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This report presents a conceptual design of the magnet systems for an advanced tokamak fusion reactor (ARIES-AT). The main focus of the paper is to anticpate and extrapolate the current state-of-the-art in high temperature superconductors and coil design, and apply them to an advanced commercial fusion reactor concept. The current design point is described and supported with a preliminary structural analysis and a discussion of the merits, performance, and economics of high temperature vs. low temperature superconductors in an advanced fusion reactor design.
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I.  INTRODUCTION

The ARIES-AT reactor is a conceptual commercial reactor based on aggressive extrapolation from the present engineering database, with modest extrapolation in the physics database.  In contrast with ARIES-RS1, both the physics and the engineering are more aggressive.

The design of the toroidal field magnet is slightly less demanding than the ARIES-RS due to improved physics.  As with the ARIES-RS Magnet2, the magnet is steady state, with limited numbers of transients.  The magnet issues for ARIES-AT are different from previous ARIES designs, in that they are manufactured using high temperature superconductors (HTS).

HTS have been shown to have high current densities at high fields, and therefore magnets can be designed for high field operation, limited by structural issues.  In the system code analysis, the use of high magnetic field option was allowed.  However, it was found that the system optimized (in terms of cost of electricity) at moderate magnetic fields that are achievable with conventional low temperature superconductors.  The peak field in ARIES-AT is 11.1T at the TF coil and 9T at the PF coils.

The use of high-Tc (Tc – critical temperature) has important implications on the critical issues of the toroidal and the poloidal field systems3.  The objective of the magnet work in ARIES-AT is to review options for unconventional magnet design with HTS. In particular, the reference ARIES-AT design uses a HTS that is continuously graded, with epitaxial manufacturing methods for the conductor.

This paper provides the background utilized by the systems code to evaluate the options. The paper also provides detailed engineering calculations of the critical issues.  Improvements on the magnet design and construction that could result in decreased cost of the toroidal and poloidal field magnets have also been investigated.  The extrapolated cost of HTS-based magnets is analyzed. Improved manufacturing techniques for the magnets are illustrated. Incorporating these techniques and improved design concepts into TF and PF magnets suitable for a commercial tokamak reactor remains a difficult challenge.

The superconductor and structural materials, are briefly discussed in Sec. II.  Sec. III discusses some HTS issues and magnet cooling options.  Sec. IV provides details on the design of the reference ARIES-AT TF coils.  The finite-element structural analysis is presented in Sec. V  The engineering details of the PF system for ARIES-AT are described in Sec.VI.  The cost assumptions of the TF and PF systems are described in Sec. VII

II. MATERIAL OPTIONS:

The reference case of ARIES-AT is a moderate field tokamak with HTS superconductors.  The HTS materials are not available presently, and therefore assumptions must be made as to what may be available in the future. In this section the material properties of the materials for the design of the ARIES-AT magnets are presented. 

a. Superconductor options

Figure 1. shows the critical current density as a function of temperature for several HTS and LTS materials.  At temperatures greater than about 20K, the only HTS material that looks promising for fusion applications from those shown in the figure is YBCO tapes.  BSSCO has great performance particularly at high fields, although at low temperatures4.

[image: image1.wmf]F

ig

u

r

e

 15

.

 

Ou

t

 

o

f

 

Pl

an

e

 D

is

p

l

ac

e

me

nt

s

 (

m

m

)

 

I

n 

t

h

e

 

P

r

e

li

m

in

ary

 

T

F

 Co

il/

Cas

e

 Mo

d

e

l

Figure 1.  Critical current density for several HTS and LTS materials as a function of the applied field, for either liquid nitrogen temperature or 4 K (if not indicated).

The performance of YBCO at liquid nitrogen temperature and 10 T is comparable to that of non-copper current density of Nb3Sn superconductor, at 4 K and 0 T. Indeed, once the structure and stabilizer/quench protection is included in the Nb3Sn designs, the average current density in the Nb3Sn conductor is substantially lower than that for YBCO at elevated temperatures. 

For YBCO thick film conductors, the superconductor is not single crystal but single domain. The c-axis is perpendicular to the tape. The superconducting YBCO film is highly textured with the ab plane parallel to the surface of the tape. A large amount of anisotropy exists in the superconductor, depending whether the magnetic field is aligned with the c-axis or perpendicular to it. The difference is especially large at the higher temperatures. The tapes can support limited values of field aligned to the c-axis.This is shown for YBCO in Figure 24. 

The actual performance of the superconductor is a strong function of the HTS film thickness.  Presently, the thinner the film the higher the current density.  It has been assumed in this study that eventually it would be possible to make relatively thick films (on the order to 20 –30microns) of long lengths, with properties comparable or better than those shown in Figures 1 and 2.

In order to minimize the expense, it has been assumed that the conductor can be manufactured by epitaxially depositing the HTS material directly on the structure, with intermediate layers if necessary. The scheme is illustrated in Figure 3. For the TF coil, the structural material is in the form of a continuous shell that is wound after the material has been heat-treated.  For the poloidal field coil, the HTS is deposited on flat pancakes that are then assembled into a coil.
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Figure 2.  YBCO current density for fields perpendicular to the tape.

Figure 3.  Magnet construction using epitaxially deposited YBCO thick films.

III. HTS CONDUCTOR DISSCUSSION:

a.  Stabilizer and quench protection in HTS magnets for fusion

High temperature superconductors do not suffer from flux-jumping when operated at temperatures higher than about 10-20 K, because of the very high thermal capacity of the metals at these temperatures (about 2 orders of magnitude higher than at 4K). As a result, there is no need for a substantial fraction of normal conducting material, in contrast with LTS materials. A very large source of energy is required to start a quench. The only normal conducting material required is whatever is needed to manufacture the superconductor. In the case of YBCO, it is a Ni tape. For BSCCO, the filaments are likely to be placed in a silver matrix.

The high thermal capacity of high Tc materials increases the difficulty of quench-detection, mainly because the quench-zone propagates very slowly in high-Tc superconductors5. Figure 4. shows characteristic times for propagation of a quench in low temperature and high temperature superconducting wires.  The results for BSSCO 2212 wires indicate at least one order of magnitude decrease in the speed of quench propagation, making it very difficult to detect a quench in a large coil.  For active magnet protection, novel methods of quench protection and quench detection are required if the applications of high-Tc superconductors at high temperatures is to become a reality.
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Figure 4.  Quench propagation speed in LTS and HTS (2212 BSSCO).

For ARIES AT, it is assumed that all of the stabilizer and quench protection normal conductor could be eliminated from the coil.

 In conventional low temperature superconducting magnets, quench protection dominates the conductor cross section.  Since the cost of the conductor is a substantial fraction of the total cost of the coil, the cost of the quench protection could be a substantial driver in the coil cost. With decreased superconductor (due to high current densities), stabilizer and coolant, the structural fraction of the cross section can be increased substantially.  The elimination of the stabilizer, and the need to have the coolant in close proximity to the superconductor, may allow for simple epitaxial manufacturing techniques that should decrease the cost of manufacturing the magnet.

b. Radiation limits

1. Superconductor

At the present time, the threshold fluences for damage of the superconductors have not been determined. Published data in the high fluence regime are scarce. Kuepfer quotes Tc's for a flux of 1023 neutrons/m2 (E>1 MeV). Sauerzopf 7 gives results for fluxes of up to 1.2x1022 neutrons/m2. His group also has two data points at a higher dose8. The highest neutron fluence to-date was 2.8x1022 neutrons/m2 and Tc was 81 K. Both results were obtained without annealing.

For Nb3Sn, the neutron fluence beyond which critical current degrades is about 3x1022 neutrons/m2. The irradiation resistance of YBCO is at least as good as, and could be better than that of Nb3Sn.

2. Insulation

Organic as well as inorganic materials are under consideration for use as insulation material. Most superconducting magnets are presently manufactured using fiber-reinforced epoxy, which imposes a relatively low limit on the allowable irradiation. 

The radiation limit for organic insulators is on the order of 108 rads for fiber-reinforced epoxy and 109 rads for polyimide based insulation. These limits are for the case when the insulator needs to withstand substantial shearing forces. In the absence of shear, it is possible to increase these limits, by as much as a factor of 10.

The fluence limit for inorganic insulators is determined by swelling. For practical insulators the maximum irradiation ranges from 1011 rads to 1014 rads depending whether the insulator is in sheets or in powder form. The corresponding neutron fluence (>0.1 MeV neutrons) is 1024-1027 neutrons/m2.

In the case of YBCO, an insulator is used in the manufacturing process, as a compliant buffer layer between the thick YBCO films and the Ni substrate. There may be no need for an organic-based insulator. It may be assumed that the irradiation limit of the insulators for HTS magnets can be increased to 1011 to 1014 rads, depending on whether or not the insulator experiences shear loads.

When compared to LTS materials, HTS materials have the potential of substantially relaxing the design restrictions placed on the material by irradiation damage to insulation, the stabilizer and nuclear and AC heating of the cryogenic environment. However, the information available today only  indicates that irradiation damage limits of HTS material itself is not lower than for the LTS materials.

c. Coolant choice and cooling geometry

Because of the limited temperature of operation of materials other than YBCO, the choice of coolant is limited to either high pressure helium gas, or liquid nitrogen.  Helium gas and neon are the only practical coolants between 4K and liquid nitrogen temperature.  The interest in simplifying the design and decreasing the cost drove the design to a liquid nitrogen system, eliminating all but YBCO as the superconductor.

[image: image6.wmf] 

Added inner 

Case Wall 

(100mm)

 

I

n

cr

ea

s

ed

Ca

s

e W

a

l

l

T

h

i

c

k

n

e

ss

(

1

6

0

m

m

)

 

Increased 

Outer Case 

Radial Depth 

(950mm)

 

Figure 13.  Aries

-

AT TF Coil/Case  FEA Model With Reinforced Walls

 

Figure 5.  Temperature rise for a steel plate with 500 W/m3 of nuclear heating, as a function of the plate half-width.

Because of the high temperature and because of the large thermal capacities and temperature margins, it is possible to remove the coolant from being in direct contact with the conductor, and instead cool the edge of the plates (TF) or the edge of the pancakes (PF).  The worst condition occurs at the TF, because it is there that the nuclear heating peaks.  In order to determine the effect of edge cooling of the plates, the temperature drop across the plate was calculated, for different plate widths, using a 1.5-D compressible thermal analysis of the coil5.  The results are shown in Figure 5. where it is assumed that the nuclear heating is 500 W/m3.  It is found that the temperature raise at the centerline of the plate, assuming cooling at both edges of a steel plate, is on the order of 1 K.

In addition, in order to increase the performance of the superconductor and to allow for increased temperature margins, subcooled liquid nitrogen was used.  Thus it was possible to cool the entire plate without going into the film boiling.  Figure 6. shows the temperature along the coolant channel, for an inlet nitrogen temperature of 68K.  The length of the innermost shell in the toroidal field coil is on the order of 36 m.  Shown in the figure at the average magnet temperature and the average coolant temperature.  It was assumed that the velocity of the liquid nitrogen was 3 cm/s, with a pressure drop of about 0.3 MPa.  Higher velocities would result in substantially decreased temperature rise in the coolant, if it is desired or needed to keep the temperature of the outlet lower than indicated in the Figure.
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Figure 6.  Average magnet and coolant temperature along the cooling channel, with subcooled liquid nitrogen.  One channel at each edge of the shell used to wind the TF coil.

d. Summary

For the ARIES-AT study, YBCO tapes were chosen as the conductor, because of its ability to operate at much higher current density at liquid nitrogen temperatures. YBCO tape operating at liquid nitrogen temperatures tolerates moderate (~5 T) magnetic fields that are perpendicular to the tape. The coolant is subcooled liquid nitrogen, flowing along the edges of the plates, with a length of one turn for the case of the toroidal field. At the present time, it has been demonstrated that the radiation limit of the HTS is no lower than for the LTS, allowing for the use of advanced organic insulators. Inorganic insulators are used in each turn in the coils, since they are an integral part of the manufacturing process of the superconductor.  For ground wrap insulation,  materials similar to those used in LTS are used.

IV.  MAGNET SYSTEM DESIGN:
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The Aries-AT toroidal field (TF) and poloidal field (PF) configuration has been designed to permit full replacement of the blanket/shield modules located within the vacuum vessel (VV).  Access for these modules are provided by developing a TF design that places no structure in the horizontal port region, allowing the vacuum vessel port to extent unrestricted radially outward.  Figure 7. shows the overall general arrangement of the Aries-AT device highlighting the TF system and PF ring coils that are mounted to the TF structure. 
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The TF design consists of 16 wedged TF coils that operate at 75( K using YBCO high temperature superconductor on an Inconel strip. The coils develop a 5.9 T field at the plasma major radius of 5.2 m.  The TF support system, coil shape and superconductor-winding scheme were developed to match an earlier defined vacuum vessel shape.  Figure 8.0 shows a sector module to illustrate the interface between the TF, vacuum vessel and in-vessel components. The TF structure was shaped and placed in a close proximity to the vacuum vessel while allowing space for a thermal shield and gaps for differential movement between the TF and vacuum vessel. Figure 9. illustrates configuration details of a TF/VV sector highlighting section views and local details.  To extract a full shield module required the shape of the VV horizontal ports to be vertically extended with sharp corners that restricted the ability of placing supporting structure to help support the overturning forces acting on the TF coil (see Section E-E of Figure 9.).  Also the shape of the vacuum vessel in the upper 
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and lower inboard region near the divertors (see Section H-H) placed restrictions on locating TF coil structure in the corner regions that could improve the design in supporting the overturning forces acting on the TF inner leg.  Future iterations in refining the shapes of the divertor, shield and vacuum vessel in this local region would allow for a more efficient TF structure. 

The structural details of the TF case are shown in the isometric cut-away view of Figure 10.  The double pancake, high temperature superconductor is nested in the case with a center rib separating the pancake windings.  A 10 cm inner case structure is added on the plasma side to increase the torsional stiffness of the structure.  Wedging between adjacent coils supports the centering force acting on the inner leg.  To increase the out-of-plane stiffness of the outboard leg, the case structure was built up in the radial direction as shown in Figure 10.  The intercoil structure is a double wall ribbed structure that conforms to the contour of the vacuum vessel and forms a flat region above/below the horizontal ports.  Local stiffening ribs have been added in the curved region of the structure to increase its overall stiffness. Figure 11. shows a full isometric view of a 

single TF coil which includes the power lead support details.  One of the sixteen coils has the lead support structure while the remaining fifteen coils are configured for coil-to-coil [image: image11.wmf] 
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lead connections.  Further details of the leads and their support scheme can be seen in the isometric views of Figure 12.   The full assembly of the all sixteen TF coils is shown in this figure.  One coil provides the structure to support the input and exit leads and “U” [image: image12.wmf]8
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shaped jumpers forms the coil-to-coil connections.  The structural support details required for the jumpers have not been developed.  With the full assembly of the TF coil system the vacuum vessel and in-vessel components can be assembled through the large access area between the TF outer legs.

Figures 9. through 12. also show the PF ring coil support structure.  Local ribs with cover plates have been added to the upper and lower intercoil shell structure that will be used to locate and react the vertical loads acting on the PF coils. 

To minimize the overall cost of the TF case a large portion of the coil structure would be fabricated as castings.  Rolled plates would be used in those areas of high stress where higher material properties are warranted.  Figure 13. shows an exploded view of the coil case major sub-assemblies.  The total weight of a single TF coil is 64 metric tons.  The double pancake conductor (shown in Figure 13.) is wound into the coil case channel from two spools that are sized to limit the conductor strain to a value less than 0.2% strain.  
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V. COIL AND STRUCTURAL ANALYSIS:

FEA Model Description:

The TF coil is modeled with MSC/Nastran9 using standard hexahedral solid brick elements and triangular and quadrilateral plate elements (see Figure13.). A reduced modulus was used to represent the average effective properties of the conductor/substrate composite. Plate elements were used to model the inter-coil structure. The boundary conditions were modeled using multi-point and single point constraints. Single point constraints were applied to selected points of symmetry to eliminate the rigid body displacement modes, while multi-point constraints were used to model the coil to coil interface (see the TF Coil Loads and Load Paths discussion below). The two heavy ring structures at the outboard top and bottom of the coil outer leg were modeled using solid elements and together with the outer leg, provide much of torsional stiffness to the structure.  The preliminary model developed did not have any additional vertical structure at the inner coil leg bore and used 2” thick case walls in the outer vertical leg section. The large vertical gap between the upper and lower rings presents some significant difficulties in designing a torsionally stiff coil structure. (This is a design constraint imposed by the clearance required for radial extraction of the blanket module). It was found that excessive torsional displacements resulted. Subsequent model runs included an additional vertical ligament at the inner coil bore and a substantially increased wall thickness and inter-coil structure to resist the out of plane bending of the coil. No attempts were made in this analysis to model the residual stresses or winding stresses in the conductor or substrate. The minor thermal effects due to cool down were also not included.
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TF Coil Loads and Load Paths:

The primary loads on the coils and coil support structure are the result of the Lorentz forces acting on the conductor due to the interaction of self fields perpendicular to the current or external fields produced by the other coil systems. In particular, the in-plane loads on the TF Coil are almost exclusively due to self fields. These in-plane loads peak at the inner coil leg and diminish inversely with the radius (due to the 1/R toroidal field component). The largest out of plane loads on the TF Coils are primarily due to magnetic fields normal to the TF Coil current produced by the Poloidal Field Coils which are in close proximity to the TF conductors. These out-of-plane forces and a map of the field contours that produce them are shown in Figures 14a. & 14b. 
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For the out-of-plane forces the load path generally is from the HTSC to the substrate and ultimately into the coil case and external support structure. It is primarily the overall bending stiffness of the coil case and top to bottom stiffness of the complete structure that determines the out of plane flexure of the coil. Since this is a wedged coil design a significant aspect of the overall out-of-plane behavior of the coil/case structure is the friction force which develop between adjacent coil case wedge faces at the inner coil legs.  These friction forces act to inhibit the relative radial and vertical motion of adjacent coil surfaces and tend to allow the inner coil case to act more or less as a torsionally rigid cylinder rather than as individual vertical ligaments. This torsional stiffening in turn helps resist the out of plane flexure of the inner coil leg. To properly model this effect it is usually necessary to use non-linear elements in the FEA model that have a stiffness that is a function of the friction coefficient and the normal local (wedging) loads being applied. This is particularly important in the upper and lower corners of the TF coil where the net radially outboard forces (developed in the outer leg of the TF coil) tend to unload the wedging forces and reduce (or even eliminate) this friction force. Nastran has non-linear gap elements which would normally be used to model this boundary condition, however due to the limited scope and budget available for the project, it was decided to forgo the expensive and time consuming non-linear analysis and use MPCs (Multi-Point Constraints) to model wedge surface interfaces. This has the effect of artificially locking the adjacent coil case wedge surfaces together and implicitly assumes that the friction forces developed on the wedge surface are sufficient to balance the shear forces existing between coils due to the out of plane loads. To more accurately reflect the reduced friction at the upper and lower corners, two iterations of the static analysis were performed with the MPCs being removed in areas were the wedge forces were positive (ie. Where un-wedging occurred). While this approach still tends to somewhat overestimate the torsional stiffness of the inner coil/case leg, it was confirmed there is sufficient space and material in the side walls to provide some form of shear-key or vertical and radial interlocking mechanisms to supplement the friction forces in this design should this be necessary. Were we to pursue the development of this design beyond it’s current level implementing interlocking wedge surfaces and radially preloaded support rings at the upper and lower corners of the TF coil bore would be two possible means to help stiffen the structure and provide a reaction to radial outboard loading from the outer leg.

The loads from the in-plane forces are generally shared by the conductor substrate and the coil case in parallel. Since the substrate and case comprise 85% of the total cross sectional area of the TF Coils/case, the majority of the in-plane loads will be carried by the case and substrate.

Results and Discussion:

As mentioned above the initial coil/case structure was not adequate to resist the out of plane TF loads, so a 100mm thickness was added to the inner case wall and the outer leg coil case wall was increased from 50mm to 160mm along with an increase in the radial depth to 950mm as indicated in Figure 13. A less rigid case would not perform adequately with the requirements of the HTSC. The use of HTSC establishes certain constraints on the TF coil design and case structure. Specifically the need to limit the total strain in the conductor material to less than 0.2%. The main area of the coil where this presents a significant problem is at the upper and lower inner corners of the TF coil due to the flexing of the coil structure in response to the in-plane and out-of-plane loads. Figure 15. shows the peak out of plane deflection of the coil of the preliminary coil/case structure of 130mm prior to stiffening the outer leg and ring sections. This preliminary coil/case configuration was not stiff enough to prevent large strains in the HTSC conductor in the problem areas as shown in Figure 16. The maximum strain can be seen to be > 7.5%. 
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A stiffer outer case leg and adding a vertical structural ligament to the inner bore of the coil model greatly mitigated this condition however further stiffening of the case and rings will probably be desirable to bring the strain below the 0.2% limit.  Since these results do not include the residual compressive strain due to cool down they represent an upper bound on the tensile strain in this region. The compressive strain locked-in from the reaction temperature on down to 77 oK should relieve this somewhat. Figure 17. indicates that the corner strains are 0.37% with the improved coil/case design.
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Figure 19.  shows the Tresca stress contours in the coil case peaking at about 480 MPa with maximum primary stresses in the 300 MPa range which should provide adequate margins over the design allowables for most Inconel alloys. As a typical example Inconel 625 has a yield strength of over 900 MPa at 77 oK and an ultimate strength of over 1200 MPa. Assuming a 1/3rd Sult and 2/3rd Syp criteria, maximum primary stresses allowed would be 408 MPa.

VI. Poloidal Field Coils:

Table I and Figure 20. below is a summary of an optimized poloidal coil configuration and the total currents for a typical discharge. Table II shows the maximum stresses for the typical currents indicated with a 12.95 MA plasma current and with no Plasma current present. The maximum stress is 442 MPa in coil #14 with the Plasma current present. The majority of this stress is the tangential stress with the primary hoop component being 424 MPa, and will be reduced by increasing the coil cross section. This increase in cross section is also necessary to reduce the current density in this coil. All PF coils are self supported in  the radial direction. With the cross section composed of 85% structure and substrate, the maximum strain in the PF coils is less than the 0.2% prescribed allowable strain limit for the HTSC material. The present analysis reflects  54 kA/sq.mm for the PF Coil current density.

Figures 22. & 23. shows a detailed field map in the area of the various PF coil cross sections. A potential problem arises when the peak fields perpendicular to the current plane exceed 5.8 Tesla (assuming the 54kA/sq.mm current density). The reason for this can be seen by examining the graph of critical current vs. fields shown in Figure 21. From this plot it can be seen that the critical current is far more sensitive to fields oriented perpendicular to the current plane than fields parallel to it. Figure 23. indicates that  PF-14 will exceed the critical current for the ambient fields at the conductor. A reorientation of the HTSC conductor plane and a reduction in current density is needed to address this condition. Figure 24. shows a peak vertical field at the HTSC of 7.5 T for a 30 kA/mm2 current density with a horizontally re-oriented conductor winding. Alternatively as discussed above, the temperature of the superconductor could be decreased to about 68K, facilitated by the use of the liquid nitrogen coolant temperatures between boiling and freezing, and due to the very small nuclear heating of the PF coils.
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Table I. Optimized PF Coil Set Locations and Currents
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Table II. PF Coil Currents and Peak Stresses For Optimized Coil Set
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Figure 20. PF Coil Locations





Figure 21. Critical Current Density for YBCO-123 as a Function of Field




 Figure 22. Vertical Field Contours At PF-12,  PF-13,  & PF-14














Figure 23. Radial Field Contours At the Outer PF Coils


Figure 24. PF-14 Horizontal Conductors & 30kA/sq.mm – Vertical Field Contours

VII COIL COSTING:

In this section, the costing models of the TF and PF coils are described. A modification of the procedure for costing of the TF coils proposed during the previous studies was used. Although it is clear that a costing using cost per unit weight is very simplified, it was used for consistency with those previous studies.

