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Abstract: A single diamond grit scratching test system was built to explore the damage mechanism and
the edge chipping characteristics of Si;N, ceramics. The effects of damage stations, cutting depths,
cutting velocities and grit wears on the edge chipping of the Si; N, ceramic were compared. A 3D laser
measurement microscope was used to observe the geometric morphology of edge chipping and the
Scanning Electric Microscopy (SEM) was taken to analyze the damage mechanisms of edge chipping.
The results show that exit edge chipping is the main damage for ceramics. The cutting depths, cutting
velocities and grit wears would affect the edge chipping obviously. The medical section curve of exit

edge chipping has obvious staircase fractal characteristics, which could be explained well by percola-
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tion theory and the crack propagation principle of least resistance. The damage mechanism for entry

edge chipping is mainly transgranular {racture, the damage mechanical for exit edge chipping is mainly

intergranular fracture, and the interior edge chipping is engendered by eradicating and cutting.

Key words: sliding load; engineering ceramics; Si; N, ceramics; edge chipping; single diamond grit

scratching; percolation

1 3 =

H T T B B BB UG S R AR S A L
KRE ETET A EF, TR —
oo RS i Ak S G T 32 S K 4 M A b A 1 B D
PN AS 5 B B T BA Y 8020 BL B, R,
W A T TR B 1 B I 0 2 A AT R AR
)| I NI 5 1 | B T 1 N VA 3R 7
Pl TRMEBER M TERh s LR, B
B IR W 2 e A7 1 RIS B8 385 I im T i AS S R &R
Wi 5 3 B 400 403 %) AR AR AT BT 2 8 B e oo R 1
T R AT A A

S A A3 X0 B e T A I IR 5 R TR 2
BT, Yoshifumi™ %5 4 5 H % B 5 i
it KNS5 8RS BR R RE L. W. C. Chin™ 4§
N BLGURT a0 g Rk REAS B i) e 2449 14
e R W MR R AR 00 1 OC B R, Herzl
Chai'" .G. A. Gogotsi™ % W 5% 1 1 #r 25 2 i 15
PR B o3 0 458 40 14 RH DG B AE L JF 1 57 T A 2%
fif SR B 5 M RHEREZ A A 6B . B. Yang™™
WEFE T HOGH Blyfin B ) B & fi 048 453 003 /4 n T 07
o RIS VRN SR T e
T s e v Bl A g A5 4 AL A L O SR P G A el
B SCHER 7 A 00 TR . SR AT
e 5 o3 R 400 0 AL B P e 22 1) i i 1 40 40 %1 A
TR R B i e S AR R (3K 1 R R S I R T
T A BT TR B B o B 400 AL S B R
JE A S B A SLIEAFAEROR 22 5 . TE M B
HI I g e e, 2 4 M A A A 30 R T P T
1 320 5 I A A S EL AR A DR 1 U0 i) B G 46
A7 REXT A i G 0 A T B LT — b ) ) 2%
i o PRI S 5 U0 1) 28 A A DT T Bl S 1) o 1
51005 LA BN A 5 Pl 8 S ) A0 T S B L SE AT R T
7% i 5 1 A 1 5 0 BB 0 O ok i T T
oG,

T P 85 P I ok R o, A R D AR 5 R R T A

FE A M OF 3 3 th TR R R 2 B ARA AL
T HESIASHLIN R 1) o 52 o DD TR BEE /DN AT
25 WL N 73 A B e A R A ok T IR ME . DR 5
(i) B T7 A5 e < IR 0 R T A Ay £ B0 9 LA T
AR I 4 WA 1 B AU S 9 52 36 >t BF 5% Mg 5 A
A0 3 1) B AR RO T e AR RIS L AR o
T Sis N, M & o WF 5 X R, g ar 1 5 B0RL &)
IR R GE L BETE T U0 A AR R B0 L L)
TR BE I 1o 3 38 R L S 451 45 DR 3R Xk Bl e
SRR 03 B B2 0 AR TS T AR 3 e AE AL

