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BEOBE/IOHWM S, TV =y L5 BBEEERFATEREICHEHAIN, i,
MORHFETHERIEREZ L. MEEEEBEOTTL 5 I v 7S EFIF L-BS
bz, &4t BOBEEZOMEREL D bBBEIED LI ED S, T =T LEBEEM
BTy LAMHOBhTROESDHELA LD LS ELTVS. B, ROEEINT
WEILYYVOMERIAE2 0 AEY EEbTHY, B2 M AEEBOHS%ICH
ELTW5. EAftick aHEER LK, SSLRAERBDHMPRATNATHWS. 20
f, HEIHEELZ I LD E L TELOEAFIGRONEY ~% . HiC, #iEwmtr 525
v ZICHANTHEERNEC, WEM B B2 RL, HHOBERLE VY, M
- FHAHFY KEHEHIh VWS, BT, AROMEENIZBINTED, M- F
HABFTOSBROBHT ® 2, HEMOMASFE~NOERE L0 HDELMHEETE 5.

Ty AEEAHO L —BOBRAERT2DIIE, BED R b OMEF & MR
DOEENVBETHZLEEZLS. BB POKTFIBELTE, HLVE{EHMoRERE 10
LEIEHEORBERNARIEATED, HEMPARBIHEHAINIHORBEIE > T
TW3, —HFOMLIC>WCTRTEIMIY ~'7, BFEIINI!'® ~2V, o3 —%Jxy b
mI??, V—¥mMI?2 8ENTONTVWSE. INSDMIEDHT, Jx—F Ty b
ML, V—¥MLR3BEEAMLEL LEWESIAEIWVWTE Y, HEKEERK > BB
TTH5. LT, BEELNLELEE T 25 UHINT, SHElmITIC&E
Lsgnifissiswvn, LaL, BOTHEMOEOWHMETH 20 BBEMLIRETH
D, BBV SMLERL >TVEEREVDTCVWEIKTHS. bhddbod, #i
ZiE, FREX b UWEREAE ETEHI S INUR 0. FEE EHERT 2 2 E0TE, K
FREOEVMLAERINTWS., XT, EAMBROBERSHRI T I IEVENE
RKINzEEZONL., OEODERE, BEEM LTS &Ik > CTRFOWEER L2
BHETH 2N L THD, thOEHIE, EHBENLOERICE->T, FILLWSEFORBE~D
BANTETH 205 TH 5. |
T LEEAMOMTIC>VwWTIE, @R 75128 F-LVEBEE2HVE
BEE2HFTOMBEELELROVHE 1P ~12 1002, EREENLCIBREENIEEBHV
12RAIO 2D B3B3 bDDRBEMKHAEICRE-> TRV, Ty LEEAMOER
EMLANOERI T 2780 T, ARFICBVTIR, TEHEMEZERLENS, REKRME
LIS EBIBEOSVWEIEAB 2 LAHEL L TCRRENESHEL#D 5. KEiC
BE2ETR, BREVEIINTIAERT 2-00RBHERE LT, MIBEEKROK
ERERTH 2 TIEERE TRICDLW RS MA, SREMILAERT 2201, &
FREEORVWIIERELE VM Y EL FILEZFEHT 2 EDPMERIEEZARRTVWES,. &
7z, MEIHEOEHEIMORESZFARZBNN,S, T FEHHMET LI Y L648%
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YHIL T, BHOADOMEIPHEMEDO L VWY IV I =Y LEE&LORKICEWVWT, . EJH
OREEVNLVETEEROBE I DVWTHREFT LTV A,

EIETE, BREMLEWSIEH» S, ERAMLIN TV XIIEETOREESHIC
X9 5 HEHIEERFT LTV S, PPEROF L BER 2@ bME2EG L SBEOT IV
I LEEAMICOWT, TEME TEXNERRK UHIGRHESEEZZEZL T EUHEE
CTEEFICRIFTEELHLMILTVS. £/, BMEEE ERLHKEOES
MOBEEEZLERE HbETITV, UHIBRERICEW T TEUN AN M IC/EHT 5
2o FFEIIET 2RI ORE AL EoL EFERME L TLREOEBE~DOEE
AEELTVS.

BAETIE, BIBTRINMLESTEEROPT, WEMOBETET 24 LIFER
MaicBILCrRIT LTV 3. 9, RMOBRE X OKE S %2 BEAEREMN EERE T
WEAFHVTEENELT, VhAAEEZ L ZICRBERICEELE5X 2RTAMHET
5. i, HEBHEREREEZHAVT, EAMOUEIEEEREL, Wikt & B oK
s BEEROBLRIE DL S LT HAROBBEARIEL T 5. &&RIC, B EE
MORE, ERARICE > TEDL Lt EFHAESE - BE LT,  hFHRARBEOET
NERZELTV S,

EHEIF, LVEREEZDITHO2BHOMLAEDRAZRRE. 0EDODEA
X, VIHIMI 4 3 RSN ZBMREIC LI 2RBE LT, AL, R#EEE/NEL
TEIERELDUMOEI AN TR, BEDBIDIE L) ROBAZHIE &I
&, TEEFOBL L LFAEAEEZR 72D THE. T IT, BNIBEICIZBERE
FAYEY FTEZHOWTREELVANLEZISICAEIETVS. oAk, BEIMINC
L3R ATH2, BMBTILI =Y LESTHIHIEOE W Z & 2FE L TR L
2TV, B R ICd 21N CORMUNMIEIER A ST LT, RS h 5 4 Bk
ZHHOLMILTWA.

BOEIEEBYHIMIIN-EAMOEOIGHEE LT, TV FEd#ER 7L =
B LSS OYEIEOESE - EEEEIC>VWTRI LTV 2. EEETNIMIEORERA
FERMETH ZEEREICLZROFEAETHY, MIEE L3t LymEEE LEE
OERPS L. IhoDRFHLERREICREITEELRIT LTV 3.

Zz & X W

D HPER: HBERE~NOMMCO#EH, BEFLEEASHEERESR 465,
1990, 4.

2) HRERH, M HE ERH-M, BEREEE: N1 7Yy FEgERET LI =Y
LrEEAMBOEFEYLEHEI DY T oy 7 ~OILH, BLRE, 40,10(1990)
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A1k, 19894E3H =, 44.

BABZ : 7=y LEEGMEIOBIE EIGH, BAMHESSE 1 3 BIMEEE
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ELHeEE, 57, 1(1991)172.

C.Lane : Machinability of Aluminum Composites as a Function of Matrix Alloy
and Heat Treatment, Proc. of Machining of Composite Materials Symposium,
1992, 3.
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EREVHIINIAERT 220k, EHEENDEL, BiEOKREV, BAEEODK
WIEBHA SR L, UEItEORWIEAERH T A2LENH Y. BEK LI, TIFHK
BeRAETIEZZITEEAZN L CHENTIYMORBEE S, /o, HEEOBEVWTEHIRY
HIEDL, RAEBEZBARCLEHRCEEZE< 2. SREXEERBENTLE LTiITbIT
WAMTOHEREZHERT 2. 9, TIEEHICE L TidboiziEE s X O BB ICRitEL
K&, DEBELLCMNBERDEEORY, ESEZ, w2 W 78S % N TR
W2 pERbEhTEY, FEEESoREFbATHS. £/, TRRELTEY
NAEGFNCT B ENTERSAYEY FIEY RHHINTEYD, UMY ESEZ/NS
(TEBZ LI D UHIEDL, FBAEREZB/NMN U TINTEREZEZBO TNELL LTV AS.

AEICHWTI, Ty LEEAMETEINT L& 2ot FFROBE LI,
TEEEOEESHHIMAZRIT 2. DOEBERICOVTRRTVWS., 9, TIEHEM
DIEEETEOHEATENS /20, TABME L CIBEERED L EEkeBLEH L,
TEHELTIAYECNILEBLUCHEBETLEEZAVWS LT 5. /7, BHIBICBAL T
BTN =Y ABEOPTREEMESARVWHDOE LTHEHINTHY, BEELILOH
FFHEOB SN BA5086 AEH L CEREITS. Kb, ZOMENIFT« X7 EMRRE LTH
bNTW3. KRIZ, EEMOBEIRAERE T 5700, =P 00X b UIERY ICEH
{EAR SN, EBRCEHMTY S Twa 7V FE#MEET LI L0848 (10%
A1;,05/A4032) DYIHIEERATTS. Hic, BHMBEOHKHEMEZEET 20 ENH B LEEZ,
AMOR2OEBR L HDETITH 2 &ITT 3.

2. 2 EBEAEBLUSH

FHEMS L OCERERHES K2 -1 87, EFTREF#IcES#Z 2V,
Ny Nid7 544 MO ETH 5. Ed@ERBETHCHTWIA#=REHAYL, Ny Fid
BYKITH 2. ABIE TR, £ EFEHE0.2mRn.., EEE 1LmBEEERFL, 351
EEEAHBEICLTVS. i, BRERBOEEEZRARICEIEHT HIciE, ERE
DREAE—EICHBET IVNENS 2 EEL, BEERECOERTRIIERZENTITS. &
B, HHEEECOERIIZFR2Z CEETHY, BE—EDLHOERIIL THRWV,

EBRICHW SEEOKEIMAE K2 — 2 oRT. HAMOES, BRI BEIMEIC
BEABZ3EEZ 005, 10%41:05/A4032138#E0N I2IE — AR LTEHEY, T
EERC R A RICERICTEIT 2 2 Licd B, 2T, HAEMOBEAR, 40mm OFEEE
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Machine tools Engine lathe (TSL-550:Takisawa Tekko)
Runout on flange of spindle within 0. 01mm
Bending rigidity of spindle 20N/ ym
Parallelism between center line and
longitudinal motion of carriage within (. 0lmm
Ultra precision disk lathe (DPL-100:Hitachi Seiko)
Axial spindle motion accuracy within 0. 03um
Static axial rigidity of spindle 147N/ um
Yawing error of tool feed travel within (. 1um/mm
Room condition | Temperature 20°£1°C
Humidity h5+2%

£2-2 HHIM

A5086 Chemical composition
Si Fe Cu Mn Mg Cr Zn Ti Al
0.4010.50(0.1010.20~0.70 | 3.5~4.5 1 0.05~0.25 | 0.25{ 0. 15 | Res
Tensile strength 2 294MPa
Processing method Rolled
Heat treatment H24 %)
A4032 Chemical composition
Si Fe Cu M¥n Mg Cr Ni Zn Ti Al
11.96 1 0.33(0.8310.00(0.88]0.00(0.74{0.01]0.02 | Res

Tensile strength 338MPa
Processing method Extruded
Heat treatment T6 *%)
10%A1,05/A4032 | Composition of fiber Al,0; 85% Si0; 15%

Volume fraction of fiber 10%
Average diameter of fiber 3.6um

Aspect ratio 3.0
Matrix material A4032
Tensile strength 388MPa
Processing method Extruded
Heat treatment T6 *%)

%) Strain hardened and annealed having a half ultimate tensile strength
%%) Solution heat treated and artificially aged

Ui R A Rl O & BT 5 L D, H2m BicHRRKCUE L, Btos oD
BEoUHEIEbRMHH UARICEAKEE LTW3. BEIM O LIEBMA~OI Y i),
HEERBEOBAMS T « R 7 EK (4130%640x1. 9) ~EHRITNNT VX2 HTEL 5%
PAALEIC 2 KR, ERAET#HO Y VY VBIOEEF v v 7 TRET 2. SBRE Tl
Mt (4130x15) RO AETEMY, ABEX 70—V F v v 7 THERT . WTh
DEES, FEVHIARERHWS JLICT 5.
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Carbide tool Tool grade K10
Tool geometries -5°,-6°,5°, 6°, 15°, 15°, 0. 4mm

Cutting conditions

Engine lathe

Ultra precision lathe

Spindle speed
Cutting speed
Feed rate
Depth of cut
Cutting fluid

270rpm
34~102m/min
0. 052mn/rev
50um
Not uesed

26brpm
33~100m/min
0. 0bmm/rev
50um
Synthetic oil

Diamond tool Throw away type single crystal

Rake angle 0°

Type
Tool geometries

Clearance angle 5°
Approach angle 30°
Rounded radius 0. 4mm

Cutting conditions

Engine lathe | Ultra precision lathe
Spindle speed 270rpm 1000rpm
Cutting speed | 34~102m/min 145~393m/min
Feed rate 0. 052mm/rev 0. 01, 0. 0bmm/rev
Depth of cut 10um 10m
Cutting fluid Not uesed Synthetic oil

TEELCUHIGHE #£2-3 oRd. BELEAGHLAUEIER RN
WA 5 vEy NLEBBEI/NILS TERWVWAD, B/NMIEILCHBELUEIS L
TH5HEEL, YMOESAKEL LTHS. L@IPEIR/INE D HEED. 052mn/rev,
B ZEBEE T30, 05nn/reve LTW 3,

1 B E OB R ORE 1< i3 ikt XRAETERBIESS CNRBIZERR  ET-30HK) % EH L,
AEMIZEEEX 0.8m, 1 2HOPHETH 5. IEEOBWHM TERENREL - /24
FFEERPERIN TV EDT, HEIMICL > TH ETHEFFMD 72D DRSS A — %
AEZTH5.A5086 ZHBAEE (Ruax) X DML, A4032 35 L T8 10%A1,05/A40321%
K21 iORTBMEBDOFEE, WIS T I I FEHHER S HESIiOREICL->T
RS /) (UF, BREREHTZ) ORI THMT 3. LrL, 3. 2. 3 TRT
K DIT10%A1,05/A032D0FRHEEM L TIRRED LAV BN NFTA -5 LTS, B0 L
DY BIRENNE VDI EREMLINAETEVWEEDSNBL., RETIIEDY X
DEABHMOVIGHICED CHAL TV 3. F/, REBEEZCHW/EERIE FREMS
(SEM) 3EERAIERIEC HSEM ()4 =27 X EM-3000) TH 5.

TEEZEORE I TERME (2> W-110) 2HVT, RFHOEEBSOREK
8% 75 v BEHEELTWS, £/, TEHOEMHRELSEMZHAVTLHEHET S &
29 5.