Design studies using LTS materials use costing algorithms that result in costs that are substantially smaller than present day costs10.  The reason for this, is use of conservative performance for the superconductor.  With innovations in low temperature superconductors, (improved performance, copper laced, thin strands), and with improved manufacturing methods (react and wind, with stainless steel shell-like structure as proposed in this study), it would be possible to decrease the cost of the conductor by a factor of 6 and a cost of manufacturing by a factor of 2.  The overall decrease in the cost of the coils as compared with present day costs would be about a factor of 4.

Large cost savings of the conductor are obtained by eliminating the stabilizer and quench protection, as well as in placing the cooling channels to the edge of the shells as described above.

The cost of the structural material ("ribbons" of 316 SS) has been assessed to be about $40/kg (cost of high-quality thin sheets of 316~SS at today's prices).  Complex machining and cutting/welding of the structure is kept to a minimum.

The cost of the high temperature superconductor is difficult to estimate.  Present day costs for commercially available low temperature superconductor (BSSCO 2212 or 2223), carries a cost premium over the low temperature superconductors of about a factor of 10.  The cost penalty is in part due to the large amount of silver that is presently required in order to fabricate the superconductor.  Although presently it is not possible to commercially acquire YBCO tapes, there are plans to start commercial manufacturing of HTS in 200310.  The costs are assumed using comparable techniques in the semiconductor industry, which imply $1000/kg for high quality films.  Since the superconductor fraction is on the order of 1%, the cost of the winding would be about $50/kg.

Because of the advanced manufacturing process12, few operations are needed to finish the coil after completing the winding (ground strap insulation followed by casing).  The overall cost of the magnet could therefore be close to $50/kg.

It should be stressed that the cost of electricity is not very sensitive to the unit cost of the magnet, since the magnet size has been decreased due to improved plasma performance.

Table 4 compares the main characteristics of the magnets of ARIES-I, ARIES-RS, ARIES-ST and ARIES-AT. It can been seen that improved physics and engineering allowed the decrease in the stored energy of the TF magnet by about 25%, with substantially decreased peak toroidal field.  However, the peak poloidal fields are comparable to those of ARIES-RS, but smaller than those of ARIES-ST (which required very large currents in the PF system).

VIII. CONCLUSIONS

This report has presented a conceptual design of the magnet systems for an advanced tokamak reactor. The intent was to anticpate and extrapolate the current state-of-the-art in high temperature superconductors and coil design, and apply them to an advanced reactor concept. Due to limited resources available no attempt has been made to optimize the coil/structure or other reactor subsystem interfaces beyond accomodating the requirements for radial maintenance of the blanket module. Regarding HTS, it does not offer significant SC advantages over low temperature superconductors for ARIES-AT, because of the decreased field requirements due to improved physics assumptions.  The modest values of field and the stress limitations result in low overall current density in the magnet, achievable with the more conventional low temperature superconductors.

However, HTS does offer operational advantages over low temperature superconductors, including liquid nitrogen temperature operation, dry magnets, wide superconducting tapes (deposited directly on the structure) and reduced protection issues.  These items result in substantial potential cost savings, due to ease of fabrication using advanced manufacturing techniques.


Table III.  Comparison between several previous ARIES designs and ARIES-AT
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Figure 12.  Full TF coil assembly and local lead details





Winding detail





Case exploded view





Figure 13.  TF coil exploded  view and coil winding detail.





Figure 11.  TF coil





Lead support supports





Intercoil Structure





Stiffening rib





Figure 10. Isometric views showing coil section details





Figure 9.  TF/VV Sector Geometry Details








Figure 8. TF/VV sector





Figure 7.   Aries-AT General Arrangement
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PF coil
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OH Solenoid


(PF coils 1 – 7)





Double Pan.


 TF Winding











Max. B-perp. For TF & PF @75 K   &  ~3.8 T





Bmax., TF





Bromberg and  Tekula, “Options for the Use of High Temp. Superconductor in Tokamak Fusion Reactor Design”





Jallow., TF=100 kA/sq. cm





TFF
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PF-14





Peak Radial Field is only


7.7 T for PF 12 & 13 and 


5.8 T @ the conductor.





PF-12





PF-13





PF-14





Peak Radial Field 9.0 T, Need to re-orient the conductor plane to horizontal.





Peak Vertical Field is 8.7 T for PF-14 and 6.9 T @ the conductor.





We will need to reduce the


current density in PF-14.





� EMBED Word.Picture.8  ���








_1040819538.doc
[image: image1.png]File=aries-at-tf2c.NAS copybm, Case= 1, LapCAD for Power Macintosh . M/D/Y _6-16-2000





[image: image2.png]PLOTTED ON: Tue Jun 6 18:52:53 2000
7.0, I | I | I | I

6.3

5.6

N
N
.
2479 (8¢
l

METERS)
METERS)
N ~
/ |
T I

(

Y AXIS
o
o

2o 27 T3l T4l dg " sls 62 " 69 76 83 | gl
X AXIS (METERS)

TOTAL FIELD COTOUR PLOT ARIES-AT PF COIL OPTIMIZED






Figure 14a. Out of Plane loading			   Figure  14b. Polloidal Field Contours On TF Coil
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Figure 19. Peak Tresca Stress in the Reinforced Coil Case
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Figure 15. Out of Plane Displacements (mm) In the Preliminary TF Coil/Case Model
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Added inner Case Wall (100mm)
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Increased Outer Case Radial Depth (950mm)







Figure 13.  Aries-AT TF Coil/Case  FEA Model With Reinforced Walls
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Figure 17. Out of Plane Displacements – Reinforced Case Model












_1040822148.doc
[image: image1..pict]

   Figure 18. Reduced Strains With a Stiffened Coil Case Structure
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Figure 16. Strains In the Preliminary TF Coil/Case Model Due to Out Of Plane Loads
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		ARIES AT----  quick and dirty calculations, 9/00

		Cooling

		thickness		0.85		cm

		width		43		cm		0.003655

		height		33.929172

				Cooling channel		area		0.00018275

						radius		0.0076270034

						wetted perimeter		0.0479204624

				11		T

				2.8		MA

				1.54E+08

		number of shells		23.5294117647

		coil rad		280		cm

		coil perimeter		1759.24		cm

		number of coils		40.9125581395

				20.4562790698

		number of turns		19252.9685362517				20 layers on top of each other

				9.5		MA

				152		MA

				0.0078948864		MA

				0.0026316288		MA

				2631.6288094101		A

		JSC		250000		A/cm2

		SC cross section		0.0105265152		cm2

		SC width		10		cm

		Thickness		0.0010526515		cm

				10.5265152376		microns





Temperature vs distance

		0.02

		0.05

		0.1

		0.15

		0.2



Half-distance between cooling surfaces (m)

Peak temperature (K)

0.0142857143

0.0892857143

0.3571428571

0.8035714286

1.4285714286



Cooling

		Cooling calculations

		steel thermal conductivity…]

		k_INC		7		W/mK

		Qppp		500		W/m^3

				0.5		W/dm^3

				0.0005		W/cm^3

		Delta-x		0.21		m

		Delta-T		1.575		K

		Delta-x		0.02		0.05		0.1		0.15		0.2

		Delat-T		0.0142857143		0.0892857143		0.3571428571		0.8035714286		1.4285714286

		Coil volume		94.99896		m^3

		Heating		47499.48		W

				47.49948		kW





Sheet3

						ARIES-I		ARIES-RS		ARIES-ST		ARIES-AT

		SC type				Nb3Sn/NbTi		Nb3Sn/NbTi		CU/SC PF		HTS

		IcondTF		(kA)		100		51.2				2.6

		IcondPF		(kA)				66.1 @ 9.3 T				2.3

								62 @ 13.8 T		47.4

		BmaxTF		(T)		21		16				11

		BmaxPF		(T)				13.8		15.5		12

		WmTF		(GJ)				51				38

		JnoncuTF		(A/ mm2)		240		740				2500

		JnoncuPF		(A/ mm2)				374		280 @ 15.5 T		2500

										651 @ 10.7 T

		JcuTF		(A/ mm2)				261				NA

		JcuPF		(A/ mm2)				168		147.9		NA

		VmaxTF		(kV)		20		20				NA

		VmaxPF		(kV)				20				NA

		sallowTF		(MPa)				800

		sallowTF		(MPa)				600

		sopTF		(MPa)		850		562				530

		sopPF		(MPa)				561		571		530
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Figure 2 Comparison of Representative Data for YBCO for various fields & temperatures vs NbTi and Nb3Sn at 8 T and 4.2 K. (M. Suenaga, :The Coated Conductor Issues”, 98 HTS/LTS Workshop for High Energy Physics, Napa, CA, Mar, 98)
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				ARIES AT PF COIL GEOMETRY

												Max												Calculated

												Curent		Coil		Using Max Cd				With input del R				Curent

				Coil		R		Z		I		Density		Area		del Z		del R		del Z		del R		Density		R1		Z1

				Number		(m)		(m)		(MA)		(MA/m^2)		m^2		(mm)		(mm)		(mm)		(mm)		(MA/m^2)		(m)		(m)

				1		2.25		0.250		-0.620		54.64		0.0113469985		500.0		22.6939970717		500		123		10.08		2188.5		0.0

				2		2.25		0.750		-1.053		54.64		0.0192715959		500.0		38.5431918009		500		123		17.12		2188.5		500.0

				3		2.25		1.250		-1.513		54.64		0.0276903367		500.0		55.3806734993		500		123		24.60		2188.5		1000.0

		OH		4		2.25		1.750		-1.523		54.64		0.0278733529		500.0		55.7467057101		500		123		24.76		2188.5		1500.0

				5		2.25		2.250		-0.665		54.64		0.012170571		500.0		24.3411420205		500		123		10.81		2188.5		2000.0

				6		2.25		2.750		1.184		54.64		0.0216691069		500.0		43.3382137628		500		123		19.25		2188.5		2500.0

				7		2.25		3.250		3.360		54.64		0.0614934114		500.0		122.9868228404		500		123		54.63		2188.5		3000.0

				8		3.25		5.750		6.348		54.64		0.1161786237		340.8		340.8								3079.6		5579.6

				9		3.75		6.000		6.518		54.64		0.1192898975		345.4		345.4								3577.3		5827.3

		Ring		10		5.25		6.300		4.810		54.64		0.0880307467		296.7		296.7								5101.7		6151.7

		Coils		11		5.75		6.250		3.643		54.64		0.0666727672		258.2		258.2								5620.9		6120.9

				12		7.50		5.650		-3.276		54.64		0.0599560761		244.9		244.9								7377.6		5527.6

				13		8.00		5.400		-5.877		54.64		0.1075585652		328.0		328.0								7836.0		5236.0

				14		8.50		5.100		-8.624		54.64		0.1578330893		397.3		397.3								8301.4		4901.4
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Sheet2

		





Sheet3

		






_1040133456.doc
[image: image1.wmf]

Figure 12. PF-14 30kA/sq.mm Vertical Field Contours
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Chart1

		1		12		10		10		0.833957		0		0		0		0		14.3473		16

		2		12.5		11		11		1.15172		0.181		0.95969		0.472845		1		16.2695

		2.5		13		12		12		1.68216		0.302		1.96813		0.956633		2		18.1916

		3		13.5		13		13		2.75971		0.558		2.95812		1.96264		3		19.1736
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"Un-Critical" Critical Current
Density, A/mm2

Applied Field, T

Nb3Al

Bi2212
Tape

Bi2223
Round 4.2K

ITER-Nb3Sn
Low AC Loss

Bi2223
Round 75 K

YBCO Tape 75 K

NbTi

YBCO Tape

At 4.2 K Unless
Otherwise Stated

1.8 K
Nb-Ti-Ta

Nb3Sn
High AC Loss

ARIES RS

Nb-Ti:  APC strand Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.) -Heussner et al. (UW-ASC)

Nb-44wt.%Ti-15wt.%Ta: at 1.8 K, monofil. optimized for high field only, unpubl. Lee, Naus and Larbalestier (UW-ASC) '96

Nb3Sn: Internal Sn High Ic strand design (TWC) - Jablonski (EIS'96) [Non-Cu Jc]

Nb3Sn: Bronze route int. stab. -VAC-HP, non-(Cu+Ta) Jc, Thoner et al., Erice '96.

YBCO: /Ni/YSZ ~1 µm thick microbridge, H||c 4 K, Foltyn et al. (LANL) '96

YBCO: /Ni/YSZ ~1 µm thick microbridge, H||ab 75 K, Foltyn et al. (LANL) '96

Bi-2212:  19 filament tape B||tape face - Okada et al (Hitachi) '95

Bi-2212: Round multifilament strand - 4.2 K (IGC) Motowidlo et al. ISTEC/MRS '95

Bi-2223:  multi 4.2 K Hasegawa et al. (Showa) IWS'95, B||tape

Nb3Al: Transformed rod-in-tube Nb3Al (Hitachi,TML-NRIM), Nb Stabilized - non-Nb Jc, APL, vol. 71(1), pp.122-124), 1997
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Nb-Ti

		Nb-Ti

		Nb-Ti: Best Heat Treated UW Mono-Filament. (Li and Larbalestier, '87)																				Magnetic Field, Tesla		MFTF Conductor				Magnetic Field, Tesla		Tevatron Energy Saver Strand,  1980.				Magnetic Field, Tesla		Best Production High Homogeneity, 1985.				Magnetic Field, Tesla		Best Univ.-WI HT Multi-Fil. Composite, '85.				Magnetic Field, Tesla		Best Small Scale HT Multi-Fil. Composite '86				Magnetic Field, Tesla		Nb-Ti: Best Heat Treated UW Mono-Filament. (Li and Larbalestier, '87)				Magnetic Field, Tesla		SSC Inner Strand Specification June 1987, M407				Magnetic Field, Tesla		SSC Outer Strand Specification June 1987, M407				Magnetic Field, Tesla		Revised Equivalent SSC Strand Specification				Magnetic Field, Tesla		Nb-Ti:  Best Industrial Scale Heat Treated Composites 1990				Magnetic Field, Tesla		Aligned ribbbons, field parallel to ribbons.				Magnetic Field, Tesla		Furukawa APC '94, dp=10.5nm				Magnetic Field, Tesla		Supercon APC/HT '95				Magnetic Field, Tesla		Nb-Ti: Nb-Ti/Nb (21/6) 390 nm multilayer '95 (5°) McCambridge et al. (Yale)				Magnetic Field, Tesla		Nb-Ti:  1000  nm multilayer, 10  nm Cu:30  nm Nb-47wt.%Ti, Kadyrov et al. (UW-ASC)				Magnetic Field, Tesla		LHC dipole Outer 1.9 K				Magnetic Field, Tesla		LHC dipole inner 1.9 K						UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins																										Jc (A/mm_) f(dp,B)

		Magnetic Field, Tesla		Nb-Ti: Best Heat Treated UW Mono-Filament. (Li and Larbalestier, '87)		Nb-Ti: Best Heat Treated UW Mono-Filament. (Li and Larbalestier, '87)																4		1924.868				4		2183.082				2		5154.89				0.275		10046.87				5		3614.996				2		6600				7		1600				5.6		2422				5.6		2422				4		3700				2		9834				2		11472.6				3		4796				1		17315.5				0		15500				9		370				10		510						dp(nm)=		97.2				61.0				48.5				38.6				30.6				24.1				21.5				19.3				30.6

		2		13.2		6600																6		1220.648				5		1760.55				3		4098.56				0.483		9521.054				8		1478.862				3		5330																7		1650				5		3000				4		6429				3		8690				5		3114				1.26594		13302.6				0.25		14900																		B (T)		97.1697478807		B (T)		61.0023479251		B (T)		48.4643159405		B (T)		38.5785599526		B (T)		30.6217319624		B (T)		UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.)		B (T)		21.4593239736		B (T)		19.2892799763		B (T)		30.6217319624

		3		15.99		5330																7		967.1288				6		1384.966				4		3403.73				0.817		8460.029										4		4430																						5.6		2584				5		5198				5		4250				7		1864				1.5		11067.6				0.5		14300																		2.5		5103.259558555		2		12066.8234939257		1		16149.8874953475		1		18084.8706817795		1		18339.5674690879		1		13906.4623639474		1		11759.2135036968		1		9891.7781286796		1		18339.5674690879

		4		17.72		4430																8		657.272				7		1051.635				5		2835.659				1		7793.368										5		3687																						6		2350				6		4106				7		966				8		1249				1.76682		10336.7				1		14800																		3		4014.8537327049		2.5		9164.1738973047		2		14804.6455153296		2		15430.0717327593		2		13622.9289772764		2		11314.2103128438		2		9590.8163146395		2		8370.8139150219		1.5		13622.9289772764

		5		18.435		3687																						8		694.8304				6		2253.504				2		5727.656										6		2984																						7		1750				7		3040										9		684				2		11212.9				1.5		14700																		4		2279.7454827962		3		6777.257030835		2.5		11364.2829953748		2.5		12618.2166964591		2.5		11939.1961823322		2.5		10171.5032862349		2.5		8807.1655851239		2.5		7748.100305807		2		11939.1961823322

		6		17.904		2984																						8.5		553.9864				7		1699.517				3		4647.852										7		2290																						8		1050				8		2074																2.27037		12157.1				2		13980																		5		1404.1564385369		4		3846.5066123788		3		8808.2359366517		3		10084.6540253391		3		9934.0234901713		3		8990.0006506979		3		7952.2738801978		3		7174.9833557331		2.25		9934.0234901713

		7		16.03		2290																						9		436.6164				8		1126.752				4		3859.125										8		1580																																														2.5		13067.1				2.5		13290																		6		855.8274859687		5		2200.6800472484		3.5		6665.1022176745		3.5		8107.6760845793		3.5		8503.9439474523		3.5		7882.5623594782		3.5		7115.1924191244		3.5		6469.6086479498		2.5		8503.9439474523

		8		12.64		1580																						9.5		272.2984				9		657.272				5		3168.99										9		835																								These values ± 10%																						2.78006		13703.6				3		12652																		7		524.6585146157		6		1255.1700419709		4		5010.8299580159		4		6344.2393151211		4		6942.6644466858		4		6785.7046888752		4		6238.0379093825		4		5791.7876396893		3		6942.6644466858

		9		7.515		835																						10.275		93.896				10		201.8764				6		2488.244										10		310																																														3		14101.2				3.5		11948																		8		284.696735373		7		662.2978008995		5		2821.4289937818		4.5		4835.6742662487		4.5		5580.3715489582		4.5		5702.9545124278		4.5		5387.5987654196		4.5		5086.412931906		3.5		5580.3715489582

		10		3.1		310																																		7		1807.498																																																										3.28027		13814.7				4		11000																		9		117.7007098186		8		296.9871170423		6		1502.3760205131		5		3634.3329670553		5		4298.9852920266		5		4620.2043359805		5		4532.7070604935		5		4397.5704438364		4		4298.9852920266

				Fp,GN/m_		Jc, A/mm_																																		8		1126.752																																																										3.5		13699.8				4.5		10168																		10		20.8473581967		9		92.5674131041		7		762.1000964021		5.5		2656.1766339964		6		2374.7192406617		5.5		3625.6259980061		5.5		3615.4795020832		5.5		3565.4487182483		4.5		2374.7192406617

																																								9		553.9864																																																										4		11965				5		9376																										8		324.7436836902		6		1919.1151717619		7		1010.2396769666		6		2761.5419809715		6		2831.8287725676		6		2815.9880912286		5		1010.2396769666

		Nb-Ti:  Example of Best Industrial Scale Heat Treated Composites ~1990 (compilation)																																						10		93.896																																																										4.5		9820.22				5.5		8518																										8.5		120.4694310464		6.5		1354.2643315448		8		319.2532312492		7		1322.5775770937		7		1366.9362156891		7		1449.3245948985		5.5		319.2532312492

		Magnetic Field, Tesla		Nb-Ti:  Example of Best Industrial Scale Heat Treated Composites ~1990 (compilation)																																																																																																5		7640.95				6		7530																										9		79.4399871393		7		888.6068096098		9		32.7999895119		8		349.1604803527		8		396.2779257209		8		402.2840130327		6		32.7999895119

		4		3700																																																																																																5.5		5837.71				6.5		6628																										9.5		21.824172291		7.5		538.6748256704						8.5		126.967447401		8.5		133.5768288947		8.5		137.7684976139

		5		3000																																																																																																6		4342.47				7		5496																														8		293.4468999177										9		35.6204877053

		5.6		2584																																																																																																						7.5		4408																														8.5		126.7470178048

		6		2350																																																																																																						8		3584																														9		46.8412891887

		7		1750																																																																																																						8.5		2496

		8		1050																																																																																																						9		1868

																																																																																																										9.5		1144

				These values ± 10%																																																																																																						10		616

		Nb-Ti:  Aligned ribbbons, B|| ribbons, Cooley et al. (UW-ASC)

		Magnetic Field, Tesla		Nb-Ti:  Aligned ribbbons, B|| ribbons, Cooley et al. (UW-ASC)		Nb-Ti:  Aligned ribbbons, B|| ribbons, Cooley et al. (UW-ASC)																																																																																																				Magnetic Field, Tesla		Nb-Ti:  Nb-Ti/Nb(19/5) 200  nm multilayer '95 (~0 degrees) N. Rizzo et al. LTSC'96 (Yale)

		2		19.668		9834																																																																																																				Magnetic Field, Tesla		Nb-Ti: 390 nm multilayer Nb-Ti/Nb (21/6) - McCambridge et al. (Yale) (0°)

		4		25.716		6429																																																																																																				6		6503.87

		5		25.99		5198																																																																																																				5		12925.2

		6		24.636		4106																																																																																																				The Superconducting Properties of Niobium-Titanium multilayers."

		7		21.28		3040

		8		16.592		2074

				Fp,GN/m_		Jc, A/mm_

		SSC Inner Strand Specification June 1987, M407

		Magnetic Field, Tesla		SSC Inner Strand Specification June 1987, M407				Magnetic Field, Tesla		SSC Outer Strand Specification June 1987, M407				Magnetic Field, Tesla		Revised Equivalent SSC Strand Specification

		7		1600				5.6		2422				5.6		2422

														7		1650

		Nb-Ti:  APC strand Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.) -Heussner et al. (UW-ASC)

		B (T)		Nb-Ti:  APC strand Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.) -Heussner et al. (UW-ASC)		Nb-Ti:  APC strand Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.) -Heussner et al. (UW-ASC)

		1		13.9064623639		13906.4623639474

		2		22.6284206257		11314.2103128438

		2.5		25.4287582156		10171.5032862349

		3		26.9700019521		8990.0006506979

		3.5		27.5889682582		7882.5623594782

		4		27.1428187555		6785.7046888752

		4.5		25.6632953059		5702.9545124278

		5		23.1010216799		4620.2043359805

		5.5		19.940942989		3625.6259980061

		6		16.5692518858		2761.5419809715

		7		9.2580430397		1322.5775770937

		8		2.7932838428		349.1604803527

		8.5		1.0792233029		126.967447401

				Fp,GN/m_		Jc, A/mm_

		Nb-Ti: Nb-Ti/Nb (21/6) 390 nm multilayer '95 (5°), 50 µV/cm, McCambridge et al. (Yale)

		Magnetic Field, Tesla		Nb-Ti: Nb-Ti/Nb (21/6) 390 nm multilayer '95 (5°), 50 µV/cm, McCambridge et al. (Yale)		Magnetic Field, Tesla		Nb-Ti: Nb-Ti/Nb (21/6) 390 nm multilayer '95 (5°), 50 µV/cm, McCambridge et al. (Yale)

		1		17315.5		1.00E+00		17.3155

		1.26594		13302.6		1.27E+00		16.840293444

		1.5		11067.6		1.50E+00		16.6014

		1.76682		10336.7		1.77E+00		18.263088294

		2		11212.9		2.00E+00		22.4258

		2.27037		12157.1		2.27E+00		27.601115127

		2.5		13067.1		2.50E+00		32.66775

		2.78006		13703.6		2.78E+00		38.096830216

		3		14101.2		3.00E+00		42.3036

		3.28027		13814.7		3.28E+00		45.315945969

		3.5		13699.8		3.50E+00		47.9493

		4		11965		4.00E+00		47.86

		4.5		9820.22		4.50E+00		44.19099

		5		7640.95		5.00E+00		38.20475

		5.5		5837.71		5.50E+00		32.107405

		6		4342.47		6.00E+00		26.05482

				Jc, A/mm_				Fp,GN/m_

		Nb-Ti: Nb-Ti/Ti (19/5) 370 nm multilayer '95 (0°), 50 µV/cm, N. Rizzo et al. LTSC'96 (Yale)

		Magnetic Field, Tesla		Nb-Ti: Nb-Ti/Ti (19/5) 370 nm multilayer '95 (0°), 50 µV/cm, N. Rizzo et al. LTSC'96 (Yale)

		5		22000		5.00E+00		110

		Nb-Ti: 390 nm multilayer Nb-Ti/Nb (21/6), 50 µV/cm - McCambridge et al. (Yale) (0°)

		Magnetic Field, Tesla		Nb-Ti: 390 nm multilayer Nb-Ti/Nb (21/6), 50 µV/cm - McCambridge et al. (Yale) (0°)

		6		6503.87		6.00E+00		39.02322

		5		12925.2		5.00E+00		64.626

		The Superconducting Properties of Niobium-Titanium multilayers."

