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Abstract

TII will develop the skeletal structure for a proof-of-concept (POC) design of a 1 MW Superconductive Magnetic Energy Storage (SMES) system and will provide a concept of operation to include details on suggested design, component specifications, and estimated cost and payback.  The SMES system will be designed to meet Air Force power storage requirements with an overall efficiency approaching 94 percent.  The requirements include, high AC/DC conversion efficiencies, low/minimal power loss during DC storage, low cost, and low density/kw.  The design and manufacturing of such a system will increase the use of stored electricity in the Air Force, which is minimal in today's Air Force.  Future Air Force 21 concepts envision highly mobile, rapidly deployable combat forces quickly responding to dynamic battle field situations.

Benefits

A feasible SMES will increase the use of stored electricity in the Air Force.  Efficient, low cost storage systems are needed for various applications by all DOD-components.  Commercial demands from vehicles to power industry are limitless.
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1.0IDENTIFICATION AND SIGNIFICANCE OF THE PROBLEM OR OPPORTUNITY
Future Air Force 21 concepts envision highly mobile, rapidly deployable combat forces quickly responding to dynamic battle field situations.  The discovery of high temperature superconducting (HTSC) materials renewed interest of using Superconducting Magnetic Energy Storage (SMES) systems preferably operating at temperature near the boiling point of liquid nitrogen. Such SMES units could replace other energy storage systems, e.g. batteries, and could be issued for C3I items.  As high current density HTSC materials become available, support facilities using simple air liquefiers and any power supply could be available to charge SMES units.  Low temperature superconductors (LTSC) can be used for stationary systems and the use of liquid helium will be logistically permissible.  The benefits and the suitability of SMES units specifically for Air Force applications will be examined to develop a concept compatible with the applications.  TII will then validate the concept through prototype construction and test for eventual transition to a manufacturing agency.

2.0 PHASE I TECHNICAL OBJECTIVES
The overall objective of Phase I is to evaluate SMES use for Air Force applications taking in consideration different operating constraints and requirements.  This corresponds to the following  specific technical objectives of phase I: 


1- Define the energy storage needs of different Air Force units and determine the appropriate size SMES unit of such an application.


2- Define the appropriate configuration of SMES units for the different applications. 


3- Optimize each SMES unit for minimum weight, high efficiency and low cost.


4- Provide a conceptual design for a given size unit based on the specified stored energy as provided by the Air Force.


5- Deliver a concept of operation to include details on suggested design, component specifications, and estimated cost and payback for a 1 MW system. 


6- Assess feasibility of SMES use to meet AF stored electricity requirements.

3.0PHASE I WORK PLAN  
SMES units could be one of the major components in mobile air base energy systems.  We propose to conduct a study of the benefits compared to costs, the technical feasibility and viability of deploying SMES units for mobile air base systems.  A SMES unit can be used as a power supply and can be sized for transportation. e.g., in a C-5 plane and designed to be operational within three days of deployment.  A typical 2000 man Air Force unit would require about 3 MW of average power.  The SMES would be used to help provide station-keeping energy storage power 24 hours per day on a continuous basis.  Smaller units can be also used for other mobile Air Force base applications.  

Toroidal SMES appears to be favored since it produces the least stray magnetic field.  SMES units will be optimized for maximum specific stored energy per unit mass in consideration of all constraints.  We assume that SMES unit(s) can be designed to fit within the cargo space of a C-5 plane. The cargo space might contain three or more toroidal magnet systems in one or more dewars, as shown in Fig.1.  High specific energy designs (>10 J/gm) are possible using Beryllium or composite materials as a structure.  Such materials require further development and should be available in the future.  The bore diameter of the torus depends on the allowed maximum field; a smaller diameter is possible for higher fields.  Advanced and improved designs will be studied for windings that partially or fully occupy the interior of the torus.  Windings are radially spaced to limit the magnetic field to that allowed by the superconductor.  The highest magnetic field provides the most efficient stored energy per unit volume of available space.  This is particularly attractive up to the size and weight capacity in C-5 planes.  