Matrix roughness

) IR O
. ¥

0. 5um
—

(a) Region on matrix

e E//\_ rl-’ore depth

(b) Region around fiber or precipitated Si

K2—1 A4032% & TF10%A1,05/A4032
Ul LR OAR 35 A — 5

2. 3 LIfeed, TEOME ETHBECEZX 528

K2 -2 i3 AS086% BB & LCYIEIL 2560, EIEEMB LT RBICE T 54
LUHHIZAE LAERERT. BERELHVWTCDOS MY FLRICKB2FERT
3, ZOEELEERBORXKEICEDLE 520120, 05mn/reve L& L, ¥4 ¥EVFR
TEHOWREEZSIEHT 2D ICEBEREOR/NED HETH 50. 01lnn/revOBEEIT-> T
W3, K»o, F—EDHBHED 30

A - g ) Tool cgrl:ttirilgns Engine Ultra
FFICH L THERE LD b £ _ \((ﬁ}.ﬁm) 3102 | 33-100
%%ﬁﬁ@ﬁﬁiﬁtcfﬁiﬁé b{ g kCarblde __a()il%rev) 0 052 50 0. 05
BLI->TW5A., BHIZ, 4% g 20r Diamond _dT&.'Lﬁ:/’iii) A lltoo_l 0t0.05
g i

TYRTHRIY GBETROT §
AETIERE bIc30x BN © 4 ol
INBLIE->TWVWE, F14YE &
v RTEIZ X v 220 #E0. 0lon

> +H r
freve LiEni, 0.06mRonx 0 Carbide | Diamond | Carbide |0-05m/rev]0. 0lmm/rev
EMEBEICHRTRD TR WL tool tool tool Diamond tool
EomABoNS. Engine lathe Ultra precision lathe

K2 -3 3E&LMHBIcHET S

H FFEOWEGEE LS E 2 —2 AS086UHIE O X
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(a) Engine lathe, Carbide tool

0. Imm
| | =
a] ] |
#IAUvVNAKvavV\AJ

'a'u-‘

(b) Engine lathe, Diamond tool

0. lmm

(c) Ultra precision lathe,
Carbide tool

0. lom
Ii> === ,rfT—i,
ﬂ‘m A gl

. =

(d)-Ultra precision lathe,
Diamond tool (f=0.05mm/rev)

Tool | Cutting [Engine | Ultra
condi tions
V(o/win) | 34-102 | 33-100
Carbide _ﬂ?nim/ rev) | 0. 052 0.05
d(ym) 50
V(n/min) | 34-102 | 145-393
Diamond | f(mm/rev) [ 0.052 [ 0.01,0.05
d(um) 10

(e) Ultra precision lathe,
Diamond tool (£=0.01mm/rev)

2 —3  A5086H]HIHE o Wi
BEUS EMEHE



MEEBE4ARY. 9, £ EFERRBICOVWTEESTSE, K2-3(a), (c) &b, B
BETEARHW/AUHITRETIIESME I LTFHEICC LADKTERI ATV E00bAI 5.
NICHLT, F1¥E FITHEICKESUHITIE B2 - 3(b), (d) &92~3um BEED
NIRRT & 41, Zid, 2030, 0lnn/revdE K2 —3(e) THEH OB,
ZIC, TIEBBOBVWATERI NS EITEHERICED L S BEEBERITTMIOVWT
ZE4 5. sA4YvEL NIEBCBLWTEBEERELHWUHIO B2 -3(d) Tit, &
WA HWIBE I AT, HmthRd o HANKEL) v — 7RI ATV 3. il
HhR DA ENIVIHNIC B VTR YLBAAAEIC, #EABNIZE D HFRISHIGE L TW B, EH
B EHIESHBE OV LIEBMO A1 L HE LICHRIE L WERSERE A TH 3.
COHAMEIEE D EEZ0. Olon/revic L7 B2 —3(e) KHEWTHEDLLKLWVWEER 3.
BH, BREEBCLIIBELELZHAVICERT, HlltoRBVWt LA B S d -
reEERE, CLhoERICELDEEFEREREKRECELICADTHEEEZZENT
3.

iz, B2—-2 OHEIS, EHEEBROHIEEERBICHRT2EEOTIRE bIC
HEFEHI AR K- 2RI W TKRETT 5. E@ERO5ES, BEEREEBICH~RS
EEOLSAEET S il B2 - 3(b) oMEdhRIcE VT, ViAAKFRE, £ A
Lbic@Bbdons. oK, EREVEIZIT> TWADTEHOFEEAHROERNICLY,
KO <=7 5 L% —BEEEORDUIEICEVT, UNHITL->TE 65/
Zions, COBEKR, BETLEZHVAUEITHL K2 -3 (a) 2&0idH EFEIC
ENTVWE00b0E. JITEEERALEIEEVS ZEIHOPVWTERAMA 5. HIC
OEDDHEFHEHDOIRRF A - DEANARVWE WD JEKETT, Rt EFE B o
felWnwH T ETIAW, AB086 2K T 4+ R/ FOBDTHEEOSVHRICHHT 354,
HIDEMNIWCEEFEBAADIETHEH, HEPHTHEIERT Z2LEND 5.
DIz, EHRBEORVWTIEERICXY, HAIELLEY v -7 24K L, X561,
UIEIMEEORWIHAMHALC, Z0EEB L VAL Z /NI LT3 /MIBIZTS 2 &
W&y, FLEFEREETEZ 53N BIZAZHLEND S.

2. 4 AMORUIENcH Y B FTHEISEE

HEM (10%A1,05,744032) OBMTH 5 A4032 2 #EHIM & L TER L G OREEN
M2-4 ThH3 BEEERBELZHVTCOSrYEL FLEICKZERTR, SHEEMNL
B+ BN S, L0EEA0. 0lon/revE LTWVW3S, FHEBORK 2BERRERICL
52514 E FILETOYHIZBRWT, BRETOBMOBEIREBEALEEDLST, ED
A5086 L IZIEFIEE LKL ->TVWE. MERDEIR I YELFTIEL Y LBELEOA
PRELHE->TVWS, BOBIVWEHREOBONBREEREICK 22X 0 #HE(. 0lon/revTd



Matrix roughness
Pore depth

w
o
T

N
2

o

Matrix roughness, Pore depth um

i =

Carbide tool|Diamond tool}Carbide tool|Diamond tool
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Enginc lathe Ultra precision lathe
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Tool Cutting Engine Ultra
o conditions
- V(o/min) | 34-102 | 33-100
Carbide | f(mm/rev) | 0. 052 0. 05
d (um) 50
V(n/min) | 34-102 145-393
Diamond | f(mm/rev) | 0. 052 0.01
d (um) 10
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(c) Ultra precision lathe, (d) Ultra precision lathe,
Carbide tool Diamond tool
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Tool Cutting Engine Ultra
conditions
V(n/min) | 34-102 33-100
Carbide | f(mm/rev) [ (. 052 0.01
_ d(um) 50
“V(o/min) | 34-102 145-393
Diamond | f(mm/rev) | 0.052 0.01
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(é)bEngine lathe, Carbide tool
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(Cutting distance:23m)

(b) Engine lathe, Diamond tool
(Cutting distance:23m)
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(c) Ultra precision lathe, Carbide

tool (Cutting distance:24m)
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(d) Ultra precision lathe, Diamond
tool (Cutting distance:120m)

Tool Cutting Engine Ultra
conditions

V(n/min) | 34-102 33-100
Carbide | f(mm/rev) | 0. 052 0. 05

d(um) 50

1 V(/min) | 34-102 145-393

Diamond | f(mm/rev) | 0. 052 0.01
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Flank

(a) Engine lathe, Carbide tool (b) Engine lathe, Diamond tool
(Cutting distance:47m) (Cutting distance:47m)

1

(c) Ultra precision lafhe, (d)iUitfa recision_lathe, Diamond
Carbide tool tool (Cutting distance:245m)
(Cutting distance:49m)
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Tool Cutting Engine Ultra
conditions
V(n/min) | 34-102 33-100
Carbide | f(mm/rev) | 0. 052 0.01
d (gm) 50
V(n/min) | 34-102 145-393
Diamond [ f(mm/rev) [ 0. 052 0.01

d (um) 10
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3. 2. 1 EBAHH

WHIM, TE, Woictlgigss £3 -1 1IR7. BESEROZVIC X 2HHIED
BatE T 27200, TV FEMEAAREETI0% 208 DLDOEH VTV SA, 10%A1,0;
/MO2RE 2 BTH W bDLE—Tdh 5. HMERFAAFIC K 3t EFEERERE T 2
T2OIIT- ERICB T 3, ERAEE VAR, 4 LiFme oRfkE B3 -1 ITRY.

#®3-—1 wHHEIM, TEH, WIcYIHIEE

York material §-A1,05 short fiber reinforced aluminium alloy
Composition of fiber A1,0; 85% Si0; 15%
Volume fraction of fiber  10%, 20%

Average diameter of fiber 3.6um

Aspect ratio <30
Matrix material A4032
Processing method Extruded
Heat treatment T6 *)

Tool Throw away type single crystal diamond tool
Rake angle 0°
Clearance angle 5°
Approach angle 30°

Length of cutting edge 0. 8mm(Straight tool)
Rounded radius 0.4, 1. 6mm(Rounded corner tool)
Throw away type sintered diamond tool(grain size:bum)

Rake angle 0°
Clearance angle 11°
Approach angle 30°
Rounded radius 0. 4mm

Cutting condition | Spindle speeds 1000 - 3000rpm
’ Cutting speeds 145 - 1179m/min
Feed rate 0.01 - 0. 03mm/rev
Depth of cut 3 - 20um
Cutting fluid Synthetic oil

%) Solution heat treated and artificially aged

(a) Type A (b) Type B (a) Type C
Cutting direction : Longitudinal Cutting direction : Transverse Cutting direction : Normal
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(a) SEM photograph of machined surface
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(b) Profile curve on the same place
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O—0O Single crystal diamond tool
{1 Sintered diamond tool

Flank wear um
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Pore : O—O Single crystal, [ {1 Sintered

0 1000 2000 3000

Cutting distance m

Pore depth, Swell height um
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(10%A1,05/A4032, Type C, N=1000rpm, f=0.0lmm/rev, d=10um)
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pore

(b) Finished surface
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(a) Worn tool
(Cutting distance:2940m)

FM_, | Feed |

(c) Finished surface (d) Finished surface
(Cutting distance:20m) (Cutting distance:2820m)
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Tool setting angle Tool setting angle Theoretical
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(a) Surface roughness
Swell height

!
10 o-o Pore depth L Pore depth
oo Syell height
05 _ O—qﬁk —

Pore depth, Swell height um

O j,(' 1 ! 1 1 L 1 | ] i 1 )
-04° -02° O +02° +0& 04 16
Tool setting angle Corner radius mm
(Straight tool) (Rounded corner tool)

(b) Surface defects

X3—7 MEHETHARE L7, TERRICHT 2R X, RERKRMEOBIGR
(10%A1,05/A4032, Type C, N=1000rpm, f=0.0lmm/rev, d=10um)
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Hah, Eic, BHESEEELHE Sifsn EKERAL-SIRaE&Fr L icniroh, %
NZNERATBKRNPRERL 2. zOkvERsn 4 EFmEiEs L TH EROBERS %538 L
Tl 2HENSH S, K3 — T FidstEicky, XA MDYy T4 v HE—0.51°
~+0.49°, EH NS FDOT—FHEEE0.4, 1.6& LIZEAOH LFERIR/ S5 A -4,
BLUTEORMEIRE 1[E#EG/20 DED BICK - TFHEIN IR MZENERE I 2R
L7cbDTHB. iz, MICIFFENS bTOYD S FEBRRES IOy 74 VIV HORF
B0 EERY. EAENERE S BARHOBE0. 09mll T L > TV A, BHMEE
FREHS EHEES THOUMOBEINER L LIk 0V BENESZ I EP, B0
METHA2TIVIZVLEEOREVERICK 4 LIFEERESTHZOBE LTV B,
ZFOHRIEZ O6NDE/:H, EBEIIBORERELE>TWS,. L EFEHER/ ST 2 —
5 DRMESOMI I LTI, N1 b TOYy T4 Y7 AOEET —0.11° T/ME
ZRU, AN TR re=0.4, 1.6& bICEYL., REROEIRESS beyFg s
AOfTETHRAMEERL, €y T4 Y 7A-0.11" LTI 3 EEI/NILKE. Zhic
LT, SEh N1 FTOUEITIRED B2 BOFY/ A MHRTKREL XS, REHS



DEED FA0I1E S EMBEICE 2 SIRTHAIERTTH T &0k 0, BERDHEILIHEIEYD
FaoTnEIED, K38 WWRTED EXNVEDOREVEN NS bre=0.4&, DS
WENRAS by T4 YT E-0.11"%
HE4+T 2Lk 5. B L
2D BAVDIWERRIE, B3 T
ICRTENS bDE Yy T4 YT
T3P HIEROEAR» 6, HO®
v 74 v/ AOBERINTIC LD s _ T
BOEID  FHERE N, SR O e e e
DEY EHRDWA%E S 55 T EHT 2

X EEZI oS INE,
K3—-9 krTUHITDOSEM
BEAH2E, A by T4 v EEAREOIEED

7E—0.11" OBEUID K TEZOD
JEBICHEVEANTZ DI LT,
HANA bre=0.4TWERDFE D HEVE
SIETETVIRW,

T, BHOREICL->-TTES
s d B3 — 7 Tm L 7cfiigt
HTH 5 LN AEIRTRETDH
5T, HLDODROEXZRET 5
CERN#THE. 21T, SEM B (b) Straight tool -0.11°
FEic &k BRE D OREZEIT- 7.
K3-10 & W3 -7 LE—&
HOBBRORS, BLOED LO 93 g g EMikcliE LR b R0 B4y
D EOEHEEARIE LIHERZRL

S [micronl

3, UNIT: Cmicraond

(a Rounded corner tool T £=0. 4 0. 11”

K3 -9 {EWEYYTDOSEMER



Swell height

o-o Pore depth Pore depth
oo Syell height
il D\/é/\g\/&\Q N

Pore depth, Swell height im

05+ -
-04 -02° O +02° +0& 04 16
Tool setting angle Corner radius mm
(Straight tool) (Rounded corner tool)

K3-10 SEMAETHIEL TERRICHT 2 BEKREORIG
(10%A1,05/A4032, Type C, N=1000rpm, £=0. 0lmm/rev, d=10um)

72bDTH5. MEADEIFLIOCEY EAVEIEL, K3-7., K3-10 &b
FEFRBEOMEBIZRLTWS. 72720, BREBEANDOEESAERDOSTE /MR, K3
—7 OBHCHBELTROEIOHEMIT 2FHEEREL->TVS, LT,
B EADBORIEMEIE B3 -7 ITHRT/NELB->TWE. Ihid, SEMETH S
CEEEINEOV/ORIMTLOEEMELSWD 2 K, EECHETE L7/ T
b5,

3. 2. 4 FEERIFTEER, EXBE UHEHLCRIEZITEE

BE SN FEAET 2EAMIEEF L TREERAZEITS 8, BANCTEEMETRES
HFRICRE->TOVEVWEIRTH 2P Y. I TcLEEHOIREL NI 24500 &N T
Tz, K3 —11 YEIEER24TD, 75 v EREBAME LERARYT. B
B I N/ X — 2000 BEOEE AL :ZUHIL TWA /-, THEREFL
{155, YA bTOWEITIE Y 74 VAZENSAINIC LTV ERE, BER
DR s ERNICH B, OB, BREAEE LFUNHLEVINAD 2 —F 850
EDEy T4 I HOEE, LLFEOARICEEMOLLZDIIXNL, BEDEy T4 7 H
THoELIS—HDa—FEAHPBKRT 2. 1EES2ODOTERED BI310mTH 5 /2D,
1 BlEEFIOVENC L 2BMOMTE{LEOEEN Yy 74+ Y THAOKEVWIEDHEICE
HEAPEIETCLWEbDEEZIONS. iz, RS/ N1 NI 1 MTHTER
PWINESL B -TW3B, Jhid, BREAESRS LN A MIRETHZDITH LT, N
4 FOBERFEUNH ERIVINHOEFIE T —FEHTH 50T, BEREETRICISESD
%ZCEREBIIAERE:DTHS. Bz, K3—12 BFP 1 MXOki g
NOEFEREOHIRA RTSEMEES L 'S EMEIC X 2WHEIERERYT. 0SB
FEIEEE AL EHTHSIICE AT TV Y TIEDERE TH 5 LRI 5.



