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Cyclic Fatigue Characteristics and Crack Extension
of a Ceramic/Metal Joint

Weiping LIN, Yoshio ARAI and Eiichiro TSUCHIDA

Fatigue strength and propagation characteristics of ceramic/metal joints were investigated
under cyclic bending loading. Fracture surfaces were examined by SEM and X-ray methods.
Fatigue fracture occurred at the metal/interlayer interface as well as the ceramic/interlayer inter-
face. Fatigue strength was independent of the fracture path. Fatigue crack initiate and grow on the
ceramic/interlayer interface at the specimen corner. Under constant amplitude cyclic loading, the
fatigue crack decelerated and finally halted. As a result of the increasing amplitude of cyclic loading,
the final fracture occurred at the metal/interlayer interface. Even under cyclic compressive loading,
fatigue cracks were initiated on the ceramic/interlayer interface. This study looks at the method to
evaluate the fracture mechanics parameter for interface cracks on ceramic/metal joints.
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Fig.1 Configuration of specimen with crack
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Fig.2 Stress intensity factor-crack length diagram
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Table 1 Material properties

SizNg | Cu | SUS304
E(GPa) 304 | 108 [ 196
v 0.27 | 0.33 | 0.30
o x107%) | 3.0 |17.7| 150

Table 2 Condition of joining
Ti-Ag-Cu
1073~1123K
Atmosphere | Vacuum. 1 x 107° torr
Cu (thickness 0.2mm)

Brazing filler

Temperature

Interlayer

SUS304 Cu S iaNg

——\%‘ [
L

g

Fig.3 Specimen configuration (unit: mm)
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SUS304 Cu  Si3N4

Fig.4 Fatigue test system
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Table 3 Result of monotonic fracture test

TP NO. o Fracture | TP.NO. o Fracture
(MPa) path (MPa) path
TP2 - IM TP9 251 ™M
TP3 304 M TP10 266 M
TP4 - ™M TPl 277 ™M
TP5 321 IM TP12 324 1C
TP6 286 IM TP13 M
TP7 227 M TP14 - M
TP8 263 IC TP22 397 M
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Table 4 Result of fatigue test
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Fig.5 Tension side view of metal-interlayer interface
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Fig.6 Relation between bending stress and measured
strain

TP.NO. os{(MPa) Nj{cycle)} Fracture path
TP15 214 6452 ™
TPi6 184 > 107 Ic
TP17 245 17918 Ic
TP18 257 9 ic
TP19 227 1712168 M
TP20 214 133 Ic
TP21 190 275 IM
TP23 200 16635 M
TP24 170 1070493 M
TP26 160 > 107 M
TP27 200 ~ 310 1040000 M
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Relation between maxmum stress and fatigue
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Fig.9 Macro photograph of interface crack
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Table 5 Result of crack propagation test

TN on | A(um) B (sm} Ry (MPa /m)

cycle AMPa a b a b AR, | Kimax
20007 200 235.5 | 1283 | 250.0 54.5 | 3.0661 4 2879
26661 200 225.5 | 151.0 | 2500 545 | 3.1216 | 4.3283
37167 200 225.5 | 155.6 | 2500 545 | 3.1201 4.3313
52508 200 [ 2255 | 1649 | 2500 | 545 | 3.1321 | 4.3259
100761 230 2255 | 1649 | 250.0 54.5 | 3.5173 | 48479
100761 230 2255 | 2745 | T47.0 77.5 | 4.1077 | 5.4380"
215303 230 225.5 | 2745 | 7476 77.5 | 4.1077 5 4380
269503 240 225.5 | 2745 | 7476 77.5 | 4.1077 54380
1040000 310 4000 | 274.5 [ 4000 775 | 8.7461 9.7178

{ Compression side

—
(269503 | 240 [ 3015 [ 1790 [ 3625 | 205.1 - -

200 a4

a,b
ﬂ

100

N 10%cycle

Fig. 10 Relation between crack length and number of
cycle
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Fig.11 Relation between crack propagation rate and

maximum stress intensity factor range
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(a) Monotonic fracture (TP10)
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(b) Fatigue fracture (TP27)

Fig.12 SEM fractograph of metal-interlayer fracture
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Fig. 13 Ductile fracture surface at metal-interlayer
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Fig.14 SEM fractograph of metal-interlayer fatigue
fracture (TP27, high magnification)
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Fig.15 SEM fractograph of ceramics-interlayer
fracture
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Fig. 16 SEM fractograph of ceramic-interlayer fatigue
fracture (TP18, region B in Fig.17(b) high
magnification)

w10
&
X Honotonic(IH type)
S *
=3 .
Fatigue(IN type)
= 8 Ki1=K1c(SiaNs)
{I / 7 Honotonic(IC type)
4J/E Fatigue(IC type)
4 i 2 3
a X10-3m

Fig.17 Stress intensity factor-crack length diagram
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Fig. 18 Mechanism of two interface fracture
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