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Machinability and anti adhesive wear performance of
carbon coated tools in drilling of AFSi alloy
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Abstract: Two kinds of carbon coatings with high hardness and low coefficient of friction were deposited by closed
filed unbalanced magnetron sputtered ion plating techniques. By the analysis of flank wear, the cutting force curves
and the dispersion of cutting holes and the carbon coated tools show excellent cutting performance in dry cutting of
AFSi alloys. Through OM, SEM, XPS and EDS, the low adherence of carbon coated tools can be attributed to the
low wettability between the AFSi alloys and carbon instead of forming carbon transfer film during wear. The higher
the thermal stability of carbon coating is, the longer of the cutting tools life is. The catastrophic adhesive wear may

occur once the carbon coating fails.

Key words: carbon coating; A}Sialloy; dry cutting; low wear rate; wettability

AFSi A& DI IR RSBk
Z—, HEERLA NN 1/3, 77 LA 8ot/ &
SN RIS AR B 8 E, R RR BT
%, RN ARSI &4 SHML S, &R TG
B F A2 R RRETI, Wi 2
2010 K55 25% WV ZE 42 AR 5 M AR 20% B S
B MR RS Sl .

© Ui HER: 2006-03-01; 1&iT HH3: 2006~ 05~ 30

TCHE T T D R AR AR 77 peAs R Or Ak LR
PR B AR A R SO0 5 O DA Tk I I 5T
Pl ARSI At TR BRI SR, R
pS/IR(EE e ) [N N w70 (VBN R (S = ) 1] N2
REBUEAZICADIHI IS W~ T1 AR Z kG 45 R 3.
I, AATIRE 3N AN 0 2 IS i T OIH, %5
TR TR AR A B AN AT RE ST T

BIRAEE: KB4, RIAPE; MG 029-82668696; F-mail: xdzhu@ mail. xjtu. edu. cn



916 & 9

FUJrEe, A BRI H BT AF ST S S0 D)0k e % SRR R + 1535 ¢

[t A4 g P 5 4 B 0~ O B R R A, kD
KRS TR, By 70 LA U7 E o R v iy B ¢ 5 40 1
e . UH S 5 B G 4 1A R I 0 B 45 B 4
e, BRI H AT T8 & e 92 ) = DUk B L
T SCER[ 1, 9T 11 A, B A
g i B D BRI b T BE B P A R b B A e A
M 5035 7 2L P BE i 1k e (FL [ B ik G 38 AR B Al
AR ZE, 1000 CRLR 55K 7t R #A
SRAREEE L AR RO 45 B I R T, AT
AACL T 5 9 R AR N T R B I AR R Y O
AR A G VR o AR I AR 2K 6 Wil ( Diamond
like carbon, DLC) Fl1ZE47 85k B ( Graphite like car-
bon, GLC) #f5EAG e il 5 R BE 82 R 4 ™77, BRI
AR IR ARSI S RVTHITERE . A SCHEH
WEFL T GLC M DLC B T 3l A ik 5 < 1 1
A, THe TN TS ST R R PERE, IRk
A D7) ) T R gl B 255 I ) A I D R AR HE R T

1 3XI§

1.1 YIHIKE

KH Kistler Type 9271A Flf5 5 KEA(NEC
Type RA1200) &5l & AR AL LI UIHI 155, JF
5 RSB S DT 0% - DTHISESR: ) MCV
=510 LA Ly, hSk BBE 5RRR FHTBOR %20 30
f5 8 TH B A e & .

DIH S50 S5 76 o W 44 S JEAT, DIHIE A N
61 m/ min, 4G E = 0. 13 mm/r, E5HIE 19 mm
PIE FL . SC56 Sk 0 B BlibR v T H 5 ) T B 45

fEVB=0.128 mm . LU0 TXSE R HFRHEHT \HS .

H9 F1 H 10 [ ZER A 2 .

TAHH#E R ALSi & 4(HB66~ 67), 334k
RN (R E S, %): Si4.95~ 4.96;
Cu 3.58~ 3. 65, Mg 0.024~ 0. 030; Fe 0. 34~
0.33. B 1 i7"k ARSI A EM4EFAHS! .

JIEE I EHA A 6.35 mm ) M2 &340 A v
RN .

1.2 $EERTERERN

B I R R A ST SR ] BDW — 3 Tk i R
PRI, AT 1050 kg, ARSI 4N TE d2.5
MOEKTH, KA 1200° KR AR BE, BEH3 i 2 3d J&
9200 mm/s . SEH 1S GLC . DLC A 4N
(High speed steel, HSS) 5 AFSi & 41 BEH R %L
A3 HI8 0.57 .0.16 F10. 15,

-
S ~Brimy. :

~ & G b et
> 3 3

‘J‘ Al

\/ b o S

1 AFSi G EEMAN
Fig. 1 Optical metallograph of AFSi alloy
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Fig. 3 Wear curves of different drills
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Table 1 Elements distribution of different disks
against AFSi pin (mole fraction, %)

Element HSS GLC DLC
C 0. 66 81. 66 83.95
(0] 49.74
Al 40. 48
Si 3.91 0.52
S 0.20
Cr 0.41 14. 18 14. 88
Fe 4.21 3.64
Cu 0.40 1.18

