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Strain Sensitivity of Ic for Unreinforced and Reinforced Bi-2212 Strands
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Introduction

In recent efforts to further the capability of Bi-2212 for high field magnets, it has become apparent that Bi-2212 round wire, which must be encapsulated by the relatively soft (E = 70 GPa, σ0.02 < 100 MPa), but O2 permeable Ag/AgMg alloy matrix, is presently limited by its ability to withstand the strain caused by Lorentz forces. In collaboration with Alex Otto at Solid Material Solutions (SMS), we have mechanically compared the Ic degradation of regular, unreinforced wires and SMS’s Strong Rectangular Wire (SRW) composites after 50 bar OPHT (Figs. 1 & 3).
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[image: image3.png]71 Bjoerstad et al. - 2015 - Strain induced irreversible critical current degra.pdf - Adobe Reader

£ Inbox - michaslbrowne X \ 10p Bi2Sr2CaCu208 + xrour X { (8 National Geographic M= X  [3 (2) Facebook x

File Edit View Window Help

| -

QB zEe

D@ @@ (] E B3|k

Tools  Sign

Comment

Bookmarks

1 flependent /. measurements the UTM was operated in strain

2|0

3

ntrol. To keep the strain constant during the /. measure-
ents, the force did not vary more than 1N.

Q

[ 1. Introduction
[P 2. Experimental
% 3. Results

[ 4. Discussion and
conclusion

[P Acknowledgments
[P References

Because of the relatively small voltage tap distance
f 2cm and the relatively low test current of 10A used,
ur experiment is less sensitive to detect the onset of irre-
ersible degradation than measurements performed ~for
nstance with Walters springs at lower temperature with
igher test currents and larger voltage tap distances. There-
fore, we have defined a relatively rough irreversible strain
iterion as the strain at which a 5% permanent /, degradation
5 obtained (€.

s60)-

2.4. In situ XRD measurements

igh energy synchrotron XRD measurements in transmission
cometry with an energy of 86.9 keV and a sample to detector
istance of 1151.7mm were performed at the IDISB beam-
ine of the European Synchrotron (ESRF). Diffraction pat-
ns were acquired with a two dimensional fast read out
etector Perkin Elmer XRD1621 CN3-ES.

A liquid Nitrogen cryostat with x-ray transparent Mylar
indows has been built for the XRD experiments. Figure 1(a)
ows the instrumented Bi-2212 wire with the extensometer
d current leads mounted in the tensile test set-up, with the
nt cover of the cryostat removed. In figure 1(b) the UTM
ounted on the rotation and translation stages inside the
15B beamline.

Before radial integration the two dimensional diffraction
atterns were dissected into 32 segments, in order to measure
ttice parameters from the crystalline planes oriented both
erpendicular and parallel to the applied load. In the fol-
wing these are referred (o as the axial and transverse
irections respectively. Individual diffraction peaks were fit-
with Gaussian functions in order to determine the relative
jon changes that are used to calculate the Bi-2212
lastic strain.
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Figure 2. (a) Self-field critical current at 77 K as a function of the
wire strain. (b) Permanent wire elongation after stress relaxation as a
function of the maximum wire stress. Stress and strain have been
recorded simultanously with the 7, measurements shown in (a).
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Figure 3. Comparison of Bi-2212 wire stress and n-value versus
strain curves acquired at 77 K.

3. Results

3.1. Criti

current as a function of wire strain

In figure 2 the 7, and stress are presented as a function of

uniaxial tensile Bi-2212 wire strain. In figure 2(a) the /, retun
points after nearly complete unloading are shown. The load
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filament fracture commences at about 0.6%
strain (Fig. 13).%Samples of ours tested in the
Walter's spring at NIST by Cheggour generally
agree with this critical strain, as do we by uniaxial
tensile stress-strain measurements at 77 K
Fig. 13: Bi2212/Ag wire stress-strain curves using  followed by I, measurements. As noted in Fig. 13,
standard Ag0.2%Mg sheath and n-value vs strain  the p-value is a very sensitive measure of the
curves that were acquired at 77 K. The wireswere OF  gncat of 1, loss due to filament fracture.
processed at 100 bar. Transverse pressure tests on strand relevant to
the dipole forces imposed on a Rutherford cable have been performed with our samples by Senatore’s
group at the U. of Geneva.? They find that damage onset occurs at strains slightly smaller but very
similar to those observed for PIT and RRP NbsSn conductors (Fig. 14). Rutherford cable test fixtures are
being constructed in the context of the EUCARD2 collaboration in discussion between us, the US BSCCo
collaboration and the U. of Twente who have the specialized cable test rig. These reactions require our
large furnace and results are expected during 2016.

