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Description
In the framework of the FCC study, the Nb3Sn technology plays a crucial role for high-field superconducting magnets. The new generation Nb3Sn cable greatly contributes to bring the
magnetic field produced by the superconducting dipole magnets to the 16 T level; nevertheless, its mechanical properties are unknown making it difficult to predict the mechanical
behaviour of the magnet structure. For this reason, an extended experimental campaign on specimens made from a stack of 10 Nb3Sn cables was launched at CERN. The 10-stack can be
considered a representative sample of the magnet coil because it is produced following the same construction process: curing, reaction and impregnation. The experimental campaign
consists of compression tests along the three sample directions at room temperature and 77 K. A dedicated test bench was designed to measure the vertical and lateral deformations of the
sample. This work presents the production process of the Nb3Sn 10 stacks and the features of the experimental setup. The stress-strain relationships and the Poisson’s ratios are analysed
focusing on the effect of loading speed rate and temperature.

Epoxy Impregnated Nb3Sn samples

Representative specimens of the magnet coil have to be produced in order to extract reliable
mechanical properties. The samples are produced following the same construction process of
the magnet coil.

Experimental Set-Up

A dedicated test bench to carry out compression tests at room and cryogenic (77 K) temperature
was designed and validated. An extensive experimental campaign was lunched at CERN in order
to determine the most relevant mechanical properties.

Magnet coil production

Test Bench

The production of Nb3Sn superconductive coil requires 3 main steps:

The experimental tooling is designed for high precision measurements at room temperature and 77 K.
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Dedicated moulds are designed to make epoxy impregnated Nb3Sn samples:
 Reaction: stainless steel mould for the thermal cycle (cable expansion considered)
 Impregnation: aluminium mould with injection holes
 10-stack: 20×20 mm, 150 mm length









Horizontal LVDTs used to determine the Poisson’s ratio
LVDT linearity deviation: ± 0.25 of the full scale
Load cell accuracy class: 0.5
Tooling compliance was calculated, 5% is the maximum difference observed
Removable sled to place the sample away from the testing machine
Changing the sled allows different measurements (e.g. bending test)
The tooling is lifted from and into the nitrogen bath
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Mechanical Behaviour

10-STACK

A comprehensive knowledge of the mechanical properties of the Nb3Sn superconductive cable in
high-field magnets is of paramount importance to study and predict the behaviour of the magnet
coil from assembly to the operational conditions at cryogenic temperature.
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Radial test

Due to the brittleness of the Nb3Sn alloy, the 10-stack has to be laterally constrained during
cutting to prevent the sample delamination.
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