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Abstract

Hot Isostatic Pressing bonded (HIPed) structure of DSCu/SS316 is proposed for the first wall (FW) of ITER. In this report, the
thermal fatigue crack propagation behavior around HIPed interface is investigated with DSCu/SS316 HIPed plate as a specimen
which has an initial crack on DSCu side. In addition, numerical analysis is carried out to clarify the mechanism of the interfacial
crack propagation and to evaluate crack propagation rate with fracture mechanics. It is concluded that the crack which was
propagated very close to HIPed interface did not penetrate into SS316 and changed its propagation direction from perpendicular
to parallel to HIPed interface. The interfacial crack is propagated by residual stress in combined mode.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

In operation period of ITER, FW undergoes thermal
loads from plasma and there are large temperature
gradients because FW is actively cooled. The out-
of-plane deformation of FW is almost restricted due
to large structure. Hence, thermal stress appears in
FW. If FW has an initial defect, thermal fatigue may
occur due to pulse operation of ITER. In previous
report[1], the thermal fatigue tests and analysis were
performed on a specimen made of a single material.
But it has not been investigated yet how the thermal
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fatigue crack is propagated around HIPed interface.
In this study, cyclic electron beam (EB) irradiation
experiments were carried out on a DSCu/SS316 HIPed
plate specimen. In addition, numerical analysis was
performed in order to clarify the mechanism of crack
propagation near the interface and to evaluate the
crack propagation rate with fracture mechanics.

2. Experiment

2.1. Specimen and procedure

The geometry of DSCu/SS316 HIPed plate spec-
imen is shown inFig. 1. The longitudinal length of
DSCu which has high heat conductivity was 30 mm
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Fig. 1. Geometry of specimen.

in order to be more heated. Specimens were notched
at the center by an electron spark machine. A fatigue
pre-crack of about 0.1 mm depth was mechanically
introduced to sharpen the crack at the bottom of the
notch. The experimental apparatus is shown inFig. 2.
The EB irradiation area was an ellipse with 12 mm hor-
izontal and 11 mm vertical diameters. The peak power
of EB was 28 MW/m2. The backside of the specimen
was attached to the copper water-cooling board by
soldering. Both ends of the specimen were clamped
by a servo-controlled machine to constrain bending
deformation and to allow thermal elongation in the
longitudinal direction. The beam position was changed
alternately between the specimen and the cooling board

Fig. 3. Result of preliminary test.

with a specified duration period by means of magnetic
deflection coils. One cycle was 5 s EB irradiation and
55 s cooling in all tests. The temperature at a distance
of 13 mm over the notch and of the backside were
measured by thermocouples. The highest temperature
at upper point from the notch was about 400◦C and
that of the backside was 120◦C in 1 cycle.

In this experiment, first, the crack propagation
behavior in DSCu part was investigated (the prelim-
inary test). Second, the test to investigate the crack
propagation behavior around HIPed interface was car-
ried out.

2.2. Results

The result of the preliminary test, the crack
propagation length and their fitting curves versus the
number of EB irradiation cycles, is shown inFig. 3.

Fig. 2. Experimental apparatus.
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