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Experiments of cutting Al/SiC,
composite with nano cemented carbide tool
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Abstract: The tool can be worn seriously when Al/SiC, composite is machined due to the SiC particles
with a higher hardness. Based on the new nano-cemented carbide characterized by his high hardness,
toughness, flexural strength and higher wear resisting property,a WC-7Co nano cemented carbide tool
was prepared, and the cutting experiment was carried out, The wear mechanism of nano cemented car-
bide tool and chip removal mechanism were studied. Results show that the wear mechanism of nano
cemented carbide tool is an abrasion wear due to the micro-cutting of SiC particles and the micro-chip-
ping and micro-breakage of cutting edge caused by interrupted impact of the SiC particles under the
high frequency. The essence of cutting Al/SiC, is interrupted cutting,and the Al/SiC, chip removal is
the breakout of chip. Experiment indicates that the flank wear value of nano cemented carbide tool is a-

bout 30%-50% less than that of common cemented carbide, which means nano cemented carbide is
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more suitable for machining Al/SiC, composite than common cemented carbides.

Key words: nano cemented carbide; Al/SiC, matrix composite; wear mechanism; interrupted cutting
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1 WC-7Co Bagh F R
Fig. 1 WC-7Co sintering alloy

2 WC-7Co SEM [
Fig.2 SEM photo of WC-7Co

K3 WC-7Co TEM K
Fig. 3 TEM photo of WC-7Co
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K 4 WC-7Co JJ A
Fig.4 WC-7Co cutter
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Tab.1 Performance comparison of nano and

common cemented carbides

T A 4 Mg YG8(EE)  WC-7Co(44k)
WA (HRA) 91 94.5
Wi (MPam'’?) 10 12.2
PR E (MPa) 1500 3000
R R SE (pm) 1~5 0.1~0.2

2.2 TIARHIRIIHRE

FH ELID B 7k 71 85 71 HJ1 0 ¥ B8 4 )
FAY ] E A AFEM 3K 70 01 o &, 45 &l 5 pr
ARV TR TR g R 6 TRt

L 1.395 um
RMS  80.234 nm
c DC

a(lc) 45.357 nm

Rmax  224.69 nm
z 224 69 nm

adlus l 327 i‘,
igma 24.544 nm

Surface distance  1.482

Vert distance

Angle

Speclral ¥enod ](:))‘I?I
Spectral

Se ral }{1?25 amp 0.009 nm

K5 WC-7Co 7] 1 AFM Hg Ji 1
Fig.5 AFM photo of cutting edge of WC-7Co

Roughness ana]ysns

Box statistics

40.0 Z range 55.025 nm
Mean 0.027 nm
Raw mean —-26.444 nm

Rms(Rq) 2.626 nm
Mean mu]%hness(Ra) 1.986 nm
30.0| Max height(Rmax) = 55.039 nm
Skewness —0.776
Kurtosis 9.839
.

e sh(%rms
20.0 Peak threshold
:5(! mean (Rz)

Ma\ peak ht (Rp)
II\\/[Va mg‘( ]1][1 ((II({pm)
X dept v,
10.0 Av max de ﬁh »m
Area thres|
Area thresh (¢ /rms) 10 000
Area thresh abs 0.263 nm
Surface arca 0 nm’

Kl 6 WC-7Co fif J1 i AFM Hé Ji™
Fig. 6 AFM photo of rake face of WC-7Co
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Tab. 2 Geometry of tool

Fifa e 1M EmAA RBIR A JIREIE I7 04
Yo/ (Dao /() A/ K./ K,/

r/mm r./pm

—6.5 6.5 —6 45 45 0.8 1.3/0.7
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Tab. 3 Orthogonal experiment paramenters

K A # (r/min) BYI/mm  C #E4AHEE/(m/r)
1 48 0.1 0.1
2 75 0.2 0.2
3 96 0.3 0.3

4 ZHLELR 54

4.1 TIEEHNES T
K 7~109 S5 UIHl AL/SIC, bHHE B 98 K A



2

A A OREE A T R UTHI AL/SIC, 25 RS0 5 409

G4 WC-7Co (T 7110 . J5 71 M 7] 1 E A
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Fig. 7 Wear photo of rake face
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TR AT DLAT B0 90 0 4 Bk e 5 ) 155 5 G &1 9
Fim . O T AL S % R A Y B A
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Fig.8 Wear photo of flank
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Fgi.9 Photo of micro-breakout of tool nose
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Tab. 4 Cutting experiment of the Al/SiC,

A¥e BYIR CibgnilE  J5JIHERE v

Sy (r/min) (mm) (mm/r) (mm)

