307 , LA 130° OFE
FERYALZRANTRE ¢ l4mm, SRS 15mm ORHITMTEITY, AT > 7% D LIH|
BILOUHEEOEELRAT S, HAMETER, GHED AT OREBRKAZK 4.8 127
T, GIHIREURKREBOIEIEB AR (X7 —9257B) THIET 5S. #HHIM OMEIT
TNAI=T LEE ACB-T6 S THY, (LFHRDITHE 2 ED 231 HOK 2.8 ITRT.
SAMIT Y=L A OTEHASBL ORI AATHERBEL TN AOHEICK
ahs.

ERFGER4IITT. AT v TEVGENE R Y L EZTES HFMIZ 0.2mm %5 Z &
12 0.1 BB 0.005mm/rev DK%Y &35, K49 XA T v 7k GIHICI 1T % OTHIS&M+
[S- 1] OMTRM & RIES FHEMOBIGRE LR, fb), —E% OEILARES
FEDORYALOEYIF—ETHD. —E®Y CHNIEIHIHEE 100m/ min & [C- 1],
B EE 230m/ min @ [C - 2], B L OUIHIEE 300m/ min ® [C-3] D3EHETHD.
—EX Y GIHI O 3 &, B0 OgIEIEY 1X 455mm/min TRILTHD. AT v 7
EYOEEL, [C-1] & [S-1] THRHTD. UIHEHREOREIL, [C-1] & [C-2]
& [C-3] THRETS.

410 IFEEDORE SOBREFEEZRT. TEOT L VWEBLORTE EOBEET %
E AT 7 b (Win Roof) ZHWTHEEHERBEZEHL TWD. ¥ <VmEIZEL THE
TEOT L VWE FEOBEBOALZRELTWS. i, HFEIZBEL T, TEXTHE
FoBESLESDTERTR AN OCBEINDIBEETOETEREL TS,

High speed
camera

Fig. 4.7 Photograph of experimental Fig. 4.8 Schematic illustration of
setup experimental setup
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Table 4.3 Test conditions

Work material

Aluminum alloy equivalent to JIS AC2B-T6

Cutting tool

Drill

Cutting tool material

Cemented carbide

Cutting tool geometry

Diameter: ¢ 14, Point angle: 130° ,
Helix angle: 30°

Hole diameter, hole depth ¢ 14, 15mm
Step-feed S V=100m/min, f=0.2mm/rev (0.2mm)
cutting [S-1] &V=100m/min, =0.005mm/rev (0.1sec)
Cutting [C-1] V=100m/min, f=0.2mm/rev
method Constant-feed
cutting [C-2] V=230m/min, f=0.087mm/rev
[C-3] V=300m/min, {=0.067mm/rev

Quantity of mist supplied

Sml/h

Cutting oil

Synthetic ester

15.00
14.86

14.84

((
)

Hole depth (mm)

0.44

0.42

0.22
0.20

0.1sec

”

0.1sec

\

0 0.026 0.126

8.78

Cutting time (sec)

Fig. 4.9 Relationship between cutting time and hole depth in step-feed cutting
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Adhesion on tool Calculation of colored area

Identification of
adhesion color

Flank face
Identification of
Rake face adhesion color

Fig. 4.10 Adhesion area on tool
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9, AT v FEVYEIOFE L - EX VI [C-1] L X7 vy 7%V YAl [S - 1]
CTRET S, —EXEVYIE [C-1] KTRHIMILESEEE, FUYAGRIOFL
AT OT < WE EBIORTE EO@m T S FotERBEENS. < VEL
DOEFHRIT, ShARLBICESTORANEROF BB LTS, TR YL
SERBOH A R Y AL TYEEE R w2 B LND. i), AT v

EVE [S-1] TRTMIL L% , BIABERmA o+ < WE BB LT |
WChTIOBREDERN L OND. EERBEIT -EEDEIH [C- 1] IZHATRIEIC
BALTWD.

