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Strength Evaluation Test of Hot-Pressed Silicon Nitride

at Room Temperature

Katsutoshi MATSUSUE, Kitao TAKAHARA,
and Ryosaku HASHIMOTO

ABSTRACT

In order to study strength characteristics at room temperature and the strength
evaluating-method of ceramic materials, bending-tests of bars, tensile tests of rectangular
plates and spin-tests of disks with a hole in the center were conducted on hot-pressed
Silicone Nitride (Si3N4) specimens. The results can be summarized as follows:

1. The mean strengths of the specimens as shown by either the tensile or the spin tests,
agreed well with the values predicted from the results of the mean strength and the
Weibull’s modules by bending-tests of the material and the effective volume.

2. The mean strength generally decreased with increasing effective volumes of the speci-
mens when said effective volumes were not very small. However, they approached a
certain value independent of the effective volumes when they were small enough, as
in the case of fracture tests of notched specimens. The limit value of the effective
volumes in the present study was about 1mm?.

3. Good test-results were obtained without showing any eccentric load effects that
might exist in the present tensile test, where the specimens received the loads through
cross pin connectors at both ends of the test-pieces to which steel attachments were
fixed with adhesive.

4. For the following reasons spin-testing is considered to be a useful method of testing
the strength of ceramics.

i) The only force acting on the test-piece is the centrifugal body-force created by the
specimen itself. As it is not necessary to consider any reaction force from the test-
instrument in spin-testing, stress concentrations caused by misalignment of the
test-pieces are expected to be negligeble.

ii) Large effective volumes can be tested by this method because only tensile stresses
are created in the specimens.
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i) Disk spin-tests can also provide useful data on the dual-axial tensile strength of
materials because the forces created in the disk under spin-testing are tensile
stresses, both in tangential and in radial directions.

iv) Much information about the mechanical characteristics of material that is neces-
sary for use in designing rotating parts of machine can be obtained from rather

few spin-tests for the above reasons.

5. Observations of the fracture origins and of propagation on the fracture surfaces were
made. When the effective volumes were large as in the case of spin-testing, two or
more fracture origins were sometimes observed. Locations of the fracture origins

did not necessarily coincide with that site where maximum stress was predicted to

occur, and the discrepancies between the actual and predicted sites were generally

great when stress-gradients on the fracture surface were small.
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3-Point| 3x3 1=40 57 | 83. [108.7| 65.3| 9.9 | 89 | 554 | 1.8
bendingr s 12100 | 10 | 66.6 | 881 | S9.8 83| 7.4 | 266 128
boraing| 5%5 BZ190 | 15 | se7| 75.2| 389 9.3 | 7.4 | 235 | 625
surface |R=1 5 86.4 907 | 80.2| — | — [170. 0.2
4-point |99 eSIR=2 5 | 81.7 | 881 773 — | — 130, | oe
2§;ﬂ23 m o lee3] s [ 976 | 1010 ] 925] — | — |08 2.2
bars |surface |R=1| 5 | 796]| 855]| 67.5| — | — | 160. 0.2
roughness R=2 5 78.0 848 67.5| — — ] 125. 0.6

MM R3] 5 [ 813 |1019] 692 — | — 8s. 2.2

tension| 3x5 (=20 13 | 500 | 583 39.7| 6.4 | 9.6 0. | 300.

rotation| D=110,d=60 | 9 | 459 | 54.2| 320| 63 | 8.1 | 1.3 |2193
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81 BWEARAET—7 No. ; O 5 bF Y N—RURRKE F v/v—
0 BIEHE (kg/mm?)
BAr 5 (mm), AEABEE; 14m

(=R THER 3 X3, /=40)

No. g No. o No. o No. g No. o
18— 1 83.1 6 72.4 3 70. 2 5 82.2 2| 8.1
2 71.6 || 22 — 2 75. 3 4 73.1 || 27 -1 94.9 3 78.2
3 82.9 3 67. 8 5 90. 2 2 94.0 4 89.8
4 80. 2 4 74.9 f 25 -1 84.0 3 95. 1 5| 8.9
5 70.0 5 68. 2 2 | 65.3 4 8.8 130 — 1 | 104.9
6 82.9 (| 23 -1 86. 2 3 70.0 5 99. 1 2 | 108.7
7 91.1 2 87. 3 4 74.0 || 28 — 1 84.9 3| 976
21 — 1 81. 3 3 84.7 5 77. 8 2 93.8 4 97. 8
2 76.0 4 88.9 [ 26 — 1 83.6 3 84.7 5 920
3 85. 8 5 68. 9 2 85. 1 4 83.6
4 78.1 ] 24 -1 89. 1 3 94.9 5 83.3
5 79.8 2 87. 8 4 68.9 | 29 — 1 66. 7
(ZAHFER; 5%x5, £=100) (MEAFHE : 5%5, £,=150, £,=100)
No. g No. a No. g No. g No. .0
10 — 1 70.8 [ 14 -2 62.9( 10 — 2 48.6 10 63. 2 12 | 52.6
6 62.6 5 64.8 3 58.6 || 11—11 75. 2 13 | 64.7
7 59. 8 6 60. 5 4 61.4 12 54.2 || 13—11 63. 4
9 88. 1 9 69. 1 5 50. 9 13 53.5 12 | 65.3
13 63. 1 10 64.3 8 58.8 | 12—11 38.9 13 [ 718

(=R FARR  5%5, / » FH,
£, =50, =100, REME ; 14m)

(R=1) (R=2) (R=3)
No. g No. g No. g
13- 6 80. 2 12 -6 79.3 11 -6 94. 4
7 88. 8 7 77. 3 7 98. 0
8 90. 7 8 88. 1 8 | 100.1
9 83. 4 9 79.1 9 | 101.1
10 89. 0 10 85.0 10 92.9

R/ v FRIBNOMBYLE
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(R=1) (R=2) (R=3)
No. g No. g No. o
13—1 85.5 12—-1 67.5 11— 1 69. 7
2 83.4 2 83.9 2 81.8
3 67. 5 3 75. 4 3 69. 2
4 77. 5 4 78.6 4 83.7
5 83.9 5 84.8 5 101.9
(BIRER KRR, 3xX5%X20)
No. Y No. g No. g
6—1 57.0 2 46.5 3 38.7
2 57. 6 3 49. 6 42.7
3 45.6 5 58.3 42.0
5 47. 9 8—1 53.6
7—-1 53.9 2 55.5
(EEHR A - A%, 60 -110)
No. o No. o
21 44.0 26 54.2
22 32.0 27 46.6
23 41. 4 28 51. 4
24 39.0 30 53.5
25 50.7
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