2 R AR KR

2.1 BEHKREIRRS

FH TR 52 B 25 0 400 3 %) B SR S0 9 S5 36 3R
e 1 TR, ARG & WA B RE o 5
il % FH Je H 18 72 A Jb L Be 2 77 1) BV75 373X
fn b ) E 5 L FRE AR EE A 0,005 mm,
Wi 22 R B A 4 AR B L 3% 4 T Al B R
g EEm T O TAES B b TR R ik
R i T 1 G o A ) 4 A B R B U0 TR BE
5 R IR 2 St i 2 T 2 T 0 R B L TR R AT R0 S
I FH 4 WA b 4 e B s L i 17T 2 1848 5 22 /K-

Bl BIBORL R S R 5

Fig. 1 Single-point scratch test system



57

JEAEAG: A5 V) 1) 20T A T SR AR Tl g e i e 46 00 ML A 5 L 2025

2.2 LWMBRFGE

S 8 R P R b R D SRR A SN, B
2 RS 80 mm X 30 mm X 20 mm , 3% ] AH fE E
N R,=0.598 pm, HIEAJ A ERES Bk 1 fir
TN H Y 4 NI A R KSR 4RI,

F1 REMBEHFMEEE

Tab.1 Mechanical performance of experimental materials
T BURE  BURIE NI R
ok .
/MPa /MPa m /GPa
Siz Ny 450 2 800 0.24 310

S, 37 o TR T AR A 3L 10,
20,30,40.,50,60.,70.80 1 90 m/min f43k £ iy #h
] B ¥ Bl OO A 2 4 W S R LA A (] 174
J F L[] S0 Bl 3 0] 5 6O [ D) e R R U0 A
TREE X34 0.02,0. 03 1 0. 04 mm B 1 i i $t
Pl ol o FR T 40 405 B AL 1 K O R S 5 1Y
FIEE M X A — A A ) 52 50 Ak R iE AT 3 IR E A

3 ERERAESN

3.1 HRGEEMBBERGHEME

R 4549 57 T 1) A T) o O R A A0 T 4 R A
J R A5 405 (4 WA D e T B 42 o T i i A
V18 A AR B4 ) PN A A A 40 (4 A D e o T
T H = A B AR ) R 1 R R A5 4 WA D
EBTE T AR Gt 7= A 10 R AR 45 ) 3 R AR
2 R T Siy N, B % 7E A [6) 52 56 45 44 14 i i
BE DL, PR 2 AT L R ST 4k 145 A AR ]
{FL Sis N, B 25 04 Ji 04 463 13 76 2 W 1 2 B DR
R (DA T B R4 (& 2Cod s A IR
P45 & 2 Cad ) 0P 358 9 e 452 405 (&L 2 (b)) B JL AT
N SR TN A | S N 2 B e - | I T s 7 R
S T R P G R LA R 1 R 25 (2) 1
PR TE T AR 1 LA — 2 A A AL L DA AL DL 3%
AT R b R R 8 2oy, R, el Al ok
G TR P 28 1) R AR A0 S B T U T B 1 1
JA AR A5
3.2 VIHIZEEMWEABRGHNEZME

T BRI S8 o L 6 T R — R AR
PR BE FNDT) [r) 088 5% o o R4 5 1) R T2

e S LN S e

(a) A L1 RE
(a)Entry edge chipping

b
(b) P A RER
(b)Interior edge chipping

i e

(c) Hi FL R
(d)Exit edge chipping
Pl 2 AN TR M3 437 1 Y A e 105 2 i

Fig. 2 Chipping surfaces of different damage stations

SR, BT R R A AR R A K T T A
TR 4530 R0 P50 s A 8 40+ b Ak 15 D A T R A 4
RBRE R VAN B 5 i iR 3 O AR B ) E S8, 1
FH Olympus OLS4000 3D 80 & 5 4545 43 5
RS2 6 4514 F A 1 A AR B, A5 31 AR 1k
AL 3 Frs .

wn
(=]

+a
=
T

s
=
T

(=]
=
T

=
T

\

20 40 60 80 100
Cutting velocity/(m * min™")

=

Volume of exit edge chipping(10® um?)