Iz, GIHEE D& é?%r[c -1]1 & [C-2] & [C-3)icTEtd 2. BIHDEEE 230m/min
» [C-2] KW TRHIMTLAEEAEE, GIHIEE 100m/min @ [C- 1] ICTRHIFML
LB A bR TR FHBLEEOE Y < FHEB LT EO T Wl EOE A mEE
ﬁﬁ&bfﬁé.@%EEN%W@@[C%]KT%%HWILK%@@,T<wﬁ
FoEEERIIYINEEE 230m/min @ [C-2] K TASITMILZHBEICHEITE LI
ﬁwawéﬁ,%ﬁﬁh@%%ﬁ%ﬁ[cw]ﬁ;UECJ]urﬁ@wmibt%
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Step-feed cutting

Constant-feed cutting

Cutting
method [S-1] [C-1]
Cutting speed (m/min) 100 100
Feed rate (mm/rev) 0.2 & 0.005 0.2

w,v

Flank face
2mm
Rake face
2mm 2mm
Cutting Constant-feed cutting Constant-feed cutting
method [C_z] [C_3]
Cutting speed (m/min) 230 300
Feed rate (mm/rev) 0.087 0.067
Flank face
Rake face

2mm

Fig. 4.11  Optical photographs of adhered layer on cemented carbide tool
(hole depth 15mm, quantity of mist supplied Sml/h).
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4322 TEOTLVWEERTEICKIT 2B EEH

X 4.12, M 4.13 1%, A7 » 7E0EHI[S - 1], BLO—EF Y UIHI [C - 1], [C-2],
[C-3] ICTRBIMLULBEOYHIEE  TET S WE EoEFRE S ORMER, 2
SUNCYIHGEE & THEGTE FoBEGERE L OBRKRERT. X7 v &0 EHl [S-1]
CTRHITIMLT LSS, —EEVEH [C-1] KTRHITIMLLHEITHAT,
TEOF W FOBEEEHET 6.5mm> 75 1.4mm’ ~F7 80%i8A LT 5. LERKT
fi E OV EEEL 2.6mm” 505 0.6mm> ~ 90% B LTWAH. Zhk, AT v TEY
EIHI [S- 1] I TARBITMIT LGEE, EFEY FIC FYADHENR I X ML) EE
END L TEBFEEMET L, BEOEMSIRIEND LEZAOND. FT, KXY
I S TRpMEnsZ Lok, B0 < FToHEERR ET LD LEILND.
27y TRV Y TOEEY F oI 2 MIEDTEAE~OMEZRIE, RITUIHNZ
B DEHEOEICOIRAMIL D LARNE~OMBHREFKEEAOND.
—EXVEHE [C-1], [C-2], [C-3]] KTROBIMILEHEDOT W LOE
&R ITOIH R E S AT A ICEWED LT aD. Zhik, F2ED 2222HDK 2.14
TO2RTEN EEEORKRTHY, FIAMTIZBWTH T WiE EOBEEFIZEALT
TOIHBEEZ BT D 2 EBEEOMBICHR S D LR s. )y, RFmICEL
T, [C-2] KTROITFMTLEREE [C-1] KTRHIFMLLEZLARICHTE
BEEBEIIBD L T0BA, [C-3] ILTROIMILEEEIF [C-1] ICTRHITMI
LB lc bR CIEEmEIIH R L TWA. ZHiE, [C-3] TRBIMILEBET
MIFICORVIEBREAL TWAEOTHDE. DRV EFBREETLE, FIro®k
Filg & BN A BN S Z LI X KT R EOBRERESERTHLOLHEEL TV 5.

rg 10 Cutting speed (m/min) | 100 | 230 | 300
E
5 8 Constant-feed cutting | -O- | @ | &
Q
=]
E ¢ [C-1] Q. Step-feed cutting e | —| —
]
E ) \ [C-2]
. .
s
C-3
g 2 s
B [S-1]1 D
5
< 0
0 100 200 300 400