10%A1,05/A4032

sol. Type C -
N=1000rpm
£=0. 0lom/rev
5 40r  d=10um i
@]
[ O
g 30} = !
= o
= o)
= 20t -
(€9
10} s
O s i 1 s L 1 = 1 l° L 1 5 1 1 7S L ﬂ
-04° -0.2 0 +0.2 +0.4 04 186
Tool setting angle Corner radius mm
(Straight tool) (Rounded corner tool)

K3—-11 TERRICHT 275 v 7 EEEDORG

Wear Major
— flank

0 8 16 24

0 8 16 2%
pm Jm

(a) Straight tool -0.02° (b) Rounded corner tool r¢=0.4

X3—12 245mUHlIL/ZTEDSEMEE:-Wimmihe
(10%A1205/A4032, Type C, N=1000rpm, f=0.01mm/rev, d=10um)



10%A1,05/A4032

20l Type C I
N=1000rpm
o £=0. 01lmn/rev
= d=10pm
[¢?]
g
—
Yy
S 1.0} 5
2 r—
-u‘:
o
ju
[T
0"%' non :ox 101 IOL 1°J
-0.4° -0.2 0 +0.2° +0.4 04 16

Tool setting angle
(Straight tool)

Corner radius nmm
(Rounded corner tool)

X3—-13 ITEERCHY 2 BT ROBRERE ORIk

EREL EFEE L TOMtESE
Mo ey, HE EEEFICE
EHINZ03HOBREE, 7
bbb, HEE, FHEE, wPE
£ThHb. 21T, tHEFHERORK
HEAMELZ. #EE K3 -
13 wrd. FoSA TR0 T~
1. 4um, 551 B0, 6~0. 9um
THY, Y514 F—0.2°~-0.1°,
B L OIS FAY0. 9um LIFOD
BLEREZRLTWVS.

THEFHOETIREZUIEED
OENTHIBEETHT 2 &N
Tx5%. K3—-14 3¥ 1+
vy 754 r7H+0.19°, —0.02°
—0.23°, BLUHASNA bre
0.4, Wric Wb L TOILWR

N

Thrust force

Cutting force N

40

3.0

2.0

o—o Str. +0. 19° s—a Rnd. r¢=0.4
oo Str. 0. 02° & Mat.-0.11°
0-0 Str. -0. 23°
| ]
QT — A
! |
0 100 200

Cutting distance m

' ®3-14 SERoTEEBWISGEOVHEEE

X A UIHIETOZE L (10%A1,05/A4032,
Type C, N=1000rpm, f=0.0lmm/rev, d=10um)

MOBDFEEEFNAL by T4 Y IA—0.11°O%MT, UIHIEEE 2450F CUIEIL 2 &

EDE5T],

HnHOEALERT. HEMDI S BERT,
HMOESIERNCHRTESIDIEIH>HPKRELLE. 61,

BRAHEBRELBY, 1D
K3 —15 iZUIHIE



10%A1205/A4032

40t Type C -
= N=1000rpm
o 3.0 £=0. 01mm/rev i
o d=10um
o
[T
_ 20}
w
=
S
£ 1.0} - l_l

O d 1 1 1 L
=
o 20f 5
o
S
s 1.0F L l—l
=
5 H
+
SO_S(IJ n°| lo' Iol 101 101

-04 ~-0.2 0 +0.2 +0.4 04 16
Tool setting angle Corner radius mm
(Straight tool) (Rounded corner tool)

K3—15 UIHEEREL 1 3miciki 3 TEERICHY 2 IHHER OB

H113ndD & EDFNA b, SEH ST M OYHIESIE RS, NS TRy T4 VT AE
BICT 2 EESINRBICHEMNT 3 L0905, IhiE, By T4 v AZAIRTSE
BN AT 2 Ea WM, RETZHOFEPBEAEEDIRS LD, £S5
HEDINES L I8 57-2DTH 5. Dk, B3—-14 RTHTHOEy T 1 VI H
TREEOETERICENHOBMOFE LS, £l S b Tlda—FFEPKREVA
DEDPNIARELLEZDE, LLLRIBROBEHDIHTH 5.

3. 2. 5 UHIREIEHIEICRITTEE

B EH S B X OKRKE, WEE, TEERCHBENEIFSEREZE/LFEASS oy
T4 0. 1°OHEIRT, VEIREEZLSEBEGOBEEIC OV TRE L /2.
7272 L, HETEFEIR S A — 2 3R L DHE LD THD, vy 74 V7 AR
FRENE0.01°IC B LD TEERO i 7-.

K3 —-16(a) FEEHEZIE/EEGDT T 07 EE, HLFEKNE Wi,
YIEE O 24 R4 . YIEIEEI21000rpn DES 145~393n/ninTH O, 3000rpnDIBS
435~1179n/min & 75 %. Xh SREKAEEMT 2 2 ik 2UHIEEOHEMT, TEERE
FEEERICH O, MO TRICE X 2M/NIEES, VHIRIC L 2EENFET L%
A3, EFHEREROCBIEIPPECES.

K3—-16(b) EEYHEAZLIE/BEORKRERT. XHHEEEHEMT S22 &



& 4o} S 4o} g sof
w 30} = 30} = 30
< o/___o < 2]
2 20} = 20} = 20} °
i A = 8
S 10} 3 10} g, 10
: O e O ! 1 L fre 0
g 2 2
_, 08F 00 Pore depth _, 06} — 08
. — —
T osl ®®Svell height 0 04} L 04}
= <.>>_<8 & » O<8><O:;
. 02t . 02¢F L4 ® S 0.2}
8 N : i 8 i ] ) X 1 L
g o g o S o
2.0} 20t 2.0}
5 2 5
1.0 = = 1.0 o
o O\O % 1.0 PR i e)
£ = £ °
O 3 1 1 O i L i O
3.0  Thrust 30r = 3.0p Th
= e - rust
20k O——" - 20k Thrust 20t o—o——O——_
SO Cutting Q S
< 1 of o—— 0 2 1.0F - S 1.0f O_M‘o//o
KSR 2 Cutting L 0 Cutting
O 1 1 ] O i} A 1 (. 1
0 1000 2000 3000 0 001 002 003 0 10.0 200
Revolutional speed rpm Feed rate mm/rev Depth of cut ym
(a) Revolutional speed (b) Feed rate (c) Depth of cut
£=0. 01lmm/rev, d=10pm N=1000rpm, d=10um N=1000rpm, £=0.0lmn/rev

X3—16 VHIEHtod 375 7EER, KoK, EEEGOCCUERD
DOEAL CENA b vy T4 »7H -0.1°, YHIEE : 125Tn*)
(10%A1,05/A4032, Type C, N=1000-3000rpm, f=0.01-0.03mm/rev, d=3-20um)

ko, TEEEERII/NICLS. Ihid, EEMUTEIO TEEFRIZUIEIT % @ O
IKET3EE0NTVENY, FDEEAKE L TUHITNERI— LU EREICH L
TR UTHIBEEE AN » B2 UIHI 2 BB S  &icisy, TEEENEBDT 2. 207
DIz, TEEEENE-72b0EEZ NS, —, Z0 OB L v YR O S
RITIWEMT 205, BHECIEHTIANKREL LD ML LT EOMMBIEIC L 2 XDES
WRELD D, 7z, UHIEBOMME, WEEZ PP MERICI & 5.
M3—-16(c) BUAAZELIEBEOBRERT. UALAEWNT 5 &ick
o, TEEERIHMT 3. Ihid, BB X O TEICmD 2 HE P THAS &I
MU THEEAEEL TV I ENELFEREEIONED, I5ICEILNBERLE
LTCiE, v 74 7% —-0.1°L LTWBZEICE BN MO 20FTDa—FEHST
DEVAADENEE LI bDEEZLNSE. T10b5, ¥ A FOUNFEIH (. Sun
ThdlD, ty714 v JTHOHFEMEOREEIr Oy 74 27 H—0.11°~—0. 09° DHIPH
TRE I —F A OWAAIFL 3~1. 5umEL Y, KRICUHENCES T 2 a2 —F o0 UEASL
DINE K785, 3un BEOVLAA T, YUhAAD/NIWE SN2 -+ 0EHEIT 2 512



10%A1,05/A4032
2 O N N=1000rpm
) £=0. 01mm/rev VA ey AN %ype é
- V— Type
d=10zm A Type ©
[ 1 Random
g
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O ] ] ]
0 100 200 300

Cutting distance m

M3—17 HHERIAREEZ /SGEOUHIEERHNd 2 XOEE DEAL

B 5, BT, BRE L CROERI NS 2®, a2 — 585 Cli#xUEd 55
BB+ KREBTASLOBRGICHRTDEL Y, TEEHICRITIITENTH 3.
L L, BRIPBERYAALZEMNT 2 LIk EINLS. IREBTTHIER OO EE L
TW3H0EEZLNS. LIL, HEFERMICIESE HZZHECTHRL.

Pbxo, HETHEHKREEZ/NEL BIABNRSTEEMOEE, BIREEO#ZELX 3
fedici, YAB10mOFEEICE VW TH, I 5TAAZNISTRERVW I ENS0 5.

3. 2. 6 BHRMAMLG: LTHREEICEX 288

K3 —17 MR AN E 4 EE, VEIARIOREGRE ABBRICEABED, K

ERDBEIDEART. b, BHMESOEEHY, B L2 o B ESZHZFH0.30
~0. 45um, 0.32~0. 4Tpnd 18 > TH b, RMMEBC LB O, UIHIFER CRICERIZEY
LRIV, F/, MEROEIICHKRYT 2 EEABRDILVDOTEEHL TOLWV. Type A
DRERDESIEBAEL, KWT, Type B, C. 55 LONHCKE >TWD. 5254
I M OBHEOESE I N TV R LRENMIO SEROAHMOVWThOREE LD,
72, EBEOAHRSEDB LI LD 5, Type A, BE Type COHDfESR & 5 2 & TFHI
Ihizds, BRLBVLWERVSBEOLNATWS. £/, Type A, B, COUIHIREREICH L Tl X
DEIDP/PEL B >TVLKDIFLT, FUFLREEAEE/LIEY. K3 —-18 i
ZUIHEEE IO T 5, L EFEOS EMEEERT. AATERINTWEDIET IV I i
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m"(éjufY5é Athéﬁgifﬁ&iﬁéi)“" (b) Type B(Transverse)
(Cutting distance:145m) (Cutting distance:145m)

VD d;mﬁi (&j.kéﬁ o) Cﬁf%ihé.diétahce:150m)
(Cutting distance:120m)

M3—18 HRREEZ a0 EFRERIOS EMER
(10%A1505/A4032, N=1000rpm, f=0.01lmm/rev, d=10um)

e, RIIHHSIORHHTH D, £/, BE LTIV FEHEPSIVH BT HEICE - & &
FTHE->TWVWB T L.

4. 2 THRRZ LI, BEEORER, BHITNFICK > THBESWNET 555
L, Bz IMET B0 2BEOBENS S V. EHEL50BRBICE 3 LT
TORMMOES BRI 2O THo, EEAREM RJHE, YIHAEICIEEG L.
HETHE FECEAINTVAHBH BB 2 EWET 5. LIS MR AT
Type A, B ZEMAType Cickb~3 &, t EFH FOMMNES FET 2BE50FK5
"o, W ZEMETZEBENELL RS, HIZ, Type ATIHRYINADETHE & MEFEDOR
B AR —Td 2720, fMHELTIEIARICR > ThET 2 &I, MHEAUIHIDG M
ICEH 7 Type BIRHERTHE LIS LY, KEBEWHEI LEHFVADES LD PF V.
Type Cid 4. 2 THRNBZ XD ICHE - METIEGLIBIZEMEST 286L60, M
DEILAME->TIRIZEMET 2EENDELLS. ZDD, KROESIEType C, B,
A DIEICAZLB>TW bDEEZ LGNS, T/, TEERICK D NENISMLS 5 &
FFEAEUMT 2 ORSDBKREL BB 720, BMOBWREINEA T, RERESS
CENHMZ 2 E00, VIHIEESAEZ TEEREENEMTNIE, ROES /NS L5,



Type €
NIlOOOrpm 10%A1203 20%A1203

" £=0. 01nn/rev Matrix O @
d: 1 0 i Swe 1 ]. D .
Pore YAN A

o

Matrix roughness, Swell height, Pore depth um
(@)
(&3]
i

O
o

100 200
Cutting distance m
X3—-19 #HEEAERINHS 3RMOBS, Ko FrnE,
WM RDBES DEEfR
YVIHIEERE I L D ROBEEIDVPBDOLI-DORB DD THEEEZL LS,
3. 2. T HBEESHERIBHIHCRIZIEE

K319 FHESERL10% 20%& L2BE0, UIHIEE T 20, 5%
D EXDE, WKITRERDEZDOEAAERLISDTHS. BMOHIELOTED £
DEICOVWTH 2EEOBHEIM TIRELEAEEN TV, RERKDOEIZMESEHR 2050
HR 2. 5EBERZIL->TWS, /2, 3. 2. 6 ® B3 —17 &EERIC, BE
ROBEZ SUIHIEEBEN A 21> TS H-TV3E. K3 —-20 13 2 EEOBHEIM
Ottt EFHEIO S EMEEARY. HMMESEROZVWAD, T LFEIEET 38EOERE
WRELBY, L ETHEHREIEATVWEOEBETLEN/TES. LML, #iftbk
OCREDREICO>WT, SEMEETHZHFHATEIAIUHEBIRZI SV, 5k,
THDT7 5 27 B EIT10%A1,05 /0403203546 T 14, 20%A1,05/A4032C16um& 75 > T
5. WHSEREROKREZVWEAIPETERERBIARZVHOD, UIHIEEEE245n0 HiFH T 13k
BEREEZA L 2EBEOHEEIMEITIREALEENTVWEEZ SNS.

