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Strength of ring-crack caused by sphere-plate contact of ceramics

mE OE, MEkET, K &, mHFE '
Manabu TAKAHASHI"", Nagatoshi OKABE"", Xia ZHU"" and Minoru MATSUI""

Fracture mechanics based considerations were made for investigating the ring-crack formation of ceramic plates
contacted with a ceramic sphere under a combined normal and tangential indentation load. The intrnsic tensile
strength of the ceramic plate did not dictate the onset of ring-crack formation. The size of pre-existing defects
(being less than one micron) that may result in the ring-crack initiation were somwhat smaller than the grain size
of the ceramic plate. On the other hand, the stress gradient induced beneath the contact was significantly
dependent on the contact angle of normal/tangential combined load; when the contact angle is increased, the
mean dimension of defects which lead to ring-crack initiation becomes large, whereas the location of the induced
crack is progressively away of the contact circle. The stress gradient induced beneath the contact was taken into
account for calculating the stress intensity factor of the pre-existing surface defect. The fracture toughness value
thus estimated for the ceramic plates satisfactorily predicted the onset of ring-crack formation of all the ceramic
plates examined.

Key words : Contact strength, Ring crack, Ceramics, Hertz stress, Stress intensity factor, Tensile strength
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Table 1 Mechanical prbpertics and surface
roughness of sphere and specimen plate

Young’s Poisson’s Fracture
Materials modulus ratio toughness
E (GPa) v Kic(MPa'm '?)

Sphere SisNg 304 0.28 7.6
Si3Ne-A 320 0.27 5.2
Specimen Si;N-B 320 0.27 7.8
plate SisN«-C 290 0.28 5.7
SiC 410 0.15 39
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Fig.5. A ring-crack formed on a Si;N; - plate. Fig.6. The coordinate system for a spherical contact

under a normal / tangential combined load.

4 * =

41 V2 T0 50 FERE ESI3RME & DM

Annual Journal of Eng,
Ehime Univ, II., Mar., 2005



i - B kE- K #g-a% =B

BERNITPARROBEAR, Fig6 ITRT &) KRR EMTAY ICECILATEEHREP,ICL o TH
AT DERIEN 0, LERN P K> TRET DN 0, LOERIEN 0, THD. T Z THEEFERRE
fhep L EFAE LTEPIIRLE.

Lied->T, HEBIEN o,id,

Oy =0, +0, )

ELTERTES.
FEHN P L2 TEL BN o, ERNPICL-TELBZEN o, BLGRABIES 1 ZEHFTEE
22RO,

[}

<(l v)Nz? -1_3—2"(NS+2AN+a3)—VMza>

Mxtza @
3 1

P 2,2 2
c,= 3 - [—x({—+l)¢+axM{(%—2rL)(Sv 24v+2z )+x; +7w -—2wcz+r2}

-N(x2 +2ty2)—

2ma rt 4

+xziv{(%_2rLj[_—(1 2v)——(1 ZV)—-(Z +3a )] %-WTZ-ZZ_Z}

r

©)) 3P,
T =

4 2\2 r

2 2 @
+£2{‘1(S+2A) R —lr’+z (l_2x )}]
r 4 4 2

ELTENTREREND. BB, VIIRT VUK,
A=r*+z*-a* (A2+4a )1/ ri=x*+y>*

12 12
u-(22) N=(ﬂ) aar
2 2 M
UEOR LY, SHXHIIEEOADORBKTREND. T2 C, EAEAIIEMER x @ LDk, y,2)=
(a,0,0)ADMBTHKAEL LS. xBWEDIEN 0, BLWo, 1L, RQ),EANWTr=xLB&HX
BILICE VB UL, Fi-, BEURMIZ AT RO BE LI RET CRIE L2 p=0.09 ZHAVTWVS.
ARBREFIZLSET RO BELRVEREGETTOY /75 v 7 REBRFEEZHATEZ0, £
BOBEBMEEIIERICHVVETH I LEIONEN, T TCHTRADOEEZAMA LKL, 7, Figd D
EHE A P, LB P, OBIEHN O BMAICEBERE RO B LIITERVWILIZERTRETHS.
BEAHLERNDOLEZERMA 0 (deg) LEETHL,