Cutting speed (m/min)

Fig. 4.12 Relationship between cutting speed and adhesion area on rake
face (hole depth 15mm, quantity of mist supplied Smi/h)
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Cutting speed (m/min) | 100 | 230 | 300

Constant-feed cutting | -/x- | -&- | -&-

Ng 10 Step-feed cutting A | — | —
3 8
&
- A [C-3]
§ 6 .
= /'
: /
§ 4 I'I,
& [C-1] /
5 2 A~~_ ~~~~~ /,
£ [S-1] $ T4 [C2
< 0
0 100 200 300 400

Cutting speed (m/min)

Fig. 4.13  Relationship between cutting speed and adhesion area on flank
face (hole depth 15Smm, quantity of mist supplied Sml/h)
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[C-1] ICTRAEITFMLLEERIE, VL FOREIIFTIREL, MLLERDNEZ
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Thrust

I | I
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Constant-feed cutting

Constant-feed cutting

Constant-feed cutting

Cutting

method [C-1]
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Cutting
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Thrust

‘~.‘Aﬁ'\* g

>

Thrust
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0 1 2
Cutting time (sec)

Cutting time (sec)

0 1 2
Cutting time (sec)

Fig. 4.14 Cutting torque and thrust diagrams in step-feed cutting and
constant-feed cutting (hole depth 1Smm, quantity of mist

supplied Sml/h)
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Step-feed cutting

Constant-feed cutting

Cutting
method [S-1] [C-1]
Cutting speed (m/min) 100 100
Feed rate (mm/rev) 0.2 0.2
2mm
2mm
Chip discharge
Tool
Tool
Chip
Chip
Workpiece Workpiece
Cutfing Constant-feed cutting Constant-feed cutting
method [C-2] [C-3]
Cutting speed (m/min) 230 300
Feed rate (mm/rev) 0.087 0.067

2mm

4\

2mm

Chip discharge
Tool Tool
Chip Chip
Workpiece Workpiece
Fig. 4.15 Formation of chip discharge (cutting hole depth 2.5mm, quantity of

mist supplied Sml/h)
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Table 5.1 Specifications of gear

Module 2.43 Outside diameter 210.5
Pressure angle 20°30° Whole deptht 6.197
Number of teeth 74 Face width 33
Helix angle 28° (RH) Material SCr420
Table 5.2 Specifications of hob
Module 2.4 Outside diameter ¢ 93
Pressure angle 20° Number of gash 16
Lead angle 631’ (RH) Number of thread 4
. High speed steel equivalent to SKHS5 with TiAIN coated
Material
on flank face
Table 5.3 Cutting conditions
. 100, 150, . ) Dry,
Cutting speed 200 m/min Cutting oil Wet (non-water-soluble)
3.0 mm/rev . . Kashifuji
Feed rate climb hobbing Hobbing machine KH250H
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Flank face
A
Geometry
of teeth
before use
/ "~
Rake face A-A cross section
Flank faceA Width of flank wear
[ le.
Geometry
of teeth Crater depth
after use —
Rake face A-A cross section

Fig. 5.1 Geometry of teeth before and after use and position of hob
wear measurement

