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Abstract

By uéing the plasma CVD method with hydrocarbon and carbon monoxide gas mixtures with hydro-
gen, a synthesized diamond film was deposited on cutting tools. In order to clarify the wear characteristics
and cutting performance of the diamond coated tools, turning tests were carried out on Al-Si alloy, carbon
fibre reinforced polymer (CFRP), glass fibre reinforced polymer (GFRP), and titanium alloy. The dia-
mond coated tools were found to have a cutting performance equal to that of sintered diamond tools when
machining materials which did not present the grearest cutting difficulties such as low Si Al alloys, GFRP
and CFRP. However, when machining high Si Al alloys, the synthesized diamond film showed a cutting per-
formance inferior to that of sintered diamond tools.
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Fig. 1 Microwave Plasma CVD apparatus
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Table 1 Comparsion of suitability of substrate materials for diamond coating

Feed gas Form in which

Surface composition, diamond overlies
Substrate preparation vol.-% Temperature, K Time, h substrate Adhesion*
Al O, Unscratched H,-0-5CH, 1153 24 Grain
Al O, Scratched H,-0-5CH, 1153 24 Film Poor
Al,O4 Scratched H,-0-5CH, 1173 6 Grain
TiC Unscratched H,-0-5CH, 1183 24 Grain .
TiN cermet Unscratched H,-0-5CH, 1183 24 Film . Poor
TiCN cermet Unscratched H,-03CH, 1183 3 Grain
TiCN cermet Unscratched H,-0-5CH, 1173 24 Film Poor
Al,0,4/8iC,, Scratched H,-7CO 1173 1 Film Good
SiC Unscratched H,-7CO 1173 3 Grain ..
SiC Scratched H,-7CO 1173 6 Film Good
WC-Co Scratched H,-10CO 1183 3 Film Good
TiCN/WC Scratched H,-7CO 1173 3 Film Moderate
Al,0,/TiC/WC Scratched H,-7CO 1173 3 Film Poor
Al,O,/TiCN/WC Scratched H,-7CO 1173 3 Film Moderate
TiN/Al,O;/WC Scratched H,-7CO 1173 3 Film Moderate
SizN, Scratched H,-7CO 1163 10 Film Good

*Poor = separation of diamond film during cooling after synthesis; moderate = peeling off of deposited film immediately after commencing
cutting; good = no immediate separation of film during cutting with coated tool.

TV FOABIIAEECH B0, £ L TRESHER Thhs 1 KRELTOEN, B0
REMTH DI, F£4 vV FEARRCEHEITHTA2EELESS. CoKHEPREE
LEBRTRMOVBRELLS FA4 YV FYREZIRBLDRKEF APHVORS. L
> T, LRRFALKREFALDOREFADFERF AL LCERINS. AR, R
AL LTAxVEKBOBEREN A (HCHy) E—MRLRFZ L KFOREEGN A (H-CO) %
A, £4vE Y FEOERIBE LT Table 1 2258 bhiciE®m, UTORITHS.
1) BHRECH LTT 5 E0 U, BREFEYR LY, F1MvE v FERE
BEEDIDTIIDBETHS. b L, HOTABEThihsleinbiE, R LIs(M v
v FREBERC S vy, BRE-d LT BEERERFFEE. £14 v v VEY
BRI, FHOFA Y EV FEARACMNETHILE DD, HOTMEL X - TR
T bR, £14YvEY FOBEREREBCRAIRTHS.

2) YHITRLLCEELEREECTHHRME LA v v VEOBEEBRELTRELT
WHKY, AllOs €5 3 » 7 TREEY— 2y F TRXBHMMHEE UGET R Cikicy.
A4 Y& v VELYBHCREIC T 5oy, 4 v v VL BHORE Co—iRiE:
HE LT, BHMOBRBENZA Y v FRiivC &, BHFENRIEYER LT VWO
L, EHEBHMFRRE C) NI LE Wt ENETFHLNE. ALO3 &5 I 4 7
X, 1 YEev FOREEAH 0.8X106K-1 it LT, 7.8x10-6K-1 k&<, +—
Ay VIRERBBRIERT DA ZNAAL VE—H LT L b AETNThH 5.

