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Chip Formation Energy in Grinding, Honing and Superfinishing of Ceramics
Takashi Uepa and Tadaaki Sucita

The chip formation energy, which is consumed only to make chips by brittle fracture in
grinding, honing and superfinishing, is investigated theoretically and experimentally. The
following model is assumed that the surface of the work material consists of grains in shape of
a cube and the brittle fracture takes place at the grain boundary. Work materials used in
experiments are Al:Os, SiC and SisNs which are sintered under atmospheric pressure, and Si0s.
The scratching test is also carried out in order to obtain the chip formation energy of ceramic
materials, and the strong relation is observed between the chip formation energy and the energy
release rate of the ceramic. The chip formation energy obtained from experiments are com-

pared with that from the scratching test.

Key words : chip formation energy, energy release rate, ceramic grinding, ceramic honing,

ceramic superfinishing, scratching test

1. # E

EELIZINT Th—=v 7, B Lk oREMm
TEREOBT, 5 3 v 7 ARERIIMIT SR
DDA DRBE, MMILEMGDORE L Lo\ THEMIC
Bt ainz TEi Fi, Bl x—=v 7 it
FeRiFsE27 I v 7 ADFEFIMIIEOWTHHE—IC
i+ 5 HEREOVWTHRFLTERY. Thitlh
i, SIRE SRR E S B0 £ I X - TfT
bish, BERER A DAL AN E e &N T G4
PHBEETIWE AT, BUHERE YD  FERAERT
Hriiclkh, BiFmIEXEIBLRED, BREZ
ha¥nFoREBRRAILTLES. £LT,
— oI ITIEE OFEDOEBRE LIcRETTTHH, AL
MIMETHIMIHECL > TEDHERNBRL LD E
DOFEHIMEICKELEXELH LT 5.

Zhooglb  FBREMRBOELL, BHEET LV
L7 1 HOBRRETFTET I v 7 AREET| -
7EEe, BRREFx €T I v 7 AR LAALES
DM OEE TS Z LIk b EMMCER IR T
XTW5. Tihbdb, BELEERCEEESN, %
TR BT L CHER TS TRHEiT 5 2 L 23 TE

FRZAM FR44ELA2TH
** F 4 B &RAFETHN (@RW/DILE 2-40-20)

59, LI AN, EEOMTBEEYHOILE, €7 1y
7 A3 K SR T D BERS A TR dRL A IT B
THENKELRR->TWBZ L, BroRELE
SROWRIAMTICEGT52 L, nEnbInk)
B LI EFATEIATSTHD, o BKr
SF e E T ATHRNTHLEND B,
FCAE T, ETIMTHR AR OESSE
CEFALLTE 2, % ORESRIHHEDR O FIHIfE AR
X o THERPICHRIA CHEL T S FHERLTY
QEEZHZ LRI, WL =X ¥— ks Ofh
SEI D S FRERTAIDICET AT { TER=
FAF = hen KRB BT LT LI, RIZ, Flomd
R X D MBEROMHMEEE 2 b BE) 0 {TE
=k F—RRD, KD ke DIEDZHHIIZOW
THRHTHEELIE, ks DFT ken Ddid BEER
DONWTHHTNTHI. EHiL, FM4 vV VIR
7 3 v 7 ADMOEBRAREICOWTHHRE L.

2. UNKFERTHRILF—

—fiz, BRI D K TERBEETHORMLERMT
THAANF—Hu tThHE, RFHTOEETHES
NABE= L F — y, BIOZHUNDOGIHEIH
BXND=RALF— u AV,

U=+ Us €))

80 —



THeEH: 774 v 25 3

ERTENTEDLY. F1, w XEECH TR
R A0 R AF — yo EHOERE LI
AR F— yun LD

Ue= Uen+ Upi @
LERFTENTES, €5 3 v 27 AMLOBE, Yb
CFORFBEHBEBICL - THELDLEEZLRD
TEDND, U BEVHBEBCLE L R F -k
L, BUEHHOY ) S FERTHEI RS =3 L
FoBupg i EDH LT HE, X, @ b

U= Uen+ Up+ us 3)
EERFTENTEDD, VR I LIl T 57
B, YD FHABRICELE LKV R F— up & us
CEDTEZLH LTS, THE, urbREhi
P FHBTlRTAZ LI b, BAAERKOY <
TERRETHIDICLBE LR A F - KT T =
FNAF— ks RED

bos = kesen+ kss @

Eleh. ZZT, ksen TEMAEREOY O < FRART
BBl x ¥R THE) O S FHR= %
VNFE—THY, b HHHBEE A ALF LS L
T5.