B3 ANIR]SE I A% 4T A 0 AR 40 AR
Fig. 3 Exit edge chipping volume under different ex-

perimental conditions

HTIEL 3 AT UL 36 A R B DDA TR JEE L B3 0 1R)
L JRE B R T A A A0 ) AR R 22 0B A0 TR 5 T
R TR) B4 70 1 o B DA BE A TR R A
{LPARTEN: 5 NI S ¢k S | O N S
W7 100 58 1) o e e /N DDA M) T 45 31 SR e 9
) 2 T PR 2 3 DR U R DU A ) 48 T S AR
3.3 EEHIPE R Xt HR R R 1 B R

<5 P A A 25 4 2 52 W B R R A5 40 B 95—



2026 b=

i TR

%23 &

AEBENE, K4 BR TIEAREBRET ] H
PR A0 Xk i AR A 03 R L R R 1.2.304 23501
SR 42 W A7 BRI B 45 3] RS 45 028 A 184 O I 1 i
PO, Fr 1A 4 AT DL < DA FORE PR 43 22
A58 40 o RE A A 7

(a) R4 5 I
(a)Diamond grits

(b) P 2 H et 05 22 i

(b)Damage surface of ceramic chipping

P 4 & R JOREAS [R) B 45 R B2 T B Bl 6 1 45 40 3R T
Fig.4 Ceramic chipping surface under different wear-

ing degrees of diamond grits

3.4 EREEIRGEFES
3.4 1 N & Fe 3R A AR A5 A AE 5 AT

i Olympus OLS4000 3D 306 I & 5 3%
LB ABREEE H 0,03 mm .Y 7] 3 FF 25 50 m/min
B St N B % A 1 B3 453 493 0 D 3488 9 e 4 493 19 L
e 25 R Kl 5 B,

& 5 Ca) AT 5Co AT UL, AT i R 46 405 1 TR
JE d 5 RLU) AR B A — 3. 7E A WA B R
ORUIE Tl T e oL R EY: =3 TR T ANE S DU R SN
A AR/ IN I R A A0, BOM R A B R DT T
JUT 56 B 5 4 W A B R T 09 LT %8 B A By 22
S ARZ IR 3 AR H /N, T 2 AN T

& 5Cb) FIIEL 5 Ce) fib 7 T PN R A6 40 s 1
RIS, mE 5 A 5Ce) [T WL, A4 [ A7 5
KD 155 4 WA J0RE A8 B b R P93 14 S R
FEA—, 7E 4 WA BRI B 2 A AR T, B
Y FETHTRIN IR 1) 300 Zk 2% 7 A PN R R AR A . PN
AR A 43 R ST 52 U0 R 0 4 I A s e A R R 2 17
AR/ N (SIS S IR NG W 2N AR e R K
A HE R X 0N

o7 FH 2 BT D0 1) 1) 11435 1D 5 Pl 5 3 T 11 40
JRARAS Can & 5b FraR) o 15 3 X0 IR A4 ) T 2 an 51 5
(DR, HE 5 Cd) AL, 7 4 KA B 7 i 1R

(a) AR P i = (b) P A 0 5 1 i

(a)Plane graph of entry edge (b)plane graph of interior
chipping edge chipping

R {7

(c) HRE = 2
(c)3D graph of chipping

140
- ——Section curve
135F
130F
g L
= 125
g 120
1151
110F
IUS- i 1 i L i L i 1 i 1 i 1 " 1 i 1 i
100 0 100 200 300 400 500 600 700 S00
Length/pm
(d) PR SRS 5 i