3) HoCOF A, Ho CHy #¥ A HR LA ¥ = v FIEOREREINEL, T
CO ¥ AREFHPATHEA v E VY FEOEENTRETHBD.

D EDOFHERDERENLD, BMHEL LTHEE (WCCo) +%{ti3\3% (HPSN) T
BAZ2FER L. FRFERyAE LT, HeCO AR FER YR E LTERAL, UToER
TRIDOFERY ARER L CTEYEE L, oOUEIMREL S L.



278 B £ -RE NE - FE OFE - LBRANS

3. ¥4¥E> ka—7 v RITERBMHEDZER

RBORHE & AREERRET 570, Table 2 KR TABREHECTAERXEEL,
—HOEBREYTole. AR, EBRRELMHEEHEET CER LA —EEFEO X
Sre=A7rEHl (FH400W) avie—n L. 7o, Table2 DL TOLBET T
FAYEY FROGRIFATETH > 7. Fig. 2REFHE T CHER LI Y2V Fa—F,

Table 2 Conditins of diamond film synthesis

Carbide substrate Silicon nitride substrate
Tool codet DCSC1 DCSsC2 DCSN1 DCSN2 DCSN3 DCSN4 DCSNS
Source gas CO concentration, vol.-% 10 10 7 7 15 15 15
Synthesising time, h 3 3 10 20 10 10 5
Substrate temperature, °C 910 900 890 1000 1000 1000 1000
Coated film thickness, pm 3t 10} 3t 20 20 20 10

*Source gas=CO-H,; gas flowrate= 100 cm® min~! (STP); gas pressure=5333 Pa.
1See Table 3.
}These values correspond to one crystal thickness.

« 4. 7 o %
DCSN3 10pm

Fig. 2 Typical surface of diamond fulm coatings
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Table 3 Cutting conditions of turning tests

Tool material Diamond coated carbide (DCSC1 and DCSC2) Unchamfered
Diamond coated silicon nitride (DCSN1 ~- DCSN5) Chamfer: 0.1 X 30°
Sintered diamond . Chamfer: 0.08 X 30°
Carbide (WC-6%Co (JIS K10)) Unchamfered
Silicon nitride Chamfer: 0.1 X 30°
Workpiece material Al alloy (8, 10, 12 and 18 vol% Si content)

CFRP (52 and 60 vol% carbon fibre content)
GFRP (20 and 60 vol% glass fibre content)
Ti-6A1-4V (as rolled)

Cutting speed, m min’ 100, 200, 400, 600, 800, 1000, 1500 (for Al alloy)
100, 200, 400, 600, 800 (for CFRP and GFRP)
90, 120, 150 (for Ti-6A1-4V)

Depth of cut, mm 0.5 ~ 3.0 (for Al alloy)
0.5 ~ 2.0 (for CFRP and GFRP)
0.2 ~ 0.5 (for Ti-6Al-4V)

Feed rate, mm rev’ 0.01 ~ 0.3 (for Al alloy)
0.05 ~ 0.3 (for CFRP and GFRP)
0.05, 0.1 (for Ti-6Al-4V)

Tool geometries Rake angles -5° (end), -6 ° (side); Clearance angles 5° (end), 6 (side);
Cutting edge angles 15° (end and side); Nose corner radius 0.8 mm
Cutting fluid Emulsion type (JIS W1-2, dilution X 50, X 30)
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b
a; Tool DCSC1, Workpiece GFRP (20vol% glass fibre),
L=200m

b; Tool DCSC2, Workpiece Al-8 vol%Si, L=500 m

Fig. 4 Wear patterns of diamond coated carbide tool in
machining of Al alloy and GFRP
V=100 m min~!, d=0.5mm, f{=0.1 mm rev~!, wet
cutting
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Fig.5 Wear patterns of diamond coated Silicon nitride tool
DCSN1 after cutting Al-8 vol%Si alloy for 50 min
V=200m min~!, d=0.5mm, f=0.1mm rev-l,
L=10000 m, wet cutting

[~ Non-coated tool ’ [ Diamond coated tool
(Carbide) (Substrate: Carbide)

e _
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Fig. 6 Thermal EMF measured during cutting of Al-8 vol%
Si with uncoated and diamond coated carbide tools
V=600m min~!, d=0.2 mm, f=0.1 mm rev—!, wet
cutting
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Sintered diamond

. . L L 1 1 . ! . 1 .

