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The article is devoted to research of electron beam welding construction elements for International 
Thermonuclear Experimental Reactor in National Resesrch University “Mocow Power Engineering 
Institute”. It reviews design and technology of electron beam welding elements ITER blanket module 
made of austenitic steel ANSI 316 L(N). This article provides information about using the EBW to joint 
channel covers of the heat carrier thickness from 5 to 10 mm of shield block and supporting structure of 
the first wall. It considers patented the construction of special root part grooving welded channel covers 
butt joint and demonstrates a possibility of the EBW longitudinal load-bearing joints 140 mm thick of 
shield blocks in narrow gap. The results of EBW research combined dissimilar weld joints of austenitic 
steel 316 L (N) with bronze CuAl10Ni5Fe4 30 mm thick. 

Електроннолъчево заваряване на елементи от бланкетния модул на ИТЕР (Андрей П. 
Слива, Виктор К. Драгунов,  Алексей Л. Гончаров, Егор В. Терентиев, Максим С. Грибков). 
Работата е посветена на изследване на електроннолъчево заваряване  на конструктивни 
елементи на международния термоядрен експериментален реактор. Бланкетния модул е 
направен от аустенитна стомана ANSI 316 L(N). Дадена е информация за заваряването на 
канали, покрити с топло-отводен блок с дебелина 5 до 10 mm и поддържаща структура от 
първата стена. Разглежда се патентована конструкция на канавка в корневата част на 
съединяваните челно каналови покрития и е демонстрирана възможност за електроннолъчево 
заваряване на надлъжни тежко-натоварени съединения с дебелина 140 mm в екраниращия 
блок в тесен процеп.  Резултати от електроннолъчево заваряване на разнородни метали – 
аустенитна стомана от типа316 L(N) с бронз CuAl10Ni5Fe4 30 mm дебел са представени също. 

 

Introduction 
Development power engineering in future 

associated with the creation of fusion power plants. 
The most significant project in this area is creation of 
the International Thermonuclear Experimental 
Reactor - ITER. Considered in this paper features of 
creation welds elements of the shield block and the 
supporting structure of the ITER module blanket. 

Blanket module ITER construction. 
Blanket module consists of 440 modules (Fig. 1) 

located on the inner surface of the toroidal vacuum 
chamber and perform following functions: neutron 
and heat protection of the vacuum chamber and the 
coils of the magnetic field from the impacts of a 
thermonuclear plasma; forms a first safety barrier; 
provides heat removal from the metal structures in all 
modes of operation of the plant; supports plasma 
filament stabilization; organizes various diagnostic 
systems. 

Each blanket module (BM) (Figure 2) consists of Fig. 1. ITER vacuum chamber sector with blanket 
modules (BM). 
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the first wall (FW) - part facing to the plasma and the 
shield block (SB). FW mechanically mounted on the 
front (facing to the plasma) SB surface by the 
specifically required fixing unit. 

FW has the following application: the formation of 
the surface facing to the plasma, using materials with 
low atomic number (e.g. beryllium); perception of the 
charged particles flow from the plasma and radiation 
exposure during normal operation of the ITER reactor; 
protection inner chamber components and the vacuum 
chamber from direct contact with the plasma at a 
deviation of normal operating conditions; forms first 
protective barrier against radiation damage. 

FW consists of the supporting structure first wall 

and the first wall panels (Fig. 3). 
The support structure of the first wall made from 

austenitic stainless steel ANSI 316L (N)-IG. It 
contains channels used for heat carrier circulation. 
Channels are closed by covers is welded to the body 
hermetic joints by electron beam welding. Mechanical 
connection of the first wall panels and support 
structure of the first wall is carried by eight pin 
connection. Pins are made from nickel-based alloy 
Inconel 718. The top of the covers in the supporting 
structure of the first wall is bimetallic, it made from 
aluminum bronze CuAl10Ni5Fe4 and stainless steel 
316L (N). The pin holes are made in the bronze 
elements covers. Aluminum bronze CuAl10Ni5Fe4 
allow remove heat from pins effectively.  

Shield block BM#17 consists of two heavy halves 
1047 × 715 × 364 mm, which are made heat carrier 
circulator channels by machining (Fig. 4). Channels 
are closed by covers welded to the body hermetic 
joints by electron beam welding. Halves of the blocks 
are joined together by EBW. 