(d)Section line of interior edge chipping

P 5 AT R 45 A R PR 0 45 0 LAl T 35
Fig. 5 Geometric topography of entry and interior

edge chippings

. B R 3R T B S IR TS U0 Y < I R R Y
P TR R A AL S0 R ) 0 5 oA L W] 8 F) 9B P
G PR AR B O H i 7 A R SR Y DA TR R R R
W P Y 5 A R 2 R LB G B D R
PIAGREE/N T 1 o 6, Pl 88 2 1T XK 1 31 2% 5
TR MU ARE N 1~3.5 pm W,



I

JEAEAS 2 < VD 1) 207/ T A Ak B 8 i e 46 40 R 5 AL B 2027

W g 2% T J O 19 300 % 2 B0 O P AR O N B IR
20U Y] AR F] 10 pm W, B % 2 T8 2R 19
%% 3 B DL RV B R 35 2 D) AUR B Ak B I
FEUIR G B W 10 B8 M AR TV ik 25 378 W A8 Oy e
W24, WiAE Siy N, B & 0 SR 500k QIR 52560 o, H
PR IAF] 20~40 pm, 55T K T HG R U1E .
PRI 5 Sis N B 25 1) P 308 A 1 458 403 7 4 A0 85 R )
B AYIEIS , 2 LA E W R L 7 & R
VR B GRS T2 W B i e, B 5(dD
B IIESE T3 — 8,
30402 o B E ARG A A S AT

B 6 Sk B L E S . & 6 ]
U, o 204 4 WA o7 e Bl 28 I P s 1 % b bR &)
IR 300 2% 19 4 SCHE s AN 1 ] B CTET 6 () Al
SxE I YR T R R A AE A MR
2440, A T R P Rl S DTS2 AR (L 6
(b)), ARG A 56 B | AR d it KT ) %
FE IR (1 98 AU R AR BT i R A
TR s 453 403 1 PR 308 A R 48475

(b) EHH

(b)Front view

(a) JF L1

(a)Vertical view

L6t 5 45 J LAl TR 35 5]
Fig. 6 Geometric topography of exit edge chipping

Sy it — 2 AT B T AR w05 B A0 N
T O 28t R v o0 2 10 T ) TS T
e AHAE (B 7)) AFFI LW E 7(b) Fizw

Herzl Chait"! . G. A. Gogotsit™ 2 7E X} i 4 B
i Sk A TR 0405 05 R 4 FF 2 v A Sk 32 T R AR R
TP R R 5 FR BT R Ty T ke BN N
S R (1 f /1N BH g DB S P AR R T i 4k 1 A
BHAMRmY RIS, B, 581 55
A w0y ) T2 00 FH DG R AE A R T T S B S ) R A5
B Ly e HLAE

B 7(b) e i OA R 4RI B KL i A O 18

ShEN A BRI ES e i 2, 4 AB Ry
G WA B AR T o P T 30 AR Y T
WO ORI L., mIE 7 A, g OA 284k
PO 22 5 1 B A 4 WA B R R0 48 T RIS
T3, MR 25 B TR (H X2 4 WA 5 R i 3
g AfE. SIS 2R m TR, JE A
B r=A O e . A R T B AR R A
T B AH L By B6 2 il £k a0 OB, . B, B,. B, By,
B; B, . B, B BT 41 1, i B — B B B 08 il 26 3 fR
— BCOR M BT LK F O£ o OA,
BiA B, A, By Ay By Ay Fll— B K 1) g % 3%
T AR A 26 (AN A B, VAL By o Ay By Ay Bl A B)
YL, P A A A 2o A b ST R ) X R B A
TE 03 T 5 AE 1] SR FH 36 75 BRAES RS 40 b 2 11 fe /N B
T DB G M AR R 3 B I AR R AE R AR
PERTCIF 1RG0, 24 AH BB 45 72 B Can % % L N

(a) Hi 1R = HE 3
(a)3D geometric topography of exit edge chipping

1200

—— Section curve
1 000

800

600

Depth/pum

400

200

0 " 1 " 1 L 1 L 1 L 1 " 1 " 1 L
-100 0 100 200 300 400 500 600 700
Length/um

(b) H Lk
(b)Section line
B 7 M E R AR 0 Y = R A ) R
Fig. 7 3D geometric topography and section line of

exit edge chipping



2028 e KBE TR 5 23 %
A L 1) e B 5 ) 8 T 1 0 ) 1l 1200

{1 G B0 I o 22 295 74 56 SR 110 0 6 I % 1 000f )