Chip generation

\a/

Hob cutting face Surface in contact with
cutting face

Fig. 5.2 Schematic illustration of chip generation on hob cutting face
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5212 ERFERLEER
52.1.2.1 TRHEFRIIBIIETUHIEEOER
EIHEBE A KT R I B JIETREBAK 5.3 10, YHIEERZ L—FEI B X
BEEAK 5.4 20T, RIFREERE, vy MIZLBIURRFIZAMIE HICHIHI
WEORBLZZ T TIZE-ETHDH. BREEIL, V=y MILIZEWT 0.06mm~0.07mm
THDHDOIK L FTZA ML T 0.09mm TH O WFbFER ERMBERG. ZhidkTm
IZH L7z TIAIN =2 —F ¢ > Z ST EE, TR BN TV D70, YIRNEEORZE
PWhEWEEZOND., ZHWKEHL, ZL—FESEV2y MIMITBIRRZFAMT &
HICYIHEE OSMCENEMLTWS. FIAMITE Y =y MNTICHRTZ b—
SRS AP S S BIEEE I T 28MEIG /S0, PIAEE 100m/min TE 7 L—4
FEEEY =y MITIZET 2 0.07Tmm (X LT, KIAMLTIE 0.02mm TH 5. GIH|
B 150m/min T L—FEX IV vy PMTICENT019mm (IZXH LT, FIA ML
TiE 0.0dmm TH Y, GHIEENFEWIFR Y=y MIILE FTAMTIZRBTL7 L—4
BEDENPKEL oo TWD. E£72, FIAMLTIIUENEE 200m/min THZ L—X
EEMN0.14mm TH Y, v = v MNTIZH T HEIHIEE 150m/min O L—F RS IV G
PMEL TV S,

X 5.5, PIHDEE 100m/min & 150m/min TO U x v ML E R A MTIZEBITHE
TOTL VHBREKOGTE, BLIOKRTOTVEABERBOKERRKRERT. v=v b
MLTIZZ L—FEENVKEL, AEIPSOTL WVEHEBEMEENILLS, 10T Lo
fERE b RVWEEBZXOND. FTOT VEHERTFRALZBE TS L,V y ML TR
PO PICEIBBESALNAOICK L, FIAMITIEIREMROEIZAR > TS,
g0 < FEEERS L OFMRE & Hic, SIEEE 150m/min @ 5 23 GIHDEE 100m/min (2
ERTHEFCZOODATWS., Uy MITTALNDSEEREIZ, 19 <FHF O
FEBRETABICRELEZLOTHD, OIS FTLARTOFWEAEEEML TWD
ZLERLTVWA. —F, RIAMILTHONAZFHEHKEITERENRAONRQNT &2
5, 10 PFLIKVEIEEZEML TELT, U0 FEF < VEOMICHTEDDE
FELTWHEHEFEZND.

X 5.6 1%, YIEIEE 100m/min 3 X OV 150m/min TOY =z v MIT & FZ A MIIZE T
BHRTOT VEEEMLTWAROL Y S FRAEEELZTRT. NI MLIZENTiE
PO PFIRIFALK BRIV Uz MITIZHRTEUHRRERNG WL HESNLD.
G FoH—NERIE, FIAMAMILOFR Y=y MITOBELY /S F <0
COMEMBEEESE Y. L, K55 1CT, RTOTVEBESORNENSOT W
AN & RIS LTV D
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Width of flank wear (mm)

Fig. 5.3

Crater depth (mm)

Fig.

0.3

0.2

0.1

---- Wet cutting
—I:l— Dry cutting

I ]
_______ 1]

50 100

150 200

Cutting Speed (m/min)

Relationship between cutting speed and width of flank wear
(feed rate 3.0 mm/rev, no shift, cutting length 60.8 m)

0.3

0.2

0.1

Wet cutting

Dry cutting

/E]

50 100

150

Cutting speed (m/min)
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5.4 Relationship between cutting speed and crater depth
(feed rate 3.0 mm/rev, no shift, cutting length 60.8 m)
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Cutting speed 100 m/min 150 m/min
Rake face AN ) Rake face B
Cross section Cross section
A 0.07 B 0.19

g
E
1 [

Imm

|

Wet cutting /
g £
E E]
[ -
c-C D-B
Rake face cross section | AKe face cross section
C 0.02 D 0.04
—>e— T
Dry cutting

1lmm
1

0.1lmm

Fig. 5.5 Photographs of hob rake face wear and cross section of rake face wear
(feed rate 3.0 mm/rev, no shift, cutting length 60.8 m)
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Cutting speed 100 m/min 150 m/min
Wet cutting
Ilmm
(I
Dry cutting
Imm
(-