1 2 3 WC-7Co  YGS8
1 48 0.1 0.1 0.45 0.6
2 48 0.2 0.2 0.35 0.45
3 48 0.3 0.3 0.2 0.3
4 75 0.1 0.2 0.25 0.35
5 75 0.2 0.3 0.15 0.25
6 75 0.3 0.1 0.4 0.45
7 96 0.1 0.3 0.1 0.2
8 96 0.2 0.1 0.5 0.55
9 96 0.3 0.2 0.25 0.35
”; 0.2/0.3 0.2/0.15 0.9/0.85
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Fig. 10 K, of nano cemented carbide WC-7Co
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Fig. 11 K, of common cemented carbide YG8

B A v o g R NIRRT T A
FEADUE Jie /0N AR G B B 5 A 26 L A 4R G
3 B DR RT LA S A R e U R i A g
JE NI BL T J1 BT TR L U0 )R
. SEUTAESEEN. HEREWEE 4T LE
BT ALY )RR AR A BIER T A SR T
ZZHCASBICH AT RE N e R I TJ7 %8 .l

S & k-

(1] . R OR.3E 35 40 45 52 5 B0 RH B9 AL 28 i K B

H 1] A4 2 428,2002(6) : 3-6.
CUI Y. Aerospace applications of silicon carbide
particulate reinforced aluminium matrix composites
[J]. Journal o f Materials Engineering ,2002(6) ; 3-
6. (in Chinese)

[2] MF#EE,H KA TR, 5. SiIC Il SiC/ Al £ TMA
23 [A) KB A R T [T, S 45 % £ 42,2008, 16
(12).:2537-2543.
REN J Y.CHEN CH ZH.HE B.et al.. Application
of SiC and SiC/Al to TMA optical remote sensor
[J]. Opt. Precision Eng., 2008, 16 (12): 2537-
2543. (in Chinese)

[3] 3 &4k, iK) 2. KRE &, 5. ABTEHRAER

Xt 4 WM A I 2 1 =0. 9 FoR L3R
] T 2y SR8 0 0 JEL S 4 A 149 52 ) i K LU O
HE B MIUT TR o PR A% DR 3R AR 2 P 45 3152
Wi 2R PR A f >0, > a, o O 9 K B 5
4z 1 BOT ORI 55 55 5L 52 5 ARG AT RE e
FrE&h A2B1C3 8, A2B3C3,

380 A0 T 5 < 70 S A L R A R B
S AL TR TR — DD 25 0 T bE 00X 1 A T L i B
PR+ FT DL A R 55 4 ) S 0 T B 4 (EL 2 L
A A 4/ 3090 ~50% . 4N KA I A 4
i WIPE A L A AR S AR R A i AR DT
iF 7= A= B UTE T3 /0« U0 E $A 0 HL BB 98 AR PR CA H
% UTHR AR 5 20T BB SN

5 & #®

A SCHRIE T 9K A8 5T 5 4 ) B UTHI A 2
FAREEUTHIAILBE | T 5 5 AL B 94 oK A 5
JIE A UTHIVERE . 45 B 0 F 4538 (1) 99K B ot
@ JTHUTHI AL/SIC, 24 R RHK JE I HLEE D SiC
UKL A (ol LD 1 A P B o AT BT 6 o o 1 P 51 S 14
kB 50 A0 G0 90 | BB A5 L G D) D S5 T A W 2 1
Hl 5 (2)SIC/AL & & F R 2 BR AL EE D He AR U1 )8
FR R I % 5 (30 M KB o < 9 I HL I 41 24 L 3
A A5 A2 IR 30 %0 ~50%0 5 (4) ZE YT H & o
20 5 X T LB A A 1) 52 W e A LU SR U R
FIDTHITRIE 5 (5) KA 5 5 4 70 B A0 3 B ot &
G RHE T Al/SIC, a8k,

2
AN
=}

AN
=
&
AN
=

A MREZS ) B A A s i nE A [T, e
# % T42,2009,17(2) :368-375.

