Available online at www.sciencedirect.com

journal of
@ nuclear

materials

www.elsevier.com/locate/jnucmat

- A5
ELSEVIER Journal of Nuclear Materials 355 (2006) 119-123

Mechanical properties of weldments using irradiated
stainless steel welded by the laser method for
ITER blanket replacement

Hirokazu Yamada **, Hiroshi Kawamura ®, Yoshiharu Nagao b
Fumiki Takada °, Wataru Kohno ©

& Japan Atomic Energy Agency, Naka-machi, Naka-gun, Ibaraki-ken 311-0193, Japan
® Japan Atomic Energy Agency, Higashiibaraki-gun, Ibaraki-ken 311-1394, Japan
¢ Toshiba Corporation, Tsurumi-ku, Yokohama-shi, Kanagawa-ken 235-8523, Japan

Received 28 October 2005; accepted 26 April 2006

Abstract

In the case of a blanket module replacement in the ITER, cooling water pipe will be joined to irradiated pipe by the
laser welding method. On the cooling water piping of the ITER blanket, various loads (the vibration of coolant flow,
plasma disruption or deadweight of blanket) will be applied to the joint. Therefore, an evaluation of the mechanical prop-
erties of weldments using irradiated material is necessary for replacement of the cooling water piping of the ITER blanket.
In this study, the bending strength of weldments on irradiated material using the laser welding method was evaluated. This
study made clear that the bending strength of weldments using irradiated material with 3.3 appm He by the laser welding
method was similar to that of weldments of un-irradiated material to un-irradiated material. On the weldments using
irradiated material, small bubbles were observed at the grain boundaries in heat-affected zone because the coagulation
of helium generated in irradiated material was accelerated by heat input from laser welding. However, small bubbles
did not have a bad influence on the bending strength up to at least 300 °C.
© 2006 Elsevier B.V. All rights reserved.

1. Introduction be joined to irradiated cooling water pipe by the
laser welding method. As for the joining technology

For replacement of the blanket of the Inter- of irradiated material, a tungsten inert gas (TIG)
national Thermonuclear Experimental Reactor welding method and a laser welding method were

(ITER), the cooling water pipe of the blanket must investigated [1-3]. In welding irradiated material,
the helium present in irradiated material affects the
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ITER. Therefore, the estimation of mechanical
properties of weldments is an important consider-
ation. For the study of laser welding using irradi-
ated material, the laser welding method was found
effective to weld irradiated material without defects
and the tensile strength of weldments was about the
same as that of un-irradiated material [4]. However,
there are few studies of bending properties using
irradiated ITER candidate material.

In this study, weldments using irradiated material
and un-irradiated material were fabricated by the
laser welding method, and the bending properties of
weldments using irradiated material were evaluated.

2. Experiment
2.1. Material

In this study, SS316LN-IG was used as the stain-
less steel because this is a candidate material for
ITER cooling pipe. The chemical composition of
SS316LN-IG is shown in Table 1. For the prepara-
tion of irradiated material, irradiation was per-
formed at the JMTR (Japan Materials Test
Reactor) of JAERI (Japan Atomic Energy Research
Institute). The fast neutron fluence was determined
by fluence monitors (Fe wire), and its maximum
value was about 1.6 x 10°* n/m? (E>1MeV), corre-
sponding to a displacement dose of approximately
0.2 dpa (displacement per atom). The thermal neu-
tron fluence was determined by fluence monitors
(Al-Co wire), and its maximum value was about
40x10* n/cm®* (E<0.68¢V). The irradiation
temperature of the specimens was calculated by the
ABAQUS code, and it was about 200 °C. After the

Table 1

The chemical composition of SS316LN-IG

Elements Content Unit
Fe Balance

C 0.029

Mn 1.64

Si 0.44

P 0.012

S 0.009

Cr 17.48 wt%
Ni 12.11

Mo 2.56

Nb 0.067

Cu 0.07

Co 0.02

N 0.067

B 3 ppm

neutron irradiation, the helium content in the irradi-
ated materials was measured by melting the actual
irradiated material, and it was found to be 3.3 appm.

2.2. Fabrication of specimens

In this study, three types specimens made from
weldments and two types of specimens of base mate-
rial were prepared. As the three types of weldment
specimens, Type-A was a combination of an un-
irradiated material and an un-irradiated material,
Type-B was the combination of an irradiated mate-
rial and an un-irradiated material, and Type-C was
the combination of an irradiated material and an
irradiated material. For the two types of specimens
of base material, un-irradiated base material speci-
mens and irradiated base material specimens were
prepared as reference for the weldments. Weldments
were fabricated by a YAG laser welding machine
(LAY-659F, Toshiba Co.) without filler metal. As
the welding parameters for the laser welding were
as follows: laser power was 1 kW (pulse laser), weld-
ing speed was 0.5 m/min and the welding heat input
was about 1.2 kJ/cm. During welding, materials
were supported with no load at the butt position to
prevent residual stresses from the heat input was of
the welding process. Liquid dye penetration testing
at room temperature was performed in order to con-
firm the macro-integrity of weldment specimens, and
the penetration period and development period were
both 15 min. It was confirmed that all weldment
specimens were intact without cracks. Figures of
the bending specimens are shown in Fig. 1.

2.3. Test procedure

Three-point bending tests were performed using
the procedure shown in Fig. 2. The loading speed
was 0.5 mm/min. In this study, face bend tests and
root bend tests were performed on each of the weld-
ments for evaluation of the influence of the direc-
tions of the bending load and the heat input.

Bending strength was calculated by the following
equation:

3PL
2w (1)

S: bending strength (kN/mm?);

Py: maximum load (kN);

L: distance of support point (=20 mm);
w: width of specimen (=4 mm);

t: thickness of specimen (=3 mm).
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