Solenoidal configurations will be also considered.  The stray magnetic field can be reduced by arranging the solenoids as shown in figure 2.  Such system will be analyzed and compared to the toroidal system in terms of efficiency and weight.

Mobile airborne SMES units for Air Force application should be designed for 1) high efficiency, (2) light-weight components and supporting systems, (3) flexible outputs, (4) low heat leak, and (4) tolerance for dynamic loading during take off, landing, or emergency maneuvers.   All components will be designed for minimum weight.  This includes the conductor, the structure, the containment vessels and all auxiliary systems.  Aluminum stabilized conductors and high strength aluminum alloy structure will be considered.  The specific strength of composite materials is very high compared to most metallic structures, see Table 1.  Designs with composite materials will be considered.  It may be advantageous to transport the magnet system cold with or without an on-board refrigerator.  One option would use a liquid cryogen supply on board.  The heat leak must be absolutely minimum.  It is best to have a small magnet stack, low thermal conductivity supports, and multi-layer superinsulation.  Refrigerators are needed on site and possibly on board.  The magnet support system accommodates dynamic loading at the expense of more struts and long-term additional heat-leak.  Dynamic loading for conventional magnets does not usually exceed 3g during ground transport.  Dynamic loading data would be needed from the Air Force for the design of magnet support system.


Figure 1

Figure 2
Most of the previous studies of energy conversion have dealt with load leveling applications using large superconducting magnetic energy storage (SMES) coils connected to a three-phase AC line via a Graetz bridge.  The maximum power rating (for power available 100% of the time) is Pmax = VmaxImin.  The least current is determined based the required maximum power since the Vmax for the cooling cryogen and is a conservative fraction of the breakdown voltage of the cryogenic fluid.  Imin is often taken as 1/3 Imax.  A thyristor bridge circuitry is shown in Figure 3 as an example. This circuit can be modified to match the Air Force electric load requirements and could be built and tested in phase-II. It is expected however the Air Force Applications have different requirements: 1) Storage of energy for long time with minimum loss, 2) AC or DC output power and 3) Moderate power output at rates from high power pulses to low rate standby power.


Figure 3
Two magnet protection schemes will be pursued during Phase-I.  The first scheme involves external air, oil, or water cooled dump resistors, which are used for magnets with low "normal-state" resistance.  Practical overall magnet current densities are about 10 to 20 kA/cm2, as based on our previous studies.   The dump resistor method is used for many magnets and requires minimum research and development efforts.  A self protection scheme for high current density coils uses self- supported conductors shunted by an electrical conducting structure.  The structure near a "quenched turn" will thus rise in temperature to absorb  heat and spread the normal zone to heat up adjacent conductors.  This triggers the coil to the normal state (non-superconducting) for a safe discharge and more even temperature rise.  Magnet safety during flight will be considered to provide the necessary venting in case of cryogen evaporation.

3.1TASK 1: Requirements and Specifications
The Air Force SMES units will have unique requirements in terms of weight, dynamic loading, and stray field as well as other factors.  The unit specs will be first determined in cooperation with the Air Force personnel.

3.2TASK 2: Configuration and Optimization Studies
Configuration studies will be undertaken to determine the SMES unit optimum configuration in terms of weight since mobility is one of the prime factors in the design.  The SMES consist of :1) The structure required to support magnetic forces, 2) The SMES conductor, and 3) Auxiliary systems such as containment dewars, protection system, charging power supply and refrigerator.

Structure requirements for SMES coils can be calculated from the virial theorem8,9 as follows:


Structure Mass,   Mst = (1 + 2Qc) ρstE/σst    ,(1)

where Qc is a compressive quality factor ranging between 0 and 1 depending on configuration.  Qc = 0 for all structure in tension and none in compression.  ρst is the structure density, σst is the average design stress and E is the energy stored.  Equation (1) shows that to minimize structural mass Qc must be as small as possible leaving the theoretical minimum mass requirement (Qc = 0) as


Mst = ρst E/σst  .(2)

Any attempt to use structural mass less than shown in Eq. (2) is a violation of the laws of nature.  The conductor mass Mc is related to the energy E and the field B as

      Mc = ρc Qis E2/3/B1/3 / J(3)

where ρc is the conductor mass density, Qis is an ampere-meter quality factor ranging between 600 and 1200 depending on configuration and shape, B is a reference field, and J is the conductor current density.  