B 2 2 K TR 2 M 0 2 SR B R 5 7 sool

A S A g — Bl SRR 4 A L S £l

PRI AL R A B AR B . Y £

BRATER R R W 8 Ak DA 0 £ 24 50 7% B S M 34 40or N

T ARAE I B 38T Z 11, ISR SR S BE Y R 200 —— Linear fitting of section line B
Tk LS, B B i AT 0 R 1T 14 2 A '

HRF PR 1) 2 5 % ek e — Il A B X S
F L0 2x bk 8] 5T 8 W W R 80, HAR 1 Ak
FEEAT W B RE . YR BRI 3 2 K
T PR s A HRE & PR R 98 I, B & A kLI
B Y I SR SO 23 ok 8] BTG T R IR iR RS, R
P 2L a0 e i) fe /N BE g S ot i 2 S0HE T A it
2 AB MR R YR IO KRR A
PRI I, B35 B4k P AR SR 1) i JeE 2L 5 2 g R D
- EBRE R, MLUFIEY . B A S NI A
TSN YRS H5E RT , B 2 AR R R I e 1 4k
SERGTIN, 254 WA B kL R A B W B B A RE
AR B RS T, P 2 AR IR A T R B
Wk [a) DL 3E , S CE OB A R YR, ik E L H
27 E R 5, S TE B EE R R T L B
S R R 2 e, B 6 (b) TR 1Y H
TR 438 73 2 TR I A 380 0 b IR 52 13X — R

Xigk AB VA B, A, By A B, LA B K AB
3 HEAT HER Ik Z B U A L G S5 R Wk
2 FE 8 iR,

F2 HORABBRGIELZNSEREELZUE
Tab. 2  Sectional line fitting of section curve for exit edge

chipping

I £ Bt AB, AB, AB, A;B, AB AB

HLRI AR 0.989 0.923 0.948 0.962 0.985 0.954
LI EGHEE 0.997 0.986 0.957 0.989 0.990 0.983

R 2 FIE 8 Al UL RNAE & X Be it 4 AB, .
A B, VA By As B, A B i XA 4R AB,
W T AF G 0 0 B YE
Bk .
3.5 HERmGYES

IO7 FH 5 2% 5451 41 F 5 43 ) O 5% Wl 5 i e 4 405
BT TIE S, B 9~11 Bk, B9 A O A
i1 SEM P, &9 0] U, 7E 4 KA B ok i) ) 1

0 L 1 L 1 L 1 i 1 " 1 L 1 L 1 L
-1000 0 100 200 300 400 500 600 700

Length/um
(a) HERIUA
(a)Linear fitting
1200
1 000F

o0

=

=
T

Depth/pm
=3
2

400+

200k — Section curve | o

= —— Polynomial fitting of section line
0 M 1 | N | " 1 1 M | M 1 M
-100 0 100 200 300 400 500 600 700

Length/um
(b) Z I &
(b)Polynomial fitting
PR8I A 40 A9 ) T e ) B (B 0
Fig. 8 Numerical fitting of section line for exit edge

chipping

BT L B R A TR R 3 A7 A T R
< WA PR LA B4 X 7 A WA A 4 o IR 45
13 3 T D ML 98 20 R I R 85 i
B0 32 B o < WA UKL X B Re 1R B9 e o
T3 B A

