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ABSTRACT

The Oak Ridge National Laboratory (ORNL) is “bringing science to life” through the creation of
knowledge; the invention of new tools and techniques; the scientific analysis of complex
situations; and the design, construction and operation of research facilities used by scientists and
engineers from throughout the world. ORNL creates and uses partnerships as a means for
conducting collaborative research and development (R&D), facilitating access to its capabilities,
improving the utilization of its unique science and technological facilities, and assisting in
commercialization of technology. This paper will concentrate on seven of the mechanisms used
to access ORNL facilities and expertise namely, Cooperative Research & Development
Agreements, License Agreements, Personnel Exchanges, Small Business Innovative Research &
Small Business Technology Transfer Partnerships, Technical Assistance Program, User Facility
Agreements, and Work For Others Agreements. Cooperative Research and Development
Agreements, also known as CRADAS, create formal teams of researchers from ORNL and

< private industry for the purpose of collaborating on an R&D area of interest to both partners.
License Agreements give commercial entities authorization to use ORNL-developed

(
technologies for specified purposes. A Personnel Exchange either locates ORNL employees at
the site of the partner organization, or, brings the employee(s) of the outside organization to

;
ORNL to enhance their technical capabilities. The Small Business Innovative Research (SBIR)

~ Program and the Small Business Technolo~ Transfer (STTR) Program provide government-
i1 funded partnership opportunities for qualified small private companies. The ORNL Technical
4 Assistance Program can provide a rapid response to a technical question from a business entity.I1 User Facility Agreements provide qualified users from universities, industry, or other institution

access to ORNL’s 14 designated user facilities where both proprietary and nonproprietary
research can be conducted. Workfor Others is a mechanism that gives government entities and
commercial companies the ability to pay for predetermined scopes of work to be performed for(
their benefit.

The Oak Ridge National Laboratory is a U.S. Department of Energy facility operated by the
Lockheed Martin Energy Research Corporation under contract DE-AC05-960R22464,
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Cooperative R&D Agreements (CRADAS) allow one or more partners to collaborate on ideas,
share costs, and pool the results of a particular R&D program to bring a specific technology to
the marketplace. ORNL has participated in more than 270 CRADAS, including more than 100
with small businesses.

License agreements give industry access to ORNL-developed inventions and technologies.
ORNL has executed more than 220 license agreements and commercial sales resulting from
these agreements exceed $184 million.

Personnel exchanges can take ORNL employees to other locations, or, may bring outside
researchers to the Laboratory to enhance technical capabilities and support research in specific
areas.

Small Business Innovative Research (SBIR) and Small Business Technology Transfer (STTR)
programs provide partnership opportunities for qualified small firms. ORNL’S Small Business
Program Office builds awareness of cooperative research and technical assistance opportunities
available to small and medium-sized firms and promotes partnerships under the STTR Program.

Technical assistance provides a way for ORNL researchers to respond to inquiries from
individuals or organizations seeking to firther knowledge, solve a specific problem, or improve a
process or product.

User facility agreements provide access to ORNL’S 14 designated user facilities, stipulating
terms and conditions for the conduct of research by qualified users from universities, industry, or
other institutions. Both proprietary and nonproprietary research can be conducted. The diversity
of ORNL’s resources in science and technology is represented by these facilities:
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Bioprocessing Research Facility
Buildings Technology Center
Californium User Facility for Neutron Science
Computational Center for Industrial Innovation
High Flux Isotope Reactor
High Temperature Materials Laboratory
Holifield Radioactive Ion Beam Facility
Metals Processing Laboratory User Center
Metrology R&D Laboratory
Mouse Genetics Research Facility
Oak Ridge Electron Linear Accelerator
Oak Ridge National Environmental Research Park
Shared Research Equipment Program
Surface Modification and Characterization Research Center

Capabilities for remote operation of some facilities are broadening access to researchers at other
institutions. More information on ORNL’s user facilities is available on the Internet at
httD://www.ornL Rov/ornlhome/facilities.htrn
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From Fig. 1, the best fit to the data is obtained for H* = 3500 rms Mm and d = 0.06 mm. This
translates to an ac Jc of approximately 8.2 x 107 A/m2 for the central area containing the filaments.
Note that we assume that the filaments are completely coupled and act as a single supercon-
ducting core with an average Jc [12]. Similarly, for the case of the perpendicular field, H* = 11600
rms A/m and d = 1.8 mm :are obtainecl. From these, ac JC is determined to be 1.4 x 107 rms
A/m2. However, this value is the value of JC for the entire wire cross section. By converting it
for the core region of the tape, ac Jc is approximateed to be 2.3 x 107 rrns A/m2. Thus, ac J, for
the parallel field is -3.5 times greater than that for the perpendicular case. Also, dc critical
currents Ic are determined for the applied field directions parallel and perpendicular at 77 K anld up
to 0.2 T. The results are shown in Fig. 3.
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applied magnetic field (rms A/cm)

Fig. 1. ac losses for a l13i(2223) multi-
fikunentary tape with H pamllel to the tape
face at 60 Hz and 77 K.
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Fig. 3. dc critical currents 1c for the paral-
lel and the perpendicular clirections mea-
sured at 77 K. A 10 mV/m electric field
criterion was used for Ic de{ermination.
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Fig. 2. ac losses for a 20-stack Bi(2223)
multifilamentary tape with H perpendicular
to the tape face.

Table 1. dc Critical Current Densities for
the Area Containing the Filaments.

H(T) dcJ&) (1 o’A/i#J
H(n) (H-L)

o 3.6 3.6
0.018 3.0 1.5
0.180 1.3 0.4

DISCUSSION

As can be observed
model describes the

quite clearly in Figs. 1 and 2, and also pointed out previously [7], the IBean
ac fielcl dependence of the losses very well with a set of parameters for the
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field range of the present measurements, i.e., up to - 0.18 T in the peak field. Furthermore, the ~
values of the core thickness d, which were used as one of the fitting parameters, are quite reason-
able for the both cases, i.e., they are within (10- 15)0/0 of the actual core sizes, the thickness and
the width. However, the critical-current densities (ac Jc), which were deduced from fitting the
model to the loss data, are significantly different for the values of dc Jc which were determined
by the dc measurements as shown in Table 1 and Fig. 3. In the previous measurements of the
losses with the field parallel to the face of the tapes, the ratios of (ac Jc/dc Jc) were found to be
between 1.5-2 depending on the nature of the tapes and on the measurement conditions such as
temperature and superimposed dc fields. Previously, we have justified these differences to the
existence of superconducting areas which are not connected through the length of the tape.
These areas do not contribute to dc J., but can contribute to the hysteresis loss [7]. However,
the value of dc Jc decreases to 1.3 x 107from 3.6x 107 Nm2 as H is increased to 0.18 T from O.
The measured losses do not reflect this drop in Jc, i.e., the losses at high fields should be well
below the calculated value by Eqs. (2) and (3).

In the case of the applied field perpendicular to the tape face, the ac Jc is substantially smaller than
the dc JC(0), but approximately equal to the value forH=0.018 T. Again, the field dependence of
the loss does not reflect the very large drop in dc Jc from 3.6x 107 at the self-field and 0.4 x 107
A/m2 at H = 0.18 T. These discrepancies are very difficult to reconcile without fiu-ther investiga-
tion of the exact mechanism(s) for which the losses are determined in these highly anisotropic and
geometrically complicated superconductors such as Bi(2223)/Ag tapes. A systematic investiga-
tion to determine the source(s) of these discrepancies is currently being conducted.
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