The following tasks were solved in NRU "MPEI": 
obtains welded joints channel covers heat carrier 
circulator with the body of first wall support structure; 
obtains bimetallic welded covers 316L (N) - 
CuAl10Ni5Fe4; research and developed technology of 
welded joints 140 mm thick halves of shield blocks 
and welded joints cover channels of the heat carrier 
thickness 5 mm to the body of the SB.  

Fig. 2. Shield block of BM#17. 

Panel FW - Be 

Pin - Inconel 718 

Fig. 3. Structure of the first wall (a) 
and the appearance of the support 

structure first wall (b) 

Bracket - CuAl10 Ni5Fe4 

Support structure first 
wall - 316L (N)-IG 

Panel FW - 316L (N)-IG 

Cover - 316L (N)-IG 

a 

b 
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The tasks of electron beam welding hermetic joints 
cover channels of the heat carrier in the support 
structure of the first wall and shield blocks are similar. 
Therefore it can be divided it into the following parts: 

• development of the technology EBW hermetic 
joint 5 to 10 mm thick cover channels of the heat 
carrier in the support structure of the first wall 
and shield blocks made of steel ANSI 316L (N); 

• development of the technology EBW 140 mm 
thick halves of shield blocks made of steel ANSI 
316L (N); 

• development of the technology EBW bimetallic 
welded covers made of steel ANSI 316L (N) and 
aluminum bronze CuAl10Ni5Fe4. 

EBW of the covers channels of the heat carrier 
in the support structure first wall and shield blocks 

Initially welding joints of the covers assumed lead 
by the scheme (Fig. 5a). The following requirements 
are applied to weld: joints should be made through the 
entire depth junction and free from leakage at 
workloads during the whole product life cycle; the 
understatement in welds is not allowed in relation to the 

top surface; it is necessary to obtain weld penetration 
into the horizontal slit c (Fig. 5 a) between the cover 
and block body; exception of weld spatter in the inner 
cavities of cooling channels. 

Obtaining fusion locking slit is difficult because it is 
necessary to reduce the parameter c to zero and proceed 
to the butt joint with edge of different thickness. In this 
case it is expedient to proceed to the joint of equal 
thickness (Fig, 5 b). However, in this case, large 
amount weld spatter forms a in the inner cavities of 
cooling channels. Authors proposed and patented in the 
Russian Federation [1] special shape edges in the root 
part of the joint (Fig. 5 c) which provides support the 
cover, except slit c and spatter in the heat carrier 
channel. 

The installation based on energy complex ELA 
60/60 with an accelerating voltage of 60 kV was used 
for electron beam welding. It was established 
experimentally that the optimal bevel angle α edges at 
the root portion should be 60°. Fig. 6 shows the weld 
cover 8 mm thickness with application of the developed 
forms bevels edges on the technology specimen. 
Welding conditions: beam current is 100 mA; a 

Fig. 4. Shild block #17 
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welding speed is 100 m/hr; 
sharp focus on the 2/3 the 
thickness of the penetration. 
Fig. 7 shows the model of 
supporting structure of the first 
wall with welded joints of the 
covers. 

EBW halves of the Shield 
blocks 

The thickness of the weld 
shield block halves is 140 mm, 
moreover, the welded joint is 
complicated by the 
technologically gap width of 8 
mm and a depth of 152 mm 
from one side and respectively 

Fig. 5. Weld covers channels of the heat carrier to the body: a - into the lock, b - butt; c 
- with the bevel edges in the root; 1 - body, 2 - cover 

с 

2 
α 

2 
1 

2 1 1 

а b c 

Fig.6. Weld cover 8 mm thickness with application of the developed  
forms bevels edges 

12

0,71

Fig. 7. - Model of the supporting 
structure first wall with welds 
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Gap of 8 мм 

Vacuum 
cavities 

Reinforcement 
of weld 

Fig. 9. Formation of 
the  joints 85 mm 

depth in the welding 
gap 8 mm 

the width of 16 mm and a depth of 72 mm on the other 
side (Fig. 4, 8). 