		Yale Nb-Ti/Nb(21/6) 200  nm multilayer, 50 µV/cm - J. D. McCambridge PhD thesis, Yale, 1995 (~0 degrees)

		1) first ref [pink square]should read:

		Nb-Ti: 390 nm multilayer Nb-Ti/Nb (21/6), 50 µV/cm - McCambridge et al. (Yale) (0°)

		200 nm was the thickness of the comparison film of Nb47Ti.  This particular

		multilayer was 11 periods of 21/6 with 50 nm buffer and cap layers of Nb,

		for a total thickness of ~390 nm.

		2) second ref [pink square, black center] should read:

		Nb-Ti: Nb-Ti/Nb (21/6) 390 nm multilayer '95 (5°), 50 µV/cm, McCambridge et al. (Yale)

		The sample I originally labeled (20/5) should be labeled (21/6). After

		recalculating the sample thicknesses for my thesis, sample (20/5) from our

		'94 ASC paper was rounded up to (21/6).

		3) third and final ref [pink square, white center] should read:

		Nb-Ti: Nb-Ti/Ti (19/5) 370 nm multilayer '95 (0°) N. Rizzo et al. LTSC'96...

		The sample with the highest Jc was a NbTi/Ti multilayer, 370 nm total

		thickness (including the Ti buffer and cap layers).

		All these numbers are made clear in the paper we submitted to the recent

		ASC--I wish there were some way to reduce the (self-made) confusion over

		sample labels.  The samples I talked about at the 94 ASC are the same as

		those at the 96 LTSC and ASC, but I made additional samples and better

		estimates of the sample dimensions...

		Nb-Ti:  1000  nm multilayer, 10  nm Cu:30  nm Nb-47wt.%Ti, Kadyrov et al. (UW-ASC)		Nb-Ti:  1000  nm multilayer, 10  nm Cu:30  nm Nb-47wt.%Ti, Kadyrov et al. (UW-ASC) - These Jc values are estimated to be off by a factor of 3.

		Magnetic Field, Tesla		15500

		0		14900

		0.25		14300

		0.5		14800

		1		14700

		1.5		13980

		2		13290

		2.5		12652

		3		11948

		3.5		11000

		4		10168

		4.5		9376

		5		8518

		5.5		7530

		6		6628

		6.5		5496

		7		4408

		7.5		3584

		8		2496

		8.5		1868

		9		1144

		9.5		616

		10

		Nb-Ti-Ta: Nb-15wt%Ta, 1.8 K, UW310 Lee, Naus and Larbalestier UW-ASC'96

		Applied Field, T		Nb-Ti-Ta: Nb-15wt%Ta, 1.8 K, UW310 Lee, Naus and Larbalestier UW-ASC'96

		12		689.4

		12.5		505.2

		13		283.2

		13.5		127.3

		14		40.9

		10-14Ohm cm		Nb-Ti-Ta: Nb-15wt%Ta, 1.8 K, UW310 Lee, Naus and Larbalestier UW-ASC'96

		Applied Field, T		Nb-44wt.%Ti-15wt.%Ta: at 1.8 K, monofil. optimized for high field only, unpubl. Lee, Naus and Larbalestier (UW-ASC) '96

		12		697

		12.5		530

		13		360.4

		13.5		210.1

		10-14Ohm cm		Nb-Ti-Ta: Nb-15wt%Ta, 1.8 K, UW330 Lee, Naus and Larbalestier UW-ASC'96

		Applied Field, T		Nb-Ti-Ta: Nb-15wt%Ta, 1.8 K, CB9838 Lee, Naus and Larbalestier UW-ASC'96

		11		1117

		11.5		840.1

		12		567.6

		12.5		345

		13		149.5

		13.5		35.6

		10-14Ohm cm

		Applied Field, T		Nb-Ti: Nb-47wt%Ti, 1.8 K, Lee, Naus and Larbalestier UW-ASC'96

		10		1854

		10.5		1503.7

		11		1157.9

		11.5		823.2

		12		513.6

		12.5		250.3

		13		69.5		Nb-Ti: Nb-47wt%Ti, 1.8 K, CB9738 Lee, Naus and Larbalestier UW-ASC'96

		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Applied Field		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		4.75E+00		4.36E+03

		5.45E+00		3.89E+03

		6.11E+00		3.46E+03

		6.81E+00		3.08E+03

		7.45E+00		2.67E+03

		8.20E+00		2.32E+03

		9.57E+00		1.58E+03

		1.02E+01		1.18E+03

		1.09E+01		9.50E+02

		1.12E+01		8.00E+02

		1.14E+01		6.72E+02

		1.16E+01		6.25E+02

		1.21E+01		3.80E+02

		1.25E+01		2.55E+02

		1.28E+01		1.51E+02

		1.31E+01		7.12E+01

		1.35E+01		3.04E+01

		1.38E+01		9.09E+00

		1.39E+01		4.27E+00

		1.42E+01		8.31E-01

		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		Applied Field		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		1.14E+01		8.59E+02

		1.21E+01		6.57E+02

		1.29E+01		3.96E+02

		1.32E+01		2.83E+02

		1.36E+01		1.32E+02

		1.39E+01		4.36E+01

		1.42E+01		2.19E+01

		1.45E+01		6.88E+00

		1.48E+01		1.98E+00

		1.51E+01		1.35E+00

		1.54E+01		6.83E-01

		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Applied Field		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.				Applied Field		Jc, 2.05 K, Nb-46Ti, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		6.68E+00		3.48E+03				1.01E+01		8.01E+02

		7.17E+00		3.16E+03				1.09E+01		7.31E+02

		7.89E+00		2.78E+03				1.11E+01		6.98E+02

		8.73E+00		2.27E+03				1.14E+01		6.09E+02

		9.69E+00		1.70E+03				1.21E+01		4.43E+02

		1.08E+01		1.08E+03				1.25E+01		2.83E+02

		1.21E+01		3.90E+02				1.28E+01		1.61E+02

		1.28E+01		1.17E+02				1.31E+01		8.06E+01

		1.31E+01		4.99E+01				1.32E+01		5.53E+01

		1.34E+01		1.36E+01				1.34E+01		2.66E+01

		1.37E+01		2.06E+00				1.36E+01		1.22E+01

		1.39E+01		4.21E-01				1.37E+01		5.45E+00

								1.40E+01		6.31E-01

		Applied Field		Jc, 2.05 K, Nb-37Ti-22Ta, 50 hr, Lazarev et al. (Kharkov), CCSW '94.				Applied Field		Jc, 2.05 K, Nb-37Ti-22Ta, CW, Lazarev et al. (Kharkov), CCSW '94.

		7.94E+00		2.19E+03				7.19E+00		3.15E+02

		8.74E+00		1.95E+03				7.90E+00		3.06E+02

		9.46E+00		1.65E+03				8.75E+00		2.98E+02

		1.02E+01		1.38E+03				9.44E+00		2.82E+02

		1.09E+01		1.18E+03				1.02E+01		2.68E+02

		1.13E+01		1.05E+03				1.09E+01		2.64E+02

		1.19E+01		8.43E+02				1.19E+01		2.30E+02

		1.25E+01		6.04E+02				1.25E+01		1.99E+02

		1.31E+01		3.87E+02				1.31E+01		1.56E+02

		1.35E+01		2.41E+02				1.35E+01		1.27E+02

		1.39E+01		1.41E+02				1.40E+01		8.95E+01

		1.45E+01		3.92E+01				1.45E+01		3.59E+01

		1.51E+01		4.03E+00				1.51E+01		3.93E+00

		1.53E+01		6.49E-01				1.53E+01		6.33E-01

								1.56E+01		2.02E-01

		Applied Field		Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.

		7.18E+00		2.06E+03

		7.91E+00		1.90E+03

		8.74E+00		1.53E+03

		9.44E+00		1.47E+03

		1.01E+01		1.25E+03

		1.08E+01		1.01E+03

		1.13E+01		8.66E+02

		1.18E+01		6.70E+02

		1.25E+01		4.23E+02

		1.31E+01		1.93E+02

		1.35E+01		7.61E+01

		1.39E+01		8.19E+00

		1.42E+01		6.25E-01

		Field, T		Nb-Ti-15Ta 1.8 K		Nb-Ti 1.8 K		Nb-Ti-15Ta 4.2 K Long HT		Nb-Ti 4.2 K Long HT		Nb-Ti 4.2 K Short HT		Nb-Ti-15Ta 4.2 K Short HT								Applied Field, T		Nb-44wt.%Ti-15wt.%Ta: at 1.8 K, monofil. optimized for high field only, unpubl. Lee, Naus and Larbalestier (UW-ASC) '96

		5.00		5082		4430		3240		2850		2790		2380								12		697

		7.00		3875		3350		1950		1760		1700		1350								12.5		530

		9.00						617		582		547		355								13		360.4

		11.27		1415		1210																13.5		210.1

		12.00		838		724

		Jc vs field for Nb 46.5wt.% Ti and Nb 44.5wt.%Ti 15wt.% Ta at 1.8 K and 4.2 K,

		from Gregory, proc. ICMC Shenyang, pp.361-371, 1988

		Details:

		50mm diameter billets

		14 filaments - annealed rods

		extruded at 538C to 12.5mm

		Final size 0.25 to 0.15mm

		Filament Diameter 34-10 µms

		4HT after extrusion

		Peak Jc shown.

		Long HT = "standard HT"

		Short HT = half time of standard HT

		Applied Field, T		Nb-Ti-Ta: Nb-44wt%Ti-wt%Ta, 1.8 K, UW310 Lee, Naus and Larbalestier UW-ASC'96, monofil. optimized for high field only, unpubl. Lee, Naus and Larbalestier (UW-ASC) '96, 6hr@405C, 20hr@420 °C, 80hr@420 °C. Prestrain=7																																																																												Novel HT III

		12		689.4				Applied Field, T		Nb-44wt.%Ti-15wt.%Ta: at 1.8 K, UW330 monofil. optimized for high field only, unpubl. Lee, Naus and Larbalestier (UW-ASC) '96, 3hr@300 °C, 3hr@300 °C, 6hr@405C, Prestrain=7																Applied Field, T		Volume% Alpha-Ti		Nb-Ti-Ta: Nb-45wt%Ti-15wt%Ta, 5T(4.2 K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996				Applied Field, T		Nb-46.5wt.%Ti, 4HT, 4.2 K, Liu et al. (IGC-AS), Adv. Cryo. Eng. 42, pp. 1135-1142, 1996.		H. Liu, E. Gregory, K. J. Faase and W. H. Warnes, "Development of Multifilamentary Superconductors containing Nb-40wt.%Ti-18wt.%Ta and Nb-41wt.%Ti-28wt.%Ta Ternary Alloys," Adv. Cryo. Eng., ed. L. T. Summers, Plenum Press, NY, Vol. 42b, pp. 1135-1142, 199				Applied Field		Nb-37Ti-22Ta, 2.05 K, 1000hrs HT, Lazarev et al. (Kharkov), CCSW '94.				Applied Field		Nb-37Ti-22Ta, 2.05 K, 400 hr, Lazarev et al. (Kharkov), CCSW '94.		B.G.Lazarev, O.V.Chernyj, G.E.Storozhilov, L.G.Udov, N.F.Andrievskaya, L.A.Kornienko, L.S.Lazareva, N.A.Chernyak, P.A Kutsenko, B.K.Pryadkin, Y. A  D.Starodubov, M B.Lazareva, V.M.Gorbatenko, "The Study Of The Microstructure And Jc In Nb-37Ti-22Ta Superco		Applied Field		Nb-37Ti-22Ta, 2.05 K, 50 hr, Lazarev et al. (Kharkov), CCSW '94.				Applied Field		Nb-37Ti-22Ta, 2.05 K, CW, Lazarev et al. (Kharkov), CCSW '94.						Applied Field		Nb-44.8wt%Ti-12.3wt%Ta, 4x48hrs@375C, ef = 4, 2.2 K (0.1 µV/cm), Vedernikov et al (Bochvar and NRCKI), Trans. Appl. Superconductivity, 7, pp.1751-1754, 1997								ID		Volume % Alpha Ti		UW Nb-44.4wt.%Ti-15wt.%Ta, 5 T Peak Critical Current Density, A/mm_		UW Nb-44.4wt.%Ti-15wt.%Ta, 8T Peak Critical Current Density, A/mm_		5T/8T		(ln)-Feret Diameter						Mean d*		Vol%alpha*d*(ln)

		12.5		505.2				12		697																5		18		2264				4.99636		3088.72						4.75255		4362.56				11.4278		858.859				7.93602		2190.44				7.18956		314.68						8		3198.79								UW310		20.686		2792		1046		2.6692160612		44.81003287		13.1937497972		152.1886557407		86.7		926.9403399492

		13		283.2				12.5		530				Applied Field, T		Nb-Ti-Ta: Nb-44wt%Ti-15wt%Ta, 1.8 K, CB9838 Lee, Naus and Larbalestier UW-ASC'96, 3x80hr@420 °C										5		20		2701				7.00277		1698.21						5.44745		3885.06				12.1275		656.969				8.74442		1952.28				7.89918		305.946						10		1453								UW320		20.8		2703		1033		2.6166505324		42.4		11.3222584309		158.9870879132		86.436		881.92																								5T		7T		8T		9T		Vol% alpha

		13.5		127.3				13		360.4				11		1117										5		24		2675				7.99619		1131.2						6.11464		3458.4				12.859		395.605				9.45635		1652.22				8.74782		298.02						12		241								UW330		12.4		1667		824		2.0230582524		30.1		11.0345684764		82.1		46.552		373.24																								2683.6918360559		1704.9485243194		1143.7711162634		584.5606231216		14.2

		14		40.9				13.5		210.1				11.5		840.1				Applied Field, T		Nb-Ti: Nb-47wt%Ti, 1.8 K, CB9738 Lee, Naus and Larbalestier UW-ASC'96, 3x80hr@420 °C.				5		25		2362						H. Liu, E. Gregory, K. J. Faase and W. H. Warnes, "Development of Multifilamentary Superconductors containing Nb-40wt.%Ti-18wt.%Ta and Nb-41wt.%Ti-28wt.%Ta Ternary Alloys," Adv. Cryo. Eng., ed. L. T. Summers, Plenum Press, NY, Vol. 42b, pp. 1135-1142, 199						6.80954		3079.85				13.1566		282.556				10.1685		1380.75				9.44396		282.478						13		47								UW340		14.1		2275		906		2.5110375276		30.5		11.2600107545		82.4		49.192		430.05																								2967.378183		1771.23641		1205.981306		633.462562		16.3

		10-14Ohm cm		Nb-Ti-Ta: Nb-44wt%Ti-15wt%Ta, 1.8 K, UW310 6hr@405C, 20hr@420 °C, 80hr@420 °C. ep=7						Nb-Ti-Ta: Nb-44wt%Ti-15wt%Ta, 1.8 K, UW330, 3hr@300 °C, 3hr@300 °C, 6hr@405C, ep=7				12		567.6				10		1854				5		28		2794				Applied Field, T		Nb-40wt.%Ti-18wt.%Ta, 4HT, 4.2 K, Liu et al. (IGC-AS), Adv. Cryo. Eng. 42, pp. 1135-1142, 1996.						7.44948		2672.25				13.5586		131.611				10.8802		1183.36				10.154		267.797																UW350		16.25		2306		956		2.4121338912		38.6		17.0966158332		87.1		51.352		627.25																								2791.8519884326		1757.8409611824		1193.2258177363		616.6949116192		17.9

														12.5		345				10.5		1503.7				Nb-Ti-Ta: Nb-45wt%Ti-15wt%Ta, Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996		R. Taillard, E. Florianova, C. E. Bruzek and Hoang-Gia-Ky, "Microstructure and Properties of Simultaneously Processed Nb-Ti and Nb-Ti-Ta Superconducting Wires," Adv. Cryo. Eng., Ed. L. T. Summers, Plenum Press, NY, vol. 42B, pp. 1151-1158, 1996.						5		2663						8.20024		2322.37				13.9107		43.5775				11.2854		1048.9				10.8773		263.719						An Investigation of Nb-T-Ta Alloys and Properties of the Superconductors Based on Ternary Alloys,										UW340 at 10K because of inhomogeneity		15.233		2275		906		2.5110375276		32.632		13.74		77.51																												3374.8444509288		1946.4221345287		1215.4769066816		525.9232771783		18.9

														13		149.5				11		1157.9				Applied Field, T		Volume% Alpha-Ti		Nb-Ti: Nb-47.1wt%Ti, 5T(4.2 K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996												9.56502		1582.48				14.2419		21.8727				11.8731		842.573				11.8669		229.758						G. P. Vedernikov, L. V. Potanina, V. Yu. Korpusov, V. A. Drobishev, V. S. Zurabov, A. S. Zolatarjev, A. D. Nikulin, N. I. Kozlenkova and S. I. Novikov										Nb-44.4wt.%Ti-15wt.%Ta (Nb-64.2at.%Ti-5.9at.%Ta) alloy fabricated at TWCA																																										3329.3751734456		1916.3231531669		1223.6833742163		538.0168231875		18.9

														13.5		35.6				11.5		823.2				5		17		2570				Applied Field, T		Nb-45wt%Ti-25wt.%Ta, 2WHT, 4.2 K, Liu et al. (IGC-AS), Adv. Cryo. Eng. 42, pp. 1135-1142, 1996.		H. Liu, E. Gregory, K. J. Faase and W. H. Warnes, "Development of Multifilamentary Superconductors containing Nb-40wt.%Ti-18wt.%Ta and Nb-41wt.%Ti-28wt.%Ta Ternary Alloys," Adv. Cryo. Eng., ed. L. T. Summers, Plenum Press, NY, Vol. 42b, pp. 1135-1142, 199				10.2076		1180.21				14.5114		6.87809				12.4904		604.433				12.495		199.184						Trans. Appl. Superconductivity, 7, pp.1751-1754, 1997																																																				3021.421616686		1932.3031583253		1269.3195469737		580.6976048715		21.1

														10-14Ohm cm		Nb-Ti-Ta: Nb-44wt%Ti-15wt%Ta, 1.8 K, CB9838, multifilament, 3x80hr@420 °C				12		513.6				5		17		2437				5		2150						10.9043		950.159				14.7824		1.98011				13.1235		387.146				13.1247		156.106																Novel HT I																																										3287.1273723148		2024.0580941025		1228.4488560713		526.0652315406		21.2

																				12.5		250.3				5		18		2096				7		1273						11.1845		799.625				15.1086		1.34521				13.5208		241.015				13.5453		126.701						Applied Field		Nb-42.6wt%Ti-20.4wt%Ta, 4x48hrs@375C, ef=4, 2.2 K (0.1 µV/cm), Vedernikov et al (Bochvar and NRCKI), Trans. Appl. Superconductivity, 7, pp.1751-1754, 1997								ID		Volume % Alpha Ti		UW Nb-47wt.%Ti, 5 T Peak Critical Current Density, A/mm_		UW Nb-47wt.%Ti, 8T Peak Critical Current Density, A/mm_		5T/8T								Mean d*

																				13		69.5				5		22		2731				8		849						11.3816		672.117				15.3841		0.683245				13.9468		140.926				13.9683		89.5131						7.99392		3003								UW210A		21.3		3223		1291		2.49651433								164

																						Nb-Ti: Nb-47wt%Ti, 1.8 K, CB9738, multfilament, 3x80hr@420 °C.				5		22		2575												11.6046		625.171						Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.				14.4964		39.2131				14.4979		35.8996						10.0007		1277								UW210B		20.4		2973		1253		2.3727055068								174

																										5		24		3029				Applied Field, T		H. Liu, E. Gregory, K. J. Faase and W. H. Warnes, "Development of Multifilamentary Superconductors containing Nb-40wt.%Ti-18wt.%Ta and Nb-41wt.%Ti-28wt.%Ta Ternary Alloys," Adv. Cryo. Eng., ed. L. T. Summers, Plenum Press, NY, Vol. 42b, pp. 1135-1142, 199						12.1123		380.275						B.G.Lazarev, O.V.Chernyj, G.E.Storozhilov, L.G.Udov, N.F.Andrievskaya, L.A.Kornienko, L.S.Lazareva, N.A.Chernyak, P.A Kutsenko, B.K.Pryadkin, Y. A  D.Starodubov, M B.Lazareva, V.M.Gorbatenko, "The Study Of The Microstructure And Jc In Nb-37Ti-22Ta Superco				15.0626		4.02863				15.063		3.92828						12.0139		240								UW230A		22.6		3582		1389		2.5788336933								166

																										Nb-Ti: Nb-47.1wt%Ti, 5T (4.2 K) Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996								5		2118						12.4796		255.346										15.3293		0.649138				15.3436		0.633089																UW240A		23.6		3638		1454		2.5020632737								179

																										Applied Field, T		Volume% Alpha-Ti		Nb-Ti-Ta: Nb-45wt%Ti-15wt%Ta, 8T(4.2 K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996				7		922						12.8492		151.143												Jc, 2.05 K, Nb-37Ti-22Ta, 50 hr, Lazarev et al. (Kharkov), CCSW '94.				15.5851		0.201531																UW245C		10.3		2317		1149		2.0165361184								122

																										8		18		907				8		386						13.112		71.1786																		Jc, 2.05 K, Nb-37Ti-22Ta, CW, Lazarev et al. (Kharkov), CCSW '94.																UW250A		12.8		2080		1040		2								36

																										8		20		926												13.5428		30.3777																		B. G. Lazarev, O. V. Chernyj, G. E. Storozhilov, L. G. Udov, N. F. Andrievskaya, L. A. Kornienko, L. S. Lazareva, N. A. Chernyak, P. A. Kutsenko, B. K. Pryadkin, Y. A. D. Starodubov, M. B. Lazareva and V. M. Gorbatenko, "The Study of the Microstructure an																UW250B		2.6		942		526		1.7908745247								37

																										8		24		906				Applied Field, T		Nb-46.5wt.%Ti, 4HT, 2 K. Liu et al. (IGC-AS), Adv. Cryo. Eng. 42, pp. 1135-1142, 1996		H. Liu, E. Gregory, K. J. Faase and W. H. Warnes, "Development of Multifilamentary Superconductors containing Nb-40wt.%Ti-18wt.%Ta and Nb-41wt.%Ti-28wt.%Ta Ternary Alloys," Adv. Cryo. Eng., ed. L. T. Summers, Plenum Press, NY, Vol. 42b, pp. 1135-1142, 199				13.8137		9.08525																		The Study of the Microstructure and Jc in Nb-37Ti-22Ta Superconductor Produced with Different Duration of Treatments,																UW255C		16.7		2414		1144		2.1101398601								147

