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Figure 1. Picture of the CS conductor, with central channel for
forced supercritical helium flow, and external square jacket.

Table 1. Main characteristics of the CS conductor.

Cable data

Cable layout (2sc + 1) ⇥ 3 ⇥ 4 ⇥ 4 ⇥ 6
Twist pitches (mm) 45, 85, 145, 250, 450
Void fraction 33.5%
No. of Sc strands 576
Strand Cu: non-Cu 1.0
Cr-coated strand diameter (mm) 0.83
Cable diameter (mm) 32.6
Jacket (mm) Circle in square 49 ⇥ 49

configuration of wires is described as helices recursively
defined on helices with nominal twist pitches to represent the
different cabling stages of the conductor. As a second step,
the obtained geometry is deformed by means of rigid bodies
represented by two planes and two cylindrical tools. These
tools prescribe the strand displacements in order to gradually
compact the assembly until the nominal void fraction is
reached. In the phase of shaping, an elastic behavior of
the beams representing the strands is assumed. Only at the
end of the shaping phase, an orthotropic constitutive law
is considered to model the irreversible plastic transverse
pinching of wires. The effect of the heat treatment is taken
into account by resetting the induced residual stresses.

After the cable shaping, the material properties are
switched to the elasto-plastic model with appropriate
constitutive laws for the Nb3Sn strand and the copper wire.
These laws have been identified in axial and transverse
directions from comparison with experimental data [13].
Details on the elasto-plastic model are presented in [13]. The
friction coefficient between strands is taken equal to 0.25. The
longitudinal friction between jacket and cable is neglected in
these simulations.

Once the shaping phase is completed, the thermal effects
are simulated. The whole process of cool-down from the heat
treatment temperatures to the liquid helium temperature is not
modeled in the framework of a direct approach accounting
for temperature-dependent material properties. Instead, the
thermal effects are simulated with a compression of the whole
cable along its axial direction made by prescribing identical
axial displacements to each strand end. The displacement

Figure 2. CS sub-cable (petal) strand trajectories and
corresponding strain as computed by MULTIFIL for an imposed
thermal strain of �0.67%.

Table 2. Data for mechanical simulations.

Sub-cable data

Sub-cable length 150 mm
Total no. of strands 144
Total no. of SC strands 96
Total no. of Cu strands 48
SC strand current 76 A
Background magnetic induction field 11 T
Lorentz force per strand 0.84 N m�1

Imposed thermal compression �0.67%
Friction factor 0.25

chosen for the imposed compression is up to �0.67%, which
is in agreement with results reported in [1].

Once the compression process is completed, the Lorentz
force loading is simulated by means of lineic loads applied
along the strands. In this process the current is assumed to be
uniformly distributed among the strands, and to only flow in
the superconducting strands. Current redistribution from the
superconducting strands to the copper strands is neglected,
which is an acceptable assumption when initial phases of the
superconducting to normal transition are considered, up to
electric fields of about 50 µV m�1 for the ITER conductors
considered here. These Lorentz loads are therefore only
applied to the superconducting strands and are oriented in
a transverse direction with respect to the cable axis (not
orthogonally to the direction of each strand). Due to the
assumption of an uniform current distribution among the
strands along the whole cable length, the local forces are taken
equal everywhere in the cable. For all simulations, the Lorentz
force per strand is taken equal to 0.84 N m�1, which would
correspond to a current per strand of 76 A in a field of 11 T.

As a result of the mechanical simulations, the strain is
computed along the cable length for each of the 144 strands
(see figure 2) and at nine positions in the strand cross section,
namely at the center of the circular strand and at eight equally
spaced angular positions (see figure 3). The main data used
for the simulations are summarized in table 2.
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Experiments at 
LIMSA

AC loss and quench analysis of HTS tapes
Quench analysis on MgB2 pancakes
Test of small Coils down to 10 K
Test of small NI coils  

Biaxial handling (PM) and 
levitation force measurement 
system, 500 N max
Characterization of MgB2 and YBCO
bulks or composite

Test facility

NI coils
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Partners 
• University of Bologna
• ICAS - Frascati (Rome)
• RSE S.p.A - Milan
• CNR – SPIN, Genoa
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concluded on October 15, 2021

Project Coordinator:
• Columbus Superconductors SpA

• development of a dry-
cooled SMES based on 
MgB2

Projects at LIMSA

Project Open Source MRI scanner funded by MIUR 
(Ministry of University and Research)

• Development of an open-source magnetic 
resonance imaging (MRI) scanner:

• anatomical regions with a limited field of 
view (15 mm radius, 30 mm height)

• low cost, compact (0.4 T, 16 ppm in FOV)


