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MQXF Nb3Sn Wire

Heat treatment
Reacted 108/127 RRP Strand

Reacted RRP sub-element

Niobium diffusion barrier

Bronze

Nb3Sn

Tin Rod

Unreacted RRP sub-element

Niobium diffusion barrier

Titanium Doping Rod

Niobium Rods embedded in a 

Copper Matrix

Copper
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Nb3Sn MQXF Wire – Axial Strain at 4.2 K

irr = 0.48 % -0.51 %

C-WASP, Unige

Measurements at University of Geneva

A. Ballarino

J. Ferradas Troitino et al,
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110 A 104.5 A

irr = 145 MPa irr = 175 MPa irr = 175 MPa

Ico(19 T) = 124 A Ico(19 T) = 110 A Ico(19 T) = 107 A

Measurements at University of Geneva
irr → 5 % Ic reduction

Nb3Sn MQXF Wire - Transverse Pressure at 4.2 K

A. Ballarino
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Nb3Sn MQXF Wire - Transverse Pressure 4.2 K

Ic/Ic0 @ 150 MPa = 16 %  - 28 %

B = 19 T

irr = 145 – 175 MPa

A. Ballarino



logo

area

Nb3Sn Cables under 

transverse pressure at RT

Bext =9.6 T

T = 4.3 K

200 MPa

Crack initiation at 175 MPa

11 T forty-strand cable

A. Ballarino
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Nb3Sn Cables under 

transverse pressure at RT

Two-cable stack configuration 

Controlled pressure uniformly applied on cables

11 T forty-strand cable

A. Ballarino
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Nb3Sn 11 T cables under 

transverse pressure at RT

Cross section of baseline cable

190 MPa

11 T forty-strand cable

A. Ballarino

K. Puthran, Ch. Barth, G. Lenoir 
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Nb3Sn Cables under 

transverse pressure at RT

190 MPa

0-190 MPa + 20 cycles to 190 MPa + 5 thermal cycles (RT to 77 K) + cool down to 4.2 K 

190 MPa after cycling

Cycling11 T forty-strand cable

A. Ballarino

Btot= Bext + Bself-field
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▪ Cracks generate a reduction of current carrying cross
section

▪ Do cracks always generate a reduction of critical current (Ic) ?
Narrow/micro cracks even with high density but with a size that
does not impact on current distribution and electrical connectivity
in the superconducting filaments may not be detectable via Ic
measurements, i.e. via V-I measurements

Effect of micro-cracks 

𝑉 𝐼 = 𝐸𝑐 𝐿 (
𝐼

𝐼𝑐
)𝑛 +   𝑉𝑖𝑖   

𝑉𝑖 = 𝑅𝑚 𝐼𝑚 ,𝑖  

A. Ballarino



logo

area

Effect of micro-cracks

160 MPa

160 MPa

160 MPa
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Nb3Sn Cables: Thermal Stability

RRP Wire, 0.7 mm diameter, 27 strands

Single strand behaviorCollective strand behavior

Bext = 9 T

W. D. Rapper

PhD Twente University and CERN, 2014 

A. Ballarino
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Thanks for your attention !

A. Ballarino 13