																										8		25		907				7		2938						13.938		4.26985																		Proc. 7th Int. Workshop on Critical Currents in Superconductors, Alpbach, Austria, Ed. H. W. Weber, World Scientific Press, Singapore, 1994																UW260A		20.4		2973		1237		2.4033953112								154

																										8		28		909				10		1389						14.1887		0.831365																																		UW260B		20.9		3044		1280		2.378125								223

																										Nb-Ti-Ta: Nb-45wt%Ti-15wt%Ta, 8T(4.2 K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996		R. Taillard, E. Florianova, C. E. Bruzek and Hoang-Gia-Ky, "Microstructure and Properties of Simultaneously Processed Nb-Ti and Nb-Ti-Ta Superconducting Wires," Adv. Cryo. Eng., Ed. L. T. Summers, Plenum Press, NY, vol. 42B, pp. 1151-1158, 1996.						12		308																																										UW265C		13.9		2519		1171		2.1511528608								130

																										Applied Field, T		Volume% Alpha-Ti		Nb-Ti: Nb-47.1wt%Ti, 8T(4.2 K) Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996						H. Liu, E. Gregory, K. J. Faase and W. H. Warnes, "Development of Multifilamentary Superconductors containing Nb-40wt.%Ti-18wt.%Ta and Nb-41wt.%Ti-28wt.%Ta Ternary Alloys," Adv. Cryo. Eng., ed. L. T. Summers, Plenum Press, NY, Vol. 42b, pp. 1135-1142, 199

																										8		17		1202																																														Regression Fits		Vol. % Alpha Range		5T		8T		ln-d* range		5T/8T by regeression		ln-d* - sigma range		5T/8T by linear regresssion		d* (simple) nm		5T/8T by linear regresssion

																										8		17		1080				Applied Field, T		Nb-40wt.%Ti-18wt.%Ta, 4HT, 2 K, Liu et al. (IGC-AS), Adv. Cryo. Eng. 42, pp. 1135-1142, 1996.		H. Liu, E. Gregory, K. J. Faase and W. H. Warnes, "Development of Multifilamentary Superconductors containing Nb-40wt.%Ti-18wt.%Ta and Nb-41wt.%Ti-28wt.%Ta Ternary Alloys," Adv. Cryo. Eng., ed. L. T. Summers, Plenum Press, NY, Vol. 42b, pp. 1135-1142, 199				Applied Field		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.				Applied Field		Jc, 2.05 K, Nb-46Ti, 400 hr, Lazarev et al. (Kharkov), CCSW '94.				Applied Field		Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.																				UW3xx fit		0		502.03075		554.11491		21.5		2.00412495		0		2.2826726		25		2.0853817

																										8		18		1081				7		2673						6.68454		3477.12				10.1292		800.696				7.17584		2059.5																				UW3xx fit		25		3242.203		1146.03091		48.3		2.75520299		36.5		2.75028505		95		2.7326227

																										8		22		1171				10		1438						7.16884		3163.85				10.8617		731.037				7.90816		1904.22																				UW2xx fit		0		743.48398		579.66639										70		2.0045059

																										8		22		1223				12		555						7.88818		2780.7				11.1245		697.526				8.73927		1534.34																				UW2xx fit		25		3644.65323		1463.449365										223		2.5568206

																										8		24		1219												8.73288		2269.47				11.4026		609.363				9.44338		1472.88																						Applied Field, T		Nb-Ti-Ta: Nb-44wt%Ti-wt%Ta, 1.8 K, UW310 Lee, Naus and Larbalestier UW-ASC'96, monofil. optimized for high field only, unpubl. Lee, Naus and Larbalestier (UW-ASC) '96, 6hr@405C, 20hr@420 °C, 80hr@420 °C. Prestrain=7

																										Nb-Ti: Nb-47.1wt%Ti, 8T(4.2 K) Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996		R. Taillard, E. Florianova, C. E. Bruzek and Hoang-Gia-Ky, "Microstructure and Properties of Simultaneously Processed Nb-Ti and Nb-Ti-Ta Superconducting Wires," Adv. Cryo. Eng., Ed. L. T. Summers, Plenum Press, NY, vol. 42B, pp. 1151-1158, 1996.						Applied Field, T		Nb-41wt.%Ti-28wt.%Ta, 4HT, 2 K, Liu et al. (IGC-AS), Adv. Cryo. Eng. 42, pp. 1135-1142, 1996.		H. Liu, E. Gregory, K. J. Faase and W. H. Warnes, "Development of Multifilamentary Superconductors containing Nb-40wt.%Ti-18wt.%Ta and Nb-41wt.%Ti-28wt.%Ta Ternary Alloys," Adv. Cryo. Eng., ed. L. T. Summers, Plenum Press, NY, Vol. 42b, pp. 1135-1142, 199				9.68934		1698.1				12.1113		443.07				10.122		1245.68																						12		689.4				Applied Field, T		Nb-44wt.%Ti-15wt.%Ta: at 1.8 K, UW330 monofil. optimized for high field only, unpubl. Lee, Naus and Larbalestier (UW-ASC) '96, 3hr@300 °C, 3hr@300 °C, 6hr@405C, Prestrain=7

																																		7		1858						10.8415		1081.08				12.491		282.659				10.8288		1014.75																						12.5		505.2				12		697

																																		10		1000						12.0857		390.363				12.845		160.892				11.2727		866.341																						13		283.2				12.5		530

																																		12		395						12.8364		117.315				13.1322		80.6409				11.8425		669.708																						13.5		127.3				13		360.4

																																										13.14		49.9075				13.2211		55.275				12.4844		423.398																						14		40.9				13.5		210.1

																																										13.3819		13.6342				13.3985		26.6344				13.1042		192.693																						10-14Ohm cm		Nb-Ti-Ta: Nb-44wt%Ti-15wt%Ta, 1.8 K, UW310 Lee, Naus and Larbalestier UW-ASC'96						Nb-Ti-Ta: Nb-44wt%Ti-15wt%Ta, 1.8 K, UW330 Lee, Naus and Larbalestier UW-ASC'96

																																										13.661		2.05832				13.563		12.1994				13.5193		76.1079

																																										13.949		0.420816				13.6865		5.44531				13.9419		8.18589

																																																13.9699		0.630583				14.2184		0.624789																										Jc, A/mm_ corrected for 4%Nb barrier

																																																																																Vol. % Alpha		5T		7T

																																																																														SSC Phase II R&D		11		2617.11		1649.27

																																																																														SSC Phase II R&D		15.7		2726.33		1712.99

																																																																														SSC Phase II R&D		17.4		2626.21		1634.1

																																																																														SSC Phase II R&D		17.7		2956.92		1791.87

																																																																																Vol. % Alpha		5T		O. V. Chernyj, G. F. Tikhinskij, G. E. Storozhilov, M. B. Lazareva, L. A.

																																																																														Nb-50wt.%Ti alloy		1.10E+01		1.91E+03		Kornienko, N. F. Andrievskaya, V. V. Sagalovich, Ya D. Starodubov and S. I.

																																																																														Nb-50wt.%Ti alloy		1.40E+01		2.80E+03		Savchenko, Nb-Ti superconductors of a high current-carrying capacity,

																																																																														Nb-50wt.%Ti alloy		1.50E+01		2.50E+03		Superconductor Science and Technology, 4, pp. 318-323, 1991.

																																																																														Nb-50wt.%Ti alloy		2.00E+01		2.90E+03

																																																																														Nb-50wt.%Ti alloy		2.00E+01		3.01E+03

																																																																														Nb-50wt.%Ti alloy		2.00E+01		3.21E+03

																																																																														Nb-50wt.%Ti alloy		2.10E+01		3.20E+03

																																																																														Nb-50wt.%Ti alloy		2.20E+01		3.20E+03

																																																																														Nb-50wt.%Ti alloy		2.20E+01		3.31E+03

																																																																														Nb-50wt.%Ti alloy		2.20E+01		3.40E+03

																																																																														Nb-50wt.%Ti alloy		2.30E+01		3.30E+03

																																																																														Nb-50wt.%Ti alloy		2.30E+01		3.40E+03

																																																																														Nb-50wt.%Ti alloy		2.40E+01		3.10E+03

																																																																														Nb-50wt.%Ti alloy		2.70E+01		3.81E+03

																																																																														Nb-50wt.%Ti alloy		2.80E+01		3.71E+03

																																																																														Nb-50wt.%Ti alloy		2.80E+01		3.60E+03

																																																																														Nb-50wt.%Ti alloy		3.30E+01		3.50E+03

		Nb-Ti-17Ta Mono UW 17342  @ 0.0178 " , Cu/Sc  = 0.92, Napa Workshop 1998																17342						17342

		Applied Field, T		Ic		Jc		n

		10		158		1883		>100										0.508		mm				0.452		mm

		10.5		130		1549		41										1.9 K						1.9 K

		11		101		1203		41										Applied Field		Jc				Applied Field		Jc

		12		51		606		26										10		1778				10		1860.4

		13		14.5		174		13										10.5		1474.4				10.5		1545.7

		14		0.6		7		3																11		1200

				10-14Ohm cm																				13		172.5

																								14		6.9

																		4.2 K						4.2 K

																		Applied Field		Jc				Applied Field		Jc

																		5		2918.7				5		2909.3

																		7		1502.5				7		1522.3

																		8		874.6				8		865.5

																		9		310.1

																		18342

																		0.508		mm		ef=4.64		0.455		mm

																		1.9 K						1.9 K

																		Applied Field		Jc				Applied Field		Jc

																		10		1468				10		1524.7

																		10.5		1248.7				10.5		1323.4

																		11		1048.9				11		1097.4

																		12		638.2				12		682.3

																		13		274				13		302.2

																		14		44.6				14		56.5

		Precipitation Rate

		from ASC 88 paper

		Lee et al.

		Composition (wt.% Ti)		HTs 80 hr@420 °C		Volume % alpha-Ti		Mean ppt. CSA (nm_)		d* (nm)		Matrix Composition

		46.5		1		11		2020		51		41.8609426473

		49		1		12		2560		57		44.0797194453

		53		1		17		3372		66		46.1533604377

		46.5		2		15		5900		87		39.9357268266

		49		2		20		18600		154		40.1384783135

		53		2		26		2400		263		41.4844096849

		46.5		3		21						36.7596728619

		49		3		27						36.1290925768

		53		3		34						36.476419479

		58		3_40 hr@375 °C		40						38.76

		Unpub

		Scale

		62.3058873914		63		46.7376951216		58		60

		69.4923097483		64		47.813133333		58		60

				65		48.9037895487		58		60

				66		50.0099890842		58		60

				67		51.1320665939		58		60

				68		52.2703664089		58		60

				69		53.4252428888		58		60

						46				60

						54				60

																						10.5T, 1.9 K Values				B		Jc

																						SSC Average				10.5		1327

																						IGC for FNAL				10.5		1419.0978865104

																						OST for FNAL				10.5		1421.7543020099

																						Nb-47wt%Ti(Fe) 3x80hr@420°C

																						Field		Ic		Jc		N-value

																						(Tesla)		(A)		(A/mm_)

																						10		353.024674		1750.602217		49

																						10.5		299.865411		1486.992531		75

																						11		230.376073		1142.404185		54
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Nb-Ti

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

						0		0		0		0
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Nb-Ti-15Ta 1.8 K

Nb-Ti 1.8 K

Nb-Ti-15Ta 4.2 K Long HT

Nb-Ti 4.2 K Long HT

Nb-Ti-15Ta 4.2 K Short HT

Nb-Ti 4.2 K Short HT

Nb-44wt.%Ti-15wt.%Ta: at 1.8 K, monofil. optimized for high field only, unpubl. Lee, Naus and Larbalestier (UW-ASC) '96

Field, T

PEAK Jc, A/mm^2

Jc vs field for Nb 46.5wt.% Ti and Nb 44.5wt.%Ti 15wt.% Ta at 1.8K ad 4.2K, from Gregory, proc. ICMC Shenyang, pp.361-371, 1988
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Nb3Sn

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0				0		0		0		0

		0				0		0				0		0		0

						0		0				0		0		0

								0				0		0		0

												0		0		0
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Nb-Ti-Ta: Nb-44wt%Ti-wt%Ta, 1.8 K, UW310 Lee, Naus and Larbalestier UW-ASC'96, monofil. optimized for high field only, unpubl. Lee, Naus and Larbalestier (UW-ASC) '96, 6hr@405C, 20hr@420 °C, 80hr@420 °C. Prestrain=7

Nb-44wt.%Ti-15wt.%Ta: at 1.8 K, UW330 monofil. optimized for high field only, unpubl. Lee, Naus and Larbalestier (UW-ASC) '96, 3hr@300 °C, 3hr@300 °C, 6hr@405C, Prestrain=7

Nb-Ti-Ta: Nb-44wt%Ti-15wt%Ta, 1.8 K, CB9838 Lee, Naus and Larbalestier UW-ASC'96, 3x80hr@420 °C

Nb-Ti: Nb-47wt%Ti, 1.8 K, CB9738 Lee, Naus and Larbalestier UW-ASC'96, 3x80hr@420 °C.

Nb-40wt.%Ti-18wt.%Ta, 4HT, 2 K, Liu et al. (IGC-AS), Adv. Cryo. Eng. 42, pp. 1135-1142, 1996.

Nb-37Ti-22Ta, 2.05 K, 400hrs, Lazarev et al. (Kharkov), CCSW '94.

Nb-37Ti-22Ta, 2.05 K, 50hrs, Lazarev et al. (Kharkov), CCSW '94.

Nb-37Ti-22Ta, 2.05 K, CW, Lazarev et al. (Kharkov), CCSW '94.

Nb-44.8wt%Ti-12.3wt%Ta, 4x48hrs@375C, ef = 4, 2.2 K (0.1 µV/cm), Vedernikov et al (Bochvar and NRCKI), Trans. Appl. Superconductivity, 7, pp.1751-1754, 1997

Nb-42.6wt%Ti-20.4wt%Ta, 4x48hrs@375C, ef=4, 2.2 K (0.1 µV/cm), Vedernikov et al (Bochvar and NRCKI), Trans. Appl. Superconductivity, 7, pp.1751-1754, 1997

Applied Field, T

Critical Current Density, A/mm2

Improved Jc at very low temp, high field.
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Nb3Al

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

				0				0
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Nb-Ti-Ta: Nb-45wt%Ti-15wt%Ta, 5T(4.2 K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

Nb-Ti: Nb-47.1wt%Ti, 5T(4.2 K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

Nb-Ti-Ta: Nb-45wt%Ti-15wt%Ta, 8T(4.2 K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

Nb-Ti: Nb-47.1wt%Ti, 8T(4.2 K) Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

Volume % Alpha Ti Precipitate

Critical Current Density, A/mm2
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2223
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(ln)-Feret Diameter

(ln)-Feret Diameter - s

(ln)-Feret Diameter + s

Diameter, nm (ln stat)

5T/8T Peak Critical Current Density
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2212
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		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0				0		0		0		0

		0		0				0		0		0

		0		0				0		0		0

				0				0		0		0

								0		0		0

								0		0		0
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Nb-44wt%Ti-15wt%Ta, 1.8K, 3x80hr@420C UW-ASC

Nb-47wt%Ti, 1.8K 3x80hr@420C UW-ASC

Nb-40wt.%Ti-18wt.%Ta, 4HT, 2 K, Liu et al. (IGC-AS), Adv. Cryo. Eng. 42, pp. 1135-1142, 1996.

Nb-37Ti-22Ta, 2.05 K, 400hrs, Lazarev et al. (Kharkov), CCSW '94.

Nb-37Ti-22Ta, 2.05 K, 50hrs, Lazarev et al. (Kharkov), CCSW '94.

Nb-37Ti-22Ta, 2.05 K, CW, Lazarev et al. (Kharkov), CCSW '94.

Nb-44.8wt%Ti-12.3wt%Ta, 4x48hrs@375C, ef = 4, 2.2 K (0.1 µV/cm), Vedernikov et al (Bochvar and NRCKI), Trans. Appl. Superconductivity, 7, pp.1751-1754, 1997

Nb-42.6wt%Ti-20.4wt%Ta, 4x48hrs@375C, ef=4, 2.2 K (0.1 µV/cm), Vedernikov et al (Bochvar and NRCKI), Trans. Appl. Superconductivity, 7, pp.1751-1754, 1997

Applied Field, T

Critical Current Density, A/mm2
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YBaCuO
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Nb-Ti-Ta: Nb-44wt%Ti-15wt%Ta, 1.8 K, UW310 6hr@405C, 20hr@420 °C, 80hr@420 °C. ep=7

Nb-Ti-Ta: Nb-44wt%Ti-15wt%Ta, 1.8 K, UW330, 3hr@300 °C, 3hr@300 °C, 6hr@405C, ep=7

Nb-Ti-Ta: Nb-44wt%Ti-15wt%Ta, 1.8 K, CB9838, multifilament, 3x80hr@420 °C

Nb-Ti: Nb-47wt%Ti, 1.8 K, CB9738, multfilament, 3x80hr@420 °C.

Nb-40wt.%Ti-18wt.%Ta, 4HT, 2 K, Liu et al. (IGC-AS), Adv. Cryo. Eng. 42, pp. 1135-1142, 1996.

Nb-37Ti-22Ta, 2.05 K, 400hrs, Lazarev et al. (Kharkov), CCSW '94.

Nb-37Ti-22Ta, 2.05 K, 50hrs, Lazarev et al. (Kharkov), CCSW '94.

Nb-37Ti-22Ta, 2.05 K, CW, Lazarev et al. (Kharkov), CCSW '94.

Nb-44.8wt%Ti-12.3wt%Ta, 4x48hrs@375C, ef = 4, 2.2 K (0.1 µV/cm), Vedernikov et al (Bochvar and NRCKI), Trans. Appl. Superconductivity, 7, pp.1751-1754, 1997

Nb-42.6wt%Ti-20.4wt%Ta, 4x48hrs@375C, ef=4, 2.2 K (0.1 µV/cm), Vedernikov et al (Bochvar and NRCKI), Trans. Appl. Superconductivity, 7, pp.1751-1754, 1997

Applied Field, T

Critical Current Density, A/mm2
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NbN
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						0

						0
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Nb-Ti-Ta sereis ln-1 d*

Nb-47wt%Ti: Using simple mean

Simple Feret Diameter for Nb-Ti-Ta series

Feret Diameter, nm (ln stat)

5T/8T Peak Critical Current Density
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SnMo6S8
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5T

8T

Nb-Ti-Ta: Nb-45wt%Ti-15wt%Ta, 5T(4.2K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

Nb-Ti: Nb-47.1wt%Ti, 5T(4.2K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

Nb-Ti-Ta: Nb-45wt%Ti-15wt%Ta, 8T(4.2K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

Nb-Ti: Nb-47.1wt%Ti, 8T(4.2K) Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

#REF!

#REF!

UW Nb-47wt.%Ti, 5 T Peak Critical Current Density, A/mm2

UW Nb-47wt.%Ti, 8T Peak Critical Current Density, A/mm2

UW Nb-44.4wt.%Ti-15wt.%Ta, 5 T Peak Critical Current Density, A/mm2

UW Nb-44.4wt.%Ti-15wt.%Ta, 8T Peak Critical Current Density, A/mm2

Volume % Alpha Ti Precipitate

Critical Current Density, A/mm2
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Laves
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UW Nb-44.4wt.%Ti-15wt.%Ta, 5 T Peak Critical Current Density, A/mm2

UW Nb-44.4wt.%Ti-15wt.%Ta, 8T Peak Critical Current Density, A/mm2

Vol% alpha-Ti*Feret Diameter, %alpha*
nm

Critical Curent Density, A/mm2
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Plot-Blue Jc
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Nb-Ti-Ta: Nb-45wt%Ti-15wt%Ta, 5T(4.2K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

Nb-Ti: Nb-47.1wt%Ti, 5T(4.2K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

Nb-Ti-Ta: Nb-45wt%Ti-15wt%Ta, 8T(4.2K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

Nb-Ti: Nb-47.1wt%Ti, 8T(4.2K) Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

#REF!

#REF!

UW Nb-44.4wt.%Ti-15wt.%Ta, 5 T Peak Critical Current Density, A/mm2

UW Nb-44.4wt.%Ti-15wt.%Ta, 8T Peak Critical Current Density, A/mm2

Volume % Alpha Ti Precipitate

Critical Current Density, A/mm2
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1000A_mm_
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												0		0		0

												0		0		0
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														0		0
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																0



Nb-Ti-Ta: Nb-44wt%Ti-15wt%Ta, 1.8 K, UW310 6hr@405C, 20hr@420 °C, 80hr@420 °C. ep=7

Nb-Ti-Ta: Nb-44wt%Ti-15wt%Ta, 1.8 K, UW330, 3hr@300 °C, 3hr@300 °C, 6hr@405C, ep=7

Nb-Ti-Ta: Nb-44wt%Ti-15wt%Ta, 1.8 K, CB9838, multifilament, 3x80hr@420 °C

Nb-Ti: Nb-47wt%Ti, 1.8 K, CB9738, multfilament, 3x80hr@420 °C.

Nb-40wt.%Ti-18wt.%Ta, 4HT, 2 K, Liu et al. (IGC-AS), Adv. Cryo. Eng. 42, pp. 1135-1142, 1996.

Nb-37Ti-22Ta, 2.05 K, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

Nb-37Ti-22Ta, 2.05 K, 50 hr, Lazarev et al. (Kharkov), CCSW '94.

Nb-37Ti-22Ta, 2.05 K, CW, Lazarev et al. (Kharkov), CCSW '94.

Nb-44.8wt%Ti-12.3wt%Ta, 4x48hrs@375C, ef = 4, 2.2 K (0.1 µV/cm), Vedernikov et al (Bochvar and NRCKI), Trans. Appl. Superconductivity, 7, pp.1751-1754, 1997

Nb-42.6wt%Ti-20.4wt%Ta, 4x48hrs@375C, ef=4, 2.2 K (0.1 µV/cm), Vedernikov et al (Bochvar and NRCKI), Trans. Appl. Superconductivity, 7, pp.1751-1754, 1997

Nb-Ti-17Ta Mono UW 17342  @ 0.0178 " , Cu/Sc  = 0.92, Napa Workshop 1998

Applied Field, T

Critical Current Density, A/mm2
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Plot-Ylw Jc
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5T

8T

Nb-47wt.%Ti, 5T, 4.2K (41)

SSC Nb-47wt.%Ti, 5T, 4.2K (43)

50wt.%Ti (42)

Nb-47wt.%Ti, 8T, 4.2K (41)

Volume of a-Ti precipitate (%)

Critical current density  (A/mm2)
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Plot-Ylw Fp
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3 HT Matrix Composition

2 HT Matrix Composition

1 HT Matrix Composition

3 HT Volume of precipitate

2 HT Volume of precipitate

1 HT Volume of precipitate

Initial alloy composition (wt.% Ti)

Volume of a-Ti  and Residual Ti content by weight of matrix (%)
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Plot Nb-Ti Progress
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Best Laboratory Scale Nb-15wt.%Ta-44wt%Ti at 2K (UW310)

Best Laboratory Scale Nb-47wt%Ti at 1.8K (CB9728)

Nb-37Ti-22Ta, 2.05K, 50hrs, Lazarev et al. (Kharkov), CCSW '94.

SSC Inner Average

Nb-Ti(Fe) Production Strand

Nb-47wt%Ti(Fe) 3x80hr@420°C
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2 K vs 4.2 K
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Best Laboratory Scale Nb-15wt.%Ta-44wt%Ti at 2K (UW310)

Best Laboratory Scale Nb-47wt%Ti at 1.8K (CB9728)

Nb-37Ti-22Ta, 2.05K, 50hrs, Lazarev et al. (Kharkov), CCSW '94.