It is preferable to produce a weld on both sides for 
aligning the angular deformation in such kind of 
structure. The significant 
reinforcement formation on the top 
surface of the weld of weld is typical 
for EBW with deep penetration. This 
is due to the occurrence of welding 
deformation as well as various 
density of the basic and cast metal. 
Thus, unlike the welding of the free 
surface, for a narrow gap welding 
with deep penetration liquid metal 
forming reinforcement is not fitted in 
the existing gap and periodically fills 
vapor gas passage increase  
probability of appearance of defects 
such as vacuum cavities (Fig. 9). It 
was proposed to make groove at the 
bottom of the narrow gap to reduce 
this effect (Fig. 8 b). The dimensions 
of groove are determined 
experimentally [2] on the basis of the 
size of the reinforcement of weld at 
the free surface. Thus, the usage of 
electron beam welding on both sides and forming 
groove in a narrow gap is allows to obtain welded 
construction of shield block with minimal deformation 
without defects, such as vacuum cavities (Fig. 10). 
Welding conditions: beam current is 780 mA; a 

welding speed is 15 m/hr; sharp focus on the 2/3 the 
thickness of the weld penetration. 

EBW welded bimetal covers made of steel 316L 
(N) and bronze CuAl10Fe5Ni4 

Fig. 8. - Butt weld joint in EBW of narrow-gap: a - initial 
shape; b - with the groove at the top of the butt joint. 

а 

б 

Fig. 10. Appearance of the shield block, the groove in the bottom of a narrow 
gap and macrosection of joint 140 mm thickness by welding on both sides 
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Welding considered materials is 
complicated by metallurgical incompatibility 
of this material in a liquid state. Iron and 
copper are the basis of alloys and practically 
insoluble in the liquid state at each other. So 
if the fusion welding is used it is necessary to 
seek the minimum mixing this metals in the 
weld pool. In addition, structural 
transformations of metals in the heat affected 
zone may lead to temper softening the weld 
joint as a whole. For qualitative welded joint 
you must change the process to welding-
brazing with minimizing the melting of the 
steel. In this case welded joints are formed by diffusion 
processes at the interface between the liquid bronze 
with solid steel. 

Researches EBW of steel with bronze carried out on 
samples of 30 mm thickness (Fig. 11), with varying 
degrees of melting steel. The criteria for assessing the 
quality of welded joints were defects and mechanical 
properties in local areas weld and joint as a whole. As a 
result, it is established that the application of the EBW 
allows to obtain defect-free welds CuAl10Ni5Fe4 
bronze with steel 316 L (N). Mechanical testing tensile 
welded specimens have shown that the fracture 
predominantly located in the base metal of alloy steel. 
So the  main determining factor of the mechanical 
properties is the chemical composition of the weld 
metal: the degree of steel melt - 0.2…0.35 in the weld 
which  provides  strength level of the base metal of 316 
L (N) strength - 600 MPs with strength bronze base 
metal about 700 MPs. Heat treatment regime by 
tempering at 400° C for 40 minutes increases the 
ductility of the weld metal [3]. Fig. 12 shows a 
bimetallic weld cover model of CuAl10Ni5Fe4 bronze 
and steel 316 L (N). 

Conclusions 
The investigations demonstrate a possibility of 

producing welds elements of the first wall of the 
blanket module of ITER. Original patented special 
shape edges in the root location of the welded joint 
cover channel of the heat carrier with the support 
structure first wall and shield blocks thickness of 5 to 
10 mm of steel ANSI 316L (N). The advantages of this 
solution: the root of the weld is formed and is 
practically excluded weld spatter in the internal 
channel; there is no lack of penetration at the slit; the 
positioning of covers is provided. 

Proposed and patented the method of EBW halves 
of the shield block 140 mm thickness in a narrow gap 
with a predetermined size of groove. The full scale 

models of shield block and support structure of the first 
wall was created. 

The research results demonstrates the possibility of 
applying EBW for weld bimetallic covers of steel 316L 
(N) and bronze CuAl10Ni5Fe4. 
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Fig. 11. Appearance of the weld specimen of steel 316 L (N) with bronze 
CuAl10Ni5Fe4 and macrosection of joint 

Fig. 12. Model bimetallic welded cover of bronze 
CuAl10Ni5Fe4and steel 316 L (N) 
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