 — 0.1 0.2 0.3
Maximum flank wear width (VB,,,), mm

(a); Al-8 vol%Si, V=1500 m min”, d=0.5 mm, f—O 1 mm rev’,
L=10000 m: (b) Al-12 vol%Si, V=1500 m min”, d=0.5 mm,

=0.1 mm rev’, L=10000 m: (c) Al-18 vol%Si, V=1500 m min”,
d=0.2 mm, £=0.01 mm rev L=10000 m: (d), GFRP (60 vol%

glass ﬁbre) V=600 m min”, d=0.5 mm, £=0.1 mm rev’, L=10000 m
(e); CFRP (52 vol% carbon’ fibre), V= 100 m min’ d—O 5 mm,

£=0.1 mm rev", L=1000 m

(a); Al-8 vol%Si, V=1500 m min~!, d=0.5 mm, f=0.1 mm
rev-!, L=10000m: (b); Al-12vol%Si, V=1500 m min—1!,
d=0.5 mm, {=0.1 mm rev—?, L=10000 m: (c); Al-8 vol%Si,
V=1500 m min~!, d=0.2 mm, £=0.01 mm rev—!, L=10000
m: (d); GFRP (60 vol% glass fibre), V=600 m min-1, d=0.5
mm, f=0.1 mm rev-1, L=10000 m: (e); CFRP (52 vol% car-
bon fibre), V=100 m min—!, d=0.5mm, f=0.1 mm rev-},
L=1000 m
Fig. 7 Comparison of lank wear width of various tools during
machining of various work materials under wet cutting
conditions
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Fig. 8 Effect of cutting conditions on tool wear in machining of
titanium alloy
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Tool:DCSN-4 Tool:DCSN-4

V=150m/min, d=0.5mm V=120m/min, d=0.2mm

=0 05mm/rev, Tmein =0.05mm/rev, T=10min
Gt e P Y ’ :

Tool:DCSN-4 0.2mm

V=90m/min, d=0.2mm
f=0.05mm/rev, T=31min
Workpiece Ti-6A1-4V, Wet cutting (Emulsion X 30)

Workpiece Ti-6A1-4V, Wer cutting (Emulsion X 30)
Fig. 9 Wear patterns of diamond coated tool when machined titanium alloy
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Fig. 10 Effect of high pressure coolant supply on tool wear
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Fig. 11 Effect of diamond film quality on tool wear in machining of
titanium alloy
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Fig. 121, 71 3 &RV CFRP ¥ FOEYRIGHT ORI LI ED 41 Y/ F

Fig. 12 Photomicrographs of worn surfaces of tools during the machining of al alloys and fibre rein-
forced polymers under wet cutting conditions
a—c: Tool DCSN3, d-f: Sintered diamond tool
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DB RECHETCORBIEROBREYEDLETELDE, 24 7 1 OEFHEEE I
FAY¥EVFa—F, FTRLEEFA v v FTRLGIER CBEETEE LR T, %
17 20BECIIFAYEYFa—F , FTEOUEIMEIIE/ELAI vYEVY FTALID B
BHLEELD. THIZ, FM1Y¥EY FRNTOREMEERTFHROBENINMENC EERLT
WhEEZLRA.

Table 4 iz, ZBBEHEIME FA VY EV Fa—F 4 FE{LFTWETECINTT % & TOHEE
THI&HETRT. 7116828588, SiEaFEED 12 vl RiEDHEThh
X, YIHIEEE 1500 m/min LAk, @RV BHHVIIH I RARAEL LTHEEE & v v
FLREFASDOIRITHBCEAMIATERTH A, SIEEFENEISEEL KB EL1Y
YV FEORHBEDI-DIESI EEOMBEM LB T CRUNI T EXRETHS. L
L, UHEELZ TFS0:5 5 V3BYEIOL&80 X 5 c B IE&ELERLTPh
iE, BSITAI = AGETCLAAYE Y VENEET S - L7c Y322 TR B,
—7, iR 7 25y 2 0BE&1IE, GFRP IIHHEIEE, %0, VAZEEL HD W\
BRESLTHEBELE LD Ll WHITHE LT TH S5, CFRP XEHFMMED
77V TN b it GFRP X h A ESBIEWHIEHEIEL It T3, 1)
BRE @< 75 TH6AI4V itxt LTE, FEHRNCEEVGEBYIEICHIUITHEITTRETH % 25,
RS, BYVEISHIREIh, TORBIIEBRSBLETHS.