SSC Inner Average

Nb-Ti(Fe) Production Strand

Nb-47wt%Ti(Fe) 3x80hr@420°C

Applied Field, T

Critical Current Density, A/mm_
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UW Nb-44.4wt.%Ti-15wt.%Ta, 5 T Peak Critical Current Density, A/mm2

UW Nb-44.4wt.%Ti-15wt.%Ta, 8T Peak Critical Current Density, A/mm2

Nb-Ti(Fe) this study 5T, 4.2K

Nb-Ti(Fe) this study 8T

Volume % Alpha Ti Precipitate
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UW Nb-47wt.%Ti, 5 T Peak Critical Current Density, A/mm2

Nb-46-47et.%Ti(Fe), this study, 5T

UW Nb-47wt.%Ti, 8T Peak Critical Current Density, A/mm2
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5T

8T

Nb-47wt.%Ti, 5T, 4.2K (UW Mono)

SSC Nb-47wt.%Ti, 5T, 4.2K (43)

50wt.%Ti (Chernyl et al.)

Nb-47wt.%Ti, 8T, 4.2K (41)

Nb-46-47wt.%Ti(Fe), this study, 5T

Nb-46-47wt.%Ti(Fe), this study 8T
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UW17342 17wt.%Ta

UW18342 17wt.%Ta

UW310 15Ta

UW330 15 Ta

CB9738 Nb-47wt.%Ti

Nb-37Ti-22Ta 400hr HT

Nb-37Ti-22Ta 50hr HT

Nb-37Ti-22Ta CW
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Critical Current Density, A/mm2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0						0		0						0		0

		0		0		0		0		0		0						0		0						0		0

		0		0		0		0		0		0						0		0						0		0

				0				0										0		0

																		0		0

																		0		0

																		0		0

																		0		0

																		0		0



5T

8T

Nb-Ti-Ta: Nb-45wt%Ti-15wt%Ta, 5T(4.2K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

Nb-Ti: Nb-47.1wt%Ti, 5T(4.2K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

Nb-Ti-Ta: Nb-45wt%Ti-15wt%Ta, 8T(4.2K)Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

Nb-Ti: Nb-47.1wt%Ti, 8T(4.2K) Taillard et al. Adv. Cryo. Eng., 42B, pp. 1151-1158, 1996

#REF!

#REF!

UW Nb-47wt.%Ti, 5 T Peak Critical Current Density, A/mm2

UW Nb-47wt.%Ti, 8T Peak Critical Current Density, A/mm2

UW Nb-44.4wt.%Ti-15wt.%Ta, 5 T Peak Critical Current Density, A/mm2

UW Nb-44.4wt.%Ti-15wt.%Ta, 8T Peak Critical Current Density, A/mm2

Volume % Alpha Ti Precipitate

Critical Current Density, A/mm2
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																																																																																																																																																								Jc (A/mm_) f(dp,B)

																																																																																																																																																				UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.)

		Field, Tesla								Field, Tesla		Jc, 0.9mm				Field, Tesla		Jc, 1mm

		10		23.1458868726		2314.5886872602				8		3292.440656				9		2576.2548998708

		11		21.1451407192		1922.285519928				9		2780.9935639775				10		2231.0281126185

		12		19.3013158327		1608.4429860622				10		2344.1325060346				11		1920.3240040913

		13		17.2238922421		1324.9147878539				11		1968.5385476814				12		1626.8812349268

		14		15.7277906176		1123.4136155423				12		1640.8927542242				13		1342.0691354436

		16		10.8133018486		675.8313655405				13		1347.8761909699				14		1106.8833866279

		17		9.0367034595		531.5707917352				14		1108.1353664891				16		701.0261448644

		17.5		8.2758136345		472.9036362569				18		379.3232600674				17		543.5164231805

		18		7.1737983735		398.5443540853				18.5		321.785462192				17.5		457.8570265935

		18.5		6.1095868723		330.2479390451				19		253.3261378681				18		386.4382349806

		19.5		4.2839505873		219.6897737061				19.5		210.7055468492				18.5		318.9032447244

		20		3.4094711634		170.473558168				20		162.2246245654				19		258.4885569552

				Fp,GN/m_		Jc, A/mm_										19.5		204.7626381891

		Nb3Sn: Internal Sn High Ic strand design (TWC) - Jablonski (EIS'96) [Non-Cu Jc]														20		156.8624214578

		Field, Tesla				Nb3Sn: Internal Sn, ITER type low hysteresis loss design (IGC - Gregory et al.) [Non-Cu Jc]

		10		10.64		1064

		11		9.944		904

		12		9.228		769

		13		8.463		651

		14		7.644		546

				Fp,GN/m_		Jc, A/mm_

		Nb3Sn: Internal Sn, ITER type low hysteresis loss design (IGC - Gregory et al.) [Non-Cu Jc]

		Applied Field, T		Nb3Sn: Sn plated Cu APC, 40 hr@650 °C, R. Zhou PhD Thesis (OST), '94				Applied Field, T		Nb3Sn: Sn Plated Cu APC 200 hr@650 °C, Zhou et al. (OST) ,93

		1		20.8797				0.964286		13.6301

		2		44.0571				1.96429		23.0137

		3		55.936				2.92857		29.863

		4		56.9694				3.89286		35.0685

		5		56.3507				4.89286		38.4931

		6		52.6083				5.92857		40.5479

		7		48.0368				6.89286		41.6438

		8		43.3765				7.92857		39.1096

		9		37.7037				8.96429		34.5205

		10		32.0338				10		29.4521

		11		26.2692				11		23.9041

		12		20.6024				11.9643		18.4247

				Fp						Fp

				NB3Sn: APC with Cu, R. Zhou PhD Thesis (OST), '94

										NB3Sn: Sn Plated and Heat Treated APC with Cu, Zhou et al. (OST) ,IEEE Trans Appl. Superconductivity, 3, pp.986-989, 1993

		Applied Field, T				Applied Field, T

		5.92095		8083.19		5.92095		47.8601638305

		7.8958		5653.87		7.8958		44.641826746

		9.87066		3954.66		9.87066		39.0351042756

		11.9075		2625.61		11.9075		31.264451075

		13.906		1655.71		13.906		23.02430326

		15.8929		925.415		15.8929		14.7075280535

		17.9581		409.59		17.9581		7.355458179

		19.9887		126.228		19.9887		2.5231336236

		Applied Field, T		Jc, A/mm_		Applied Field, T

		Nb3Sn: APC with Ta, A15 layer only, Klemm et al. (KfK), 1990

		Applied Field, T				Applied Field, T

		10		1197.02		10		11.9702

		11		1023.14		11		11.25454

		12		862.373		12		10.348476

		13		726.893		13		9.449609

		14		595.861		14		8.342054

		15		485.063		15		7.275945

		16		394.883		16		6.318128

		17		314.818		17		5.351906

		18		245.812		18		4.424616

		19		181.543		19		3.449317

		20		126.815		20		2.5363

		21		83.7898		21		1.7595858

		Applied Field, T		Jc, A/mm_		Applied Field, T

		Applied Field, T				Applied Field, T

		9.5		2552.2		9.5		24.2459		OUTER

		10		2307.42		10		23.0742

		11		1859.38		11		20.45318

		12		1470.01		12		17.64012

		13		1122.23		13		14.58899

		Applied Field, T		Jc, A/mm_		Applied Field, T

		Applied Field, T				Applied Field, T

		10.5		1590.75		10.5		16.702875		INNER

		11		1436.39		11		15.80029

		12		1144.84		12		13.73808

		13		870.423		13		11.315499

		Applied Field, T		Jc, A/mm_		Applied Field, T

		Applied Field, T				Applied Field, T

		11		2121.89		11		23.34079

		12		1743.85		12		20.9262

		13		1406.18		13		18.28034

		16		615.743		16		9.851888

		18		337.532		18		6.075576

		20		143.909		20		2.87818

		Applied Field, T		Jc, A/mm_		Applied Field, T

		Applied Field, T				Applied Field, T

		9.30864		1739.13		9.30864		16.1889350832		Cable Inner

		9.90849		1532.9		9.90849		15.188724321

		11.2008		1105.25		11.2008		12.3796842

		Applied Field, T		Jc, A/mm_		Applied Field, T

		Applied Field, T

		9.31E+00		1.74E+03		9.31E+00		16.1889350832		Cable Outer

		9.91E+00		1.53E+03		9.91E+00		15.188724321

		1.12E+01		1.15E+03		1.12E+01		12.90099789

		1.17E+01		1.05E+03		1.17E+01		12.271375194

		Applied Field, T		Jc, A/mm_		Applied Field, T

		Applied Field, T				Applied Field, T																y = 38.946x2 - 1837.1x + 21665

		2.00E+01		5.00E+02		2.00E+01		10												10		7188.6

		2.10E+01		2.69E+02		2.10E+01		5.640684												18		1215.704

		2.20E+01		9.30E+01		2.20E+01		2.044955												20		501.4

		2.30E+01		1.73E+01		2.30E+01		0.3988706												22		98.664

		Applied Field, T		Jc, A/mm_		Applied Field, T

		<TD>Nb<SUB>2.9</SUB>Sn: From Nb<SUB>6</SUB>Sn<SUB>5</SUB> and Nb powders in Ta tube, with 1wt.%Ge addition.

		Core J<SUB>c</SUB> only, Tachikawa <A HREF="mailto:tacsuper@keyaki.cc.u-tokai.ac.jp"><IMG SRC="smallmail.gif" WIDTH=15 HEIGHT=14 BORDER=1></A>et al. (Tokai Univ.) Some of the data was presented

		at the 1996 Applied Superconductivity Confererence (K. Tachikawa, Y. Kuroda, H. Tomori and M. Ueda, " Improved High Field

		Performance in Nb<SUB>3</SUB>Sn Conductor Prepared from Intermediate Compound," Paper MFC-1, accepted for publication in

		IEEE Trans. Appl. Superconductivity) and some at the 10th U.S.-Japan Workshop on High Field Superconducting

		Materials (Brookhaven National Laboratory, 1996.<br>

				I<SUB>c</SUB> measured resistively by a four probe method, the criterion used was 1<FONT FACE="Symbol">m</FONT>V/cm. 10 other powder combinations are reported. The sample is a 5mm x 0.5mm tape with the cross-section of the core being about 6.3 x 10<SUP>-3

		The magnetic field was applied perpendicular to specimen current and parallel to specimen surface.

		Applied Field, T		(NbTaTi)3Sn: Production Bronze route strand, 2 K non-Cu Jc, Thoner (VAC) Erice '96.		Applied Field, T		(NbTaTi)3Sn: Production Bronze route strand, 2 K non-Cu Jc, Thoner (VAC) Erice '96.		Applied Field, T		(NbTaTi)3Sn: Production Bronze route strand, 4.2 K non-Cu Jc, Thoner (VAC) Erice '96.		Applied Field, T		(NbTaTi)3Sn: Production Bronze route strand, 4.2 K non-Cu Jc, Thoner (VAC) Erice '96.

		1.64E+01		3.31E+02		1.64E+01		5.4198800905		1.49E+01		3.32E+02		1.49E+01		4.939205895

		1.74E+01		2.81E+02		1.74E+01		4.8680113228		1.58E+01		2.81E+02		1.58E+01		4.4549398691

		1.84E+01		2.37E+02		1.84E+01		4.3636615876		1.69E+01		2.38E+02		1.69E+01		4.0147379575

		1.94E+01		1.97E+02		1.94E+01		3.8244122813		1.79E+01		1.98E+02		1.79E+01		3.5353439068

		2.04E+01		1.59E+02		2.04E+01		3.2425130388		1.89E+01		1.59E+02		1.89E+01		3.0099108185

		2.14E+01		1.24E+02		2.14E+01		2.663856224		1.99E+01		1.26E+02		1.99E+01		2.50937325

		2.24E+01		9.47E+01		2.24E+01		2.1210105302		2.09E+01		9.49E+01		2.09E+01		1.9853119213

		2.34E+01		6.86E+01		2.34E+01		1.6072571907		2.19E+01		6.88E+01		2.19E+01		1.5074248716

		2.44E+01		4.78E+01		2.44E+01		1.1681538064		2.30E+01		4.84E+01		2.30E+01		1.1117951267

		Applied Field, T		Jc, A/mm_		Applied Field, T				Applied Field, T		Jc, A/mm_		Applied Field, T

		(NbTaTi)3Sn: Production Bronze route strand, 2 K non-Cu Jc, Thoner (VAC) Erice '96.

										(NbTaTi)3Sn: Production Bronze route strand, 4.2 K non-Cu Jc, Thoner (VAC) Erice '96.

		From: “Niobium-Tin for Fusion, High Energy Physics and Other Applications” Taeyoung Pyon and Eric Gregory, IGC Advanced Superconductors, ASC ‘98 Paper MSA-03

		tj_pyon@tx.netcom.com						203-753-5215

		Sample		Wire Dia.		Subel.		Sn		# of		Jc (A/mm_) at 10-14 Ohm-m						Qh		Non-Cu		Deff		Flux

		Name		(mm)		Design		Level		Subel.		10 T		11 T		12 T		(mJ/cm_)		Fraction		(µm)		Jumps

		AE1337		0.516		Un-Split		High		37		3173		2670		2216		---		0.632		---		large

		AE1361		0.518		Un-Split		High		61		2808		2361		1954		4986		0.614		---		large

		AE1137		0.516		Un-Split		Low		37		1991		1677		1392		3040		0.613		57		some

		AE1161		0.516		Un-Split		Low		61		1643		1382		1150		3001		0.629		72		some

		SE1137		0.515		Split		Low		37		1775		1498		1277		1679		0.633		33		None

		SE1161		0.516		Split		Low		61		1763		1504		1268		1397		0.602		26		None

		SE1237		0.517		Split		Mid		37		2365		1975		1652		3060		0.617		57		None

		SE1261		0.517		Split		Mid		61		2227		1855		1536		2270		0.601		39		None

				Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.
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																																																																																																																																																								Jc (A/mm_) f(dp,B)

		Applied Field, T				Applied Field, T				Applied Field, T																																																																																																																																										UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.)

		15.3		460.068		17.5		467.491		17.5		389.4955

		15.35		459.831		17.55		461.608		17.55		384.89

		15.4		456.306		17.6		457.932		17.6		381.622

		15.45		451.611		17.65		453.486		17.65		378.6965

		15.5		449.072		17.7		448.566		17.7		374.3225

		15.55		445.36		17.75		443.018		17.75		370.655

		15.6		441.228		17.8		437.345		17.8		366.233

		15.65		437.664		17.85		432.791		17.85		361.62

		15.7		434.932		17.9		428.402		17.9		357.874

		15.75		429.461		17.95		423.006		17.95		354.5145

		15.8		426.045		18		419.638		18		351.5

		15.85		424.148		18.05		412.427		18.05		346.299

		15.9		419.288		18.1		407.232		18.1		342.309

		15.95		414.007		18.15		403.99		18.15		338.48

		16		410.247		18.2		401.769		18.2		335.6655

		16.05		407.819		18.25		397.584		18.25		332.4015

		16.1		406.094		18.3		392.375		18.3		328.1155

		16.15		402.858		18.35		386.556		18.35		323.544

		16.2		399.648		18.4		381.517		18.4		319.386

		16.25		396.474		18.45		377.938		18.45		315.7425

		16.3		391.477		18.5		371.44		18.5		310.48

		16.35		388.364		18.55		366.03		18.55		305.583

		16.4		385.49		18.6		360.693		18.6		300.9165

		16.45		382.204		18.65		357.591		18.65		297.9715

		16.5		378.368		18.7		352.17		18.7		294.155

		16.55		374.387		18.75		347.456		18.75		289.994

		16.6		373.15		18.8		344.258		18.8		286.9315

		16.65		370.177		18.85		339.922		18.85		283.129

		16.7		364.812		18.9		334.705		18.9		278.978

		16.75		360.914		18.95		329.707		18.95		275.1915

		16.8		357.783		19		323.914		19		270.906

		16.85		353.535		19.05		319.343		19.05		266.7985

		16.9		350.718		19.1		314.613		19.1		263.3375

		16.95		346.333		19.15		310.75		19.15		260.5925

		17		343.066		19.2		305.831		19.2		256.462

		17.05		339.883		19.25		301.966		19.25		253.0125

		17.1		336.729		19.3		299.073		19.3		250.253

		17.15		333.843		19.35		294.996		19.35		247.1235

		17.2		331.186		19.4		290.929		19.4		243.118

		17.25		327.441		19.45		287.658		19.45		240.3255

		17.3		324.41		19.5		283.093		19.5		236.5155

		17.35		320.774		19.55		279.913		19.55		233.422

		17.4		318.41		19.6		275.482		19.6		230.0225

		17.45		315.246		19.65		269.902		19.65		226.245

		17.5		311.5		19.7		267.398		19.7		223.6725

		17.55		308.172		19.75		263.672		19.75		220.676

		17.6		305.312		19.8		259.818		19.8		216.8145

		17.65		303.907		19.85		255.533		19.85		212.7795

		17.7		300.079		19.9		252.135		19.9		209.6195

		17.75		298.292		19.95		245.783		19.95		204.77

		17.8		295.121		20		241.33		20		201.3685

		17.85		290.449		20.05		238.237		20.05		198.0725

		17.9		287.346		20.1		234.829		20.1		195.366

		17.95		286.023		20.15		231.113		20.15		192.3685

		18		283.362		20.2		226.397		20.2		188.7945

		18.05		280.171		20.25		222.27		20.25		185.5345

		18.1		277.386		20.3		217.428		20.3		181.9355

		18.15		272.97		20.35		213.814		20.35		178.719

		18.2		269.562		20.4		211.411		20.4		175.97

		18.25		267.219		20.45		206.679		20.45		172.703

		18.3		263.856		20.5		202.873		20.5		169.2905

		18.35		260.532		20.55		199.026		20.55		166.5115

		18.4		257.255		20.6		195.03		20.6		162.9825

		18.45		253.547		20.65		190.716		20.65		160.074

		18.5		249.52		20.7		187.697		20.7		157.1055

		18.55		245.136		20.75		184.717		20.75		154.8675

		18.6		241.14		20.8		181.269		20.8		152.0215

		18.65		238.352		20.85		178.83		20.85		149.512

		18.7		236.14		20.9		174.459		20.9		146.297

		18.75		232.532		20.95		171.689		20.95		143.977

		18.8		229.605		21		168.971		21		141.17

		18.85		226.336		21.05		163.997		21.05		137.2865

		18.9		223.251		21.1		160.189		21.1		133.9875

		18.95		220.676		21.15		156.7		21.15		130.764

		19		217.898		21.2		153.288		21.2		127.9165

		19.05		214.254		21.25		149.95		21.25		125.169

		19.1		212.062		21.3		146.578		21.3		121.8879

		19.15		210.435		21.35		142.921		21.35		118.69815

		19.2		207.093		21.4		139.66		21.4		115.7677

		19.25		204.059		21.45		136.179		21.45		113.1665

		19.3		201.433		21.5		133.067		21.5		110.4232

		19.35		199.251		21.55		129.424		21.55		107.45255

		19.4		195.307		21.6		126.561		21.6		104.76285

		19.45		192.993		21.65		123.977		21.65		102.37225

		19.5		189.938		21.7		120.886		21.7		99.87685

		19.55		186.931		21.75		118.424		21.75		97.5903

		19.6		184.563		21.8		115.425		21.8		95.03595

		19.65		182.588		21.85		112.59		21.85		92.67255

		19.7		179.947		21.9		110.056		21.9		90.6452

		19.75		177.68		21.95		107.049		21.95		88.04965

		19.8		173.811		22		104.305		22		85.8908

		19.85		170.026		22.05		101.993		22.05		83.76365

		19.9		167.104		22.1		99.3814		22.1		81.62025

		19.95		163.757		22.15		95.4743		22.15		78.83575

		20		161.407		22.2		93.0477		22.2		76.7514

		20.05		157.908		22.25		90.4247		22.25		74.95025

		20.1		155.903		22.3		87.3003		22.3		72.29975

		20.15		153.624		22.35		85.0699		22.35		70.2881

		20.2		151.192		22.4		82.6897		22.4		68.6183

		20.25		148.799		22.45		80.5051		22.45		66.5958

		20.3		146.443		22.5		78.1352		22.5		64.56345

		20.35		143.624		22.55		75.5716		22.55		62.60995

		20.4		140.529		22.6		73.6027		22.6		60.9717

		20.45		138.727		22.65		71.436		22.65		59.0232

		20.5		135.708		22.7		69.5111		22.7		57.56235

		20.55		133.997		22.75		67.3259		22.75		55.92955

		20.6		130.935		22.8		65.3078		22.8		54.2597

		20.65		129.432		22.85		63.5291		22.85		52.83115

		20.7		126.514		22.9		61.2797		22.9		51.0418

		20.75		125.018		22.95		59.9464		22.95		49.8177

		20.8		122.774		23		58.1983		23		48.531

		20.85		120.194		23.05		56.1333		23.05		46.7098

		20.9		118.135		23.1		54.0828		23.1		44.99555

		20.95		116.265		23.15		52.3239		23.15		43.5274

		21		113.369		23.2		50.2951		23.2		41.7417

		21.05		110.576		23.25		48.353		23.25		40.15885

		21.1		107.786		23.3		46.6379		23.3		38.49525

		21.15		104.828		23.35		44.6714		23.35		37.07295

		21.2		102.545		23.4		43.1554		23.4		35.96865

		21.25		100.388		23.45		41.6903		23.45		34.64095

		21.3		97.1978		23.5		40.5993		23.5		33.5005

		21.35		94.4753		23.55		39.2797		23.55		32.37615

		21.4		91.8754		23.6		37.7198		23.6		31.07245

		21.45		90.154		23.65		36.263		23.65		29.87665

		21.5		87.7794		23.7		35.2366		23.7		28.94195

		21.55		85.4811		23.75		33.6334		23.75		27.82285

		21.6		82.9647		23.8		32.0934		23.8		26.48865

		21.65		80.7675		23.85		30.7662		23.85		25.52665

		21.7		78.8677		23.9		29.2519		23.9		24.4104

		21.75		76.7566		23.95		28.049		23.95		23.3468

		21.8		74.6469		24		27.1029		24		22.50315

		21.85		72.7551		24.05		25.9086		24.05		21.575

		21.9		71.2344		24.1		24.5656		24.1		20.33675

		21.95		69.0503		24.15		23.4499		24.15		19.3692

		22		67.4766		24.2		22.2521		24.2		18.39175

		22.05		65.5343		24.25		21.2562		24.25		17.5343

		22.1		63.8591		24.3		20.2848		24.3		16.75065

		22.15		62.1972		24.35		19.4337		24.35		15.9563

		22.2		60.4551		24.4		18.4761		24.4		15.155

		22.25		59.4758		24.45		17.7549		24.45		14.47305

		22.3		57.2992		24.5		16.6551				Jc, A/mm_

		22.35		55.5063		24.55		16.0633

		22.4		54.5469		24.6		15.2035

		22.45		52.6865		24.65		14.5135

		22.5		50.9917		24.7		13.6306

		22.55		49.6483		24.75		12.92

		22.6		48.3407		24.8		12.0963

		22.65		46.6104				Jc, A/mm_

		22.7		45.6136

		22.75		44.5332

		22.8		43.2116

		22.85		42.1332

		22.9		40.8039

		22.95		39.689

		23		38.8637

		23.05		37.2863

		23.1		35.9083

		23.15		34.7309

		23.2		33.1883

		23.25		31.9647

		23.3		30.3526

		23.35		29.4745

		23.4		28.7819

		23.45		27.5916

		23.5		26.4017

		23.55		25.4726

		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.		24.4251

		23.65		23.4903

		23.7		22.6473

		23.75		22.0123

		23.8		20.8839

		23.85		20.2871

		23.9		19.5689

		23.95		18.6446

		24		17.9034

		24.05		17.2414

		24.1		16.1079

		24.15		15.2885

		24.2		14.5314

		24.25		13.8124

		24.3		13.2165

		24.35		12.4789

		24.4		11.8339

		24.45		11.1912

				Jc, A/mm_

		Nb3Al: Rapid quench/MF lower range, Iijima et al. (NRIM)

		Applied Field, T

		20		250

		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.		Jc, A/mm_

		Applied Field, T				Applied Field, T

		18		733.116		18		13.196088

		20		440.632		20		8.81264

		21		277.326		21		5.823846

		22		158.688		22		3.491136

		23		80.3549		23		1.8481627

		Applied Field, T		Jc, A/mm_

		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Applied Field, T				Applied Field, T

		1.43E+01		1.25E+03		1.43E+01		17.98577528

		1.63E+01		9.76E+02		1.63E+01		15.8722150795

		1.82E+01		6.01E+02		1.82E+01		10.939882492

		1.92E+01		4.24E+02		1.92E+01		8.1283792896

		2.01E+01		3.07E+02		2.01E+01		6.1930172388

		2.11E+01		1.92E+02		2.11E+01		4.0422152571

		2.21E+01		1.14E+02		2.21E+01		2.5059077418

		2.30E+01		5.83E+01		2.30E+01		1.3421426389

		Appl. Phys. lett., vol. 71(1), pp. 122-124, 7 July 1997.

				Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.
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		2223

																																																																																																																																																								Jc (A/mm_) f(dp,B)

		American Superconductor Corp. Bi2223 data presented by Jeff Seuntjens at LTSC'96																																																																																																																																																		UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.)

		Field, B		Bi-2223: Rolled 85 Filament Tape (AmSC) B ||, Seuntjens et al.		Bi-2223: Rolled 85 Filament Tape (AmSC) B ||, Seuntjens et al.				Field, B		Bi-2223: Rolled 85 Filament Tape (AmSC) B |_, Seuntjens et al.

		0.00E+00		0		1.88E+03				0		2003.09

		1.12E-01		0.2058600344		1.84E+03				0.041797		1442.7

		1.72E-01		0.298356958		1.74E+03				0.0878054		1159.26

		2.73E-01		0.4493739364		1.65E+03				0.193976		957.436

		3.87E-01		0.6001430296		1.55E+03				0.309507		879.185

		4.77E-01		0.710735144		1.49E+03				0.40075		836.631

		9.89E-01		1.2788764306		1.29E+03				0.506812		811.536

		1.99E+00		2.3485419783		1.18E+03				0.997569		698.415

		3.00E+00		3.333116466		1.11E+03				2.00683		660.284

		4.01E+00		4.2056793784		1.05E+03				3.00305		628.233

		5.03E+00		4.9063155617		9.76E+02				4.0132		601.871

		6.02E+00		5.5063785774		9.15E+02				5.02424		587.279

		7.02E+00		6.4428043289		9.18E+02				6.02269		584.65

		2.00E+01		18.2632122411		9.13E+02				7.00811		588.101

				Fp,GN/m_		Jc, A/mm_				19.9763		577.662

						A/mm_

		Applied Field, T		Bi 2223: Rolled 85 Fil. Tape (AmSC) B||, UW'6/96		Applied Field, T		Bi 2223: Rolled 85 Fil. Tape (AmSC) B||, UW'6/96

		0		3055		0		0

		0.1		2988.33		0.1		0.298833

		0.5		2685		0.5		1.3425

		1		2390		1		2.39

		2		2081.67		2		4.16334

		3		1853.33		3		5.55999

		4		1715		4		6.86

		5		1615		5		8.075

		6		1513.33		6		9.07998

		7		1460		7		10.22

		8		1393.33		8		11.14664

		10		1313.3		10		13.133

		11		1276.67		11		14.04337

				Jc, A/mm_				Fp,GN/m_

		Bi 2223: UW test of ASC 85 fil.-tape, B||ab

		Bi 2223: Rolled 85 Fil. Tape (AmSC) B||, UW'6/96

		Applied Field, T		Bi 2223: Rolled 85 Fil. Tape (AmSC) B|_, UW'6/96		Applied Field, T		Bi 2223: Rolled 85 Fil. Tape (AmSC) B|_, UW'6/96

		0		3238.33		0		0				Bi 2223: UW HT of ASC 85 fil.-tape, B||c

		0.01		3181.67		0.01		0.0318167

		0.02		3096.67		0.02		0.0619334

		0.03		2981.67		0.03		0.0894501

		0.04		2830		0.04		0.1132

		0.05		2671.67		0.05		0.1335835

		0.08		2355		0.08		0.1884

		0.1		2143		0.1		0.2143

		0.2		1735		0.2		0.347

		0.3		1555		0.3		0.4665

		0.4		1435		0.4		0.574

		0.5		1390		0.5		0.695

		1		1263.33		1		1.26333

		2		1130		2		2.26

		3		1056.67		3		3.17001

		4		1015		4		4.06

		5		986.67		5		4.93335

		6		963.33		6		5.77998

		7		943.33		7		6.60331

		8		928.33		8		7.42664

		9		913.33		9		8.21997

		10		901.67		10		9.0167

		11		886.67		11		9.75337

				Jc, A/mm_				Fp,GN/m_

				Bi 2223: ASC 85 fil.-tape, B||c

				Bi 2223: Rolled 85 Fil. Tape (AmSC) B|_, UW'6/96

		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

				Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.
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		2212

																																																																																																																																																								Jc (A/mm_) f(dp,B)

		Applied Field, T		Bi-2212:  19 filament tape B||tape face - Okada et al (Hitachi) '95		Bi-2212:  19 filament tape B||tape face - Okada et al (Hitachi) '95																																																																																																																																														UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.)

		0.00E+00		1.00E-02		4.77E+03

		9.60E-01		4.01E+00		4.18E+03

		1.97E+00		7.29E+00		3.71E+03

		2.96E+00		1.01E+01		3.42E+03

		3.93E+00		1.24E+01		3.16E+03

		4.94E+00		1.42E+01		2.88E+03

		5.95E+00		1.64E+01		2.76E+03

		7.94E+00		1.98E+01		2.49E+03

		9.94E+00		2.27E+01		2.28E+03

		1.20E+01		2.56E+01		2.14E+03

		1.40E+01		2.83E+01		2.03E+03

		1.60E+01		3.06E+01		1.91E+03

		1.80E+01		3.30E+01		1.83E+03

		2.00E+01		3.63E+01		1.81E+03

		2.10E+01		3.83E+01		1.82E+03

		2.21E+01		3.98E+01		1.80E+03

		2.30E+01		4.03E+01		1.75E+03

				Fp,GN/m_		Jc, A/mm_

		Applied Field, T		Bi-2212:  stack 77K Hasegawa et al. (Showa) IWS'95, B||tape		Applied Field, T		Bi-2212:  paste 77K Hasegawa et al. (Showa) IWS'95, B||tape		Applied Field, T		Bi-2223:  multi 77K Hasegawa et al. (Showa) IWS'95, B||tape

		0		68.4662		0.00E+00		1.60E+02		0		61.6615

		0.0455513		32.0668		3.68E-02		8.75E+01		0.0371293		42.0243

		0.114911		10.2337		9.18E-02		4.43E+01		0.122445		34.1363

		0.177478		4.06181		3.28E-01		1.05E+01		0.173448		28.199

		0.286158		1.55819		3.84E-01		5.21E+00		0.28019		23.7294

		Applied Field, T		Jc, A/mm_		5.02E-01		2.12E+00		0.421245		19.6352

						5.91E-01		1.05E+00		0.493946		16.6572

						Applied Field, T		Jc, A/mm_		0.60259		13.1866

										0.687906		10.7115

										0.794648		9.01365

										0.903021		7.19816

										0.999593		5.84828

										1.50116		2.34036

										1.98577		1.12462

										2.48599		0.470114

										2.98469		0.296178

												Bi-2223:  multi 77K Hasegawa et al. (Showa) IWS'95, B||tape

		From Figure 3, Hasegawa et al. (Showa) IWS'95 pp. 259-262

								Bi-2212:  paste 77K Hasegawa et al. (Showa) IWS'95, B||tape

				Bi-2212:  stack 77K Hasegawa et al. (Showa) IWS'95, B||tape

		Applied Field, T		Bi-2212:  paste 4.2 K Hasegawa et al. (Showa) IWS'95, B||tape		Applied Field, T		Bi-2212:  stack 4.2 K Hasegawa et al. (Showa) IWS'95, B||tape		Applied Field, T		Bi-2223:  multi 4.2 K Hasegawa et al. (Showa) IWS'95, B||tape

		2.00E+00		2.85E+03		1.00E+00		1.62E+03		0		551.31

		4.00E+00		2.55E+03		2.00E+00		1.52E+03		1		289.41

		6.00E+00		2.15E+03		4.00E+00		1.33E+03		2		282.179

		8.00E+00		1.96E+03		6.00E+00		1.22E+03		3		241.486

		1.20E+01		1.76E+03		8.00E+00		1.03E+03		4		231.478

		Applied Field, T		Jc, A/mm_		1.00E+01		1.02E+03		5		227.769

						1.20E+01		9.37E+02		6		224.118

						Applied Field, T		Jc, A/mm_		7		216.758

										8		205.884

										Applied Field, T		Jc, A/mm_

								Bi-2212:  stack 4.2 K Hasegawa et al. (Showa) IWS'95, B||tape

												Bi-2223:  multi 4.2 K Hasegawa et al. (Showa) IWS'95, B||tape

				Bi-2212:  paste 4.2 K Hasegawa et al. (Showa) IWS'95, B||tape

		Applied Field, T		Bi-2212: Round Wire at 4.2 K, Motowidlo et al. (IGC)				Applied Field, T		Bi-2212: Round multifilament strand - 4.2 K (IGC) Motowidlo et al. ISTEC/MRS '95

		0.00E+00		6.42E+02				0.00E+00		2.07E+03

		4.00E+00		3.89E+02				4.73E-01		1.11E+03

		8.00E+00		2.88E+02				9.57E-01		9.42E+02

		1.20E+01		2.87E+02				1.96E+00		7.67E+02

		Applied Field, T		Jc, A/mm_				2.96743		678.503

		Appl. Phys. Lett. 65, 2731-2733, 1994.						3.95193		610.08

		Bi-2212: Round Wire at 4.2 K, Motowidlo et al. (IGC)						4.956		567.167

								9.93E+00		4.72E+02

								1.50E+01		4.28E+02

								Applied Field, T		Jc, A/mm_

								Bi-2212: Round multifilament strand - 4.2 K (IGC) Motowidlo et al. ISTEC/MRS '95

		Applied Field, T		Bi-2212: Round Multifilament strand 27K (IGC) Motowidlo et al. ISTEC/MRS '95

		0.00E+00		7.40E+02

		4.68E-01		4.02E+02

		9.74E-01		2.95E+02

		2.95E+00		1.11E+02

		4.95885		29.6218

		5.96196		29.4268

		Applied Field, T		Jc, A/mm_

		Bi-2212: Round Multifilament strand 27K (IGC) Motowidlo et al. ISTEC/MRS '95

		Applied Field, T		Bi 2212: UW HT of OST PIT-tape, B||c, B|_tape face		Applied Field, T		Bi 2212: UW HT of OST PIT-tape, B||c, B|_tape face

		0		2474		0		0.01

		0.5		1412		0.5		0.706

		1		1205		1		1.205

		2		1028		2		2.056

		3		942		3		2.826

		5		846		5		4.23

		11		714		11		7.854

				Jc, A/mm_				Fp,GN/m_

		Bi 2212: UW HT of OST PIT-tape, B||c

		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

				Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.
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		YBaCuO

																																																																																																																																																								Jc (A/mm_) f(dp,B)

		Applied Field		YBaCuO:  1.2 µm film microbridge, B||a-b, 75 K, Foltyn et al. (LANL) IWS'95						YBaCuO:  1.2 µm film microbridge, B||c, 75 K, Foltyn et al. (LANL) IWS'95																																																																																																																																										UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.)

		1.87E-03		1.32E+04				1.37E-02		1.33E+04

		8.87E-01		3.32E+03				9.94E-02		6.29E+03

		1.07E+00		3.14E+03				3.75E-01		3.85E+03

		1.59E+00		2.68E+03				9.12E-01		2.47E+03

		2.10E+00		2.59E+03				1.07E+00		2.51E+03

		2.63E+00		2.43E+03				1.58E+00		2.01E+03

		3.15E+00		2.21E+03				2.12E+00		1.64E+03

		3.69E+00		2.02E+03				2.64E+00		1.40E+03

		4.22E+00		1.83E+03				3.16E+00		1.18E+03

		4.77E+00		1.71E+03				3.69E+00		9.61E+02

		5.31E+00		1.59E+03				4.21E+00		7.99E+02

		5.84E+00		1.47E+03				4.77E+00		6.46E+02

		6.40E+00		1.40E+03				5.30E+00		4.94E+02

		6.94E+00		1.28E+03				5.85E+00		3.57E+02

		7.47E+00		1.27E+03				6.39E+00		2.63E+02

		8.01E+00		1.16E+03				6.94E+00		1.70E+02

		8.53E+00		1.08E+03				7.48E+00		1.11E+02

		9.08E+00		1.09E+03				8.01E+00		6.44E+01

								8.53E+00		3.69E+01

								9.08E+00		1.95E+01

		Applied Field, T		YBCO: /Ni/YSZ ~1 µm thick microbridge, H||c 4 K, Foltyn et al. (LANL) '96				Applied Field, T		YBCO: /Ni/YSZ ~1 µm thick microbridge, H||ab 75 K, Foltyn et al. (LANL) '96		YBCO: /Ni/YSZ ~1 µm thick microbridge, H||ab 75 K, Foltyn et al. (LANL) '96

		8.34E-01		6.78E+04				0.00E+00		0		1.90E+04

		1.15E+00		5.77E+04				1.81E-01		3.0589		1.69E+04

		1.68E+00		4.78E+04				3.02E-01		4.6508		1.54E+04

		2.76E+00		3.81E+04				5.58E-01		6.6402		1.19E+04

		3.84E+00		3.28E+04				1.06E+00		9.752		9.20E+03

		4.90E+00		2.95E+04				2.07E+00		14.0967		6.81E+03

		5.97E+00		2.71E+04				3.08E+00		17.6484		5.73E+03

		7.04E+00		2.51E+04				5.08E+00		25.654		5.05E+03

		8.12E+00		2.37E+04				7.09E+00		31.0542		4.38E+03

		8.96E+00		2.27E+04				9.11E+00		35.4379		3.89E+03

		9.17E+00		2.22E+04				1.11E+01		38.073		3.43E+03

		9.61E+00		2.23E+04				1.31E+01		39.955		3.05E+03

		1.01E+01		2.17E+04				1.51E+01		41.223		2.73E+03

		1.06E+01		2.15E+04				1.66E+01		43.326		2.61E+03

		1.11E+01		2.10E+04				1.81E+01		46.336		2.56E+03

		1.16E+01		2.06E+04						Fp		Jc

		1.21E+01		2.04E+04

		1.26E+01		1.99E+04

		1.31E+01		1.96E+04

		1.36E+01		1.92E+04

		1.41E+01		1.94E+04

		1.46E+01		1.89E+04

		1.51E+01		1.88E+04

		1.56E+01		1.84E+04								YBCO: /Ni/YSZ ~1 µm thick microbridge, H||ab 75 K, Foltyn et al. (LANL) '96

		1.61E+01		1.82E+04

		1.66E+01		1.79E+04

		1.71E+01		1.76E+04

		1.76E+01		1.74E+04

		1.81E+01		1.72E+04

		< These three sets faxed to us by Marty Maley from LANL STC 5/9/96

		Applied Field, T		YBCO: /Ni/YSZ  ~1 µm thick microbridge, H||c 75 K, Foltyn et al. (LANL) '96

		0.00E+00		1.58E+04

		1.46E-01		1.10E+04

		2.50E-01		7.91E+03

		3.53E-01		6.02E+03

		4.42E-01		4.72E+03

		5.93E-01		4.18E+03

		1.14E+00		3.13E+03

		1.67E+00		2.49E+03

		2.21E+00		2.05E+03

		2.74E+00		1.74E+03

		3.27E+00		1.43E+03

		3.80E+00		1.20E+03

		4.35E+00		9.96E+02

		4.87E+00		8.00E+02

		5.39E+00		6.12E+02

		5.96E+00		4.76E+02

		6.50E+00		3.39E+02

		7.03E+00		2.25E+02

		7.56E+00		1.40E+02

		8.10E+00		8.06E+01

		8.62E+00		4.62E+01

		9.16E+00		2.44E+01

				YBCO: /Ni/YSZ  ~1 µm thick microbridge, H||c 75 K, Foltyn et al. (LANL) '96

		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

				Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.
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		NbN

																																																																																																																																																								Jc (A/mm_) f(dp,B)

		Applied Field, T		NbN: 60 nm film || B, Gavaler et al. (Westinghouse) IEEE MAG-17 '81				NbN: 60 nm film || B, Gavaler et al. (Westinghouse) IEEE MAG-17 '81																																																																																																																																												UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.)

		1.97429		373948		1.97429		738.28179692

		4.01321		340918		4.01321		1368.17552678

		8.23664		250633		8.23664		2064.37379312

		10.5725		202034		10.5725		2136.004465

		12.2233		149487		12.2233		1827.2244471

		13.1149		105156		13.1149		1379.1104244

		13.9325		76616.7		13.9325		1067.46217275

		15.2082		60851.2		15.2082		925.43721984

		19.1834		28417.3		19.1834		545.14043282

				Jc, A/mm_				Fp,GN/m_

		NbN: 60 nm film, Gavaler et al. (Westinghouse) Dimensional effects on current and field properties in NbN films, IEEE Trans MAG-17, pp. 573-576, 1981

		Applied Field, T		NbN: 13 nmNbN/2 nmAlN multi-layer || B, Gray et al. (ANL) Physica C, 152 '88				NbN: 13 nmNbN/2 nmAlN multi-layer || B, Gray et al. (ANL) Physica C, 152 '88

		1.07E+01		5.72E+03		1.07E+01		61.231522968

		1.19E+01		4.84E+03		1.19E+01		57.464263095

		1.31E+01		3.87E+03		1.31E+01		50.76734593

		1.43E+01		2.87E+03		1.43E+01		41.060394144

		1.55E+01		2.17E+03		1.55E+01		33.755339558

		1.67E+01		1.47E+03		1.67E+01		24.556304364

		1.73E+01		1.20E+03		1.73E+01		20.75262396

		1.80E+01		9.40E+02		1.80E+01		16.8752558676

		1.85E+01		7.24E+02		1.85E+01		13.4030815778

		1.91E+01		5.48E+02		1.91E+01		10.4396382816

		1.97E+01		3.92E+02		1.97E+01		7.7102261082

		2.03E+01		2.51E+02		2.03E+01		5.0874670074

		2.09E+01		1.69E+02		2.09E+01		3.5346801028

		2.15E+01		9.00E+01		2.15E+01		1.9327231961

		2.21E+01		5.05E+01		2.21E+01		1.1165655552

		2.27E+01		2.63E+01		2.27E+01		0.596472096

				Jc, A/mm_				Fp,GN/m_

				NbN: 13 nmNbN/2 nmAlN multi-layer || B, Gray et al. (ANL) Physica C, 152, pp. 445-455, 1988

		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

				Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.
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																																																																																																																																																								Jc (A/mm_) f(dp,B)

		Applied Field, T		SnMo6S8:  HIP Lgb(µm^-1=4.0), Bonney et al. JAP '95		Applied Field, T		SnMo6S8:  HIP Lgb(µm^-1=4.0), Bonney et al. JAP '95																																																																																																																																												UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.)

		5		1570		5		7.85

		10		770		10		7.7

		15		420		15		6.3

		20		160		20		3.2

				Jc, A/mm_				Fp,GN/m_

		SnMo6S8:  HIP Lgb(µm^-1=4.0), Bonney et al. JAP '95

		Applied Field, T		SnMo6S8:  HIP Lgb(µm^-1=3.6), Bonney et al. JAP '95		Applied Field, T		SnMo6S8:  HIP Lgb(µm^-1=3.6), Bonney et al. JAP '95

		5		1230		5		6.15

		10		640		10		6.4

		15		360		15		5.4

		20		90		20		1.8

				Jc, A/mm_				Fp,GN/m_

		SnMo6S8:  HIP Lgb(µm^-1=3.6), Bonney et al. JAP '95

		Applied Field, T		SnMo6S8:  HIP Lgb(µm^-1=3.3), Bonney et al. JAP '95		Applied Field, T		SnMo6S8:  HIP Lgb(µm^-1=3.3), Bonney et al. JAP '95

		5		990		5		4.95

		10		400		10		4

				Jc, A/mm_				Fp,GN/m_

		SnMo6S8:  HIP Lgb(µm^-1=3.3), Bonney et al. JAP '95

		Applied Field, T		SnMo6S8:  HIP Lgb(µm^-1=2.3), Bonney et al. JAP '95		Applied Field, T		SnMo6S8:  HIP Lgb(µm^-1=2.3), Bonney et al. JAP '95

		5		680		5		3.4

		10		460		10		4.6

				Jc, A/mm_				Fp,GN/m_

		SnMo6S8:  HIP Lgb(µm^-1=2.3), Bonney et al. JAP '95

		Applied Field, T		SnMo6S8:  HIP Lgb(µm^-1=2.1), Bonney et al. JAP '95		Applied Field, T		SnMo6S8:  HIP Lgb(µm^-1=2.1), Bonney et al. JAP '95

		5		630		5		3.15

		10		520		10		5.2

		15		410		15		6.15

		20		130		20		2.6

				Jc, A/mm_				Fp,GN/m_

		SnMo6S8:  HIP Lgb(µm^-1=2.1), Bonney et al. JAP '95

		N. Cheggour, M. Devroux, A. Gupta, Ø. Fischer, J. A. A. J. Perenboom, V. Bouquet, M. Sergent and R. Chevrel, "Enhancement of the Critical Current Density in Chevrel phase superconducting wires," J. Appl. Phys., vol. 81(9), pp. 6277-6284, 1997.

		Field, T		Jc A/mm_, 1µVolt/cm				Field, T		Jc A/mm_, 1µVolt/cm

				PbSnMo6S8 (Chevrel Phase):  Wire in 14 turn coil, 4.2 K, 1 µVolt/cm, Cheggour et al., JAP 1997						PbSnMo6S8 (Chevrel Phase):  Wire in 14 turn coil, 4.2 K, 1 µVolt/cm, Cheggour et al., JAP 1997

		11		914				12		819

		13		670				15		548

		15		471				18		337

		18		237				20		237

		20		134				22		149

		22		56				23		112

		23		33				24		82

		24		13

		25		5

				Wire#1, Coil#2 4.2 K						Wire#2, Coil#2 4.2 K

		Field, T		Jc A/mm_, 1µVolt/cm				Field, T		Jc A/mm_, 1µVolt/cm

				PbSnMo6S8 (Chevrel Phase):  Wire in 14 turn coil, 1.9 K, 1 µVolt/cm, Cheggour et al., JAP 1997						PbSnMo6S8 (Chevrel Phase):  Wire in 14 turn coil, 1.9 K, 1 µVolt/cm, Cheggour et al., JAP 1997

		15		912				18		696

		16		818				19		624

		18		619				20		543

		20		446				21		494

		22		295				22		426

		23		228				23		377

		24		174				24		311

		25		122

				Wire#1, Coil#2 1.9 K						Wire#2, Coil#2 1.9 K

		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

				Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.
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		Applied Field, T		V-1Hf/Zr-40Hf, Ekin et al.????, 1982

		4		2269																																																																																																																																																				Jc (A/mm_) f(dp,B)

		6		1745																																																																																																																																																UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.)

		8		1416

		10		1206

		12		1000

		14		782

		16		555

		18		290

		19		153

		??? Needs checking with original J. W. Ekin, J. R. Gavaler and J. Gregg, Appl. Phys. Lett., 41, 996, 1982.

		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

				Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.
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																																																																																																																																																								Jc (A/mm_) f(dp,B)

																																																																																																																																																				UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.)

