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Abstract; This paper aims to explore the brittle fracture characteristics and fluctuation behavior of
cutting force during scratch process of RB-SiC with different scratch depth and indenter shapes. The
diamond Berkvoich indenter with 400 nm and conical indenter with 8. 7 um were used to conduct
experiments under constant scratch depth mode. Then, the surface morphologies and brittle fracture
behavior were observed with a scan electron microscopy (SEM). Finally, Daubechies wavelet was
adopted to decompose the lateral and tangential forces, and the relationship between different detail
signal/decompose signal and damage types were given. The results show that with the increasing of
scratch depth, plastic extrusion, micro fracture and large area fracture are coexist when conical

indenter is used. Besides, the degree of fracture is more serious and cutting force signal energy spread
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from low-frequency to the whole frequency with the decrease of indenter radius and the energy of low-
frequency band energy gradually occupied the dominates position. Surface and margin microfracture
make the dominate contribution to the detail signal of cutting force. Scratching force fluctuation

energy is mainly come from the structure difference and defects of RB-SiC which caused mass

crushing, and increased with scratch depth.
RB-SiC;

conical indenter

Key words: brittle fracture;

1 3 =

Wit 7 2 () R 2 AR 1) A g L 3 e S il A ot F
T R A e ) R SRR R vy L ESROPE R Y 1
REREMS RO 25 Y BREE . i T SiC M R 7E i fb 2
B b LS AR BRI i AR RO (o L LE W
(E/p) R BE SRR i R B T 40 ik A 3
B RL DRI A R T AR i 2 I S 4 1 o A
R EH, 3T SIC M A 0 S R G AR
B R ARG 2 ST A DR 21 T )R A hn 07
R AN AR, SR SIC M &
(1) e B8 36 3 RS ) 25 B R ARG A T HE A B L 5
s 1= J1H AR | [5)ISAR W7 20 1 SR 2 S igUR
By S BT 3% T 0405 e ARG AR o L f
Ji i o LG ey 8 A% 45 S B R 5 4 8 2 i
W 22 1) e A R S ) AL

T e W 28 25 Bk B B IS W 40 A5 5 P AT AE K
B HILUBT 28455 DL S 3R S5 45 8 CAn g A iR 1) o A 1
RS TR A% 1 B I 0 A 5 A L A
FEAE o /N 4 — b i () - ROBE 23 A 5 i, A )
PSR A RAL AR 5 R A BE T E S T
PRI v e 5 1 1B 25 5 R 9 e 7 L4
{EL IR B B /0N 10 728 48t 3 2 3 W 552 o i 1 A
JTHARZS % B e 44 R4 e P 25 B 05 20T 3% 1 4R AR
5 5 HI) 045 5 ) R S ke = AR L F) BF 5

VB 1) 0 S ) T e v A A ) B
. SR LBRTTACE VI O R, 5 S A
X5 TS W I DR UG I ) AF S TR A I
BEREZBR AL (E R B I AR i R T g
PR 2R B 2 A2 8 W) AR R 0 Al AN — BB LR 4k
B S5, R BURE Z2) 30 R BT 5T R 2 BR AL
il Be A7 Ry 5 vk 22— 2 2 R L) BE A 4
WA R 5 R 5 ik AR R A A [ D R R
PRSI BB K B P T 2R AR I B T

wavelet analysis;

scratch force; Berkvoich indenter;

SIBREE ] AR SR A 4 WA URDE IR
L I s 2 A% 2 52 W B OREAZ B HL R A S — TR R,
2 A5 TR A R 2 i B2 IR S A — BUR BUR BR
F1R AR AE 26 R BT DL o fE B OR Y 2l Rl S
56, g A AL 0L 4 R ) o AR P R S T 0 B A
HAE L RAE T SR be 4l SiC B % AE A [R) i T
DREET LA TR I Sk 2 AR T B9 e 1 25 BR A7 A
Z1%0 J3 BT R Z B A&

2 FB G ERLRKGEE

1k 20 %) 52 96 7 2 L Z 05 1132 8l i =l
Bz 8 1Y W AR B A% S B0, PR 3R ORE FE GA B 2
nm, FEE PI 2 F)AE B9 KA B2k 25 &
M-714. HD(7 mm range /2 nm resolution) DA K&
M-511. HD(100 mm range /2 nm resolution) 43
BB X D51 B Y Jr e By Bt gy ia sl 200 R Sk
K AFM AT R o = . AN 2 tha] LUE
4 WA 3 IR Sk DA R T T S 2 i 2 422 43 0
400 nm Ph K 8. 7 pm . ZI R FE R HHAE YT
BLZIRRE R 1 pm, 2 pm, 3 pm; RJR KR
200 pm, WAL, R M2 OB E AT — 20 20 ) 52 5%