BRRES S IR R SR A ], ] AR 3 2 5 2 P
APER YT RN R RE (RS, BV AE R RN 1
JER RIS TEAE FH R 5 RN, B 2 1 R
KZRAERASAT T TR R 2 B AR
JE W S B A ) B Y, ) H
TERHIE FE ARG B AR 5 s v 5 1E
(T s, [ I R I ) A DA BOR,, TR 5 TR AR
X% 2 RN A 5 e B R B L e B T B KA A2
ZAOAE TR, AR IS DT 77 i 00 KD,
ARE Y T IAGE MK  FEDIHE R, —
BRI, BT ) X d A1 5 Fe ¥ 01k
AR SR S AR, B B R D Rk
2.5mN, A THS5TI R4 &R ERAEBRIT
KB B, moda 7] B ARt 2128 . AT R
PEE RSN (¥ 2) A H, DLC LT 330 4
LA, RPN E B B, X & i T AE DI
PRI RE I T B S PO AR A R R B T Rk Si R A
RV NG/ P EDITIEA S



. 1538 + A 5 A 2006 4 9 J1
24 s [6] Leep H R, Halbleib E D, Jiang Z. Surface quality of
A holes drilled into aluminum 390[ J]. Int J Prod Res,
22r - 1991, 29(2): 391 ~ 400.
20|_ ................ [7] Braga D U, Diniz A E, Miranda G W A, et al. Using
K a minimum quantity of lubricant (MQL) and a dia-
% 18- mond coated tool in the drilling of aluminum-silicon al-
= loys[ J]. Journal of Materials Processing Technology,
g S . GLC . 2002, 122: 127 ~138.
14’— s— DLC [8] Vandevelde T CS, Vandierendonck K, Stappen M V,
et al. Cutting applications of DLC, hard carbon and di-
k2 i L i i N amond films[ J]. Surface and Coatings Technology,
0 20 300 320 340 360 1999, 113: 80~ 85.
Annealing temperature/'C [9] Zhang W, Tanaka A. Tribological properties of DLC
films deposited under various conditions using a plas-
7 WU AR K AR R K P A 2 2 ma enhanced CVD[ J]. Tribology International, 2004,
Fig.7 Change curves of hardness of 37: 975~ 982.
carbon film with annealing temperature [10] Jarratt M, Field S K, Yang S. Graphite like and car-
bon coatings with exceptional tribological properties
7 m%ﬂ, EK’% GLC Eﬁ E@ﬁﬁgﬁj%ﬂ/ﬁﬁ NF [J]. Transactions of Materials and Heat Treatment,
DLC AT, {HBIE K IR RO+ 5, B e 49 2004, 25(5): 796 - 802.
T;Ez’ P GLC [#da E AL T DLC E(]’ IRl 1T 76 ) [11] Liu H W, Tanaka A, Kumagai T. Influence of slid-
N NN . ing materials on the tribological behavior of diamond-
R i like carbon films[ J]. Thin Solid Films, 1999, 352:
145 ~ 150.
3 éﬁi/[:\ [12] Landry K, Kalogeropoulou S, Eustathopoulos N.
Wettability of carbon by aluminum and aluminum
i T B R P B T D T T e alloys[J]. Mater Sci Eng A, 1998, 254: 99~ 111.
RIS . VNSRS SR A Ry | e Y T Ruehor R, fusah DBt
Wearresistant metak carbon composite coating[ J].
LB 7RI RN A, I AR 2R RO AR T DR R A v Surface and Coatings T echnology, 2000, 128 = 129:
MBI, R T I RKPIRERG S e ), =& T 150 = 155.
JIE T8RS 41 54T . [14] Donnet C, Erdemir A. Solid lubricant coatings: re-
cent developments and future trends[ J]. Tribology
REFERENCES Letters, 2004, 17(3): 389~ 396.
[15] Grimanelis D, Yang S, Bohme O, et al. Carbon
(1] SRR, FREEM TR EBEBI]. bEG 6% based coatings for high temperature cutting tool ap-
$H. 2004, 14(S1): 179~ 181. plications[ J]. Diamond and Related M aterials, 2002,
ZENG Sumin. Development of aluminium working in- M 176 7 184.
dustry in China[ J]. The Chinese Journal of Nonferrous [16] Yeng$; Teor D'Ge Tnvestigation uf sputkered. gacbon
Metals, 2004, 14(S1): 179 - 181. and carbon chromium multrlayered coatings[ J]. Sur-
[2] GowriS, Samuel F H. Effect of Mg on the solidifica- face and Coatings Technology, 2000, 131: 412 =416.
tion behavior of two AFSrCuFeMg(380) diecasting [17] Yang §; Lik X, Remeviera N M; of al. Tribulogical
alloys[ J]. AFS Trans, 1993, 101: 611~ 618. properties and wear mechanism of sputtered C-Cr
[3] Kimberley W. Enlightened process[J]. Automotive coatingl J] . Surface and Coatings Technology, 2001,
Engneer, 2003, 11: 50~ 51. I das B8
[4] Harris § G, Viasveld U A G, Doyle B D, et al. Dy [18] Hogmark S, Jacobson S, Larsson M. Design and
machining-commercial viability through filtered arc va- orelumtiant B tmiliolagiel, comtigs] 1. Wesm, 00U,
por deposited coatings[ J]. Surface and Coatings T ech- 246n 207 38
nology, 2000, 133 = 134: 383~ 388. (4RiE FTHELT)
[5] Derflinger V, Brandle H, Zimmermann H. New hard/

lubricant coating for dry machining[ J]. Surface and

Coatings Technology, 1999, 113: 286 ~ 292.



