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ABSTRACT

The assembly and installation tools for the ITER Tokamak machine are special tools which are used to
assemble and install ITER Tokamak machine components such as magnets, vessels and thermal shields.
The sector sub-assembly tool, requiring six adjustable motions capable of movements in three directions
and three-axis rotations for fine and precise alignments of the components of these tools, is a major
and very large assembly tool with which to assemble vacuum vessels, thermal shields and two toroidal
field coils in a 40° sector that forms the basic unit for the ITER Tokamak machine. To complete the 40°
sector, the tool must maintain a sufficient degree of stiffness to support and handle heavy components
which weigh up to 1200 tonnes. To meet the tooling requirements, the feasibility of the alignment system
with regard to component adjustments in the sector sub-assembly tool was reviewed and verified in a
mock-up test. In addition, a structural analysis using ANSYS to verify the structural stability levels under
various analysis conditions was also carried out considering the safety factors and seismic load conditions
according to the load specifications and codes. The sector sub-assembly sequence and the final design

considering the results of the mock-up test and the structural analysis are presented.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Based on designs by the ITER organization [ 1], the Korea Domes-
tic Agency (KODA) has implemented the conceptual design of
specific assembly tools as defined in the ITER Tokamak assem-
bly procedure [2]. The final design of the sector sub-assembly
tool (SSAT), an important tool necessary to complete the sector
sub-assembly procedure, and the related sequence were approved
through a design review in 2014. Essentially, the ITER purpose-
built assembly tools provided by KODA are classified into five
sub-assembly groups according to the ITER assembly plan. These
are the lower cryostat assembly, the sector sub-assembly of nine
sectors at the assembly building, the sector assembly at the in-pit
for integration into a complete torus machine, the ex-vessel assem-
bly after all sectors are completed, and the in-vessel assembly for
blankets. Conceptual designs of major tools such as upending, lift-
ing and heavy handling tools for the ITER Tokamak machine have
been developed to realize the ITER basic assembly concept [3,4].
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An ITER Tokamak machine with a torus configuration is fun-
damentally composed of nine units of 40° sectors. Therefore, the
sector assembled in the assembly building is a basic and funda-
mental unit for the construction of the ITER Tokamak machine. The
SSAT of various tools to complete the sector sub-assembly proce-
dure is an important component in which the vacuum vessel (VV)
sector, VV thermal shield (VVTS) segments, VVTS port shrouds, and
toroidal field coils (TFC) as well as various intercoil structures are
integrated to complete the basic assembly unit (that is, the 40° sec-
tor),as showninFig. 1,on which the in-pit assembly of the Tokamak
is based. To assemble the components into a complete 40° sec-
tor, the SSAT should be designed to meet the following functions:
support the full assembly of the sector, operate and handle the com-
ponent with six degree-of-freedom (DOF) motions for an accurate
installation and assembly, and support of the VV and TFC temporar-
ily. The VVTS and its segments are temporarily supported on the VV
and finally the TFC with their temporary supports before the lifting
procedure.

This paper describes the final design, including the function
and structure of the SSAT. The final design of the tool covers the
structural analysis by ANSYS considering the safety factor and the
seismic load condition. The fabrication and a test of the mock-up
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Fig. 1. Overall sequence and procedure for the sector sub-assembly with the VV, VVTS segments, VVTS port shrouds and the two TFCs, including their intercoil structures.

Fig. 2. Upending procedure for (a) VV and (b) TFC using upending tool operated by cranes.

fabricated here to verify the fine and precise alignment accu- 2. Sector sub-assembly tool
racy of the six degrees of freedom in the SSAT are described as
well. The sub-assembly sequence and procedure to complete the 40°

sectors in the assembly building are implemented in the SSAT
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