Fig. 5.6 Photograph of chip surface (feed rate 3.0 mm/rev, no shift, cutting
length 60.8 m)
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M 5.7 1%, YIEIEE 150m/min B3 A Uz y MITE FIAMIIKBITEHETOT
S WHEHERTOWE SEM ERZ7 Y. FIAMITRT VEEBROREIZEEN O
FERHZELND. K SS5ERITI T VHEBESORBRREITEENOMNELZEZD
ha. BEEWMD EPMA 4T Tid Fe, Si, Mn, Cr ARE SN TEY, BV FHABRELT
WALDEEZOND. Y=y MILTTIREEDIIBEINR»o T,

581k, Yy MITE RTIAMLTOYHELEE 150m/min [ZHBT 580 < FDX
EEELWEEEELTT. FIAMILTELNZY Y S FWHEICIE, 70T WEE
BERBICAONEEEYSBE SN, UV y MITOHEIX, 703 WEBERER L
R < PICHBEEWIBE SN 2o, BEWORETOHIBREICERELTWS
LEEINS.

UFDBERKREIY, FIAMITIE, S70TWVWEEEY K FORT L OB
CAERSNEBEDRSTOT VEEREL, T WEERORELER X UHEZ I
LTWAEEZOND., —F, Vzy MILTRATOT WVEICEEDITAEKRL TE
59, T VEHEBRORERB LUOREOMFENIIA ORI o7. K 54 1TFT LI,
Uy MITTRTSVEOUABENREL RHZLICLV 7 L—FERINKEIRD
DXL, FIAMIITBOTIEZOEGEE 150m/min (ZBWTHEEMICL ST V@
DEENEDNANERAT D LTI V—FBEIOEMBDRNEEZBND.

Wet cutting Dry cutting

Adhesion

10um 10um
[ I | | S
Hob
Hob Rake face Rake face

Fig. 5.7 SEM photographs of cross section of hob rake face wear (cutting speed
150 m/min, feed rate 3.0 mm/rev, no shift, cutting length 60.8 m)
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Chip surface in contact
with tool

Cross section of chip

Wet cutting

A-A
cross section

No adhesion

20um

Dry cutting

B-B
cross section

Adhesion

Fig. 5.8 Chip surface and cross section of chip (cutting speed 150 m/min,
feed rate 3.0 mm/rev, no shift, cutting length 60.8 m)
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522 MIEE LDV < FEFICE XTI < FEKBR
5221 ERFELEREH

ERICAW-EWHEDOELER 54 (R T. HHIEEIZES 2 —/L 245, ME SCrd20
DHBBEHAEETHS. RTOHETER 55T, FTOMEIXSKHS YDV Y v
RERZTTHY, BTEDHIZ TIAIN 2—F 4 7 Z2HEL TV 5. BIAIZRBEEER 5.6 II7
. BIHIEEL I 115m/min TV X 1.émm/rev TH 5. M T E L0V < FEEH 2%
BB L D REEE L MEBRIZL > TITo -,

Table 5.4  Specifications of gear

Module 245 Outsidediameter 159.55
Pressure angle 15° Whole depth 8.924
Number of teeth 51 Face width 20
Helix angle 34° (RH) Material SCr420

Table 5.5  Specifications of hob

Module 2.45 Outside diameter o 98
Pressure angle 15° Number of gash 12
Lead angle 319’ (RH) Number of thread 4
Material High speed steel equivalent to SKHS55 with TiAIN coated
ateria on flank face
Table 5.6 Cutting condition
Cutting speed 115 m/min Cutting oil Dry
1.6 mm/rev . . Kashifuji
Feed rate Climb hobbing Hobbing machine K200
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5222 ERFERLEER
5.2.2.2.1 1V < TEERMOBE

¥ 5.9 M THE O < TBEFOTEELRT. WED L —Y > 7O Tt
FICHETEHMICR T FRBEL TS, X 510 (&, HEMTHEE Loy
K TEBEROREIANEEWRTELZRT. K 510 DEROFHEIL, K 59 O AR
DIRBEETHD. K 510 DERIOEEE, K 510 DE[IOEED B-B K52 THh
5. X059, K 510 L0, BHROEBIZEEON LRE L) < FRBEBELTND
HATHDHILNHERTE S, ZOBEIR, HEO2HEHE CHR USINICHAIE L B4
LTWBZ EnG, Y10 TOLEREE, Thbbr7onAETOEY < FARME
FOMBETOYY S TRREBEFEIHDLEEZLND.

