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Low Cycle Fatigue Strength of Diffusion Bonded Joints of Alumina Dispersion
Strengthened Copper to 316 Stainless Steel

Hiroshi NISHI and Toshiaki ARAKI*
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Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received October 11, 1994)

Low cycle fatigue tests were performed at room temperature for 316 stainless steel
(3165S), alumina dispersion strengthened copper (DS Cu) and 31655-D8 Cu diffusion
bonded joints. Plastic strain distribution of joint specimens during the fatigue was
measured to estimate deformation of the joint specimens. Furthermore, microstructure of
diffusion zone of the joints and fracture surface of the fatigue specimens were examined
with scanning and transmission electron microscopes.

The fatigue life of the joinis was lower than that of DS Cu. The joint specimens
fractured at the DS Cu near the interface in the case of small strain range fatigue
tests. Intermetallic compounds and recrystallization were found near the interface in
DS Cu. It is considered that these intermetallic compounds and recrystallization
affected the low cycle fatigue strength for small strain range fatigue tests. For large
strain range fatigue tests, however, fracture point was in the DS Cu 6-Tmm apart from
the interface, at which the maximum piastic strain occurred. It is assumed that the

3168S restrained the deformation of DS Cu near the interface for large strain range

fatigue,

Kevwords: Alumina Dispersion Strengthened Copper, 316 Stainless Steel, Diffusion Bonded
Joints, Low Cycle Patigue Life, Plastic Strain Distribution, Electron

Microscope, Microstructure, Intermetallic Compound, Recrystallization
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Table 1 Chemical Compositions.

Alumina dispersion strengthened copper {DS Cu)

Al 0 Fe Pb B S Cu
0.14] 0.092| 0.007; 0.001| 0.018] <0.001| Bal
316 stainless steel
C Nt Cr Mo Mn 81 P 8 Fe
0.03| 10.25( 16.29 2.10| 1.19| 0.44[0.032]0.002| Bal
Table 2 Conditions of diffusion bonding.
Bonding Temperature 1273K
Bonding Pressure 9.8MPa
Hold time 3.6ks
Vacuum 5x10-%Pa
Roughness of surfaces 0.2um
Table 3 Tensile properties of used materials.
Material| 0.2% proof| Tensile |Elongation|Reduction
: stres str ngt? of are?
Mpa) thEa (%] %]
316 8§ 237 549 55 78
DS Cu 299 399 27 70
Joint 230 398 22 71
Table 4 Results of low cycle fatigue tests.
DS Cu 316SS Joints
Aet Aty Nt Aep Nr Agp Nt [Position Ni {joint)
{1/2N¢) (1/2N: )} (1/2Nt) of fracture| Nr (DS Cu)
1.5%] 0.898%| 914] 1.002%| 4550 0.983%| 740 DS Cu 0.809
1.2 0.649 2091)] 0.793 | 9650) 0.742 | 1590 DS Cu 0.760
1.0 0.461 | 6024| 0.637 |21050| 0.538 | 4056] Interface 0.673
0.75] 0.261 {14950| 0.434 |66500] 0.361 | 9080| Interface 0.607
0.6 0.129 |43497 - - 0.266 (15076 Interface 0.347
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(b) TEM observation

Fig.4 Microstructure near the interface of joint.
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Fig.7 Sectional view of fatigue tested specimen.
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Fig.8 SEM observations of fracture surface of joint.
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Fig.11 Cyclic stress strain relations in low cycle

fatigue test.
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tested specimens of joint.
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