6. E |

FA¥EVFa—7y FELTWRLEOYHRIMRE, s1vEv Fa—F, VN LEOEHR
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LIBIMERE & £ DEERE

Table 4 Recommended conditions for cutting various workpiece materials using diamond
coated tools under wet cutting conditions*

Al-8 vol%Si 1500 (at d=0.5, £=0.1)
3.0 (at V=1000, £=0.2)
0.3 (at V=1000, d=2.0)
1500 (at d=0.5, £=0.1)
2.0 (at V=1000, £=0.2)
0.3 (at V=1000, d=1.5)
1
2.
0.
2

V>
>
>
Al-10 vol%Si V>
<
<
V < 1500 (at d=0.5, £=0.1)
<
<
<
=
<1
<0

Al-12 vol%Si

d

f

d

f

d < 2.0 (at V=800, £=0.2)

f 3 (at V=800, d=2.0)

Al-18 vol%Si \% 00 (at d=0.5, £=0.1)

or

V = 1000 (at d=0.2, £=0.01)

d < 1.0 (at V=200, £=0.1)

£< 0.1 (at V=200, d=1.0)

GFRP (60 vol% glass fibre) V > 800 (at d=0.5, £=0.1)

d > 1.0 (at V=600, £=0.1) -

f < 0.3 (at V=600, d=0.5)

CFRP (60 vol% carbon fibre) V > 400 (at d=0. 5 =0.1)
d> .o (at V=400, =0.1)

Ti-6Al1-4V : "~V = 90 (at d=0.2, £=0.05)

*d=depth of cut, mm: f=feed rate, mm rev"': V=cutting speed, m min”

BE, SEBHIHSIEIRE O YIRIMAER O OB AEFIC OV THRE LIcRER, KT ofERst
Bohi.

1) #4vEV FEOBM~NOBERE X, AR&HE, BHME, BHEROR IK
L, ThbDOEENRTETTHIUE LA v v VEERcHEET 5. LrL, &%k
Ha IR TE, FIEET 5 & LT ERANTEINELELRS.

2) FAAv¥EvF¥Fa—F5, VLEDEHIL, 2—F 4 v/EFO XA v v VRFOE
WRERNTHR: - REROBERD 2BEAETS. —F, BEELM1 v v FTEOBAI,
<A 70T, ¥V ISORTFOWR: - RENTHNTHS. L, BEEEENRr2 bR
bbb, F41vE v Fa—F, VLEODEEINTERIMOBEREYET % L X1, BEES
4 ¥ v FLRLBIERFOVBIMLELRT.

3) ZEBTVWERET I, 7R, BBEIWIFAYEVY Na—F 4 vIRBHELTER
T3,

4) TAI=v rBEREEILLEES, FMvEVFa—F, FELTWELRL, 12
vol%Si R DBHIF R L CEERE £ v £ v F LR L AEOYEIMREERT. L, 12
vol%Si Ll L DOBEIMIEH LT F4 v v VERHET 20D Ff YEY Fa—F 4 F
TERDE Y BROYHIMERELZR I oL,

5) CFRP (52.1 vol%, 60 vol% REMES7) = GFRP (60 vol% # 5 ABiESH) 24
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BT 2881, F4Y¥EYFa—7Fy FTRAREE A v v VLA LASOERTIE
MREERT.

6) FxVESTTHEITIHAERE, FECBVGEBIESHET CRWETAET VWECE
BERAEL, BRELTHEITAZ LARETHS. OB, Trif1vev FERELS
7 v— 2BEHORENERTHH, TANEY THRAHTHE L THETES. FF X
VESYEIRC I EMER S AE L T\ 5.
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