Tooth tip
K

-+ Direction of hob feed

Tooth bottom

Chip adhesion Section A Leading side  Trailing side

Fig. 5.9 Photograph of chip adhesion on tooth surface
(cutting speed 115m/min, feed rate 1.6mm/rev)

Magnified view of adhesion in section A (Fig. 5.9) B-B cross section

Chip adhesion

Fig. 5.10 Surface and cross section of chip adhesion on tooth surface
(cutting speed 115 m/min, feed rate 1.6 mm/rev)

93



52222 YIS TEEORLERE

o TOBENHEICIVWERICEEL TWDZ Enb, R7E0 BMEMRNE
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L. G910 < PARRREBOMBITRERZX 511177, I S FRERSNDEEE KT
DWW L EEEEOEEOMETH LD LTS, YHIBRED A S TIREIY < T3k 7
D hL—Y RN LAERSN, RICETHAEDPORET S, SIHKTOB KTIEY —
F 4T OHRE D S FRERIND.

€ 5.12 1%, GIEIBAMG LYIRIE T £ Tod ) < TARRD & AR ARBZHE L
AR AT, GHIBRERC T R L—Y U 7L LE D K TREKR LD S, o)
D <FIx, YIEPEEOEEODHI TRESRET S, UHK TR ML —) 70l
TIRYY S PRERESNT, V=T 4 v Z7HlNP6OHEY S FHRAERSND. ZHhiZX
D, EIEE TERCY —F ¢ V7N AR INZEY < TGRSO FL—Y > 7
N SERENZNVL T2 L=V I Hloft EFEmiciiT a2 Licky, BE
MEETHLEOEHEL TS, K 513 12X, YIHHE TRICR T 5 EBRICHEA LY
WSTLHBEDEREL T

Coordinates of the hob teeth geometry

Leading side
Trailing side

Tooth width

Region of chip generation

Fig. 5.11 Analysis of chip geometry
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Front view Side view
Hob
Leading Trailing
side side
Start of cutting
Hob
Leading Trailing
During cutting | side side
process
Hob
Leading Trailing
side side
End of cutting
Chip adhesion

Fig. 5.12
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Schematic illustration of adhesion generation mechanism




Chip

Tooth tip |
Leading side

Trailing side

Chip adhesion between chip
and tooth surface

Tooth bottom

Fig. 5.13 Photograph of chip and gear tooth at end of cutting
(cutting speed 115 m/min, feed rate 1.6 mm/rev)

5.2.2.2.3 G119 < THEE O RAEKE ORI

IMTEE LD Y < FEBEORAMEEZRIET 2720, YHIKTIROY —FT 107
N0 K FRAZEIELIFRTUVEZRFT L. T2bb, 5.14 I[ZRTR
Ty NMAZEETHI LICLY, 90 PEBRRRAE(T S, BREMIZIE, A7
v NAZE 27 SUND 29" SUAEELE LX) < FRRMTHEER (K 5.15) 68
LKL, ATy Mg 27 SUTIE, WHIKTERICY —F 4 7R INLHEALT
WEBID K FRRT 2y bA 297 5T, UIHIKR TRFICY —F 4 7RI BRI E A
ERAELTWRWZ EDRbnb.

R7Ey FA29 SUICTHRTEY LEZAOMIHEETFELZKX 5.16 1277, A7k
v M 27 ST R L—Y U ZRIOBWIEATIRICEI D K FEENRBEEL T (K
5.9), KT Ey M2 SUTIRE Y  TEESRAELTE LT, BEORAREOERE
BDELWEEZLNRD.