SUN D W,ZHANG G Y,ZHANG Q X,etal.. Appl
ication of graphite f iber reinforced aluminum matrix
composite to body tube structure in space remote
sensor [ J . Opt. Precision Eng. ,2009,17(2) :368-
375. (in Chinese)

(4] E%.FmWE.FFhF. & ROEHLEEMH W0
Gy SIC/ALE AR R [T, 3 4% 42,2007,
15(8):1175-1180.
CUI'Y.LI L F,LIJ L,et al.. High volume fraction
SiC/Al composites for space-based optomechanical
structures [J . Opt. Precision Eng. ,2007,15(8):
1175-1180. (in Chinese)

(5] HEA.4&H%G, KR, ¥ CVD &RIA W] A



5 2 1

A A OREE A T R UTHI AL/SIC, 25 RS0 5

411

(6]

7]

[8]

(9]

[10]

L SiCp/ Al S & #4 kLI B9 U1 ) S 4505 [T, =
A K,2001,35(10):10-12.
ZHANG D Y.QUAN Y M,DAI M J.et al.. Study
on tool wear when SiCp/Al composites are machined
with CVD thin film diamond coated tools [ ]J]. Tool
Engineering ,2001,35(10) :10-12. (in Chinese)
IF,FREVAFAF. om B TG 4 ) B UH
RERIATST [J]. UM A2 3R ,1999,30(1) :57-60.
WEI X,LUO ZH B,HU Z S,et al.. Study on cut-
ting performance of nano cemented carbide cutting
tools [J]. Chinese Journal of Mechanical Engineer-
ing +1999,30(1):57-60. (in Chinese)
ZANG F H.GUI J C,LIU Y Z.et al. . Experimental
research on ELID grinding and cutting performance
of nano cemented carbide cutters [J]. Key Eng Ma-
ter ,2005,291-292.115-120.
HRE A RTCR IR YL GORTE BT A 4 00 5
PERE [J]. & ek dk X 5 541 .2009.37(2) :67-70.
KUAIJ C,ZHANG F H,ZHANG F M. Frictional
wear of nano cemented carbide [J]. Jowrnal of
Northeast Forestry University ,2009,37(2):67-70.
(in Chinese)
ZHANG F H,GUI J C,LIU Y Z,et al.. Research
on ELID grinding of nano-cemented carbide tool
[J]. Key Eng Mater ,2007,329:105-110.
¥ 304 & we . PCD JJ N T SiC 50k 4 5 55
EAM R & BT E HE [T AR 42, 1999
(1):14-16.

EERE I

BEAA972—), B BIRILIERIEN,
T, PO, 1995 4F TR AL bkl R 27 3R
222037, 2003 4E 2009 4FE TS RIE T
Ml 2 o S AR A, M
YN AR R R % N TR AR BB R
ICHLE R BT ST . A 4G ELID BB H £ A
SRR HET GRS R BR LB Y
Yok 71 B0 0 A3 R H S A oY 4
E-mail; hitgje@163. com

[11]

(12]

[13]

ZHANG W F,PAN X N. The optimum velocity of
cutting SiCp reinforced aluminium matrix compos-
ite with PCD tool [J]. Journal of Materials Engi-
neering ,1999(1) :14-16. (in Chinese)

I XML A R EF.SICp BB EL G4
BHITEI I T b -8 B A R K HC R 5 R O Y
(1. BE4% 5 5 3,2000,20(2) : 85-89.

WANG D ZH, LIU H M, HAN R D.et al.. A
Study on a friction formula between tool and chip
and wear characteristics when cutting SiC rein-
forced aluminum composite [J]. Tribology. 2000,
20(2) :85-89. (in Chinese)

BRI HIELE. SICp/2024A1 &2 G MK
R H RN ) BRI [J] F BT
#£.,2009.,20(11):1293-1296.

GE Y F,XU ] H, YANG H,et al. . Single crystal
diamond tool wear mechanism during ultra - preci-
sion turning of SiCp/ 2024Al metal matrix com-
posites [ J]. China Mechanical Engineering ,2009,
20(11):1293-1296. (in Chinese)

BIR G0, e RG R R G MR O]
TR A [T, AR H & 242, 2008(12) . 119-
121.

ZHOU Y H.QUAN Y M, XU H. Experiment in-

vestigation on machined surface in green machining

of aluminum matrix composites [ J]. Modern Man-
ufacturing Engineering , 2008 (12) . 119-121. (in
Chinese)

TR E (1964 —), B L WALk & AL 1
+ Bz A T, 1984 4F (1987 4F
FFEAL Tl K 5 B 3R % 4 B+ 2
37,1993 4E T My JR I Tolb K 2 3 1+
27 TR 2 R I L 5 4K
BAR M BT, AL HE R 25 L L2 R
5 £ (ELID J& Hl | #% 3 A2 b 06 55 . 44
K G I T 2 AN T AR M S v PR
ATy e A AL 00K  FUER RS % i T
2 BRI L A e A A R 2 R v
il H R B BFSE . E-mail ; zhangfh @ hit.

edu. cn





