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ABSTRACT

The method to determine the haxial strength in ball-on-3-ball test was studied. The biaxial strength of
alumina specimen was measured by ball-on-3-ball test and piston-on-3-hall test. As the resulls of ANOVA
{Analysis of Variance) [or the biaxial sirength by piston-on-3-ball test and the hiaxial strength by ball-nn-3-
hall tesl which was calculated using the equation of the strength by piston-on-3-hall test and eguivalent ra-
dius, the mean values of the both methods were almost same. Consequently, the naxial strength by the ball-
on-3-ball test can be caleulated using the eguation of the slrength in piston-on-3-ball lest and equivalent ra-
dius. The stress distribution of the specimen in ball-on-3-ball test was calculated by FEM({finite element
method).
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Fig. 1. SEM micrographs of alumina specimen used
in strength test.

3
O

Support Curele
{Radins a)

Specimen
(Radws c)

Supporiing Ball

| ———" Loadmg Ball

Specimen

Supportmg Ball

Fig. 2. Schematic diagram of hall-on-3-ball test ap-
paratus.
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Fig. 3. ASTM standard graph for biaxial strength
method,
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Fig. 4. Wethull plot of the biaxial strenglh of alumina
specimens for ball-on-3-hall test and piston-
on-3-hall test.
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Fig. 5. Finite element mesh used in numerical cal-
culation of stresses in ball-on-3-ball test.
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Fig. 6. Radial stress disiribution on the lower face of
the specimen.
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Fig. 7. Tangential stress distribution on the lower
face of the specimen.
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Fig. 8. Ratial and tangential stress for path A and B
of the finite element model in ball-on-3-ball
test.
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Fig. 9. Radial stress by the equation of ball-on-ring

test and the FEM of ball-on-3-ball test.
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Fig. 10. Tangential stress hy the equation of ball-on-
ring test and the FEM of ball-on-3-ball test.

.4 B

ball-on-3-ball Aol ol% =g Z7F5t7] Het
o, d=ReP AlEE o8t ball-on-3-ball Al¥7t
piston-on-3-hall A8 &9} piston-an-3-ball A&
oA 9] o] == 510441 MPa®]) 911, piston-on-3-
hall Ao 7hx 2z 27 Hkx] 5L o]g35le] 7
28 ball-on-3-ball AlBeAla] o|F A&rt 517+41

MPao]gich. F oi& Axe] Eot 24 ZR, F # ol
Foatz T 4 vk wEbA, ball-on-3-ball A]E
18] o]Z AL piston-on-3-ball A @A) A= &

3 57H WA B olg5kd AN 5 3l
2Arel 2

2 A7E 1998 Ssalr]ed ARAEE
FAE g 5 d5FEAT pdFAlE Ad2d 2

& Aol ol Art=ele v
REFERENCES

L g, CALD, Al 28 @57 wel AET oed
S A o Ee) AR S E (1997.12)

2. D. K. Sheuy, A. R. Rosenfield, P. McGuire, G. K
Bansal and W. H, Duckworth, “Biaxial Flexure Tests
for Ceramics, Ceramic Bullerin, S9(12), 1193-1197
(1980).

3. D. K. Shetty, A. R. Rosenfield, G. K. Bansal and W.
H. Duckworth, "Biaxial Fracture Studies of a (Glass-
Ceramic, J. dm. Ceram. Soc., 64(1), L-4 (1981).

4, R. M. Williams and L. R. Swank, “Usc of Weibull Sial-
ics to Comelate MOR, Ball-on-Ring and Rotational Fast
Fracture Tests,” J. Am. Ceram. Soc, 66(L1}, 765-768
(1983).

5. R. Ham-Su and D. S. Wilkinson, “Strength of Tape
Cast and Laminated Ceramics,” J. Am. Ceram. Soc,
78(6), 1580-1584 (1995).

6. ASTM Standard F394-78, pp.466-450 in ASTM An-
nual Book of Standards, Vol. 15.02, Section 15. Am-
erican Saciety for Testing and Matcrials, Philadelphia,
PA. 1996.

7. K. C. Radford and F. F. Lange, “Loading{L}) Factors for
the Biaxial Flexurc Test,” J. Amt. Ceram. Soc, 61(5-6),
211-213 (1978).

8. D. B. Marshall, “An Improved Biaxial Flexure Test for
Ceramics, Ceramie Bulletin, 59(5). 551-353 (1980).

O M. N. Giovan and G Sines. “Biaxial and Umaxial Data
for Statistical Comparisons o a Ceramic's Stength,” J
Am. Ceram. Soc., 62(9-10). 510-515 (1979).

10, K Breder, T. Andersson and K. S. lin, “Fracturc
Strength of ot and (-SiAION Measured by Biaxial and
Four-Point Bending,” J. Am. Ceram. Soc, 73(7), 2128-
2130 {1990),

LL. T. Thiemeier and A. Brckner-Foit, “Influence of the
Fracture Criterion on the Failure Prediction of Ceram-
ics Loaded in Biaxial Flexure, J. Am. Ceram. Soc.,
74(1), 48-52 (1991).

12. D. K. Shetty. A. R. Rosenfield, W. H. Duckworth and P.
R. Held, A Biaxial-Flexure Test for Evaluating Ceramic
Strengths,” J. Am. Ceram. Soc, 66(1), 36-42 (1983).

13. ). Lamon, “Statistical Approaches to Failure for Ceram-

A 36w A3 Z01999)



230 up L ol5d - o] 2R

ic Reliability Asscssment,” J. Awm. Ceram. Soc, TI(2), 16. 388, A9E, o543, U, A5, STATISTICAS

106-112 (1988). ot EAEREA pp. 210238, =X ST 2, 1998,

14, L.-Y. Chao and D. K Shelty, “Rcliability Analysis of  17. Swanson, J. A, ANSYS-Engincering Analysis System
Sirnctural Ceramics Subjected to Biaxial Flexure, J. User's Mannal, Swanson Analysis Systems, Inc., Hous-
Am. Ceram. Soc., T4(2). 333-344 (1991). ton, PA

15 o]Zd, S| ¥4 pp. 400-472, ol 4 Es}4}, 1998,

L5019 A



