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Abstract: Large structural forgings of complex shape are required for several components of the precompression structure of the ITER Central Solenoid (CS), consisting of a stack of six electrically independent modules and
featuring a total height of 18 m and a diameter of over 4 m. The precompression structure allows the vertical tensile loads to be reacted and adequate preload to be maintained, in order to insure the contact between the modules
during plasma operation. Several components of the precompression structure such as tie plates, lower and upper key blocks, lower and upper components are machined from open die forgings of an unprecedented combination
of complex shape and large size. The selected material is FXM-19, a high strength nitrogen bearing austenitic stainless steel. A specific manufacturing schedule including redundant multidirectional forging is applied in order to
achieve the required properties and microstructure of the final parts. The paper summarises the lessons learned from the series production of the components. The achievement of a fine and homogeneous microstructure, which
IS of paramount importance for final inspectabllity of the parts and to obtain the mechanical properties, is particularly challenging taking into account their large size. It requires a perfect mastering of the whole manufacturing
process, from the steelmaking route, based in some cases on seguential remelting of electrodes from different master heats to create large Electroslag Remelted (ESR) ingots, to the sequence of the thermomechanical steps,
from the Initial upsetting of the ingots to the final solution annealing of the as-forged parts. Non-Destructive Examinations are based on stringent acceptance criteria. A fine microstructure is indispensable to allow full volumetric
Inspection with sufficient lateral resolution. Indeed, inspectability of the full thickness of the parts by Ultrasonic Testing, compatible with the criteria imposed by the technical specification and the structural requirements of the single
components, Is only possible in absence of unrecrystallised areas or excessive grain growth.

INTRODUCTION RESULTS AND DISCUSSION
Components of the precompression structure A. Macro and microstructural examination, inclusion content C. Ferrite and o-phase content, magnetic permeability
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meters of length with thicker heads, and feature a  Outer and Inner tie plates, respectively. On the other hand  composition falls fully in the austenitic region above the 0% ferrite line for all the products
pronounced longitudinal axis. As the forging re- the FB features a higher value of 0.72%, consistently with  \yith the exception of the FB that falls in the 0% to 5% region. On this basis, ferrite is ex-
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< Tie plates are manufactured from single
forgings involving blanks of more than 15 m
length (courtesy of Company B)

sample issued from the forging for the FB. Longitudinal more oriented microstructure with grains elongated requirements of the technical specification (maximum sompe S e
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 The large structural forgings are in FXM-19, a high strength nitrogen bearing austenitic avy (globular inclusions not acting as stress concentrators), this | vellow/brown. Therefore, taking into account that for austenitic stainless steel, the
stainless steel particularly suited for application at temperatures as low as 4.5 K ' Lhm g g g 3 deviation can be considered as minor and not aifecting the transformed into c-phase preferential location of precipitation of o-phase is the austenite — ferrite interface, it is very
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 The material Is submitted to a stringent specification in terms of fineness of the grain, B. UT inspectability L ESSONS LEARNED AND CONCLUSIONS

Inclusion cleanliness, relative magnetic permeability 4 at Room Temperature (RT) not
to exceed 1.03 and ferrite content (maximum 1 %).
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machined artificial defects are

available (identified by an arrow) for f|Production of the components of the ITER CS precompression structure, hence fully
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For ail products the fine stucture fivariety of shapes, sizes and suppliers, all the forged products covered by the present

allowed the full or half thickness of

the different forgings to be inspected  §ijnyastigation feature an excellent cleanliness, homogeneity and fineness of micro-
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and 225 Mz (an Inspection of halt g strycture. The achievement of such results was particularly challenging taking into

thickness from both sides is applied

resting directionsy e I speclic Hrgccount the large size of the products and required a perfect mastering of the whole

« Steelmaking Includes mandatory Electroslag Remelting (ESR). ESR follows primary
melting in an Electric Arc Furnace (EAF), refining in a Ladle Furnace (LF), Vacuum
Oxygen De-carburization (VOD) and Vacuum Degassing (VD).

FXM-19 Forgings, chemical composition of the products

Component, Forging  Steelmaking route and Chemical composition (% by mass)
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e 225 185 a0 4090 o GO0 G0 0a  oap O0max 010030 manufacturing process, from the steelmaking route to the forging sequence. The
application of ESR and open die forging including multiple upsetting allowed to generally
Outer tie plate, EAF+LF+VOD+VD+ESR, heat 5 - - . .

Company B 25 Sent 2016 reach an isotropic structure with absence of segregation and unrecrystallized areas.
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