9 A4 SEM [
Fig. 9 SEM images of entry edge chipping

P10 7 1 oA ¥R A R 408 0 ) SOOI B0 . o
10 Ca) AT UL 78 4 W 0 R 1) S 48 4 T B i
R 27 A2 W 0 1) ALY L B9 R 20 B R 42



57

JEAEAG: A5 V) 1) 20T A T SR AR Tl g e i e 46 00 ML A 5 L 2029

W1 JE5 1) B0 T R Sl 8 4 TR 23 7 A 40 28 T
SR E N TR R s . 5 E RO N T
RREAIAR LU, 24 4 W1 8 KL 178 D0 A R BE KT B I b
kR e DTGRP e 2 i SR Y 3 Sk 2 e R
PRI AL 5 L DA A AR 4B 5 ) BT O SR A Y
FURE (B 10(b)) SR i 2 R DL B84k B 1 2 22
I 1 PR AR REAS B B e 1R BT S R A

Bl 10 PR SEM ]
Fig. 10 SEM images of interior edge chipping

BT Ros 1 ER R0 B SO 3.
L1 Al L, 25 4 WA R 3 O Wl e 0 2k kL B i
WG A B 3 A O R DDA
TR EE B, T 7 A T 0 A B B K
55N R RS A3 AR L o R T B A4 2 T R Ot
i A0 A B O, LT 4 T S DLSE R R
PR B4 0 S DA I R RO T A
1355 N T R 03 Y 22 S 32 R AR RE S kS
F4 8 B P e B R B0 B BE LA L 58 B R — A
Bom gLl b e sh e AR TR . B g A
FERAZ TR 7 DRI 5 A 58 /0 5 T 4 0 D) 7R A2 47 i
J1 EHAGAER K. S, Ng™ 48 AWk 58Ik kil
TR AT TG0 SCAR AR L e R SRS L AT
AT R B T I T AR A

SE 3k

(1] gk, @kt XEL, F. TERBEDGHR
TREMAARHRE [J]. F BT, 2010,
21(1) . 114-119.
TANG X ], TIANXL , WUZH Y , et al. Re-
search progresses on behavior and mechanism of
edge chipping for engineering ceramics [J]. China
Mechanical Engineering, 2010, 21(1): 114-119(in
Chinese).

[2] YOSHIFUMI O, TETSUO M, MINORU S. Chip-

B 11 HE R SEM &
Fig. 11 SEM images of exit edge chipping

4 % ®

A S 3 4 A7 B BORE R S 56 E S T 0 1)
AT VR TR AN [R5 03 o2 & DDA TR BE U0 1o 3 82 1
i W A S AR 0 45 DR R X St N B 8 i 450 3 AL
T LB A 5200 L 25 R 3R (L) H T 45 43 19
LSRRy N RVNIR B R U A R R GRS R NN
B Sis Ny B e i B4 105 19 EZIE A RYTA
TRIE /NI 1o 332 R 4 W v ORI £ B 45 2% 2 18
P 5 1) A AR 0 R BB . (2D T R 05 1
PR TAT 2 S e T M T 4 A T B0 B R R AE
HY™ R BA W3 0 5 B8 20 JE R AR 1] R A
TR ZIA AT RN A . S EE AR A
JRE 1) 5 /I EL 7 D L R A el P A R T e 45
Py R R LI AR . (3) A 1T i W 453 40 76 42
W R B el T AR A L B R
DA BV /DN 5 A 98 i AR 468 40 7 < IR 1 RS K 14 470
EFET » 2 DU A= B 08 2R AR W 445
1 A543 7 <5 I A B A 1 7 T 4 TR 2
DAY i 3R

ping in high precision slot grinding of Mn-Zn ferrite
[J]. CIRP Annals-Manufacturing Technology.,
1995, 44 (1). 273-277.

[3] CHIU W C, THOULESS M D, ENDRES W J. An
analysis of chipping in brittle materials [J]. Inter-
national Journal of Fracture, 1998, 90(4). 287-
298.

[4] CHAI H. On the mechanics of edge chipping from
spherical indentation [J]. International Journal of
Fracture,2011, 167(1) :28-35.