K3—19 TRLADTA% OBEDHIBRERDES ICHU TEVERE K - 75
i, #HEERIREC LT, R EHICFEET 28 oM L2, £ EFERBS
WMAZTL B0 EEZONE. 3. 2. 1 O K3—-2 IT/RTEH, B IErvESS
FOBEADES OER, thELFHEICFEET 2E 2 0t EFERBEDOZNFNOHREE R



(b) 20%A1,05/A4032

a 01 3/

M3—-20 #HEERLEEAIBEOMLLEFEHDS EMEE
(Type C, N=1000rpm, f=0.0lmm/rev, d=10um)
THDOTEHKL, —EDHEEI BT 2B L LTFEBIRIIA—FIDREREEZ L -2
DThH 3. FHeoH EFEHXREZZEFE—OHETH > TH, BMHESHERNIRZVEARR
BEAROY T Y v TEIINT 5. T Y TEOSEANE, RETHS LB L2
GH ETEEIR ST A -7 E LTORBEROEIIREREEZLE LTS, H2 Dk
EARDOEXZ, SHEERCELY L —ETHS LT 5.

3. 3 SiCvy4xABELTINI=YLELOEBEEYHIML
3. 3. 1 FEBAHZE

KB LM, 3L OBMDAC061 2 R3 —2 IRd. JIT, #HIMZU
TIZSiCw/AB061 L BERF T 5. v 4 X ABLMIAMNC & 5 tE B HEARE RS 4 % 7291217 -

#£3-2 #HIM

SiCw/A6061 | SiC whisker reinforced aluminium alloy

Volume fraction of whisker 18%

Diameter of whisker 0. 05-1. bum

Aspect ratio 50-200

Matrix material A6061

Tensile strength H83MPa

Processing method Extruded

Heat treatment T6 %)

Orientation of whisker quasi-unidirectional
A6061 Chemical composition

Si Fe Cu Mn Mg Cr Ni Zn Ti Al

0.4910.2410.18]0.05]0.82]0.20]0.00]0.02]0.02 | Res

Tensile strength 274MPa

%) Solution heat treated and artificially aged



#£3-3

TEH L CUHIZH

Throw-away type single crystal diamond tool

Tool geometries
(Rounded
corner type)

Rake angle
Clearance angle
Approach angle
Rounded radius

OO
5o
30°
0. 4mm

Cutting conditions

Spindle speeds
Cutting speeds
Feed rate
Depth of cut
Cutting fluid

1000rpm
145-393m/min

0. 01, 0. 02mm/rev
Hum

Synthetic oil

Sintered diamond tool

Tool geometries Rake angle 0°
(Rounded Clearance angle 11°
corner type) Approach angle 30°
Rounded radius 0. 4mm
Average size of Fine 0. 5um
diamond grain Mediun size Hum
Coarse 20pm
Cutting conditions | Spindle speeds 1000rpm
Cutting speeds 145-393m/min
Feed rate 0. 0lmm/rev
Depth of cut Hum

Cutting fluid

Synthetic oil

Carbide tool

Tool geometries

-5°, -6°,5°,6°,15°, 15°, 0. 4mn

Tool grade

K10

Cutting conditions

Spindle speeds
Cutting speeds
Feed rate
Depth of cut

Cutting fluid

265rpm
33-100m/min
0. 05mm/rev
50um
Synthetic oil

FEBTO. EREGRE DA, PR oMER 3. 2. 1 © K3 -1 RY
LB0TH L, R BEMOBMIAE B ERELSEE 3. 2. 1 oKk
LE—CTH 3. TEEUMELEE £3—3 ORT. BEHESRS( vEY FTEORKEHN
i, FCVETIEREA00) mEK-THD, £, BEES A vYEY FIETCRERERNTO
ki XA SFEEL L TEARWL, FE LG, bR, Mo TEE RS,

H EFEORIEIR 3. 2. 1 OFEKEEE—TH 2D, JITHEAEE (Ra.x) %t
LTRSS A — 2 & LTS, THEEE, L EFHoRToMER 3. 2. 1 &
AT 5.



O—(O Single crystal diamond tool
N=1000rpm, £=0. 01nm/rev, d=bum
@®—@ Sintered diamond tool(Medium)
N=1000rpm, £=0. 01mm/rev, d=5um
g [+{] Carbide tool
o N=265rpm, £=0. 05mm/rev, d=50um
= 20F
=
w
w
()]
b=
ol
g
8 10“‘
S
ot
&
—e
O i { (,(, {
0 100 200 2300

Cutting distance m

M3-21 HEESESAvEVNLE By (v PR, @fTRT
VI L 7o & O UTHIBERE X 2 H: BT & OZAE (Type ©)

3. 3. 2 I HEHMEICXZUHIEEOHR

A LETHOBEOREEA2HET 2HN,» S, B TLEZHVWAERLIT-4. 1k, 8
BTETIH, AROZCIOTUNHIAE T A YEY FLTEERBICEAICTERWAD, M)
UIHlZ L CHERUHINTERVWTH A I EEX, UMV EIEKREXL L. 20k,
ViAABEOZEOHEERI AV EY FTEICHE L TAEZLK->TWS, 22T, HHL
fes A4 vey FLEGBEERM DR OBEMTH 5.

K3-21 @3MEOTEAHWI L&D, YHIEEICHT 24 LFEH X 0%
RY. 4 AAREARICRT 2 UIHIARidType COLETH 5. BRI/ A vYEL FL
BoH FFEH S 1E, UHIEBENEZ 5128800.6~1. 5um& 72 5. RSy 4 vE L FTH
W UIHIEERE20nT0. Sund, BSR4 Y E L RTEELFEREBETH - 2500, UIEIEEEEAH
WA AICRVENIRELKY, UHEIERE23000 TR0, 2umdE XEBEINTVS. JHIIXHLT,
HMETETE2. 1~2.6imE b9 5. 1k, HmHXE, s ver FIE, BEILET
FENZN0. 03mB L 0. 8mTH 3. WEEY 4 AWML TN T &1 & 3 HIHIHE
NoZXE), BHOTIVI =Y LEL20EMICL 2t EFREERESTONMLDHFICLD,
EBRTHEONAHLTFEHHEIBI L) REBELELE-TVWE, KR, B3—-22 R?
ZUHEM oL LIFEOS EMEEN S, 4 EFEHIZCORRFE*RETT 5. B



(a) Slngle crystal dlamond tool

Cutng diatance:4m [ " Cutting diatance: 4_2~;
(c) Carbide tool

K3-22 B&ERI/AYEYFTHE BEs( T2 NLE, @ TETUHE
L7 0&UHEEEtcot X O S EMEBE (Type C)
Tool N(rpn) | f(mn/rev) dE()um)

Diamond | 1000 0.01
Carbide | 265 0.05 50

A4 vEY FLEIcE I 2 UHIEBOHMIC L 524 EUHEH S DHILIR, BT 2ERE
Bk 3FRT, 20— 0ILEOED LAV BIREKB-/DTHE. i
LT, #EkES A Y€ NTLEIR, UHIEGERCE3EERS A vE2 FLELERKC, ¥
4 ZADKGF 'Y B EDI~10mBEEDORPZHEFAL T, A EFEHESOAREIULE-T
W3, XoIcUIHIBEREN SR 5 &, TEEROETICH > BT HIC X 2 B OBHRENE



Méjorfcuttingv
- edge

(a) Single cfystal diamond tool (b) Sintered diamond tool
Cutting diatance:245n Cutting diatance:245m

L lepl Saown

K3—-23 BEESIYEVRNTEH #Es1vE2 FTE, (¢) Carbide tool
BETEOBEIREE (Type ©) Cutting diatance:49m
Tool N(rpm) | f(mm/rev) déum)

Diamond | 1000 0.01
Carbide | 265 0.05 50

RANKELCIYD, T4 AAPKRGIBROREHLORTEEZL L LN TE, DL
HoTW3, Ok, FEFEHIRBE(E-7bDEEZ NS, BELEOYIHIE
BEDEMICFE S ZALDIRERIZ, BHEOREURADOTLNTD 5.

K3-23 BV ¥EY NLEOBEUNWA LA, S, BELEOHEI —FEES
DOBELILSEMEETH . BiERI/AvEY FIETREUNHIMCT 7L YT
DEEFE, BIYINAANC 1 BEEY 72D D% 2L L BREROFTINERI N TED,
RUNFIE L VWEEAZF TS, K3 —-21 R EFEHESEOERE LT
DEY < —7 DIFDOEY LD id, UINHNOERTUINKNEL S-72/0c, A D
DREBNRKEL B>, COBREROBOEI MOUIBIEERIEZ 510>
THELB-722ED, bH)—D2DRTFEEZONS. BEEIIVYECNTLETIE, 77V
VITDBEREE YA VYE Y NN TORENRET 2BEBEELL>TVWE. ThiTHLT,
BETER T 7V TROEELE N ->-TWS., 22T, TEEERIE, BESR, Sy 1
Y& NTEH, BETLEOIEIC, ZhZ0n9%4um, 9, 121umTdH 3. BEFAvYESFL
Higfhic g L Tl TEEENDIEL, K3 -21 oRIRT LI, DIRVER
ELEELBMOBHREN, H EUEHIOREA20EEILTVWAEIEEZHLNITS
5.

iz, HEFEOBIEZME LGRS K3 -24 Th5. BELE, HERS AV
v FNLEMICUHIBIEE > 5 HEI R4 KRB LT, TEEEBIETL TV A I ENS 0
NA, EE LECIEUHIEERE 2450 THRICKRBEN T H L ->TWSE, LHL, By«
Y& FLERTEBEI /NI WD, BOTIVWEREARLTHD, UHIES 2205 ~
2450micE % F CO. bunfEE ORI E A~ HEL W5, Ub, BERs/ /Y NILETO



Feed direction 10 om
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Cutting distaﬁce:0—245m-

(a) Carbide tool (K10)

Cutting distance:0-49n Cutting distance:980-1225n

Cutting distance:2205-2450m

(b) Single crystal diamond tool
Cutting distance:(-245m (c) Sintered diamond tool

K3—-24 BEEIAVvESRTE &S 1vye2 NILE, @BFETE
TYHIL 2EEaoH: EFHROBIEDZE(L (Type O

WHlTIE, ThABDEAL LD PTVE I ICHIMLEAETELTERLTW S, A%,
BEOSWH LTHEZES 7010, REHIORVWILEIBLAADILETHIH, B
WHOBRBENMNETHSEEL LS. COBEKET, SiCw/AG061ICH B L/ THISHER S
1YEYRTIETHEEERAS.

3. 3. 3 ¥4vEYFRILEDHEEERE

9, HERIA YT FNLEOTEHEIDWTEET 3. BELEII DLW TOER
FEFEICBA LTI, Shaw 'P Ik D RABERV T EOOLNTH Y, RIMLIEOMN TS -
iy, tETEERBS TO TR EFHMBERTORNEFEORTI MBI AT
%. SiCw/A6061TIXSICwdI X — FEEX2700& D TR W /28, BREFE I EFEAERK
B CH FICEET 2SIGkBIR LT 3 bDEEZONS. £2 T, HEFAER FTOY 4 2
7 DIREER R 5 7:01C, 4Na0lKBEIC L D b BRI /. 20iR4E K3 -25
Wng. BESEE K3 —2 5 (a) OWEMiRICRT L i, £ LUHE FRHO0. 5D <
ZETFTH5. K3—-25H(0) WRTERAEAIOS EMEETH B 3DIESICOY 1 X
HTHL. INHORED, V4 ZAARBELETHE TS OEINRBERICELELTVS
EEZoNS. CORROBIEOHHATIE, Y4 AANKITHEDROESIF, F0E
W0.2~0.3mThH A9 LHEINSG. K->, BRAEHOEKROERNE, YINFHTSiCe%
UIliE 3 & 2R 2B LIS, RFETED 3SiCUck 537 7V Y TEREICLD, #i
WL L7cEDE Y <= — 7 OFARICH > TIERPEEI N, BIERING EHERTE 3.
Wiz, Bh-UHIMEEEE RIS/ I VY EC FTRICDVT, BEEmMA 2. K3 —
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Surface roughness
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Machlned surface

(a) Proflle of etched surface

(b) SEM photograph of etched surface

M3—25 HBERSAVvEY FLETUHIL/AEED
HEFEFOS i C7 4 AADIRGE
(Type C, N=1000rpm, f=0.0lmm/rev, d=Hum)
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<Falling-off + B “Falling-off from
from grain grain Poundary

i

. T p8Ea0 po1o 1 Toa: LS
(a) Fine grain (b) Medium size grain (¢) Coarse grain
Cutting distance:1225m Cutting distance:2450m Cutting distance:1225m

M2-27 BEET A vEL FLEOEEDRE

ZZTH, Type COYEIAEREZH > TV, MKIZUIHIBEBAEZ 51c>o0 T, £ EUH
FX130.5~2. Oum& 72 D FALER AR LTV 3B, ook, R0~ 245n D YIEI D& TIE
FERIFAE L TRWA, HRAUIHIEEE 1150n7T0. 3und 5 0. 6un~ & FHLIER & 75 % DXt
LT, BhitIEIEERE 2300nT0. 4und 50. 2um~ENZ > TR 5. Ih o0t EFH
Moz, BRI YL VNILE, BFTLE0 TEHEE Mt Lyl 2H s &
flekdic, B YEY FIETHTEEE LG ETFHEICREFOMIGEZRLTWVWS. (T
FHHEOBRBEICOVWTHEFEO ZENF A, R, HK TR0 b LT ERVEREZR