Titbhb, £ 3 v 7 ARKEL CHEAKEOYD
ST HERT B DI RED = F 0 F — 3T
TRAF = b DIHLD ksen THH, T TR hs DD
ksen T D HBHRFE 2 THRB.

2.1 W0 FBREOERNEURL

P THREAR L - BOMROBEERSR E 2L
T, MIMEBE D K FTELTHREIhDHERERD
BIERTH ZITE, A—=vI/IMLoOHEER
5 Eil, Mo 2 oI L TixE bkl
RErBEHTH LicT 5.

WE, nAOBAOWN 1 AoA S MBI AT L
TWAHE%%E 2, MBI YE R L A
MLT 5% FHRTHONRLTH 5.

AL LR D X 5 IRERE L Z Lied 5.

O mIMEOMTERIZN 1 ICRT X 5 Y

ROKFHERL TR I hTWHh0LL, &
HHONFREOBER AR & Hlcd
Q) ¥IvTRNACTCOWETELBHLL, BH
DY I BEERI O h  FIERT S
Q) KFIRATHEEIRTEY, BRI F
Lo THE (=x1F¥-) 2T s SRR CH
KO HEEL Y h < FE 5.

K1\t BN AT CiEEMEL Ty
FEFE

LVAT

v 7 ADBRMTICR T 50 { FAR=F L F — 449

.

\ ,
A\ A
’ g
—
\
[} A
M ‘\ :‘
} \ o
" °
'Y S
¥ N o
Workpiece e
AY 4y =
\ = -
=
¢ £ S
s (&)
4
3 \
o /J N
=
9 { \
) ]
7
/ 7
-
K a
\ B
\ dg
—
’
o ’
M
/ L
B

Fig. 1 Model of workpiece surface in honing
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yngF (g) Table 1 Characteristics of ceramics
BB sT L, YBEAD R ALLO, Sic Si,N, | SiO,
%0, Density g/cm’ 3.70 3.12 3.26 2.21
AD=yngF(g)ds @® Hardness HV 1580 2520 1870 700
—‘ji, BEAYAREX % d L33 Bending strength MPa 343 441 735 60
» Fracture toughness Kic MN/m®? 3.86 4.81 6.02 0.7
_ Elastic modulus £ GPa 370 430 284 80
AD=[VATd ) Poisson’s ratio v 0.21 0.15 0.26 0.17
A @), &b, Modulus of resilience* MOR  J/m* | 15010 | 226X 10* | 951 < 10° | 23x10°
d Energy release rate Ge J/m* 38.5 52.6 119 5.95
Flg)= vdg 1o * Bending strength is used.
ﬁ)ﬁéhé' Table 2 Experimental conditions
L,
Grinding speed V' m/min | 1530
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o . . ) . Stroke S mm 70
B LATE, MTIRE Sh AW LETHR v 0
BIg R E B . Finishing speed V' m/min | 40
2.2 UINKFERT LT —, BEREE Frequency N c¢cpm 900
YhHIvRTFredEegrmeics s, £@O T Amplitude ¢ mm 1.6
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Table 3 Characteristics of wheel, sticks and stones

g;::e(%ing Honing stick S&&fﬁnismng
Bond Resin Metal Metal
Grain type CSGII MBG-660 Micron powder
Grain size #60/80 #140/170 | #1000
Concentration 80 50, 100 100
Diameter d mm | 256 - —
Length / mm — 50 20
Width & mm 24 3 3

Table 4 Size of workpiece

Grinding | Honing | Superfinishing
Diameter ) mm 41-46 41-46 45
Length (Width) B mm 100 100 20
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Fig. 2 Weibull distribution function of g

Table5 Values of Weibull’s parameter

Grinding Honing Superfinishing
m Al,O, 1.85 1.55 1.05
SiC 1.70 2.05 1.35
SizN, 2.70 1.85 1.15
g J|ALO; | 4.71X1077 | 3.7X10°7 29.4X10°7
SiC 10.9X1077 | 43.1X1077 24.6X10°7
SizgNg | 29.3X1077 | 9.93X 1077 42.5X10°7
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Table 6 Values of ksen and p
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Fig. 3 Scratching test of ceramics with conical diamond
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