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Mechanical Effects
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The critical properties of certain superconductors (such as Nb3Sn) can degrade
when a strain is applied. Various strains appear when a magnet is energized:

- Axial
- Transverse
- Bending
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Matteo Salvetti, MIT Mechanical Engineering Graduate Student

TTcc  Strain Sensitivity of Strain Sensitivity of NbNb, Nb, Nb33Sn andSn and
NbNb33Al Using Al Using Ab-Initio Ab-Initio TechniquesTechniques

The electron-phonon (el-ph) interaction is the mechanism
behind the critical temperature TC in conventional
superconductors. The presence of strain in real materials
modifies the el-ph coupling and the Tc value.
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Photomicrographs: 
Strand Subelements

Luvata OST
Impressions (No quantitative analysis); grey “dust” is artifact

- OST still has more radial bridging than Luvata, but less than OST CS

- Subelement gaps thicker in Luvata

- OST more unreacted Nb in filament cores, (Jewell- crack initiators?)

Jewell et al, NHMFL
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FEA Models of Strand Bending
Bronze and Internal Tin

Bronze Wire (Vac) Internal  Tin Wire (OST TF)Peter Titus, MIT
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Current Experimental Work 
(Pure bending of a single strand)

Periodic bending

W. Goldacker

Zani et al.P. Lee
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M A G N E T I C   T E C H N O L O G Y   D I V I S I O NM A G N E T I C   T E C H N O L O G Y   D I V I S I O N
B O U L D E R,   C O L O R A D OB O U L D E R,   C O L O R A D O

εirr ~ 0.63 %

εirr,o ~ 0.29 %

In bending, irreversibility only 1 % at
0.54 %

If εNb3Sn(Ti,alloy,cool)=-0.25 %, then
0.54 % peak = 0.29 % intrinsic

1 % bending ~ 5 % tension, ~
J’=0.7 %=0.36 % intrinsic

Need FEA, integration to get good
correlation

Irreversible Strain Limit: Luvata Strand



Pure-Bending Rig (Harris, Allegritti,Takayasu)
- tests 4 strands at once, slotted Ti plates

Pure bending test results of ITER
Stage-I CS pre-production wires
tested at NHMFL

Ic OST CS strand starts 36 % higher than OKAS; only 4 % after 2nd cycle

Reversibility limits not established; simulations not attempted
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Ic (A (vs. eps,pk,filament (%); US ITER strands
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Rank:

Insensitivity to
Bending

1) Luvata TF

2) OST TF

3) Outokumpu CS

4) Oxford CS

Luvata/Outokumpu less sensitive than OST, but within data spread

Normalized Ic vs. Peak Filament ε(%)
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New Experiment
(Transverse Load Cable Test)

Single piece case to sustain load

Wedge

Sample holder

Four samples after heat treatment
Same heat treatment for single strand, 
3strands, 9 strands, 45 strands cables

New probe and current leads

Extensometer
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ITER TF Conductor
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ITER TF Conductor Supply
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ITER TF Strand Specification
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ITER TF Cable Design
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ITER TF Conductor Design



Technology &
 Engineering Division

ITER TF Conductor Testing
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Interpretation of Test Results
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Cabling Pattern Affects Performance
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OST-1: ITER reference cable pattern gives degraded Tcs ~6 K, n-value ~ 8.
OST-2: new cable layout based on TEMLOP prediction with outstanding result: Tcs = 7.3 K, no degradation,
no IxB sensitivity, n-value similar to strand (20), maximum achievable performance.
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Summary

● Significant worldwide effort has been applied to
understanding effects of longitudinal, bending, and
transverse compression strain on degradation of critical
current of Nb3Sn superconductors.

● Some ITER relevant Nb3Sn strands appear more sensitive to
strain than others.

● Initial short-length, full-size ITER conductor samples using
baseline parameters have shown disappointing results in
SULTAN Facility tests.

● Most recent tests using redefined cable twist patterns
indicates required conductor performance can be achieved
or exceeded.

● Further comprehensive qualification of ITER TF conductor
samples will be performed during 2008 in SULTAN facility.