LTW3A, MRiTidom EELB->TW3E, 20k B3 -2 T UM HERS A FEMIC
RLEZSEMEBEEZBEITNLEDN . IR BUNAA» SRTFHEICDI>TIT A FYELFR
EER 2N LD ICHEL TV AT I Z 5. PRI TS TOT 7LV YT
i L, UINHICBVWTHAISREIEI > TVWBE I ENGHNS. Tt LT, A
BRFOT 7V TER, UhFNHS TORFRBREZICMAT, KFEHTOLRFE, SME L
TR ARD L ENTE S, Tz, TEEERIMATT5um, thi35um, HAIOHunE 78
- Tk, TR, HKO2EOUHIEETHZICbrrboT, BREENRO TLI
W,

Bty A Y€ FLEZHBKT 5451 Y £ PRFLEEBMICERL, JZO8AD5, Hi
RO 3 EHOKE CTHBEHNEL - 2 EEIC O VW TEERT . Ao\ TiF, FEN
INSWAHIBFE L CHEVEERE TR R ICET 2709, BEEZXIEEICHBENNE
DIHESBHEICH L TIEERITHEEEZEZONE. JHITHLT, EEMIZCENCEESL
bDThD, SEHOKNEDOTELLE—OESEZELTWSE. Dk, EEMI KL
FAEET A BMAERY- D OHEIETETRE—ETHELEIONS. REIN/DNEWV
LR FOREEN/NESL B EDNS, EBEMOKNTERET 2 NR/NELBE. Cho0k
WHHEIES B IcHRAED 2. £, ROMERMENIEL L3 HRE, KFEEUH]
WWEBEFMERLILAONTD, RNEMNVNIVWIERIDNFARELP TV DTH
rEEZoNS. BE RSOk, HAICEXTURIMENE S LI s. —4, h



20 (.)—(3 %ype% N=1000rpm
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Cutting distance m

K2-28 w4 XARAAHRIZEZ 7355 OUHEIBER N 2
ft EH S OZAL ERBERS Y 1 v £~ FIR)

W LA OBVCEL TR, NS, NTIrKEK3 L8RS vE Y FTAY
S BB EERICRINTOREBOBRENIRE (S, Hic, WETIRTOREIILE
W 2LEBIXLONS., KREUEKNFOMNDOES, KEVRAICHNTEEZZU RN T
DFEIE X NIZTHHEIREZ, UhH SO 30K EL LS. 2OME, $4F¢
RTOBMBEMNMEEINE T LT E. DD, PRICEXTHEO TEBEN KX K
S2TebDEEZONS. JOBE, REENENFELT, 2P mEETH -V
5 &I B,

3. 3. 4 94 XAERAHELIH EFRERICKIETEE

X3—-28 v RABMEARE ML LTHE, VIHIARE 3EHEEZ 2550, L
EHE DO ART. Type AOE EFEHEIARHEL, 1. 0~1. 2imTH b, IRWVT, Type
B.CONEIC/S > T W5, F/z, Type A BE HicUIHIBERE I LT EFEBHINEBLALE
ZELEWI EXahs. K3 —29 EFUHERI20TOR 4~ O EIFHOIREERT
SEMEHET® 5. Type ADFAEIE, W4 AAMERET 2B LS EAE EIA RN
Hick > THIET oncBPE2EICAERI N, Mt EFEHIZES LTVAEED
R &L 785, Type BOBEE T 4+ A AXME Licdh EOREBARICESE 7 Ty 7, Fik,
V4 AAREICERT 2 EEZ oS UHIARICEIE T onBHLED SN S, Type C
TRETFOSI T oNEHVRONZ DD, BiRDLIIT, V4 ZAADEXRkdbN Ik
DORNE EFEICEELTWS, ik, TEOBERS XU ETFHEOBRIEA KD 2,
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(2) Type A (b) Type B (©) Type C

X3—-29 U4 XARRAREER ISFEOH EFEOD
SEMEH (HtkEss 1 Y€~ FTR)

SEHOBA TR IERIBD NI T,

SiCw/A6061% %' 1 ¥ € > NYIHI L 7235& 04 EIFEARE, 74 XA h OEENC & » KD
IhatEIoNS. HEFEERBECT—EOFNENNER Lick &, Y1 XA2N%E
Lod<, Big, BMELLY 4 2A08UNHICE > TUEIARICH EFHE EEZ &R HEI &
ShPTVDIE, UInHOETAHRE Y 4 XA DOREASENE—TH 5 Type A DFEHT
brEEIZONS. THLL, UNHDIERTY 4+ AAPBMAERLOF TV EEiITY
4 ABDEEE > TTERBNERE N, IhdrtEFEcE T2 3TV, ZhicstL
T, EEAES M EFHEE T TH B0, UINFHOETHEEIZESE S 5Type BT,
Type ABETIEHBWVAY 4 A DOBRENEI DT <, BRELIGEICEIIEICLDIIE
Tond OEEICE, BBAEIBEETEFEIARII LAV, £/, RECED
BKWEERI Ty I BERENSE Z&ITiE 3. Type CTIX, BEMIGEIDYINHEFT A,
HEFHEE BICEHAICK 2D, KLV 1 A A% - BHZEI LI, I0kD, v
4 ZAA BT EFHERTUM IS BMES A2 ETOF 5L RVWEEZ NS, EHLM
THEELTE, Yy 2AREARE G EFENFEITTH 2EAEMLY 2720121, Type
BOHHETYHIG 2 AN LW EFENEONE I EICKS.

3. 4 BRESHWIETILI o9 LSSOSEEYEIMT 1Y

3. 4. 1 EBAHk

EERICHO /I HHIME £3 -4 I<RT. BMI3AL-Ng GE&8EYTH 0, HWE, Bk
CEBITFVWICOMEEHOMEE LTHERINTVWEHDTH 3. #bh ORBEHE &
LTREYy FRREMHME AV 72— Xy FRRZFEHO 2HEEO bOEH W, &8
BMEUTICEYyFHR, AV T72—XEvFHREKT. EvFROHDE, AMEy F%




®3—4 HHIM

Carbon fiber/AC7TA | Material constants of fibers
Pitch based Mesophase pitch based
Diameter of fiber 12. bum 7-164m
Length of fiber 0.22-1. 5mm 0. 22-1. bmm
Tensile strength 686MPa 1960MPa
Young' s modulus 33. 3GPa 441GPa
Elongation 2. 1% 0. 5%
Density 1. 63x10°Kg/m® 2. 08x10%Kg/m?
Weight fraction
of carbon > 99wtk 99. 5wt%
Matrix material ACTA
Volume fraction
of fiber 10% 20%
Processing method High pressure casting
ACTA Chemical composition
Si Fe Cu Mn Mg Cr Ni Zn Ti Al
0.0410.11]0.000.52(3.79]0.0110.01{0.00]0.12 ]| Res
Young’ s modulus 71. 0GPa
Tensile strength 267TMPa

(a) Type A:Fiber orientation is (b) Type B:Fiber orientation is at
parallel to surface right angle against surface

K3—30 HHMACH &M IOtk

FERE LT, DEZEAEENAAEY 0bDTHD, AV 7 2—XEy FRIEHZE Yy F%
BRI E 3 50E, SHEROSHEERS Th5. 2BEOMMK L L, 5IE XL v
TEIOCEBOLNDZVTAENBEEMHIOBEICLE b obM S LT, BHEES
BEALEIITHMIBIBICEZLEZI 20T 5. HEKREBREBIE2RLT V¥
LBRERIZ LTW3., UEIAREER AR E 4 LSRR E OBEFZENS, K3 -30 IKRT &
21, Type A,BO 2R TH 5. TEHLUHIZHE 3 -5 IIRd. BRI YES
FILEoBEELMIZ, #<VETEEA0mEL>TWS. HHEW SEMOBY
FHE, WOICERELMERZ 3. 2. 1 OFELERTDH 5.



#3 -5 TEBLUUHEM

Type Throw-away type single crystal diamond
Tool geometries Rake angle 0°
Clearance angle 5°
Approach angle 30°
Rounded radius 0. 4mm
Cutting conditions | Spindle speeds 1000rpm
Cutting speeds 145-393m/min
Feed rate 0. 0lmm/rev
Depth of cut 10pm
Cutting fluid Synthetic oil

0. 1nm

gl 5 '""“‘—'g'—mv.,_.
{::5fiéé‘_T_
i e o ‘
|

“i/y U Projecting height

I Ny
B

) Pore depth
Matrix roughness

X3-31 tEFHER T A5

H B HOMMIRORIE ICiE, Mt XREIKBIES CNRBIZEFT ET-30HK) ZH W,
HEEE X0, 8mn, 1 2 2FrHIE LBl RIEREE Lz, Kb, BIE Lt EFmEEIR Y
FA=413 B3 —-31 rRT&HZ, BB OFHE, BfORHE, WTICRD
HXThs TEEHEELLCIITHEHSE (2> W-110) 2HVWT, 75 V7 ER
BAME LR, £/, UHEEREEIE (325 — 92510) 2 TEFRLSY EHYERICE
FL, DRICEEUEICEREREBEDFFTTF544% UNEFRIE CF- 940) %
Huwie.

3. 4. 2 FAYEYFUHNCX 28 L HABRERS

T =0 LEESEMOBREYEINTEIT> L, HAEINWE TV EREBORE 28M
BAEE -0 TETHE - BRI E 5001, A LFRBZENETNERZERERT. T4
bH, HBEHEEEERAERTEMOTIL I =Y L5455, BRERRMOE T 2 EEHE
5 X5k, wkM EBMARBAICHETESY Y. TR, BMOBE, SR
L EUE, BEUBESEREOBREEACBSOH FFHARKELZTEL T, &
BRI > WTEET 3.



20%pitch | 20%mesophase
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Cutting distance n

K3—-32 EvFRRESMEBIESMBLIIAY 72—-XEy TR
ER R LE ST O UIBIEEEE 169 2 BiF AR
X5 A —5DEAL (Type A, N=1000rpm, £=0. 01mm/rev, d=10um)

(1) BRERHE O & EUwERR

K3-32 B354 vEY FNLEAHOWTUHEIERL /BE&D, VIHIEER XY 284
DX, EHE, WFIAROBEIDOEM LFEBIR ST A -7 DELER LTV S, Kb
5, AV T 2—XEyFRPZENEFTND/NFTA—=F IOV TEIWERIBOATHS. 1]
HIAERdType ATH 3. By FRTREHEPROEIDMELY bRESH->TVBEDIC
LT, AV 7 2—XEy FRTRBEIHHEREZEICLZADEI DRI PREV. Fi,
QHEOEAME L ROBEIRBDEREE->-TVWE, K3-33 Wy ArvEYFILE
FRHOIEED, thEFHEO S EMER & RAIRBIESS I X 2 WHhEZ R4, Xidd)
HIFEEE1200f T E DIREEZR R LT WA, SEMEHD S, ZEHIBMIRBLHEI M FSHL,
LRHLTVREATHD, KOS IBEHESBE LD TH S ENDI 5.



'(b) 20%7ﬁééophas

il

e pitch based CF/AC?A.

K3—-33 ¥4 vEy NLETUHIL/EEOML EHE
® S EMEED L OWmahR
(Type A, N=1000rpm, =0. 01mm/rev, d=10gm, L=120m)

QEEORBGHOYMAHKRL TASLE, 34 &0, AV Tz—XEYFHROD
FEDRY VI BPRZVDIIK L THUEDNIW EL OB EAVWEEZL S, /2,
HEEIEFHEOBE TR ECHRIREL TV S, B/ CEBIN, Wil
PRI L o4 M BEORHER /DS V. F, BMESHRIRE L > TV 52 HH
o K3—33(b) WiRENB LT, HMHENIRIZEFREETRITE-> TV EEHEN
ZL1I5h. AV 72 —RAEy FRIRZRHHMET, v 7FEHN2946Pa, BERREAY]. 76 GPaT
b BTN FHEEHREN YA RL TS, oy, UHIERICBWTTAET
MHEA T 28D, TIVIFHHEIBUTHELEEADLIENTE, FATEY Y]
Hlic & 2 EJHEIAER T, SHEOBIE - MEICL 2 RDEREINE DO LHEATE 5.
CHICHLT, EyFROBERY VIEIBMIO/NIVDICH LT, 5IEROEIANR
MD2. 6L K& H-THED, BMPFELVEAZZT THHMENIBIELICS (K-
TW3. Z07%, 2REREAEL TV 3 E#EZBLRIEICHTICUHEILTWA L &0 6, &
TLOHMMIBEINE LRBELT, YU/ EBPRM L /NI VERICKY, TEUNA
BREOMLEEIE CHEENEHT 2 LI B, 22T, BMHESBIEE - & L T/RATERK
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Cutting distance m

X3-34 BERABZERISGEOUEEESG 204 ISR 5 A —%
DEAL Q0% E v FZRETEEEHE/ACTA, N=1000rpm, £=0. 01mm/rev, d=10um)

INZEERIEENDIL LY, BN EFEICEY IS K3 —-32 TRS
N, EHEEARODEIDORK/INEy FREAY 72—y FRTHEDOERICH 722
Lk, EROHGERIE - MABBIC L2 DEEZLENTES.
(2) HEHERCI G A & B EARRR

Wiz, WHOERHIEIDPTVE y FROBFHIIOWT, MHERARE 4 EFED
BAfRAEZ A It L 2D LPHEAERIC VTR T 2. K3 —-34 E2EEHOUBEIAKXT
O, UIHIEEEIC T A2 EFERIR S 4 — 5 0F LA RS, B OM X 2 BEOUIEI
HRTREALED ST, UIHIEEREICE > THIREALELLISV. EHEIXType BOK
BRPREL, UHIBEREOHEMIC & > THEBEBICH 5. ISR LT, ROEZIZUIHEI
BEEEOSEICE > TR L, ZDMRENE, Type BOAPFEL K-> TV 5.
INOLOERBRICEY, HESEERBBICOVLWTREZMA 3. Type A IZHHE
OREEA & H EFENEEEITTH 5700, SBHEOH FFFEREL» SDESICE-T
K3—-35 iRy ISEHEOERBENIZEZONS. K3 —-35(a) &, g EEsHt
FFPFEROOLT I EHICH ZEET, BRI L > THEXNASTHLATN, U]