		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

				Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.
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		6		1		5		1		2		2		4		10		12		10		10		10		11		20		18		14.3473		0.833957		0		0		2		1		0		0		0		0		0		12

		5		1.26594				2		4		3		5		10.5		12.5		11		11		11		12		21		20		16.2695		1.15172		0.181		0.146478		4		2		0.95969		0.472845		1		0.1		0.01		15

				1.5				2.5		5		4		5.6		11		13		12		12		12		13		22		21		18.1916		1.68216		0.302		0.249619		6		4		1.96813		0.956633		2		0.5		0.02		18

				1.76682				3		6		5		6		11.5		13.5		13		13		13		16		23		22		19.1736		2.75971		0.558		0.353327		8		6		2.95812		1.96264		3		1		0.03		20

				2				3.5		7		6		7		12				14		14		14		18				23		20.1452		3.83807		1.06		0.442151		12		8		3.92977		2.96743		4		2		0.04		22

				2.27037				4		8		7		8		12.5				16				15		20						21.1063		4.90163		2.07		0.593023				10		4.93813		3.95193		5		3		0.05		23

				2.5				4.5				8				13				17				16								22.0674		5.96543		3.08		1.13762				12		5.94633		4.956		6		4		0.08		24

				2.78006				5				9								17.5				17								23.0389		7.04452		5.08		1.66766						7.94445		9.93358		7		5		0.1

				3				5.5				10								18				18										8.12377		7.09		2.21323						9.94253		14.9501		8		6		0.2

				3.28027				6												18.5				19										8.95984		9.11		2.74391						11.9589						7		0.3

				3.5				7												19.5				20										9.17252		11.1		3.27428						13.9568						8		0.4

				4				8												20				21										9.61365		13.1		3.8048						15.9731						10		0.5

				4.5				8.5																										10.1153		15.1		4.35045						17.9894						11		1

				5																														10.6171		16.6		4.86536						20.0239								2

				5.5																														11.1035		18.1		5.39499						21.0319								3

				6																														11.6053				5.9552						22.0584								4

																																		12.1071				6.49932						23.0299								5

																																		12.6239				7.02749														6

																																		13.1104				7.55502														7

																																		13.6274				8.09703														8

																																		14.1293				8.62375														9

																																		14.6462				9.16486														10

																																		15.1329																		11

																																		15.6193

																																		16.1059

																																		16.6076

																																		17.0941

																																		17.5807

																																		18.0673



75K

75K

75K

75K

Nb3Al

Nb3Al

Nb3Sn

Nb3Sn

NbTI

NbTI

NbTI

NbTI

2212

2212

2212

2212

YBCO

YBCO

2223

2223

At 4.2K Unless
Otherwise Stated

At 4.2K Unless
Otherwise Stated

"Un-Critical" Critical Current
Density, A/mm2

"Un-Critical" Critical Current
Density, A/mm2

"Un-Critical" Critical Current
Density, A/mm2

"Un-Critical" Critical Current
Density, A/mm2

Applied Field, T

Applied Field, T

1.8K
Nb-Ti-Ta

1.8K
Nb-Ti-Ta

PbSnMo6S8

PbSnMo6S8

1.8K Nb-Ti

1.8K Nb-Ti

Nb-Ti: 390 nm multilayer Nb-Ti/Nb (21/6), 50 µV/cm - McCambridge et al. (Yale) (0°)

Nb-Ti: Nb-Ti/Nb (21/6) 390 nm multilayer '95 (5°), 50 µV/cm, McCambridge et al. (Yale)

Nb-Ti: Nb-Ti/Ti (19/5) 370 nm multilayer '95 (0°), 50 µV/cm, N. Rizzo et al. LTSC'96 (Yale)

Nb-Ti:  APC strand Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.) -Heussner et al. (UW-ASC)

Nb-Ti:  Aligned ribbbons, B|| ribbons, Cooley et al. (UW-ASC)

Nb-Ti: Best Heat Treated UW Mono-Filament. (Li and Larbalestier, '87)

Nb-Ti:  Example of Best Industrial Scale Heat Treated Composites ~1990 (compilation)

Nb-Ti: Nb-47wt%Ti, 1.8 K, Lee, Naus and Larbalestier UW-ASC'96

Nb-44wt.%Ti-15wt.%Ta: at 1.8 K, monofil. optimized for high field only, unpubl. Lee, Naus and Larbalestier (UW-ASC) '96

Nb3Sn: Internal Sn High Ic strand design (TWC) - Jablonski (EIS'96) [Non-Cu Jc]

Nb3Sn: Internal Sn, ITER type low hysteresis loss design (IGC - Gregory et al.) [Non-Cu Jc]

Nb3Sn: Bronze route int. stab. -VAC-HP, non-(Cu+Ta) Jc, Thoner et al., Erice '96.

Nb3Sn: ECN-PIT, 192 fil., non-Cu Jc, Hornsveld and Elen (NERF-ECN), Adv, Cryo. Eng. 36, 1990.

Nb2.9Sn: Tape from Nb6Sn5 and Nb powders in Ta tube, with 1wt.%Ge addition. Core Jc only, field || tape surface, Tachikawa et al. (Tokai Univ.) ASC'96 and 10th USJW'96.

Nb3Al: Nb stabilized 2-stage JR process (Hitachi,TML-NRIM,IMR-TU), Fukuda et al. ICMC/ICEC '96

Nb3Al: Transformed rod-in-tube Nb3Al (Hitachi,TML-NRIM), Nb Stabilized - non-Nb Jc, APL, vol. 71(1), pp.122-124), 1997

YBCO: /Ni/YSZ ~1 µm thick microbridge, H||c 4 K, Foltyn et al. (LANL) '96

YBCO: /Ni/YSZ ~1 µm thick microbridge, H||ab 75 K, Foltyn et al. (LANL) '96

YBCO: /Ni/YSZ  ~1 µm thick microbridge, H||c 75 K, Foltyn et al. (LANL) '96

Bi-2212:  paste 4.2 K Hasegawa et al. (Showa) IWS'95, B||tape

Bi-2212:  stack 4.2 K Hasegawa et al. (Showa) IWS'95, B||tape

Bi-2212:  19 filament tape B||tape face - Okada et al (Hitachi) '95

Bi-2212: Round multifilament strand - 4.2 K (IGC) Motowidlo et al. ISTEC/MRS '95

Bi-2223:  multi 4.2 K Hasegawa et al. (Showa) IWS'95, B||tape

Bi 2223: Rolled 85 Fil. Tape (AmSC) B||, UW'6/96

Bi 2223: Rolled 85 Fil. Tape (AmSC) B|_, UW'6/96

PbSnMo6S8 (Chevrel Phase):  Wire in 14 turn coil, 4.2 K, 1 µVolt/cm, Cheggour et al., JAP 1997
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		12		10		10		10		11		20		18		14.3473		0.833957		0		2		1		0		0		0		0		12		10

		12.5		11		11		11		12		21		20		16.2695		1.15172		0.181		4		2		0.95969		0.472845		0.1		0.01		15		10.5

		13		12		12		12		13		22		21		18.1916		1.68216		0.302		6		4		1.96813		0.956633		0.5		0.02		18		11

		13.5		13		13		13		16		23		22		19.1736		2.75971		0.558		8		6		2.95812		1.96264		1		0.03		20		11.5

				14		14		14		18				23		20.1452		3.83807		1.06		12		8		3.92977		2.96743		2		0.04		22		12

				16				15		20						21.1063		4.90163		2.07				10		4.93813		3.95193		3		0.05		23		12.5

				17				16								22.0674		5.96543		3.08				12		5.94633		4.956		4		0.08		24		13

				17.5				17								23.0389		7.04452		5.08						7.94445		9.93358		5		0.1

				18				18										8.12377		7.09						9.94253		14.9501		6		0.2

				18.5				19										8.95984		9.11						11.9589				7		0.3

				19.5				20										9.17252		11.1						13.9568				8		0.4

				20				21										9.61365		13.1						15.9731				10		0.5

																		10.1153		15.1						17.9894				11		1

																		10.6171		16.6						20.0239						2

																		11.1035		18.1						21.0319						3

																		11.6053								22.0584						4

																		12.1071								23.0299						5

																		12.6239														6

																		13.1104														7

																		13.6274														8

																		14.1293														9

																		14.6462														10

																		15.1329														11

																		15.6193

																		16.1059

																		16.6076

																		17.0941

																		17.5807

																		18.0673



75K

75K

Nb3Al

Nb3Al

Nb3Sn

Nb3Sn

2212

2212

2212

2212

YBCO

YBCO

2223

2223

At 4.2K Unless
Otherwise Stated

At 4.2K Unless
Otherwise Stated

Applied Field, T

Applied Field, T

1.8K
Nb-Ti-Ta

1.8K
Nb-Ti-Ta

PbSnMo6S8

PbSnMo6S8

1.8K
Nb-Ti

1.8K
Nb-Ti

Critical Current Density, A/mm2

Nb-44wt.%Ti-15wt.%Ta: at 1.8 K, monofil. optimized for high field only, unpubl. Lee, Naus and Larbalestier (UW-ASC) '96

Nb3Sn: Internal Sn High Ic strand design (TWC) - Jablonski (EIS'96) [Non-Cu Jc]

Nb3Sn: Internal Sn, ITER type low hysteresis loss design (IGC - Gregory et al.) [Non-Cu Jc]

Nb3Sn: Bronze route int. stab. -VAC-HP, non-(Cu+Ta) Jc, Thoner et al., Erice '96.

Nb3Sn: ECN-PIT, 192 fil., non-Cu Jc, Hornsveld and Elen (NERF-ECN), Adv, Cryo. Eng. 36, 1990.

Nb2.9Sn: Tape from Nb6Sn5 and Nb powders in Ta tube, with 1wt.%Ge addition. Core Jc only, field || tape surface, Tachikawa et al. (Tokai Univ.) ASC'96 and 10th USJW'96.

Nb3Al: Nb stabilized 2-stage JR process (Hitachi,TML-NRIM,IMR-TU), Fukuda et al. ICMC/ICEC '96

Nb3Al: Transformed rod-in-tube Nb3Al (Hitachi,TML-NRIM), Nb Stabilized - non-Nb Jc, APL, vol. 71(1), pp.122-124), 1997

YBCO: /Ni/YSZ ~1 µm thick microbridge, H||c 4 K, Foltyn et al. (LANL) '96

YBCO: /Ni/YSZ ~1 µm thick microbridge, H||ab 75 K, Foltyn et al. (LANL) '96

Bi-2212:  paste 4.2 K Hasegawa et al. (Showa) IWS'95, B||tape

Bi-2212:  stack 4.2 K Hasegawa et al. (Showa) IWS'95, B||tape

Bi-2212:  19 filament tape B||tape face - Okada et al (Hitachi) '95

Bi-2212: Round multifilament strand - 4.2 K (IGC) Motowidlo et al. ISTEC/MRS '95

Bi 2223: Rolled 85 Fil. Tape (AmSC) B||, UW'6/96

Bi 2223: Rolled 85 Fil. Tape (AmSC) B|_, UW'6/96

PbSnMo6S8 (Chevrel Phase):  Wire in 14 turn coil, 4.2 K, 1 µVolt/cm, Cheggour et al., JAP 1997

Nb-Ti: Nb-47wt%Ti, 1.8 K, Lee, Naus and Larbalestier UW-ASC'96
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		1000A/mm_ Field Intercept for 4.2k (unless otherwise stated

																																																																																																																																																								Jc (A/mm_) f(dp,B)

																																																																																																																																																				UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.)

				Bi-2212: Round multifilament strand - (IGC) '95		Bi 2223: Rolled 85 Fil. Tape (AmSC) B|_, UW'6/96		YBCO: /Ni/YSZ  ~1 µm thick µbridge, H||c 75 K, (LANL) '96		Nb-Ti:  APC strand Nb-47wt.%Ti with 24vol.%Nb pins (UW-ASC)		Nb-Ti:  Industrial Scale Composites Circa 1990		Nb-Ti: Mono-Filament. (Li and Larbalestier, '87)		Bi-2212:  stack (Showa) '95, B||tape				Nb-Ti: Nb-47wt%Ti, 1.8 K, UW-ASC'96								Bi 2223: Rolled 85 Fil. Tape (AmSC) B||, UW'6/96		Bi-2212: paste, Hasegawa et al. (Showa) '95, B||tape		Bi-2212: 19 filament tape B||tape face - (Hitachi) '95		YBCO: /Ni/YSZ ~1 µm thick µbridge, H||c 4 K, (LANL) '96

		1		0.65		4		4.4		7.25		8		8.75		9		11		11.25		14.2		14.4		16.1		20		20		20		20

		2		0.65		4		4.4		7.25		8		8.75		9		11		11.25		14.2		14.4		16.1		>20T		>20T		>20T		>20T

		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

				Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.
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Bi-2212

Nb3Sn

>20T YBCO

>20T Bi 2212

>20T Bi 2223

Nb-Ti

Bi-2212

Nb-Ti

Nb-Ti

Nb-Ti

YBCO

Bi-2223

Nb3Sn

Nb3Sn

Nb3Al

>20T Bi 2212

At 4.2 K unless otherwise stated

1

Maximum Field at 1000A/mm_



		

						16		1430

						12		1127

		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

				Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.



&C&"Arial,Bold"&18Critical Current Density vs Magnetic Field for Various Superconductors

&LData Compiled by Peter J.Lee
University of Wisconsin-Madison
Applied Superconductivity Center



		1		12		10		10		0.833957		0		0		0		0		14.3473

		2		12.5		11		11		1.15172		0.181		0.95969		0.472845		1		16.2695

		2.5		13		12		12		1.68216		0.302		1.96813		0.956633		2		18.1916

		3		13.5		13		13		2.75971		0.558		2.95812		1.96264		3		19.1736

		3.5				14		14		3.83807		1.06		3.92977		2.96743		4		20.1452

		4				16		15		4.90163		2.07		4.93813		3.95193		5		21.1063

		4.5				17		16		5.96543		3.08		5.94633		4.956		6		22.0674

		5				17.5		17		7.04452		5.08		7.94445		9.93358		7		23.0389

		5.5				18		18		8.12377		7.09		9.94253		14.9501		8

		6				18.5		19		8.95984		9.11		11.9589

		7				19.5		20		9.17252		11.1		13.9568

		8				20		21		9.61365		13.1		15.9731

		8.5								10.1153		15.1		17.9894

										10.6171		16.6		20.0239

										11.1035		18.1		21.0319

										11.6053				22.0584

										12.1071				23.0299

										12.6239

										13.1104

										13.6274

										14.1293

										14.6462

										15.1329

										15.6193

										16.1059

										16.6076

										17.0941

										17.5807

										18.0673



"Un-Critical" Critical Current
Density, A/mm2

Applied Field, T

Nb3Al

Bi2212
Tape

Bi2223
Round 4.2K

ITER-Nb3Sn
Low AC Loss

Bi2223
Round 75 K

YBCO Tape 75 K

NbTi

YBCO Tape

At 4.2 K Unless
Otherwise Stated

1.8 K
Nb-Ti-Ta

Nb3Sn
High AC Loss

ARIES RS

Nb-Ti:  APC strand Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.) -Heussner et al. (UW-ASC)

Nb-44wt.%Ti-15wt.%Ta: at 1.8 K, monofil. optimized for high field only, unpubl. Lee, Naus and Larbalestier (UW-ASC) '96

Nb3Sn: Internal Sn High Ic strand design (TWC) - Jablonski (EIS'96) [Non-Cu Jc]

Nb3Sn: Bronze route int. stab. -VAC-HP, non-(Cu+Ta) Jc, Thoner et al., Erice '96.

YBCO: /Ni/YSZ ~1 µm thick microbridge, H||c 4 K, Foltyn et al. (LANL) '96

YBCO: /Ni/YSZ ~1 µm thick microbridge, H||ab 75 K, Foltyn et al. (LANL) '96

Bi-2212:  19 filament tape B||tape face - Okada et al (Hitachi) '95

Bi-2212: Round multifilament strand - 4.2 K (IGC) Motowidlo et al. ISTEC/MRS '95

Bi-2223:  multi 4.2 K Hasegawa et al. (Showa) IWS'95, B||tape

Nb3Al: Transformed rod-in-tube Nb3Al (Hitachi,TML-NRIM), Nb Stabilized - non-Nb Jc, APL, vol. 71(1), pp.122-124), 1997

13906.4623639474

697

2314.5886872602

1197.02

67784.2

19000

4769.1

2067.64

551.31

1253.6

11314.2103128438

530

1922.285519928

1023.14

57653.8

16900

4177.24

1106.78

289.41

975.581

10171.5032862349

360.4

1608.4429860622

862.373

47836.5

15400

3706.12

942.155

282.179

601.37

8990.0006506979

210.1

1324.9147878539

726.893

38066.1

11900

3417.25

767.065

241.486

423.936

7882.5623594782

1123.4136155423

595.861

32830.8

9200

3164.41

678.503

231.478

307.419

6785.7046888752

675.8313655405

485.063

29479.9

6810

2880.55

610.08

227.769

191.517

5702.9545124278

531.5707917352

394.883

27118.1

5730

2760.34

567.167

224.118

113.557

4620.2043359805

472.9036362569

314.818

25146.1

5050

2491.73

472.479

216.758

58.2555

3625.6259980061

398.5443540853

245.812

23695.9

4380

2278.33

427.796

205.884

2761.5419809715

330.2479390451

181.543

22707.4

3890

2137.4

1322.5775770937

219.6897737061

126.815

22152.3

3430

2031.09

349.1604803527

170.473558168

83.7898

22303.6

3050

1913.62

126.967447401

21740.6

2730

1834.08

21535.8

2610

1811.32

20993.1

2560

1819.4

20628.6

1804.21

20434.2

1751.25

19917.6

19572.6

19231.9

19360

18870.5

18844.6

18369.7

18197.4

17881.5

17571.7

17406.9

17243.7



		

																																																																																																																																																								Jc (A/mm_) f(dp,B)

																																																																																																																																																				UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.)

		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

				Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.
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		1		2		2		1		10		1		0.964286		5.92095		11		14.3473		10.7044		0.181		0.95969		0.1

		2		4		3		1.26594		11		2		1.96429		7.8958		12		16.2695		11.8785		0.302		1.96813		0.5

		2.5		5		4		1.5		12		3		2.92857		9.87066		13		18.1916		13.1215		0.558		2.95812		1

		3		6		5		1.76682		13		4		3.89286		11.9075		16		19.1736		14.2956		1.06		3.92977		2

		3.5		7		6		2		14		5		4.89286		13.906		18		20.1452		15.5387		2.07		4.93813		3

		4		8		7		2.27037		16		6		5.92857		15.8929		20		21.1063		16.7127		3.08		5.94633		4

		4.5				8		2.5		17		7		6.89286		17.9581				22.0674		17.3343		5.08		7.94445		5

		5				9		2.78006		17.5		8		7.92857		19.9887				23.0389		17.9558		7.09		9.94253		6

		5.5				10		3		18		9		8.96429								18.5083		9.11		11.9589		7

		6						3.28027		18.5		10		10								19.0608		11.1		13.9568		8

		7						3.5		19.5		11		11								19.6823		13.1		15.9731		10

		8						4		20		12		11.9643								20.3039		15.1		17.9894		11

		8.5						4.5														20.8564		16.6		20.0239

								5														21.4779		18.1		21.0319

								5.5														22.0994				22.0584

								6														22.6519				23.0299



&A

Page &P

Nb-Ti:  APC strand Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.) -Heussner et al. (UW-ASC)

Nb-Ti:  Aligned ribbbons, B|| ribbons, Cooley et al. (UW-ASC)

Nb-Ti: Best Heat Treated UW Mono-Filament. (Li and Larbalestier, '87)

Nb-Ti: Nb-Ti/Nb (21/6) 390 nm multilayer '95 (5°), 50 µV/cm, McCambridge et al. (Yale)

Nb3Sn: Strand Example I,  High Ic design Internal Sn (TWC - Jablonski et al.) [Non-Cu Jc]

Nb3Sn: Sn plated Cu APC, 40 hr@650 °C, R. Zhou PhD Thesis (OST), '94

Nb3Sn: Sn Plated Cu APC 200 hr@650 °C, Zhou et al. (OST) ,93

Nb3Sn: APC with Ta, A15 layer only, Klemm et al. (KfK), 1990

Nb3Sn: ECN-PIT, 192 fil., non-Cu Jc, Hornsveld and Elen (NERF-ECN), Adv, Cryo. Eng. 36, 1990.

Nb3Al: Transformed rod-in-tube Nb3Al (Hitachi,TML-NRIM), Nb Stabilized - non-Nb Jc, APL, vol. 71(1), pp.122-124), 1997

NbN: 13 nmNbN/2 nmAlN multi-layer || B, Gray et al. (ANL) Physica C, 152 '88

YBCO: /Ni/YSZ ~1 µm thick microbridge, H||ab 75 K, Foltyn et al. (LANL) '96

Bi-2212:  19 filament tape B||tape face - Okada et al (Hitachi) '95

Bi 2223: Rolled 85 Fil. Tape (AmSC) B||, UW'6/96

Applied Field (T)

Bulk Pinning Force, Fp (GN/m3)

13.9064623639

19.668

13.2

17.3155

23.1458868726

20.8797

13.6301

47.8601638305

23.34079

17.98577528

61.231522968

3.0589

4.0088554556

0.298833

22.6284206257

25.716

15.99

16.840293444

21.1451407192

44.0571

23.0137

44.641826746

20.9262

15.8722150795

57.464263095

4.6508

7.2941259556

1.3425

25.4287582156

25.99

17.72

16.6014

19.3013158327

55.936

29.863

39.0351042756

18.28034

10.939882492

50.76734593

6.6402

10.10863557

2.39

26.9700019521

24.636

18.435

18.263088294

17.2238922421

56.9694

35.0685

31.264451075

9.851888

8.1283792896

41.060394144

9.752

12.4354034857

4.16334

27.5889682582

21.28

17.904

22.4258

15.7277906176

56.3507

38.4931

23.02430326

6.075576

6.1930172388

33.755339558

14.0967

14.2245303715

5.55999

27.1428187555

16.592

16.03

27.601115127

10.8133018486

52.6083

40.5479

14.7075280535

2.87818

4.0422152571

24.556304364

17.6484

16.4138925522

6.86

25.6632953059

12.64

32.66775

9.0367034595

48.0368

41.6438

7.355458179

2.5059077418

20.75262396

25.654

19.7954243985

8.075

23.1010216799

7.515

38.096830216

8.2758136345

43.3765

39.1096

2.5231336236

1.3421426389

16.8752558676

31.0542

22.6523643749

9.07998

19.940942989

3.1

42.3036

7.1737983735

37.7037

34.5205

13.4030815778

35.4379

25.56095286

10.22

16.5692518858

45.315945969

6.1095868723

32.0338

29.4521

10.4396382816

38.073

28.347516912

11.14664

9.2580430397

47.9493

4.2839505873

26.2692

23.9041

7.7102261082

39.955

30.566443622

13.133

2.7932838428

47.86

3.4094711634

20.6024

18.4247

5.0874670074

41.223

32.993998752

14.04337

1.0792233029

44.19099

3.5346801028

43.326

36.269690548

38.20475

1.9327231961

46.336

38.26543886

32.107405

1.1165655552

39.797985864

26.05482

0.596472096

40.331112375



		

																																																																																																																																																								Jc (A/mm_) f(dp,B)

																																																																																																																																																				UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.)

		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

				Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.
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		4		4		2		0.275		5		5.6		4		2		2		3		1		0		9		10

		6		5		3		0.483		8		7		5		4		3		5		1.26594		0.25

		7		6		4		0.817						5.6		5		5		7		1.5		0.5

		8		7		5		1						6		6		7		8		1.76682		1

				8		6		2						7		7				9		2		1.5

				8.5		7		3						8		8						2.27037		2

				9		8		4														2.5		2.5

				9.5		9		5														2.78006		3

				10.275		10		6														3		3.5

								7														3.28027		4

								8														3.5		4.5

								9														4		5

								10														4.5		5.5

																						5		6

																						5.5		6.5

																						6		7

																								7.5

																								8

																								8.5

																								9

																								9.5

																								10



1980

1985

1986

1994

1991

1995

MFTF Conductor

Tevatron Energy Saver Strand,  1980.