A H)

[l £f [;ma] 7t

B S K

Fig. 1 Schematic diagram of scratch experimental
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under progressing load
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Fig. 7 Schematic diagram of signal decomposition

WIS M 25 Bk 7 X 20 ) 015 5 0 AU R
fiE AR BEAT /NP3 B Z 11, 08 I A6 15 5 BEA T LAk 2R
A2 B JEL 6 15 5 76 B 38 04 28 W ARRAIE <

n

S(r= (x(d— (D) |z ])/n) . (D

H, SC mHb G/ BIMES, () NE
SRR =1, 2, e, n,

hn sk 78 MR RS {5 = O AT sk R %) 5 e 1A
o WA M TS (E S R MO R B /N T A A,
8, M 5 55 1) BB i 32 B AR P 7R R X A R I AT B
di do LR dy o By 7 B WS A S RE

0.12

0.0 4 -=-NOISE-y
-8-NOISE-=

0.08

0.06 4

0.04 4

Detailed signal energy

0.02 4

0

P8 W 55 e A 0 A 1A

Fig. 8 Distribution map of noise signal energy

BT z i,

XF A Y 20 R0 T3 A o BEAT /NI 4 i)
XF oy Az W5 18] 2080 A5 S A A8 AR S A LE
SHRERIEAT M. A0 8 A 9 Xt bRl A, Al
W4 RSk 555 dy o do s ds T dy (R RE S 5 R
FAE AR 43 i — B0, Al e A A A A X
RUZM TR T2 IES 5 disdes ds
M d, FANMEFES . 1 ds B W] T s
GO AN A R AR . RIRME 5 R 2808 UM
er e R R 3G, AL 9 (b) il () T L&
L REEPE IR Sk 2050 1 0 B AT 40 5 e
PIR T B L 4545 . B RSk Rk A2
/N 5 20080 345 5 A it F A0 B T B 1 B
ANFI L v 1) Z0 K] 0 AV B A T A S e e
P EZHAT . FR AR A0 43 A IR S W], A AH )
S AF T AR B B BC R Sk 7 A R T ARORE 1 R i Gk
PRS0 R P I 22 1 R R Sk o I Bk 26 W s 1k
BT 5 il e o 220 3 g A A S 0 o T R R R (Y
SURH X BB 5 | kS R 1t 1 AR TR AN

ERMES o BN T ARSI B 1 Ik 3l , 14
BT ORE SiC AH =2 18] A K& SiC A5 Si A 22 ] 1)
TV 51 K 0 Z0 K0 7 ik 3l DL K BE AL S B i R A
Wi%d, MEFAEYS 5 UKo S T AU 5 14 AE A X
T 2030 3 %5 R 1 3 ARLAE 45 ok Bt K. BB Ik R] DL 22
WM P 5 S A RS R , JE] 10 AT L L TS S Y
il 12t i 20 R 3 RS K. Z Oy il U S RE i
KT Y s Sees. 47 HETE
S AE U ik B b O K RT ALY [ B0 4 T/
T Z V4 1 R Y T 1R R B %0 %) 0 5
Wi/, BeAk . 2050 71 B UE 5 e i KT
Y515 5 Y BE a1 L 20 K] g B Sl B TR B 1Y
L DNIE: N AR kS Tl TR 23 K e 2 T Wl N



43 RGNS L 55 SNBSS SIC R e Ik 2 BR R AR K 2080 1 B AT 637

0.12 4 (.‘on-F_‘

20,094
= —a—DEP-1
£ 0.061 —a-DEP-2
50
& —a—DEP-3
3 0.031
=
A

U T T ) L) L)

d d, d d d
(a)

. 0084 Con-F
5 :
=
5 0.06 1
E —a—DEP-1
7 0.04 1 —=—DEP-2
o
= — —=—DEP-3
<= .02 4
A

{} 1 1 I T

d, d, d. d, d,
(c)

Ber-F,
g 0-15
2
L . ~e-DEP-]
g ~e-DEP-2
B 0.05 - ——DEP-3
g
0 L) L) L) T T
d, d d d d
(b)

Ber-F,
% 03
5
= =a=DEP-]
& 0.2 1 .
‘@ =a=[EP-2
3 —&-DEP-3
ERARE :
a]

U L L} I L L}

d, d, d, d d,
(d)

9 ATRITE R Sk A8 A TR R BE T 134 Z20 4] o3 4055 1% 5 il 2 A R

Fig. 9 Detail signal energy distribution of cutting forces by indenters with different shapes at various depths
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