Tool

~afpmmmam
N Fiber
== -7 1] 1+=—3-- E:j££Q
Sqeeze Spring back Fracture Falling off Finished surface
(a) Sqeeze and spring back model (b) Fracture and falling-off model (c) Complete falling-off model

X3—35 SHTECRIOBEOH B AR

Intended surface
for finishing

pring back
area

Fractured

Fiber

(b) Fracture mechanism at low angle of O

(a) Angel between fiber oriented “ ‘
direction and finished surface X3—36 GiRtmmhs M B THAERKSE

NEE% I EEREIC L 0EHT 2. K3 -35(b) BN EFFEROPREIC
BT ZEST, SHEIUNFICE - THEIH, RELAEZERT . 0B, Kic
BEHEDNERET 5. I SIS EFPER&L D EAHICMET SE, K3 —-35(C)
WRT D1, BN NIk THOEC SNV 2 ERE LADTERINS.
Type BT, I A OEFTAH L BHENSER L TO 2 HEIGEMA TH 55, HMERHEh &
H EFEHOB®ZRIEE, K3-36(a) KRTLIKEAINEEOAEEA LS. 020°
WL WIRE O FIFH &S BT TS5 E1E, K3 -3 5 TRUKH BT EARE
BEiy, BoRBEADHEEOL LS FERD S OEIIC LI » TEKIN S, X
SITODTNMCHAEETE, BMORLEADHET 2IRBICEELEELONS.
BN TINFIC X > TUIMrS h 2 BRIC, BEES B3 -3 6(b) Oy F 7 TRIN
ZHACETCRSIbOEEZONS. I, BEY 3 & SEHREREICEAIC SN
HEITLPT WD E, BHEIRIMRROEEITNIOBE/NIVWEEZLNE/IDTHS.
EAICUM S ho i, BiREE L, S0 —FrRH LRI NS, X5
WWODPKREC B E, BMREIBBINTIREITEZIEHT S, OB, H—20HMH
BETH->THOPKEVWED, A LEFEHISH - AEHBERIKRELLILEZNS, 9L/
WEBESICHERTEHRBRARZK S, F, A LTFHOEISHEICHMHEIE WO Type BOKE
EL LT, TEXERETZ2EEHEMRIUINICCE 05, TENEMICEML TH
BOET LRV EBEEI T v/, BIEIEkA N, I OICEHBEMT 3



bDEEZONS.

K334 lcRans, UHIEEEEC
X4 ZROEXDOBLORAEZ, K3
—37 TOSEMEELXIUSEMO
BEAEAIE TRD 7B ER A R 9 & D IS,
B OBBRINIC LD A% E DT
bBEELLNS. DML TE F;#
DEFEOETT 5 &, BFEIRMICS (a) SEM photogph of machined surace
2 HEHREMERANRECE S, £k,

Type BTl B3 —36 g onco 390
RETHMT Z2HEREIDELSBENS, 20t
t EFETU D SN 5 1 RO DOH
BAVNS (- T, ROEREIV/NS S
DAREZIEPTCUS. 6= 0°D%FL Ok
1 A Type ATIE, ROREINKRELD

g 110-

-10F
37 DRHEESICETIIEESIKD, 5 2.0 -
2D, Type AL Y HType BO A MK m 40 60
DES ORELSEZELL 152 5D & H (b) Profile curve on the same place

g3 ENTES.
(3) MMESHEREM LI EARK ) e . ‘

B3—38 BEYFRDOEHITOL H3-317 %%%ﬁ%gi;%ggﬁiciﬁ
T, BHSEFEA10%E20%E Lics 20 B
YIEIBERE oot B EFETIR ST A — 5 OEALERT. WTFhDNXTA—-F L b2 05D
BADAENBWEERLT-TED, ROEINELIKREL L -TWVWE., BB, JITHE
Type AOYIEIARE &> TV 5.

HHESEROBEMIC X3, HETEHOHIIIODWTERT 3. BHSERIEMNT S L
I U7 LERAZ L TWABEGRT, SLBHENERDEIHEENEL RS, BN ERS
EType ADT > % LRRRBIEICETIUHEIL TV EEKET, B3—-36(b) ®or/hxw
%4 & 2O TRIRREL KD, ADPTERINPT LS. £/, BHOELRDICKD,
RO EFEHICED 2EBRIAEZ L5056, BMOBBEREICE D RELEICDI-T
JELIEDNTEY, ROEIDFELLAREL B -72bDEEZIONS.

HiZ, $250&E20FERELTEZIONS LG, BMHMESERNIKREBNE, LT
HICHFEET 28O LA, RERMOMATLEILbbFons. K3 —-31 I
AT EHE, BRHEBLIUOROEZ OfIGMH LFEHICHFET 24~ DXREXRBOZNZE N
DOHEART HDOTIINL, —EDHEEIRBIEEITA-FORKEEE-HD
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Cutting distance m

M3 —38 HHMEERLEZLIIGEDOVHIEER
WXt A BFTERAR S5 A — 5 DAL
(Type A, N=1000rpm, f=0. 01mm/rev, d=10um)

TH5. Type AD LI 2RTREENRETIE S 3, BHEORRIA L LIFEICEIT/SEN
TS UF LTI, TNENREB > TV ARIRETE, L LFPFERD O OBHOEINE
by, K3—35 IIRTERBBICK > TERI N2 EIFERMEOEE S KRS ~
FLIEEREEEZONS. EHEBIOROEIE, HETEHREOHIEANITK
XEEEDPTLEE. BHMEAOHIICEL TR, I3 EICE-T, U0
AT 2 L X, BMEVHIT 3 & S L% 4EL, UhHNEEHIMEOHE
SEMDMEZ 570, BMH2OHILEESLEHDEEZI LN S.

3. 4. 3 KEBMISIYEYFIHOBEEIE5I 28

BREELSH FFHEA#ET o0y, TEERESEARESRO /NI T3408)1H 5.
TR, VHIERAMNIETIT-> 25480, EFmEEE TEEEEOBMRKRICOL
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Quasi-orthogonal cutting

Tool Single crystal diamond tool
Rake angle 3°
Clearance angle 3°
Length of cutting edge 1.0 mm (Straight tool)
Cutting condition | Work inclined angle 7/1000
Cutting speeds about 20 m/min
Cutting fluid Not used
Three dimensional cutting
Tool Throw away type single crystal diamond tool
Rake angle 0°
Clearance angle 5°
Approach angle 30°
Length of cutting edge 0.8 mm (Straight tool)
Rounded radius 0.4, 1.6 (Rounded corner tool)
Cutting condition | Spindle speeds 1000 rpm
Cutting speeds 145-393 m/min
Feed rate 0.01 mm/rev
Depth of cut 10 um
Cutting fluid Synthetic oil
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(a) Depth of cut = 0. 7um (b) Depth of cut = 7. 0pm

K47 BIZXREOEED r JEOER NS L

(a) Quasi-orthogonal cutting (b) Three dimensional cutting by straight tool

by straight tool (Tool setting angle is positive) (c) Three dimensional cutting by straight tool

(Tool setting angle is nearly zero)

f :Feed per revolution
&’ : Tool setting angle

(d) Three dimensional cutting by straight tool (e) Three dimensional cutting
(Tool setting angle is negative) by rounded corner tool
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(a) Swell around fiber (b) No swell around fiber

K4—-10 UHEAHRE EEMOSRREICHT 250 B OZAL

WHREIC X > CTERROEERICE T 2T ) OSRVPFTEZ2Y &5, K
SkEEME L CTHEHAINZAMBICROBESZHBT S &Itk -> T, BICEREREDR
EARAD .

Ric, BHEEBEDOED EADIC>WTRETT 5. B L) OJERE, BXLUOED E2YD
BORFEERICE->TEDLSEIEE 3. 2. 3 TR, TITR, FHERREZELS
P THELED ERDBOREXVENNA b re=0. 408504 LIFEABELT, &
D EXRYOBREICOVWTEEST . K4—-10 B EJFHIcET %S EMEREETHEIA
HOMEMELAEL-bDERT. K4—10(a) T, YHEIARICED A ->TW
25, B4—10 (b) TREY EXDEFEDLNBL. HHESIEST 2 HRNE, TR
YhFHIc LD HOIERET 2 HRPBEBKRT 2 bDEEZONS, THbL, BIELSHEEL
MR, TEI T 3ARIC, UhFICX D5 INAMOBEHREIE & bIicH
XhzHs, RAAOBERICEY LA EETSE. COBHEN 4-10 (a) IR 9d
BaEEIZONSG. COBENEI 20, MHICE L TITHSINELET 28568, XiEZ
B I DREHEPH HSINEAE LB WIEATH 5. HTiiSiZUHIT 2 5& /i, i
SINFICHELET BEAR, B EAVER K4-10 (b) DLH1tDEB->TL 5.
DlEX v, B LA dEHELRE T 2BICTEYN I 62T 50 AEE, BEEAO#
HOHHSIONFRIRBIC LB EEZ LI ENTES.



4. 3 TNIFEREBLTII U LASOH PP HERER O BT

4. 3. 1 BHroHMEKE

TS FEEHERILT VI o LB E YA YEY NUEIT 2 L, EFEIICIIEMD
Bl BEIC L BZADTEREINE I EE 4. 2. 2 TN, XOICHMEBRIICKD,
ROBES T 2O EROLIZIZIE—EDORARTH - 7. Tk, MHEREE - ks
PES H EFEA R ICRAENEET 2 L2 TFREIE20THY, TILI v LE
HEMICRS S, MEHOEAGM O LI mAEBEEEIHICLVESEE2AVWET DT
bBEEZL. XC, HEFHEHAERBEEZHO ML LD LTI TOERMFEDILS
X, SRS REOREA B TCAPERIN TV S I &5, MlfOREERRE & i
- B REOIFIREICERT 3 2 &icd 5. |

¥4, EAMUHIORKREICOVWTERT 5. —ROSBUHITIER, BT 20
VoL FHAWED O FAHF1.0 LD £, KOFHLDRETHEOBIENIEZ O H
EFEATERI NS, IO LT, AEEGMOUIHEITIE, 7L N E LA S
EEAEIBTVESBHERIGEVEEERT I ENS, UHIICE T 2HEARE L KO
ERBRLEFEB-ILbDENBEEZONS. T, BiiMEOE®S I v 7 XDBE, Fr
HISHEN 2BOBBICHE N 2 & s, BIMREBEORNERE 7 7 v 7 ORES
i Flld 2 ENRICERENS. B, BEOYE, T4bb, WHEOI/ A7 UL
JIZOWTIE 4. 3. 3 HMOWIES S A7) A TS,

KRAFZOBENTHEE, VIHEEE TENELFE TORFIEEOEREBETH L LWV D
SIIGT, MHEBHEOIE F ARIOBRKE T, BEORREIC oW CHENEREREEZHV 3
ik, ISHEOBR»OKRKDELHIETEHDTHS. S TOERERELHW
UIHIBE OB Y 13, BWEIM OBIBEO LN 2 S BRI CHISBR O ME AT 5 5%,
T, BWERRORBEIOESMUBIOEEICRERETCHSEEALT, JDLHBHE
#E5bDTH5. 8B, BMEBHOBEBENE LI RLEILED, XBEREFHFEL
52bDTHBEER L. £/, MHOBIET ZAMEN T LIFEH FOTEAEL BN
METHLIEDS, ROTHREDOUD S FTEANBO SEELZTBVWEEZX LI L
MTEBLILED, ABIIDPRELRELZ DBV EEIONSIEHTHS 5.

4. 3. 2 HEEFNL

BSR4 2 A, BHERONZIE—AEID10%4A1,05/04032TH 5. KRFEHOE
KEINZ, VHEREEZERTZ I ETREV, UHIoRBICEFERROEST 32 &
VETHBEEZ L. LTI, ERICGEVETLEE5Z 5. MROUHEERZYIAS10mEE
BETHVAVYELRFTEAMHHLTVE, HEOEFNLIE B4—11 IRTLHIC, B
BHE%1.0 & LTERLEL, IhEEBIEHEES, UAAEZNZNEBROMEIEY
3.0 KERELTWVWA., #MiMrimAnEEAICUINT 2IREBEL 2. BHOESIRERY)



ABHENALEDLT 2T LTH B,

PINFDEFFIC & - CHEME 54 1)
Wi Z2IREET 2. THITWAR
0°L LT, HIMT ~T 5B
B2 UIHIBIR AT B 2 kT
Rt 525, N, HERSA
Y& NLEoUnFAHAFEIZ20
~45m® ThHZEEbhTHD, 1
AAHITH L TIE1/200 LR E/haw
DT, HHEEE0.0 &ELTINH

HAZM T I BEREZ L THEV,

VIHIO#EITICPE S MEBIE OIREE
MBI, TR B EBEEIC
1.0, 0.5, 0.00hEICHBLIA
DEFTEITV, T/, MMM
REEE U TR REF T bt 217

> 7. BEEEFIAHICStage A,

B, C, D&PBESE. Stage ATODE

REUILT4, HIRAES0TTH B, £7c,

EROMENS, B b 5 S I
B LB OMIL
CBE5 LTV 3. WET :

Stage A 'f—'H 0

Stage B— | [
> Stage ¢ — Fiber
! Stage D —
7.0

{

™~

T-

Tool
Ts
T, N

9.0

X4-11 18EDOHSORRERETT N

11.0 ]

DIEIIHTH O LD

RHERABEGR L, #hE DO

B REICHBRD->TL

5bDEEZONS. %

T, KA4-12 i34

80

ME2ARELICEED

HEEFLEZZ/EL .
iR, BRLKER1

KOMHFHDFEEF LT
» O, WFEERRZ 3. 01T

XE L7, BRE 909, Hi
HEAT8TH 5.
THF(WHEISGEX

X4-12 2iEOGRSORERERET I



BIEREMERET 5. BET ~T3
TEH&THRIOREV &, Y10 < FHRH
BE V.ORSEE>. SEEOHIEZY)
WoExt, 2P0 TEI 26K (1)
kB oNS.