[5] GOGOTSI G A, MUDRIK S P. Fracture barrier



2030

plies

% TR

%23 &

(6]

7]

(8]

(9]

[10] EfE4, @A, K4ER, F.

estimation by the edge fracture test method[J]. Ce-
ramics International, 2009,35(5): 1871-1875.
YANG B, SHEN X, LEI S. Mechanisms of edge
chipping in laser-assisted milling of silicon nitride
ceramics [ J]. International Journal of Machine
Tools and Manufacture, 2009, 49(3-4) . 344-350.
. A A Ok R A R IL 6 b i) ) AL S X 5k AT
Z D], K K # TR, 2011.

QIN N. Cutting Force Model and Experimental
Study on CoreDrilling by Ultrasonie-Vibration-As-
sisted Grinding [ D]. Dalian: Dalian University of
Technology, 2011. (in Chinese)

AR, F b AT R F. B ORIN T S 5 2
S HLIR I Ay K FE ) 7 S L) ). ALaR AL 2 B 3
A, 2013, 32(10):1451-1455.

DU J, LI ZH J, GONG H, et al.. Study on the
mechanisms and control method of edge chipping
fracture in the machining of brittle and hard materi-
als [J]. Mechanical Science and Technology for
Aerospace Engineering, 2013, 32(10) :1451-1455.
(in Chinese)

WAL, B R F. B S I T R
A BROT AT R R[], w oA T 5 4%
H,2014(4):33-37.

XU]J, HU HF, TANG Y ] , et al.. Finite ele-
ment analysis and experimental verification of ce-
ramics edge-chipping in rotary ultrasonic machining
[J]. Electromaching Mould , 2014 (4): 33-37. (in
Chinese)

HIGURL 43 W A )
Siy Ny B 2 B | W pF5 (7], R4 & 42,

fEE R

e (1980 —), B, M % A, Ml
L PRI L 2002 42005 4E TR E T
FREEBEAT W ARG 2 b B A2, B
SN TR A A B RG 2 n T5
Fr 45 J5 0 A AF 5% . E-mail: tangxiu-

jian(@ sina. com

[11]

[12]

[13]

[14]

2013(8): 1-4.

WANG ] Q , TIAN X L , ZHANG B G, et al..
Experimental research on scratching force of single
diamond for silicon nitride ceramics [ J]. Modern
Manufacturing Engineering, 2013(8): 1-4. (in
Chinese)

NG S, LE D, TUCKER S, et al.. Control of ma-
chining induced edge chipping on glass ceramics
[C]. Proceedings of the 1996 ASME Internation-
al Mechanical Engineering Congress and Exposi-
tion, 1996. 229-236.

|k AL TR & TR &I T e S AR
(M. 25 1 AR, dbmt: EB7 T2 W ik, 2006 : 90.
TIAN X L, YU A B. Theory & Technology of
Engineering Ceramic Machining[ M]. The 1st e-
dition, Beijing: National Defense Industry Press,
2006: 90. (in Chinese)

KA, A TR MR IE HU N T AR R PR LT
MA RS H#HE LA, 2003, 1(1) . 48-56.
ZHANG B, MENG ]J. Grinding damage in fine cer-
maics [ J]. Nanotechnology and Precision Engi-
neering, 2003, 1(1): 48-56. (in Chinese)

Bt RRE W RA, F T IRE-RERE
FRIE 110 4T B B R 0 B A A0 7 AL 5 P BRE 5
[J]. A dh A, 2014,43(4): 945-953.
TANG X J, ZHANG B G, TIAN X L, et al..
Study on the failure regulars and mechanisms of
edge chipping for Al;O; ceramics based on grey-
cusp catastrophe theory [J1. Jowrnal of Synthetic
Crystals, 2014,43(4): 945-953. (in Chinese)

A RRF (1956 —) . B db g AL i+, #
F2 A ST, 1982 4F T 76 224 4 1
FLAF B AR AT 2 12200, 1991 4F 11996 4F
T RE K 4 AR AL b A
22 DS i TR R B R B i T 5
BT K DN 4F O TR D 5. E-mail:
tianxl11719251@126. com

(FRILERE REWW FEHEH)