Best Production High Homogeneity, 1985.

Best Univ.-WI HT Multi-Fil. Composite, '85.

Best Small Scale HT Multi-Fil. Composite '86

Revised Equivalent SSC Strand Specification

Nb-Ti:  Best Industrial Scale Heat Treated Composites 1990

Aligned ribbbons, field parallel to ribbons.

Furukawa APC '94, dp=10.5nm

Supercon APC/HT '95

Nb-Ti: Nb-Ti/Nb (21/6) 390 nm multilayer '95 (5°) McCambridge et al. (Yale)

Nb-Ti:  1000  nm multilayer, 10  nm Cu:30  nm Nb-47wt.%Ti, Kadyrov et al. (UW-ASC)

LHC dipole Outer 1.9 K

LHC dipole inner 1.9 K

Applied Field, T

Critical Current Density, A/mm2

1924.868

2183.082

5154.89

10046.87

3614.996

2422

3700

9834

11472.6

4796

17315.5

15500

370

510

1220.648

1760.55

4098.56

9521.054

1478.862

1650

3000

6429

8690

3114

13302.6

14900

967.1288

1384.966

3403.73

8460.029

2584

5198

4250

1864

11067.6

14300

657.272

1051.635

2835.659

7793.368

2350

4106

966

1249

10336.7

14800

694.8304

2253.504

5727.656

1750

3040

684

11212.9

14700

553.9864

1699.517

4647.852

1050

2074

12157.1

13980

436.6164

1126.752

3859.125

13067.1

13290

272.2984

657.272

3168.99

13703.6

12652

93.896

201.8764

2488.244

14101.2

11948

1807.498

13814.7

11000

1126.752

13699.8

10168

553.9864

11965

9376

93.896

9820.22

8518

7640.95

7530

5837.71

6628

4342.47

5496

4408

3584

2496

1868

1144

616



		4		4		2		0.275		5		5.6		4		2		2		3

		6		5		3		0.483		8		7		5		4		3		5

		7		6		4		0.817						5.6		5		5		7

		8		7		5		1						6		6		7		8

				8		6		2						7		7				9

				8.5		7		3						8		8

				9		8		4

				9.5		9		5

				10.275		10		6

								7

								8

								9

								10



MFTF Conductor

Tevatron Energy Saver Strand,  1980.

Best Production High Homogeneity, 1985.

Best Univ.-WI HT Multi-Fil. Composite, '85.

Best Small Scale HT Multi-Fil. Composite '86

Revised Equivalent SSC Strand Specification

Nb-Ti:  Best Industrial Scale Heat Treated Composites 1990

Aligned ribbbons, field parallel to ribbons.

Furukawa APC '94, dp=10.5nm

Supercon APC/HT '95

Applied Field, T

Critical Current Density, A/mm2

Advancement in the Critical Current Density of Nb-Ti Based Superconducting Strand at 4.2K

1924.868

2183.082

5154.89

10046.87

3614.996

2422

3700

9834

11472.6

4796

1220.648

1760.55

4098.56

9521.054

1478.862

1650

3000

6429

8690

3114

967.1288

1384.966

3403.73

8460.029

2584

5198

4250

1864

657.272

1051.635

2835.659

7793.368

2350

4106

966

1249

694.8304

2253.504

5727.656

1750

3040

684

553.9864

1699.517

4647.852

1050

2074

436.6164

1126.752

3859.125

272.2984

657.272

3168.99

93.896

201.8764

2488.244

1807.498

1126.752

553.9864

93.896



		4		4		2		0.275		5		5.6		4		2		2		3

		6		5		3		0.483		8		7		5		4		3		5

		7		6		4		0.817						5.6		5		5		7

		8		7		5		1						6		6		7		8

				8		6		2						7		7				9

				8.5		7		3						8		8

				9		8		4

				9.5		9		5

				10.275		10		6

								7

								8

								9

								10



1980

1985

1986

1994

1991

MFTF Conductor

Tevatron Energy Saver Strand,  1980.

Best Production High Homogeneity, 1985.

Best Univ.-WI HT Multi-Fil. Composite, '85.

Best Small Scale HT Multi-Fil. Composite '86

Revised Equivalent SSC Strand Specification

Nb-Ti:  Best Industrial Scale Heat Treated Composites 1990

Aligned ribbbons, field parallel to ribbons.

Furukawa APC '94, dp=10.5nm

Supercon APC/HT '95

Applied Field, T

Critical Current Density, A/mm2

4

4

2

0.275

5

5.6

4

2

2

3

6

5

3

0.483

8

7

5

4

3

5

7

6

4

0.817

5.6

5

5

7

8

7

5

1

6

6

7

8

8

6

2

7

7

9

8.5

7

3

8

8

9

8

4

9.5

9

5

10.275

10

6

7

8

9

10

1924.868

2183.082

5154.89

10046.87

3614.996

2422

3700

9834

11472.6

4796

1220.648

1760.55

4098.56

9521.054

1478.862

1650

3000

6429

8690

3114

967.1288

1384.966

3403.73

8460.029

2584

5198

4250

1864

657.272

1051.635

2835.659

7793.368

2350

4106

966

1249

694.8304

2253.504

5727.656

1750

3040

684

553.9864

1699.517

4647.852

1050

2074

436.6164

1126.752

3859.125

272.2984

657.272

3168.99

93.896

201.8764

2488.244

1807.498

1126.752

553.9864

93.896

MFTF Conductor

Tevatron Energy Saver Strand,  1980.

Best Production High Homogeneity, 1985.

Best Univ.-WI HT Multi-Fil. Composite, '85.

Best Small Scale HT Multi-Fil. Composite '86

Revised Equivalent SSC Strand Specification

Nb-Ti:  Best Industrial Scale Heat Treated Composites 1990

Aligned ribbbons, field parallel to ribbons.

Furukawa APC '94, dp=10.5nm

Supercon APC/HT '95

Applied Field, T

Critical Current Density, A/mm2

1924.868

2183.082

5154.89

10046.87

3614.996

2422

3700

9834

11472.6

4796

1220.648

1760.55

4098.56

9521.054

1478.862

1650

3000

6429

8690

3114

967.1288

1384.966

3403.73

8460.029

2584

5198

4250

1864

657.272

1051.635

2835.659

7793.368

2350

4106

966

1249

694.8304

2253.504

5727.656

1750

3040

684

553.9864

1699.517

4647.852

1050

2074

436.6164

1126.752

3859.125

272.2984

657.272

3168.99

93.896

201.8764

2488.244

1807.498

1126.752

553.9864

93.896



		4		4		2		0.275		5		5.6		4		2		2		3		1

		6		5		3		0.483		8		7		5		4		3		5		1.26594

		7		6		4		0.817						5.6		5		5		7		1.5

		8		7		5		1						6		6		7		8		1.76682

				8		6		2						7		7				9		2

				8.5		7		3						8		8						2.27037

				9		8		4														2.5

				9.5		9		5														2.78006

				10.275		10		6														3

								7														3.28027

								8														3.5

								9														4

								10														4.5

																						5

																						5.5

																						6



1980

1985

1986

1994

1991

1995

MFTF Conductor

Tevatron Energy Saver Strand,  1980.

Best Production High Homogeneity, 1985.

Best Univ.-WI HT Multi-Fil. Composite, '85.

Best Small Scale HT Multi-Fil. Composite '86

Revised Equivalent SSC Strand Specification

Nb-Ti:  Best Industrial Scale Heat Treated Composites 1990

Aligned ribbbons, field parallel to ribbons.

Furukawa APC '94, dp=10.5nm

Supercon APC/HT '95

Nb-Ti: Nb-Ti/Nb (21/6) 390 nm multilayer '95 (5°) McCambridge et al. (Yale)

Applied Field, T

Critical Current Density, A/mm2

1924.868

2183.082

5154.89

10046.87

3614.996

2422

3700

9834

11472.6

4796

17315.5

1220.648

1760.55

4098.56

9521.054

1478.862

1650

3000

6429

8690

3114

13302.6

967.1288

1384.966

3403.73

8460.029

2584

5198

4250

1864

11067.6

657.272

1051.635

2835.659

7793.368

2350

4106

966

1249

10336.7

694.8304

2253.504

5727.656

1750

3040

684

11212.9

553.9864

1699.517

4647.852

1050

2074

12157.1

436.6164

1126.752

3859.125

13067.1

272.2984

657.272

3168.99

13703.6

93.896

201.8764

2488.244

14101.2

1807.498

13814.7

1126.752

13699.8

553.9864

11965

93.896

9820.22

7640.95

5837.71

4342.47



		4		4		2		0.275		5		5.6		4		2		2		3		0

		6		5		3		0.483		8		7		5		4		3		5		0.25

		7		6		4		0.817						5.6		5		5		7		0.5

		8		7		5		1						6		6		7		8		1

				8		6		2						7		7				9		1.5

				8.5		7		3						8		8						2

				9		8		4														2.5

				9.5		9		5														3

				10.275		10		6														3.5

								7														4

								8														4.5

								9														5

								10														5.5

																						6

																						6.5

																						7

																						7.5

																						8

																						8.5

																						9

																						9.5

																						10



1994

1995

1991

1986

1985

1980

MFTF Conductor

Tevatron Energy Saver Strand,  1980.

Best Production High Homogeneity, 1985.

Best Univ.-WI HT Multi-Fil. Composite, '85.

Best Small Scale HT Multi-Fil. Composite '86

Revised Equivalent SSC Strand Specification

Nb-Ti:  Best Industrial Scale Heat Treated Composites 1990

Aligned ribbbons, field parallel to ribbons.

Furukawa APC '94, dp=10.5nm

Supercon APC/HT '95

Nb-Ti:  1000  nm multilayer, 10  nm Cu:30  nm Nb-47wt.%Ti, Kadyrov et al. (UW-ASC)

Applied Field, T

Critical Current Density, A/mm2

1924.868

2183.082

5154.89

10046.87

3614.996

2422

3700

9834

11472.6

4796

15500

1220.648

1760.55

4098.56

9521.054

1478.862

1650

3000

6429

8690

3114

14900

967.1288

1384.966

3403.73

8460.029

2584

5198

4250

1864

14300

657.272

1051.635

2835.659

7793.368

2350

4106

966

1249

14800

694.8304

2253.504

5727.656

1750

3040

684

14700

553.9864

1699.517

4647.852

1050

2074

13980

436.6164

1126.752

3859.125

13290

272.2984

657.272

3168.99

12652

93.896

201.8764

2488.244

11948

1807.498

11000

1126.752

10168

553.9864

9376

93.896

8518

7530

6628

5496

4408

3584

2496

1868

1144

616



		4		4		2		0.275		5		2		5.6		4		2		2		3		0

		6		5		3		0.483		8		3		7		5		4		3		5		0.25

		7		6		4		0.817				4				5.6		5		5		7		0.5

		8		7		5		1				5				6		6		7		8		1

				8		6		2				6				7		7				9		1.5

				8.5		7		3				7				8		8						2

				9		8		4				8												2.5

				9.5		9		5				9												3

				10.275		10		6				10												3.5

								7																4

								8																4.5

								9																5

								10																5.5

																								6

																								6.5

																								7

																								7.5

																								8

																								8.5

																								9

																								9.5

																								10



1980

1985

1986

1994

1991

1980

1985

1986

1994

1991

MFTF Conductor

Tevatron Energy Saver Strand,  1980.

Best Production High Homogeneity, 1985.

Best Univ.-WI HT Multi-Fil. Composite, '85.

Best Small Scale HT Multi-Fil. Composite '86

Revised Equivalent SSC Strand Specification

Nb-Ti:  Best Industrial Scale Heat Treated Composites 1990

Aligned ribbbons, field parallel to ribbons.

Furukawa APC '94, dp=10.5nm

Supercon APC/HT '95

Applied Field, T

Critical Current Density, A/mm2

4

4

2

0.275

5

5.6

4

2

2

3

6

5

3

0.483

8

7

5

4

3

5

7

6

4

0.817

5.6

5

5

7

8

7

5

1

6

6

7

8

8

6

2

7

7

9

8.5

7

3

8

8

9

8

4

9.5

9

5

10.275

10

6

7

8

9

10

1924.868

2183.082

5154.89

10046.87

3614.996

2422

3700

9834

11472.6

4796

1220.648

1760.55

4098.56

9521.054

1478.862

1650

3000

6429

8690

3114

967.1288

1384.966

3403.73

8460.029

2584

5198

4250

1864

657.272

1051.635

2835.659

7793.368

2350

4106

966

1249

694.8304

2253.504

5727.656

1750

3040

684

553.9864

1699.517

4647.852

1050

2074

436.6164

1126.752

3859.125

272.2984

657.272

3168.99

93.896

201.8764

2488.244

1807.498

1126.752

553.9864

93.896

1995

1994

1991

1987

1985

1980

MFTF Conductor

Tevatron Energy Saver Strand,  1980.

Best Production High Homogeneity, 1985.

Best Univ.-WI HT Multi-Fil. Composite, '85.

Best Small Scale HT Multi-Fil. Composite '86

Nb-Ti: Best Heat Treated UW Mono-Filament. (Li and Larbalestier, '87)

Revised Equivalent SSC Strand Specification

Nb-Ti:  Best Industrial Scale Heat Treated Composites 1990

Aligned ribbbons, field parallel to ribbons.

Furukawa APC '94, dp=10.5nm

Supercon APC/HT '95

Nb-Ti:  1000  nm multilayer, 10  nm Cu:30  nm Nb-47wt.%Ti, Kadyrov et al. (UW-ASC)

Applied Field, T

Critical Current Density, A/mm2

1924.868

2183.082

5154.89

10046.87

3614.996

6600

2422

3700

9834

11472.6

4796

15500

1220.648

1760.55

4098.56

9521.054

1478.862

5330

1650

3000

6429

8690

3114

14900

967.1288

1384.966

3403.73

8460.029

4430

2584

5198

4250

1864

14300

657.272

1051.635

2835.659

7793.368

3687

2350

4106

966

1249

14800

694.8304

2253.504

5727.656

2984

1750

3040

684

14700

553.9864

1699.517

4647.852

2290

1050

2074

13980

436.6164

1126.752

3859.125

1580

13290

272.2984

657.272

3168.99

835

12652

93.896

201.8764

2488.244

310

11948

1807.498

11000

1126.752

10168

553.9864

9376

93.896

8518

7530

6628

5496

4408

3584

2496

1868

1144

616



		Applied Field, T		(NbTaTi)3Sn: Production Bronze route strand, 2 K non-Cu Jc, Thoner (VAC) Erice '96.		Applied Field, T		(NbTaTi)3Sn: Production Bronze route strand, 2 K non-Cu Jc, Thoner (VAC) Erice '96.		Applied Field, T		(NbTaTi)3Sn: Production Bronze route strand, 4.2 K non-Cu Jc, Thoner (VAC) Erice '96.		Applied Field, T		(NbTaTi)3Sn: Production Bronze route strand, 4.2 K non-Cu Jc, Thoner (VAC) Erice '96.						Applied Field, T		(NbTaTi)3Sn: Production Bronze route strand, 2 K non-Cu Jc, Thoner (VAC) Erice '96.		(NbTaTi)3Sn: Production Bronze route strand, 2 K non-Cu Jc, Thoner (VAC) Erice '96.		Jc gain 4.2 to 2 K		Applied Field, T		% gain

		1.64E+01		3.31E+02		1.64E+01		5.4198800905		1.49E+01		3.32E+02		1.49E+01		4.939205895						16		348.4736		276.276		72.1976		16		20.7182409227																																																																																																																								Jc (A/mm_) f(dp,B)

		1.74E+01		2.81E+02		1.74E+01		4.8680113228		1.58E+01		2.81E+02		1.58E+01		4.4549398691						17		299.0584		232.189		66.8694		17		22.3599805255																																																																																																																				UW-ASC APC Nb-47wt.%Ti with 24vol.%Nb pins (24nm nominal diam.)

		1.84E+01		2.37E+02		1.84E+01		4.3636615876		1.69E+01		2.38E+02		1.69E+01		4.0147379575						18		253.3144		191.864		61.4504		18		24.2585498495

		1.94E+01		1.97E+02		1.94E+01		3.8244122813		1.79E+01		1.98E+02		1.79E+01		3.5353439068						19		211.2416		155.301		55.9406		19		26.481810401

		2.04E+01		1.59E+02		2.04E+01		3.2425130388		1.89E+01		1.59E+02		1.89E+01		3.0099108185						20		172.84		122.5		50.34		20		29.1252024994

		2.14E+01		1.24E+02		2.14E+01		2.663856224		1.99E+01		1.26E+02		1.99E+01		2.50937325						21		138.1096		93.461		44.6486		21		32.3283826758

		2.24E+01		9.47E+01		2.24E+01		2.1210105302		2.09E+01		9.49E+01		2.09E+01		1.9853119213						22		107.0504		68.184		38.8664		22		36.3066368738

		2.34E+01		6.86E+01		2.34E+01		1.6072571907		2.19E+01		6.88E+01		2.19E+01		1.5074248716						23		79.6624		46.669		32.9934		23		41.4165277471

		Applied Field, T		Jc, A/mm_		Applied Field, T				Applied Field, T		Jc, A/mm_		Applied Field, T

		(NbTaTi)3Sn: Production Bronze route strand, 2 K non-Cu Jc, Thoner (VAC) Erice '96.

										(NbTaTi)3Sn: Production Bronze route strand, 4.2 K non-Cu Jc, Thoner (VAC) Erice '96.

		Jc, 2.05 K, Nb-37Ti-22Ta, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-37Ti-22Ta, 400 hr, Lazarev et al. (Kharkov), CCSW '94.

		Jc, 2.05 K, Nb-46Ti, 1000 hr, Lazarev et al. (Kharkov), CCSW '94.

				Jc, 2.05 K, Nb-46Ti, 50 hr, Lazarev et al. (Kharkov), CCSW '94.
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(NbTaTi)3Sn: Production Bronze route strand, 2 K non-Cu Jc, Thoner (VAC) Erice '96.

(NbTaTi)3Sn: Production Bronze route strand, 4.2 K non-Cu Jc, Thoner (VAC) Erice '96.

(NbTaTi)3Sn: Production Bronze route strand, 4.2 K non-Cu Jc, Thoner (VAC) Erice '96.

(NbTaTi)3Sn: Production Bronze route strand, 4.2 K non-Cu Jc, Thoner (VAC) Erice '96.

Applied Field, T

Critical Current Density, A/mm_

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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0

0

0

0

0

0

0

0

0

0
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% gain

Applied Field, T

% Gain in 
Critical Current Density

% gain in Critical Current gained from
reducing temperature from 4.2K to 2K:
(NbTaTi)3Sn: Production Bronze route strand,
 2K non-Cu Jc, (from data of Thoner (VAC) Erice '96).

0

0

0

0

0

0

0

0



MFTF Conductor



Tevatron Energy Saver Strand,  1980.



Best Production High Homogeneity, 1985.



Best Univ.-WI HT Multi-Fil. Composite, '85.



Best Small Scale HT Multi-Fil. Composite '86



Revised Equivalent SSC Strand Specification



Nb-Ti:  Best Industrial Scale Heat Treated Composites 1990



Aligned ribbbons, field parallel to ribbons.



Furukawa APC '94, dp=10.5nm



Supercon APC/HT '95



Nb-Ti: Nb-Ti/Nb (21/6) 390 nm multilayer '95 (5°) McCambridge et al. (Yale)



Nb-Ti:  1000nm multilayer, 10nm Cu:30nm Nb-47wt.%Ti, Kadyrov et al. (UW-ASC)



LHC dipole Outer 1.9K



LHC dipole inner 1.9K






MFTF Conductor


Tevatron Energy Saver Strand,  1980.


Best Production High Homogeneity, 1985.


Best Univ.-WI HT Multi-Fil. Composite, '85.


Best Small Scale HT Multi-Fil. Composite '86


Revised Equivalent SSC Strand Specification


Nb-Ti:  Best Industrial Scale Heat Treated Composites 1990


Aligned ribbbons, field parallel to ribbons.


Furukawa APC '94, dp=10.5nm


Supercon APC/HT '95


Nb-Ti: Nb-Ti/Nb (21/6) 390 nm multilayer '95 (5°) McCambridge et al. (Yale)


Nb-Ti:  1000nm multilayer, 10nm Cu:30nm Nb-47wt.%Ti, Kadyrov et al. (UW-ASC)


LHC dipole Outer 1.9K


LHC dipole inner 1.9K
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Sheet1

		

										Combined Hoop + Bend. Stress

										Ip=0				Ip=12.949 MA

		Coil		R - m		Z-m		A-t		ksi		Mpa		ksi		Mpa

		1		2.25		0.75		-0.65		4.94		34.1848		1.52		10.5184

		2		2.25		1		-1.05		7.98		55.2216		2.27		15.7084

		3		2.25		25		-1.5513		10.087		69.80204		3.27		22.6284

		4		2.25		1.75		-1.523		9.002		62.29384		4.35		30.102

		5		2.25		2.25		-6.65		2.306		15.95752		3.035		21.0022

		6		2.25		2.75		1.18		0.1455		1.00686		8.363		57.87196

		7		2.25		3.25		3.36		9.659		66.84028		30.86		213.5512

		8		3.25		5.75		6.518		38.52		266.5584		43.35		299.982

		9		3.75		6		4.81		17.25		119.37		10.73		74.2516

		10		5.25		6.3		3.643		10.49		72.5908		7.147		49.45724

		11		5.75		6.25		-3		39.81		275.4852		37.95		262.614

		12		7.5		5.65		276		40.5		280.26		39.88		275.9696

		13		8		5.4		-5.877		49.05		339.426		48.32		334.3744

		14		8.5		5.1		-8.624		59.65		412.778		63.98		442.7416

				1





Sheet2

		





Sheet3
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Sheet1

				ARIES AT PF COIL GEOMETRY

												Max												Calculated

												Curent		Coil		Using Max Cd				With input del R				Curent

				Coil		R		Z		I		Density		Area		del Z		del R		del Z		del R		Density		R1		Z1

				Number		(m)		(m)		(MA)		(MA/m^2)		m^2		(mm)		(mm)		(mm)		(mm)		(MA/m^2)		(m)		(m)

				1		2.25		0.250		-0.620		54.64		0.0113469985		500.0		22.6939970717		500		123		10.08		2188.5		0.0

				2		2.25		0.750		-1.053		54.64		0.0192715959		500.0		38.5431918009		500		123		17.12		2188.5		500.0

				3		2.25		1.250		-1.513		54.64		0.0276903367		500.0		55.3806734993		500		123		24.60		2188.5		1000.0

		OH		4		2.25		1.750		-1.523		54.64		0.0278733529		500.0		55.7467057101		500		123		24.76		2188.5		1500.0

				5		2.25		2.250		-0.665		54.64		0.012170571		500.0		24.3411420205		500		123		10.81		2188.5		2000.0

				6		2.25		2.750		1.184		54.64		0.0216691069		500.0		43.3382137628		500		123		19.25		2188.5		2500.0

				7		2.25		3.250		3.360		54.64		0.0614934114		500.0		122.9868228404		500		123		54.63		2188.5		3000.0

				8		3.25		5.750		6.348		54.64		0.1161786237		340.8		340.8								3079.6		5579.6

				9		3.75		6.000		6.518		54.64		0.1192898975		345.4		345.4								3577.3		5827.3

		Ring		10		5.25		6.300		4.810		54.64		0.0880307467		296.7		296.7								5101.7		6151.7

		Coils		11		5.75		6.250		3.643		54.64		0.0666727672		258.2		258.2								5620.9		6120.9

				12		7.50		5.650		-3.276		54.64		0.0599560761		244.9		244.9								7377.6		5527.6

				13		8.00		5.400		-5.877		54.64		0.1075585652		328.0		328.0								7836.0		5236.0

				14		8.50		5.100		-8.624		54.64		0.1578330893		397.3		397.3								8301.4		4901.4
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