4P
> ©)

n

LLTRTIENTES. ARMETOBESIUCRMIZ, 2TOEMAETREBIELDEOKREN
Si;N,-C & SiC I DWTRA S, #fA E x/a=1 COFEMAICIIT D BIEN DRREDBEEZ Fig7
IR, & O CHE TR & AL, EEA OIS TEEISS o, B EMICH I 22b 6T,
RIS o, 3BT B0, RICESEEES o, M 2EMERLE. R—BERGOR
BAKEWT, BEROERSH, ThbbHEBRE0O5IRRENERFFICI - TELTIED

BIREARET I v I ADY V77 Ty IV RETKTHFHM T A—F & LTEY TIX2W. Vi

6 =tan



5 Iv 7 ADOR-FHEMIZLD) YT 7T v 7 RARENETE

x5 &, RKRBIBEENORBEME/a=1)ITERED Y
VYT BEMBEEeZ1.DE D BRICZHBH I L
mo, V7757 REICRKSIREATERERS
BELRWILEZFRBETAHLOTHD. 2k, o
Sl;N,th)ﬂEﬁ@ %7?3?%61’14“(11‘{5

4.2 FEIHARORIBRIG NS & REETEDBME
T3y AQBEMBEICENT, REORKSI
RIGHBY T2 Z 92 REDI ZAT Y T Tidiz
WI EDOER E L TRE FHORIERIN DT RH
i%hé

Fig.8 (2, FEEFNAAIC L5 x #ih)5m OEEE x 28
fih [ 4288 @ THUEAL LTz x/a (EA EIZBWT xa
=1) @1, 12, 1522V T, HAITBITAERS)H

M z \Z% 9D x TG0 OF 2. k-

&a@ﬁWﬁEmH%@’ﬁﬁmBF#:ﬁTfa

—77, BEfRMEERFMICEEN D & & BTSSRI
BAL, BehRIIBAERBITTA LIRS,
T, TR OIEASH OB EHT &K & T HIEL
DFMEETHH Z L bR Sz, £ZT, Z0D

ISHE L Rif-HEB LU OMEOEFREE LD &,
x/a=1 ET, O E HENC K& RERREEBEFET

H5E, RIFMOERHFIHF TIIEEEROEEN
THHHRISABNNEL 2B h, XITEMRAE L
BB, Vs vy s RERGTFONS .
(Fig.8 x/a=1 HZM. ) WIZ, xa=1 M HiEMTEL,
ORI FI /NS RERNTFET 556, HEc
SDELBIEHBNENWE=DY 775 7 3BEI
BELRW. (Fig8xa=1.5 HbBM.) Lo, &
EAHALDEE, ERHE LIS OME Bz &
N DR (BRI Kic (23T D x/a=1.1 f43) 12
BWCY 777 v BRETHERESATVNS
W —F, BERAMAR T, KETEBERTALD
2, BERARMD D Z LIk FTFEOR S L~
B ERT A7, FlZE xie=1.5 DX 5 BN T-L
BTHNSRERFPERELIEZV T T 97 BF
AT HEHRENS. (Fig.13 2H)

4.3 )T 9 5y REBEDWIR DR
o ki, Voryr Ty 7 BEICIKIESFR
DR IENFANCE S BUNRMEBER L 25K

Mk FRIBIR TH D Z L 2 BM LT iER 60,

2 CHHE N FERBLAEN SIS IR RBREIZER LT
EEEHED D,

A REICEEEZR L LT Fig10 2R+ L9 72
YMEREPFEELE. CZTCHERIRIONY ¥
727 v REICHEHETSIEN 0 1. THD. MO

D s & 2ot L CES hAMER 35 Z &8
Eizbh, E—FI L NDRESE— FikELEE S
HUENRHD. £ THEENS o, & EABIES 1.,
A x Bh7 AN < FEINCHRY T D S MEEIS S o,
(MR USRBEFEMIC AV . S REEDS T,

Annual Journal of Eng,
Ehime Univ, 1., Mar., 2005

Stress o (GPa)

6
Contact angle 6 (deg)
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