Gear Q_ _5

/\ ///////
//// /’//, T Hob setting angle

e
...... u .\.
- \
\ Direction of hob feed
Hob

Fig. 5.14 Hob setting angle
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Coordinates of the hob teeth geometry

Leading side
Trailing side

Tooth width

Region of chip generation Hob-cutting edge

Fig. 5.15  Analysis of chip geometry after change of hob setting angle

<—— Direction of hob feed Tooth tip

Tooth bottom

Trailing side

No adhesion Leading side

Fig. 5.16 Photograph of no adhesion on tooth surface after change of hob
setting angle (cutting speed 115 m/min, feed rate 1.6 mm/rev)
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O (K 5.17) TERATHIFEHMVSTREI=(CyFHLETORTEET LYY
<THE) /(EyTFHEETOMOEERR) 2525 o< FREFERLZE Yy FHL
WIOME Liz0ix, MILfhETHRET LY T4, HEMETRERET DU ST
HB U CHERE, BEREICRETIEEXLILICLD. YU S THEIZ, 910 < TR
M7a77 58T TRILUVSTESOBTEETS.

GO THED LT E 20 bTHEL L THELBRE=56,X/EY2—1E2EZ 2.
B 5.18 1%, LR (HL/eva—) BREVWER LN SVWESOHEEEXK %2R
1. EXRELAREVZEEERRITHEELS, WHZEOY S FRJrH I IS
YEZLND. KR, BXEE /ey a—n) BAAEWIEEHEBRIKITIE L &L
720, GO FRPHEINRTIRDEEZDNS.

WA, BLOEyFHEETOMTRET 2 EHMI S TRINE LS FHE M
WTC, FIAMITTOEY K TEEREOAELBRG Lz., ERICH IR
T2/ 1.75~2.5, EHA 15 ~20° , ME SCra20 DEEBNEHEETHS. UIHIK
I U EE 100~150m/min, %Y 2.0~3.0mm/rev TH 5. &7 IIHE SKHSS HHE D Y
Uy FETT, "7 VEKEI—T 0 V7B KTEHOARIZ TIAIN 2—F 4 7
LTS,

Tooth tip

e f— .
bt et
£ - —

Pitch circle

Area between pitch circle

and bottom
Tooth bottom

Fig. 5.17 Region for calculation of chip generation volume
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Gears with large whole depth coefficient Gears with small whole depth coefficient

Tooth tip
Tooth tip

S~

“ e | N . )
Pitch circle - ~ Pitch circle

Gear

Tooth bottom Tooth bottom

Fig. 5.18 Schematic illustration of gears with large and small whole
depth coefficients (whole depth /module)
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T K&V, BEAERAERSARIC L ARICHERIHES Z ENbD. WREY
FEMTROOSTERENSEEL, EFTRAITEYY S FEFIRELRY. Thbb,
BOLREDAREVIESIE, FHWY CTREIN/DS L RITIEEI0 S FRESREEL,
LR EWFEIE, FHMICTREEARELL THLEUI LS FTEFEIRELRNE
Livbnb,

3 0.4 Chip adhesion ®
E:; No chip adhesion - | O
0T 03
n O
B Sl
F: NN
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2= Seo
28 @ (@) O~~~
= & E 0.1 N 1
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38 g e
522
<22 0
2.0 3.0 4.0
Whole depth coefficient

Fig. 5.19  Effect of whole depth coefficient and average chip thickness
on chip adhesion generation
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M523 135220V HERLEREEOZEVEROEARZRT. OZEVEREDOE
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Ly b B. N PRAZONMESRTHSE ARDEMEE X, T5L, U 7HR
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Feed direction

B ———
Cutting tool

Chuck Second /
rotation
S 4
A
First
 rotation
* 7| Chip thickness T
is zero.