Vc t]
= 1
v oL, (D)
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BN IR BT  ~ T OENEZ BN ETVE, BMERIO>VWT (3) XD
H4IE o ARG ovicZELLE %, ZOERZBRERLE LB - 0TFA<
N w7 2EBBIEH-0F AT M) v 7 RRIEREXHBRI CHEOT AEREE L@
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BERICED 2 5y 7 NBASNEBRORFBBOETHY, PAE, 7597 RER,
ZD7 Ty 7 BREETRBICHE NIV BWHEGORFTICTHVWONEHDTH 5.
BOTIBNEBEOE LWTEIBRETH 205, 77 v 7N CAEBIRICECNC EEZ
ZON0NHRTHE. ZITR, 75y 7 DIWVIRETHELLIGEN S, BEICHE T
Ty DREATRTEODOWED ) 547 A4 VAERET H1-DITKRETEITH C
ol e

BEDI A7 V4 VIR ERPOFHINTE/LRENLDE LT, BRI,
RATAMIE R, CAMOTAIRILFEPEFLTHS. Ihold, ZEIEHTOEIR
H%xo,, 02, 03 (01>0:>03), HEIEAOTORNEE 0. E95&, RAKEIL
N 53470 R (b)), BREAMIEHZ 747V F DB (6) , HANOT A
IXNFITATIUA DR (T) TERIIENTE 5.

g1=05 (5)
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T, ABITCEUBEEO IS4 7 YA U AEAWET DI, 3EEDI ST
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HEBMORE TR, BHMOAL-SiRELITHT 2HHEDAL0; &R —TROADEEL,
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72720, V IIBHESER, JdRSHER | EEES, dREOEANBITHD,
| BHHBEARAEXTHS. | ULOEIZBHMTOMMNR> &Ik > T, KD
BISIBEABE L TVWAIERT. oaRDBHIFE, K (8), (9) 51 .2HEE
LTo: o4 2 2IAEREML. K4-15 BEAMBICIMEZEROFRL .
LB THS. BREIELTO2NAE LS E, K5 0a=2500Pa, o .=3030Pa
ZBAEIENTES, 72, 4. 3. 2 THBNcEHicd=3.6um, 1=10.8um, V=0.1
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4. 3. 5 HMoBEI A7V v EBRREBOZELL
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DB LBRBEICE TS, RRKERHI SAT7 VA Y, RRKEAMEHI 14704,
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#4—2 TR T LI =Y LE2OYINETER

Material Alumina fiber Matrix(A4032)
Young’ s modulus{(GPa) 294 78.0
Poisson’ s ratio 0.3 0.33
Yield stress(MPa) 1180 255
Strain hardening rate(GPa) 29. 4 0. 636
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(c) Shear strain energy criterion

(b) Maximum shear stress criterion
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(c) Principal shearing stress

(b) Minimum principal stress
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(c) Principal shearing stress
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(b) Mininum principal stress
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X424 2HHEETIVORKEIESI5MA (U=0. 0271, U,=0. 0181

4. 4 S iCv4RABLT VI =Y LG2OH LT HAERER OB

4. 4. 1 #EHroHM

BALMDS i Cog RART IV FEHICHNT, BXLEWS A1C, 5IRVEBIRXT
U3 FEHEAYL. T6GPalsset L T20. 66Pal D THBETH 3. SiCU4 RAZTILI=
U LEETEHALTY M YEL NEIZ T 5L, TIVIFEHMERET LI =Y LESIC
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£4-3 SiCo4RAWALTIVI =T LESDYMETER

Material SiC whisker Matrix(A6061)
Young' s modulus(GPa) 481 68. 6
Poisson’ s ratio 0.2 0.33
Yield stress(MPa) 20600 274
Strain hardening rate(GPa) 48.1 0. 686
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(a) Ux=-0.2078, U,=0. 1386 (b) Ux=-0. 3270, U,=0. 2181
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Strain hardening rate(GPa) 3.33 4.1 0. 686
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5. 1 #

f(]

F2EICEVWT, TAIZv LAEGHOSKBEUHIM LA ZRI 570 DEARNSE
iz, BEOEVIIEBH BN HEL2ET 2 TEOFRTH S EaliRi. F 1,
EIETE, BEAHOBHIBCET 2RFOP Lo EEER L, TEHMEAEXR
FROIEIE T 7DD OV TR EMA 2. KETIE, T FHEHSHERET LI =Y
LESEILICEEAED210D0RAIIH>VWT, VHIMTIcoAEEHEIMTIcX3H
RICOWTERLEERT 3.

YIEINTAC & 52 57, BRI WcBHRZEROEFCHHELT, ok ZHEIML
mEB/MIEE T 5 2 itk ->C, AIRERIRY BiEOUEIZE S LT, TEEEOB/LE
t EFEOREERAS ETE56DTHS. &7z, WHIMI TRERICB/N NN
ZLl By, NSIEUAAEFZ L0 TE50DT, UHIINT LD $B/NMNIEIO 7 o+ X
ZHIBILPTVWEEZ OIS, 22T, AETIE, HHIEREZTV, 2ot EFHOIRE
WOWTHHIIM T OBE & i - et L.

5. 2 @ER%ESAYEYFLEICK38/NIHI

5. 2. 1 FEBR¥ELIUHE

UHIEBRTHER L/ TR X OUHIZGZ £5 -1 Rd. T EFUENCER LT
B3 2mll TORBEL b OBBEMTLHOBER S/ A YE L FTHS. b, Kl
NA MEEELCERIE, NS bOX ) KERERNERABEZKESE LW, EIEE
~NOBHANBETH B EEAIHTHS. BIMLOBEIX10mDYLAA T, FXA bD
Ty T4 T AEE0OHEMI/NSSCTEE, HOEEREN Im BEEREBED 2
O, BNIEIZET 2 EUAAICESDE 2495, 22T, HHEEZALEIE 3201
AAZbm E/hE L, o, T7o—-—FAEZKRESLTEIMILA. £/, &1 b
TORMIL &BNCIT - 7. BIMLIEOEBEZ0. 2un DIT &85 & 5 BNNLAS CHIEIY]
HILTHBLTWS., JITEHRIMLIEEZEY -7 DRI S, ZhEh, ZHER,
MR & d 5. REHIEBH 2. 0wmEHLELTT Tu—FH, 3—-F¥Eho%
DEEEZFREL. BE, FIMLIOTEL XOUHIGRMEE £5 -1 RTLEEDTH 3.
B, L EFUEIcB 2UAAEE, Kb -1 IRTEIICHIMIES I —#ELT
BOWTHEHSLSCHUMEL/HDTH 3. '

BeHIHA 13 10%A1205/A4032% W, (HFBEM, SHIM OB A, BICERZERGF
2. 1 LRIBETHS. Kb, EHBMO TEXD BIXSMREE 0. 5umDULAA R ERIESE



#£5—1 f{LE, FIMLOTELKOUIHGEHS

Finishing

Tool

Ultra-precision single crystal diamond tool

Tool geometry
Corner radius
Rake angle
Clearance angle

Rounded corner
2.0 mm

0°

10°

Cutting condition

Cutting speeds
Feed rate
Depth of cut
Cutting fluid

120 - 560 m/min
0.01 - 0.078 mm/rev
0.5-3.9 um
Synthetic oil

Pre-finishing

Triangular type

Cutting direction

NN

V¥ : Approach angle
¢ : Included angle

Tool geometry
Included angle
Rake angle
Clearance angle
Spindle speeds
Feed rate
Depth of cut
Cutting fluid

Throw away type single crystal diamond tool

Straight
120°

OO
£
1000 rpm (145-393 m/min)
0.01 mm/rev

5 um

Synthetic oil

Circular type

Cutting direction

e

Te

\OA_AL/

r ¢ : Corner radius

Tool geometry
Corner radius
Rake angle
Clearance angle
Spindle speeds
Feed rate
Depth of cut
Cutting fluid

Throw away type single crystal
and sintered poly—crystalline diamond tool

Rounded corner

1.6 mm

0°

5°

1000 rpm (145-393 m/min)
0.15 mm/rev

5 um

Synthetic o1l

0. lmn
—

i

i

{

of cut
= I'

R R U I T T U
| AV TN T
“ﬂle_*rﬁ/:\'g W,r*‘r'l"”3* T
HANIA NV AN
i (00 Sl A IO O\ WA Sl
N ARGy
—i- r MBS
. '
i Pre-finished surface : !
A oo 0 e Find
L AR R
_"‘K ‘}E)‘ H
Lo A B

XI5-1 VhALDEHE

shed surface

1
i

|



%g g Matrix V=250-280m/min
"z f=0. 01mm/rev
=
s 10r
w2
1)
3
=
2 =
25
Bl
= ©
550
d um “O 15

Pre-finishing : Straight tool
N=1000rpm(V=145~393mn/min),
f=0. 01mm/rev, d=10um

K5-—2 UhAAICHd 2RMOMEE, B0 EXDE,
I KDBES

boTWw3s., L EFHEOAER, MetXRERARBIES CNRIFZERT ET-30H0) %AW,
EHEEX (.8mm, AESE1 20O FEEE KD, £/, BEIERENEATIET
s (YA =2 2 ENN-3000) 2HWAKREARDORE LIT-7/. JDBEe, BEEX
A0pm, HIERE1 0520 THS. TEHEEREDOMEY IZIEFR—DSEMEZHWVWTW 3.

5. 2. 2 EBERBIUBE

T, L EFUEICE T 2 UEIRBFOREEEAREF T 5. K5 —2 F=ABIRORTNL
R LT, Z0#EE). 0lon/revT, ViAA %A1 0~2. QunZ TEALI /B EDERER
. UASEZLATHLRMOTINS, GHE OBMOED L4 0 R, SHBEERO X
DEXEHITEREZLEBEVW EDD2 S, LT, K53 E—EIRORIM
THEiCH LT, ViAA%E 1mPl T T #EEA 0. 01~0. 078nn/revic L 738 DR %R
T, EVHEEEKRELTEIERE>TROFEINVKELH->TVWS., ZOBEZDEED
BEOHEFFHOS EMEEA /R LD 5 —4 TH3. £=0.078mn/rev Tld Bk
WA CTHBICRBE APTERI N TV 301Xt LT, £=0. 0lnn/rev T E85 B BHBR 75 i 2
RBEBVTOVEFHNDZHDOD, BREANDIINNIEIBRELEL>TWVWS. £=0. 04nn
/revid BB IS IRE R & 3 I BN RENROREAES 2 PENTIREESR LTV 5.

T, ZROHEBOBIIC L O BREROEINPEATIEHRHCIOWTERT S, K5
—5(a) B EFEEREOUEIEE & VY BEXIC>WORT. Y10 < & LTARR
EINBWR I Ny F LT TRINZEDTHY, T EFEE L TERINEBREEDD <
— 7 DWE» SIS E TOMEEL S, o, MEBBEABICH - VOB, TH
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V=250-280m/min
20r .
) Matrix
£ 8 Swell
o Pore
& i
S
&
5 10}
g
=V}
=
- 2
x B A
Eg
=S &£
0)

d m 10 05 08
f mn/rev Q01 004 0078

Pre-finishing : Straight tool,
N=1000rpm, f=0.0lmm/rev, d=10um

X5-3 By#EEIHd2BHOMS, B L2 o0&,
W ROBEX

(a) d=1.0un (b) d=0. 5um ' () d=0. 8um
£=0. 0lmm/rev £=0. 04nm/rev f=0. 078mm/rev

Pre-finishing : Straight tool, N=1000rpm, £=0. Olnn/rev, d=10xm

M5—4 XpHEBICHT 5 ELFEDOS EMER

Da—FH¥E, UhAAH, BLEEDHEBIEKEL, £ <—7 O1LEH» 5 OFEREx Icxt L
Tikhews, 22C, K5—3 TRLASEEOUAA LX) HEOMELHICET
Hxthakvsrds, TEHa—F-¥X 2.0mmTH 505 K5 —5(b) II/nd 3EEO
BB ons. Koo, £l A PTOUYMHESE, TEHIa-FEENPRKEVDICY]
ABED BEDBOEIDVKREREELABEZITVWAIEN DS, ZhiHLT, F1F
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Feed

Yachined
surface
o
=
[
i% .2
'E
[=5
QO
Jan)
Peak of Cutting reglon
Tool

feed mark

(a) Illustration of undeformed chip thickness

08f Reg1on of average
g ’ 7/ >\, depth of pore
/= 0. 078mn/rev - ///
<~ d=0. 8um
w OBf
8
£
(]
E
& O4F £=0. 04am/rev
S d=0. 5um
g~
b}
=
g 02¢
=
£=0. 01lmm/rev
d=1. Oum
% 002 004 006 008

Position from the peak of feed mark X mm

(b) Relation to feed rate and depth of cut

R5—5 hAA, %LU EX ORIHE

T FUHIcH L HEICTER X 1 2 BHERLE 1< L 2 XDEI D0, 62umbll L Tid, EIC/HiE
PEELTOIERIELKLEY . Zoky, £=0.078mn/rev TRADEIRE > TV 5
MAVHIT 2SR BHELTIEL CROBEINPRELCNK S, —F, =0. 0lon/revTid
HIS 9, BMOBURENICLD, MA > TRICEMEZHD 2R E 6L, ROBEIY
INEK /e b D EHETE S, £=0. 0nn/revicB VT, KA 53 UIELY E X H30. 62um2
TOEETIED 52, BIMLEIIC2. 0un OMIYA D 27D VAAIT—ETHE W &P, #
ElO#EHMER, i, SOUAAARIOBRIDESH>ENEZIONE. DD, EFE
HICYIIR O BEINKEL R, BMLUEIT 2BEIE L - bDEELLNS. Th
BREIFEOERT, £=0.0lmn/revTd S5 ETHY, Kb —4 ITRTLIITHAHNC
BHBE 7S ADSTERR E TV 5.
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& = f=0. 0lun/rev Matrix
w Swell
2 Pore
= 1.0F

QO

23

4]

9]

5 i ,

£

S5

—~

%S

e O

= £ v wain 120450 250280 510-560

d um 1.2 10 16

Pre-finishing : Straight tool,
N=1000rpm, £f=0.0lmm/rev, d=10um

Xb5—6 VHHEIIHT 2BHOME, B LD E,
WRICRDEX

¥/, K56 RUHIBEEEZZEIEHEEOERERT. VHIEELHET I Lick
> THHEREBDORDBEIN/NEIL B->TVBRIENDH S, TRRYBIEELMT &
& - THUHIREN LR L, BHEHONEHRE LYd< K370, BERERO IR
MEZHDZIEAPBEIN, REROEIDINILKUE-TLHDEEZIOLNS.

