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1. Introduction 

 
One of the most important goals of the ITER project 

is to experimentally investigate the heat and tritium 

extraction in test blanket modules (TBMs) [1-7]. Korea 

has developed a helium cooled ceramic reflector test 

blanket module for fusion reactors [8]. An advanced 

reduced activation alloy has been developed as a 

structural material [9, 10] and various joining methods 

such as electron beam welding, tungsten inert gas (TIG) 

welding, laser welding, and hot isostatic pressing have 

been applied to establish its fabrication method and 

procedure. Based on the current design of the TBM and 

breeding blanket, TIG and laser  welding were selected 

as the main joining methods, and the U-shaped first wall 

(FW) was adopted. For welding of the breeding blanket, 

a special joining technique without a permanent backing 

strip with simultaneous full penetration welding in 

accordance with the design rules of class N2RX of RCC-

MRx is required for the pressure vessel. For the U-

shaped FW, a permanent backing strip should not be 

formed when joining the front plate and the cover plate. 

In this study, laser welding conditions were checked to 

determine the bonding method without a permanent 

backing strip, and small mock-ups were fabricated using 

these conditions. The manufactured small mock-ups 

were subjected to a non-destructive inspection using 

radiographic test (RT) and a visual inspection on the 

weld surface of the joint after cutting. The results of the 

visual observation of laser welding show that the 

welding is normally done without a permanent backing 

strip on the joint surface, and the proposed fabrication 

method is applicable to the development of the FW 

fabrication procedure. Currently, Korea are discussing 

with EU the research topics and development of a TBM 

jointly. The welding method without permanent backing 

strip used in this paper will also be applied to the 

Korea-EU joint TBM production in the future. 

 

2. Design and Fabrication of FW Small Mockup 

 

To perform welding without a permanent backing 

strip, a straight small mock-up of 300 mm in length with 

8 channels and a curved small mockup of 160 mm in 

length with 2 channels were designed. The small mock-

ups consist of a body and a cover with cooling channels.        

For assembly, the cooling channel cover and body 

have a 0.5mm wide backing strip, and it is necessary to 

find welding conditions so that there is no backing strip 

by performing laser welding. Figure 1 shows the shape 

of the designed curved small mock-up. Welding 

characteristics were observed by fabricating small 

mock-ups using laser welding for the fabrication of a 

FW without a permanent backing strip. The small mock-

ups were fabricated for both straight and curved 

structures, and the characteristics of the weld surface 

were observed through non-destructive testing and 

cross-section cutting. Figure 2 shows the fabricated 

small mock-ups of a straight and a curved ones, in 

which the mock-ups were already cut for visual 

observation of the welded region.  

Figure 3 shows the cross-sectional view after cutting 

the welding surface for both mock-ups. In both mock-

ups, there is no permanent backing strip but we can find 

some unstable overlapped welding parts for a curved 

mock-up.  

 

 
 

Fig. 1. Designed curved-type small mock-up 
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(a) Straight mock-up 

 

 
 

(b) Curved mock-up  

 

Fig. 2. Welded small mock-ups; straight and curved 

ones 

 

 
(a) Straight mock-up 

 

 
(b) Curved mock-up 

 

Fig. 3. Cross-sectional view of both mock-ups.  

3. Conclusion 

 

A welding method without a permanent backing strip 

was developed and confirmed by fabricating the straight 

and curved mock-ups. We found that there is no 

permanent backing strip by visual observation after 

cutting of the welding region for both mock-ups.  Some 

unstable region will be tested and then the method will 

be applied to ITER TBM production.  

 

Acknowledgments 

This work was supported by the R&D Program 

through the Korea institute of Fusion Energy (KFE) and 

funded by the Ministry of Science and ICT of the 

Republic of Korea (KFE-IN2103). 

 

REFERENCES 

 
[1]L.M. Giancarli, M. Abdou, D.J. Campbell, V.A. Chuyanov, 

M.Y. Ahn, M. Enoeda et al., Overview of the ITER TBM 

Program, Fusion Engineering and Design 87, (2012) 395-402. 

[2]E. Rajendra Kumar, T. Jayakumar, A.K. Suri, Overview of 

TBM R&D activities in India, Fusion Engineering and Design 

87, (2012) 461-465. 

[3]M. Enoeda, H. Tanigawa, T. Hirose, S. Suzuki, K. Ochiai, 

C. Konno et al., Development of the Water Cooled Ceramic 

Breeder Test Blanket Module in Japan, Fusion Engineering 

and Design 87, (2012) 1363-1369. 

[4]K.M. Feng, C.H. Pan, G.S. Zhang, T.Y. Luo, Z. Zhao, Y.J. 

Chen et al., Progress on design and R&D for helium-cooled 

ceramic breeder TBM in China, Fusion Engineering and 

Design 87, (2012) 1138-1145. 

[5]A.Yu. Leshukov, V.K. Kapyshev, I.A. Kartashev, V.G. 

Kovalenko, A.V. Razmerov, M.N. Sviridenko et al., Overview 

of Russian Federation activity on the LLCB TBM design and 

analysis, Fusion Engineering and Design 87, (2012) 1487-

1494. 

[6]G. Aiello, G. de Dinechin, L. Forest, F. Gabriel, A. Li 

Puma, G. Rampal et al., HCLL TBM design status and 

development, Fusion Engineering and Design 86, (2011) 

2129-2134. 

[7]C.P.C. Wong, M. Abdou, M. Dagher, Y. Katoh, R.J. Kurtz, 

S. Malang et al., An overview of the US DCLL ITER-TBM 

program, Fusion Engineering and Design 85, (2010) 1129-

1132. 

[8]S. Cho, M.Y. Ahn, D.W. Lee, Y.H. Park, E.H. Lee, J.S. 

Yoon et al., Overview of Helium Cooled Ceramic Reflector 

Test Blanket Module development in Korea, Fusion 

Engineering and Design 88, (2013) 621-625. 

[9]Y.B. Chun, C.H. Han, B.K. Choi, K.B. Kim, S.H. Kang, 

S.H. Noh, et al., Effects of alloying elements and heat 

treatment conditions on mechanical properties of reduced 

activation ferritic–martensitic steel, in: 16th International 

Conference on Fusion Reactor Materials, Beijing, China, 

October 20–26, 2013. 

[10] Y. B. CHUN, et al., Development of Zr-containing 

Advanced Reduced-activation Alloy (ARAA) as Structural 

Material for Fusion Reactors Fusion Engineering and Design 

109-111, 629 (2016). 

Transactions of the Korean Nuclear Society Virtual Autumn Meeting

October 21-22, 2021