Workpiece

Vibration waveforms

Fig. 520  Schematic illustration showing chip fragmentation in vibratory
cutting with oscillations in feed direction

Feed direction

b

< Cutting tool
|

Second rotation . First rotation

Cycle: T

Amplitude of vibration : f,

Feed : f

Fig. 5.21 Locus chart of cutting edge in vibratory cutting with sine
wave oscillations
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Feed direction

Cutting tool
| / g

(

i
-

Second rotation \ First rotation

Cycle: T

Amplitude of vibration : f,

Feed : f

Fig. 5.22 Locus chart of cutting edge in vibratory cutting with sawtoooth
wave oscillations
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Fig. 5.23 Schematic illustration of sawtooth waveforms
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Locus chart of cutting edge in vibratory cutting with imperfect

Fig. 5.24
sawtooth wave oscillations
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Fig. 5.25 Schematic illustration of tool holder for vibratory cutting
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532 EBRFEL EREMH

KRR OEHRTHER 5.26 1, HARZR 5.27 IR T. HHIMIZIME ¢ 150mm O
ME ThABEEZ AL 0.5mm (2 THEHIT 2. #HIM O EIXE LS JIS
SAPH440 TH 5. {LFM &2 &K 571, ERFHF LRSS I RT. AT EiZ 7 — X R0.8
TEE7Vv—TOBETEZMNTWS. YIHEEIL 226m/min TH 0 GIHIH % H e
WRZAMLETH 5.

T, OZTVBRERK 083 OAFZELD Z Y FERER O TREEA 21TV, BE%
BEY K FTREICBIETEELZRHATS. KIZ, TREDZEVEEEZ BV TESY)
HIZIT, FREDIETVRBICBITZ20 I 0 BIRGEEAMTA LB SIcBs XIET
HBIOWTHRET S, &6I2, B#2 LYHI, EREESIOTEL2OZEVERE
AW TOREBIYIHIAM LA ERA ST JIETEBIC O VW TRHT 5.

. Tool holder . Vibration generator

: Workpiece |

Fig. 5.26 Photograph of experimental setup

Piezoelectric element

Feed direction

Chuck «— B
2l

................. Vibration direction

S
¢ 150

Workpiece

Fig. 5.27 Schematic illustration of experimental setup
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Table 5.7 Composition of workpiece, wt%

Mn

P S Al Fe

0.15 0.01

0.7

0.013 0.007 | 0.02-0.05 | balance

Table 5.8 Test conditions

Work material

Hot-rolled sheet steel equivalent to JIS SAPH440

Material Cemented carbide tool
Cutting tool
Geometry Insert shape: CNMG120408
Cutting speed 226m/min
Cutting Spindle speed 480min”'
condition
Feed rate 0.lmm/rev
Denth of cut 0.5mm
Cutting oil Dry
Vibration waveform Imperfect sawtooth waveform | Sine wave waveform
Vibrating Amplitude 0.11mm 0.11mm
conditions | prequency 0 ~20Hz 20 Hz
Form factor of sawtooth 0.83. 0.80. 0.75 -
waveforms
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B 5.30 (XHRE 22 LYIH), ©Z &0 BREE 0.83 ORFEED Z XV WEE L UERE
xR CESUAIZTo2HE6 M T4 EEmf S 22 o IcEmt b S 2579, ©
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Fig. 5.28 Relationship between vibration frequency and chip length
(cutting speed 226m/min, depth of cut 0.5mm)
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15 @ | Experimental value |
g O | Theoretical value
=3
g 10
2 @
Q
£ o
o0
g s
. O
g e o
3
5]

0 _SF
0.7 0.8 0.9

Form factor of sawtooth waveforms «

Fig. 5.29 Relationship between form factor of sawtooth waveforms and surface
roughness (cutting speed 226m/min, depth of cut 0.5mm)
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Fig. 5.30 Relationship between vibration waveforms and surface roughness
(cutting speed 226m/min, depth of cut 0.5mm)
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