Ric, BEBEIAYEY FLERCEZBER LNOYRIOVWTHRXRS, 3. 2 Tff
ALRo -T2 A RTEEAZICEI2EBETE L OUHIMEEOREVERL IO
K5-7 TH5. ik, 2o—-T7Yx2AALEDEHEEE, BHREICIZ ORI
WTRLBEREDORN 72N, by T4 7 H—0.23° TOUHIERERY 2 RLTH
5. 22T, B5—-2, 3 WRLAERIMLEFERBOREFEBNTOREEZRLT
W3DT, Hxc 0t EFHERMEICOWTKRET 27 OREROEI %4 S EMETRIET 3.
MHEERICHT 2 XOEIOLY TH EFHRBOEBEZ T 5 &, HOFEHEIE R o
=79 2ARTEOHESH0. 20 L CERBELRETH5L0.19¢-TW0W3., BEELE
OEPOLTNMCRVERNEL>TVEH00, HOSHORBIEZEHEL-THD,
R ARDBEIRIEBELEAEEDLLBWESEAL S, COBEHIE, BERDOESITH L TIZTIE
DESOEENKEL, BRETEL A0 —7 Y A RTLETEE 2N F0MmEEE, i
TN HOEHFN X OB RREARDEX ICHELZ REFI LI - bDEEZ NS,

Zhicxt LT, TEEZEOMEARICERRS., K5 — 8 IUIAA(. 8unk 3. Junic 1)
% UIHIBEBE2450 DA D, YINAN EA» CBE L TEERESSO S EMEE EEHE R
HAOMEHETH 5. BIEHE» S 75 v 7 BEEBA KD 2 & THAA0. 8unD A 2um,
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Relative frequency

60

40

20 -

V=250-280m/min
£=0. 01lom/rev
d=1. Opm

0.19

Relative frequency

B

0.0 0.2 0.4

Depth / Diameter

(a) Ultra-precision tool

60

~
o

N
o

0.20 V=145-393n/min
i £=0. 01lmm/rev
d=10. Oym

1

0.0
Depth / Diameter

0.2 0.4

(b) Throw away tool

X5—-7 BEZSIFAVYEVFIEEAo—TU2M4RK
¥4 Y€ KLETOH HFHEKMaOHEE

Pre-finishing:Rounded corner tool re¢=1.6, N=1000rpm,

8 L.
~ N
/ N / N N
/ / %
V/ /
/
/
gl y/
/

zl. i tls 12 00 /: . é 12
(a) d=0. 8um (b) d=3. 9um

f=0. 15mm/rev,

d=5. Oum

Finishing:Ultra precision diamond tool re=2.0, N=1000rpm, f=0.0lmm/rev

K58 24 5mbIHlEko TR MR
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3.9umT4mE > THLY, HOoNMIUAAD/NEWVWIE DD, BRENNICH->TWVS.
COBERVHEBRE—-TH 05, UiAAE/NI LU EZZ/NEL L, REX
DD EHNZ & 5 ICT NITHHEZTIHIT 2RI BDESHE L ENTE L. 2Dk, T
HERBZ DK TEILENTELDDEEZONS. 61T, VIHIERRIOHT 52 TEE
HEIBNE, LT EREAMEI T3 ENARETCHBLIENEZLS. /2, 3.

2 TOHRENLEEEE, NERRVEUDKA N1 b re=1. 6OFEOEERIZ, 1)
AHI0uTImE 78 > TH D, UAL0. mDBEELHE T2 E T O%DHENR SN S.
WM kX 2 TEEEBRDODEI G OoONTVWSE EER 3.

5. 3 WNKRENNTIC X 5 LiFmnE k

5. 3. 1 FEBREAELIUTFHEZ

BHIA & L T10%A1,05/440328 L O A4032%FH W 5. 7L 3 M RILE S OBH]
MILTE, RSP ICEERMAE A6061E LIcBHIM T, GCHBABIORLY )4 RS A
YEY FEAZRHVWIHEND 2. BAZEEIYE, WHEERD L4 L S oin
ZH726 LTWT, VIEIMLERICEHEMATRLCWS. /o, BHRECE 3 LER
EINTVSE. Inid, HHIMOBMOEHHIEOEWT LI =9 LG8 TH5DE, #H]
MOBENEWD, BEEBRK TS 23 EHEIRNAKRE L0, B, U0 FHHIKE
HTh27:D, HMNBOUOLTEEKTE S L MHBISHBIELSBRVWAEDEEZLDS
N5, AWz T, ER%HEK

KEd 2 &Ik -> THHEIETA #£5— 2 IERIRENIN L OBHISG:

wmbx¥, £/, VI THHA Abrasive SiC #46 and #60(as same rate)

e E - S e - SiC #220

BHICLT, tEUEC5A 51 o

BABRBIELES29ET3LDTH ¥edia Abrasive:Slug=3:1(¥eight rate)
" Extrusion pressure | 4. 9GPa

5. BT, RhEEARICE Flowing time 3min(Passage interval=30sec)

WARMES ¢ bOlc, FEam  Jis and vorkpiece

A THEBS TN TS % BRI R

- ~Forkpiece

MIAE GREZ7 XY — IV Kk—
> MARK W-80, 120) ={FHd 5.

BRHISAE K52 IORT. B M
MMM & LTy A ¥ K =I5

YIHIL ok W 5. R &mb {4@mm§m
e 2BOY 1 K RAEEOS Ay (P
x%29 5% 2EDOR10mn D¥MHEY LY o

TRA%Z&KRA, E2 6 V7 TRIE
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o) |
oy Ra
1 OO ™ Rmax ] 20
Rmax/Ra
7]
.
/ S
g /| =
/ 2}
> / Cﬁ
e %
- 50F %
&
0 — [ l_ ]
Cutting Abrasive flow machining
A4032 10%A1,0; A4032 10%A1,05/A4032
/A4032 1600 #46, #60 #220 #600

59 &1¥EY FUMIES L CTRRHBINNTIC £ 54 FiFEOR,, Rax, Rnax/Ra

5. TDiY, MEBEEANRR L FABEMOREEREIT 5 2 LIk D HEINfTDN .
Z T, SMERCEIEN S IANCEA ICHIEIT 4. KB, HIEmICETOMLE 5820
T, HETEIARENRSEIE ATV 3EIA2EE - HIE L.

ft Bl S ORlE R, st XEREERBES MBI SE-40D) 2HWi. Ay
A 74E0. Son, MIEEX2.4mmTR.HB LU RuaxZFIIIKRD /2. 1 2H0F0HIE LFEE
ZRDTW 5B,

5. 3. 2 ZFEERHRBIUZEE

BKI5—9 3#46 L#60 ORESHERL, #220, #600DHEK; T10%A1,05/A4032% BFHEI L 7238
B, BLUTH00DIBKLTAL032 ZHHIL 7B DR, Ruax, WFICRwax/R.ZERT.
%7z, Bhicid 10%A1,05/A4032, A4032% 2. 2 OMIEHETSY A Y€ NIHEIL 7235
BOFERLHOETRYT. K5 10%41,05/A40321CBIL T, #220, #600DMEKI% V7255
BHILBVT, R. OETREBNAEMLOANTHEHIMLED SENTVWE I EPbI 5.
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KU

(@) A4032, #600 (b) 10%A1,05/A4032, #46, #60

az2s . 16U

(c) 10%A1,05/A4032, £220 @ 10%

Ky
A1,05/A4032, #600

X5-10 BEhimEEnTickstEFEOS EMEE

L2 L, Runax OETEHIERHEEIMTIZUEMTICHEK L THBHOREWVWEEZRLTWVS.
BRREM T Ik 2R E B L TAH 5 &, BRRNEEA/NS L LeAPEBESL LUE
DELNTWS. #6000k THIHIL 7z 10%A1,05/A4032& A4032Tid, FIEFEIREEOH E
FHEEK->TWE., K5—-10 i3 BI5 -9 IR EBLETHENBEML L7z 440326
K T10%A1,05/A40320 4 EF IO SEMEBEETH 5. #46, #60DK & WK CTHIHIT % &
RS TADTEREINT LE S DICH LT, #600~E R Z /NS < LT & B
BANTICED, BMESLTEIENTH EFEICEENE->TW 30000 5. HRED
#2201 MEHERRE 1C & BN E KA SR H Lo BHEDNRIET 2 4t L HORAEL 8-> TV 5.
BHEC & 2 £ EFEARBEEICOWVWT, UHIOBS LR LN SEET 5. Mg
R EBRORESEIIEN —ETHAIMITFAL TV 6, RNV EEDL OZITZENE
—EEEZBIENTES. DD, KEWVIERIE EWHIMITIERT 2 HIEAKEL 5.
BEEMEMILL/BEICE, BRIC X 28H~NOIERIZEMs &, SHOLBEI NS
5. TR LUT, DNISIERIBEBHEANDIERIANE 18 - THHOBRENE Z 578
W, IS, PNEBEKOBESBMAGBICED AR OENZL K 5, BIRFICEKE R
Al-Si BEDAEZHIVWNAE I ENTEELDEZELONS. JhicHL T, YHITIRIE
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U TR KRE WY, i, BMEERLTHIZ LR T, UhHIck-TH
B UM d 5 2L icin . DI X O BEES R £ TR, REWVWIRKL & FERKICR%E
T 5 Eici 5.

wiz, HEFEERICODVWTEEEMAS. £9, BK5—9 IKRLARaax/RaICH
LT, ZOETHEIBROBIRICK > THENED 5. HhiE O HRAIMN SR Tld £ O
2.0 Thh, HAMESZAKTIRL) &85Y. F1 ey FUHlIck > TELNEE
Runax/ R.DENKEL, AM02TIHI2.0EBDODTRELL->TWVS. i, 2. 4
TAOR2DOPEITR LIz L ST, HH SiOREIC X 2 ROEEI/NS VEID ITIZEVD
Tha IOEEG, RJJIPEIBEERLD, Ruaxdd KEWMEELED 5, Ruar/ R.EK
I EA & 5. 10%A1,05/A4032THE, T I FHBESHHESIICHARTEEN KX VWD,
HEOK X WHHERZIC X 2 AKIEEO LR 0P A T, R.OEPA0I2ICHRTKREL
BEBY Ruax/ RalZ/NEIEEL B, A4032 ZH600DTER THIHIL 72334, BI5 —
10(a) IWRTEIICHHESIAERL, BEAESE BEICLBZADERI N VIZD,
Ruax/ RATHEFVNS WEE 85> TL 5. 10%41,05/A4032bRIHETH 0, BERLZ KL
SRERINEZEZTOWLIKE-T, T I FEHEXIIHF HSIOREICT L 50D 80,
ZOEWHATEHL TR/ R DEIZNE I8 5TL 5.

XC, FEFEHMLEVOIIEY 2S5V E, A EFEHE, Sk, BELARED
HHIM OISR D 3 T, TR - BEREME-C R TTAIE 1S & OHERER R M L PN
F->TW3a., KM, BEME L THERT L &I, BEROBEMIN THEEZXZ 5
BEAZBHEICH T EICE - T, WMEEMAZRI LIEZ2ENIS 206, ZOEKTIIH
HARBX AL ENS 5. BE - BEBHIC OV TRECETRRE Y, KEHIM OB
N MRER S A BT 3 C Lich B LT, VIHIB K CEERKIC X 2L A
TIREKTERLVWI &K, BNEREMMIICX 2 5EPERLEBEHEDVDEDERS
LEZDL. TOBE, WHEHOBELZEEMICFHMET 5123, EitRa.x/R.D/3¥F5 A
—INHFETHSLEELZOoNS.

5. 4

i

T FEEMEELET LI Y LEED0ISI—BOEBEEMTAHI LT, #HNHI
EHERREIMIL%2ITV, UTFOI &b -7z,

(1) BREESAVvEY NILEAMHLT, UhAAL Oun, &0 #E 0. 0lon/revd YIEI%
o2 &icky, TEEEERIVAA10mOUEICHNS ETIBBEEORENSL LN,
ft EFmERELREBEI NS, Thid, BIMIEIZT > TVWE /e, BIMIIC L > TE
RE NI HHEREIC X 2 ROWBOEHIZ &z, TEICX 2HMETIE DI
S>lclcdTH 5.
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(2) BRIFRBNM T OBK A $220& VKN EOKZWVWIEGE, MHELWBELZIREICLS
REKT 555, 1600 BR2/NE 95 EBMOAPHIS NEMEIIEL Z LW,
Fro, BB LOITHSIZRHNIELIENTE L7, Raax/ R.OEIZ/NIK
5.

2 £ X W

D HRFEE BY % HosE & BE % s R LHESE gFE= 7
VI FEGHERILT VI 0 LESOEEEUHIMT GE1H) . BELFERE
57, 12(1991)2169.

2) BHE—- HOEE. BEE--B mfEsE M E 0 RERERETEME
(SEM) Itk 2BERT 1V E Y FTEDYNIBENA L RORE & B, BE
T4, 56,7 (1990)1311.

3 WHRFEE, BE % FoE & ®H £ o R OLUEHEEB BESE= 7
VI F LT IV =Y LES0RBEYHINT (B28H) . BEILERE
58, 4(1992) 641.

4) BEREH, wWASH. BH E: FRMOWHIMTICBIT 20H% (B 348) . B
6 2EFERE LER2KFRSFEWBHEIGE, 91

5) BENTERE - EHUIHIMNIE, iR, 1980, 142

6) WEL¥S : BHIT®, 4 — L4, 1987, 60.
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=5 6 B mkEE N LEioo EIEE - EEFREASRME

6. 1 #

ifl

MEEEME E U L EAM P ER I 2 0, BHOBEEROBMETRE
REAXZLIENTELILE, EMESI ORBMPEBHICE - TR 5720
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(a) Sﬁﬁ

photograph of the ground surface
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(b) Cross-section curve of the .same place
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#6 -1 BB

Friction abrasion
tester type

Compression force
Contact area
Spindle speed

011 used

Test method

Ring-on-disk
Ring (S45C normalized)
(20. 0-425. 5)x15
Disk (composite tested)
$40x2
300N (pneumatic bellow-phragm cylinder type)
200mm?
100rpm (peripheral speed 0.10-0.13m/s)
Low viscosity base oil with no additives
Both specimens were washed every T71. bm
(1000 revolutions) and the disk was coated
with the base oil (oil thickness: about 8um)
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0 Direction of friction
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(a) Coarse surface roughness of matrix
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(b) Fine surface roughness of matrix
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<Direction of friction

surface texture
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<Direction of friction

(a) Reflection electron image ’(b) Al-K¢ image

(c) Fe-Ku¢ image - R (d)HO—Ka image
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