A program to define the mechanical limits of 2212 wires and to do as much as possible to strengthen
B-2212 wires i vital and we will do everything we can to broaden collaborations with those with ideas
and interest in the problem. The collaborations of BSCCo and with EUCARD? provide our base, as does
the annual LTSW/HFSW that we host each Spring for the HEP community (the next is in Santa Fe,
February 8-10, 2016). One example, performed in recent weeks with Alex Otto at SMS under a small
contract from us has more than tripled the strength at 0.4% strain (425 MPa vs. 125 MPa for standard
wire), while maintaining the same 0.6% fracture strain. It is shown in Fig. 15. Here a high modulus
superalloy (E = 220 GPa) has been diffusion bonded to 2212 wires rolled to an aspect ratio of <2 at ASC.
Although not yet suitable for round wire, a strengthened rectangular conductor is highly appropriate for
our high field NMR project. Otto was in fact responsible for the process used by Sumitomo Electric for

laminating their high strength 20:1 aspect ratio Bi-2223-NX conductor. The primitive cross-section

shown in Fig. 15 will certainly be improved.
Strengthening studies are likely to open up

several issues relevant to the future architecture of

2212 wires. At present there s considerable concern

about the cost of all HTS wires, whether made with Ag

or not. Itis interesting that Bi-2223 frequently outsells o
REBCO for electric utility projects, in spite of it being

60vol.% “expensive Ag”. At the ~10 kg scale of present o4
ST manufacture, 1 mm wire with about 75% Ag is
$50-70/m. At the ~10 kg scale of present OST
manufacture, 1 mm wire with about 75% Ag is $50- oo
70/m. The spot price of Ag two weeks ago was
$470/kg (for comparison, Nb costs about $250/kg),
leading to a Ag cost of $2.5-3/m. Although Nexans
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granulate powder (~$3000/kg) was more expensive
than Ag in both raw material and manufactured tube
forms, the new powder sources do cost less, making it
clear that manufacturing costs presently dominate

applied stress for 2212 OP processed at 10 and
100 bar and NbSn wires. The strain damage in
2212 oceurs at stress that is slightly smaller, but
very similar, to that for PIT and RRP Nb,Sn. Data
from group of Carmine Senatore U. of Geneva.*
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To find the mechanical limits in the context of coil performance, we have performed coupled mechanical and Ic measurements on the SRW samples by uniaxial deformation at 77K to variable strains, after which the samples are unloaded and their  Ic (4.2K, 5T) measured.
Results and Discussion


Our studies on SRW shows that Ic begins to degrade at ~0.4% strain (Fig. 3). Scheuerlein’s group at CERN have performed similar studies on unreinforced round wires reacted under OP by us and found onset of Ic degradation at ~0.6% strain (Fig. 2) [1] but at much lower stresses. The reduced strain limit of reinforced wire may be caused by a mismatch in thermal expansion between the Bi-2212 strand and its reinforcement.  However, the stress limits are more than doubled, making this interesting for coils (Fig. 3).
Conclusions

The stronger properties reported here for slightly rectangular 2212 wires with bonded strong laminations show promise for high field magnet use that will be tested in early 2017 with the 20 m long samples presently being made at SMS.
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Figure 1: Mechanical testing of Strong Rectangular Wire (SRW) strand, SRW reinforcement strip, and round strand.





Figure 2: Comparison of Bi-2212 wire stress and n-value vs. strain curves at 77K. [1]





Figure 2: Comparison of Bi-2212 wire stress and n-value vs. strain curves at 77K.1





Figure 3: Engineering critical current density, JE, vs. stress and strain for SRWs showing onset of Ic degradation at about 0.4% strain and 300 MPa. Images of recent SRWs used for this study (right).