Weight optimization will be based on total system weight including dewars, power supply and refrigerator.  

3.3TASK 3: Conductor Studies
Aluminum will be used as a stabilizer to have light weight SMES.  The conductor studies will include conductor stability and cooling as well as conductor AC losses.  Both cable in conduit and composite conductors will be considered.  Companies will be contacted to verify the manufacturability of the conductor.  The conductor current will be based on requirements as determined mutually between SUPERMAG and the Air Force.

3.4TASK 4: Structure Studies
The different configuration will be compared in terms of the efficient use of the structures as well.  A survey will also be undertaken to select the appropriate high strength material.   Composite materials will be specifically considered to reduce AC losses if magnet fast discharge is required.

3.5TASK 5: Magnet Charge and Discharge
Analytical studies are proposed of several discharge schemes utilizing several electrical circuitry  arrangements to use the Magnetic  Energy Storage (SMES) as a constant voltage power supply.  The electric circuits used for SMES discharge must produce a constant load voltage over a range of SMES coil currents from full charge to minimum charge conditions.  

The SMES is essentially a constant current device and the electrical circuits must act as a high current low voltage to a low current high voltage converter.  A properly controlled circuit should satisfy these requirements.   The study has two parts:


1- Detailed analysis of the characteristics and performance of the different discharge schemes.


2-Identification of specific elements which are critical in the operation of the different discharge schemes.

The chopper discharge circuit, figure 4, is among the circuits which will be considered.  It consists of few elements and is simple to construct and analyze.  The chopper circuit operates to hold the capacitor voltage constant except for a small high frequency ripple voltage.  With the SMES shorting switch open, the SMES current supplies the load as well as charge the capacitor C to a higher voltage which linearly increases with time.  As the capacitor voltage reaches its higher limit, the switch is closed shorting the SMES coil, the diode blocks, and the capacitor begins to discharge exponentially through the load supplying the load full current.  To maintain a constant output voltage, if desired, requires controlling the time of opening and closing the switch.  The charging time period is a function of the capacitor size, the magnitude of the load current, the magnitude of the ripple voltage desired, and the available SMES current.  As the SMES current decreases during discharge, the capacitor charging time must increase, so the switching frequency must reduce.


Figure 4
It may be pointed out that the shorting switch carries the full SMES current and the type of the appropriate switch to use will depend on frequency.  The use of small capacitor will result in high frequency operation and low frequency operation requires the use of large capacitor.  

It will be advantageous to develop discharge circuits which use low frequency switches on the SMES unit side, high current side, and high frequency switches on the load side, low current side.  This will make it feasible to use mechanical switches as high current low frequency switches and use several commercially available switches as high frequency low current switches.  Furthermore the low current switches can be used at room temperature to minimize required refrigeration power.  This will be a part of the present task.

3.6TASK 6: Magnet Protection
Magnet protection represents a major task especially for high current density conductor designs.  The use of dump resistor is more appropriate for low current density conductor and will be first analyzed.  Advanced protection schemes will be considered in more details.  A scheme which is proposed to consider during the course of this study is the use of a conductor doublet where the coil is wound using two conductors in parallel.  The voltage across different lengths of the two conductors is compared and under ideal conditions a voltage difference will exist following the presence of a normal zone.  A small resistor is connected in series with one of the conductor causing the current to divert to the other conductor driving it normal. This will cause the current to flow back to the first conductor driving also normal.  A computer code will be developed for this purpose.

3.7TASK 7: Safety Analysis
Safety analysis is important in this case since the system will be operating in the vicinity personal.  It is also important to analyze the consequences of a direct hit.  Two scenarios will be analyzed: 1) Dewar failure and cryogen rapid evaporation and 2) Conductor breakage and local intensive energy done. Other scenarios as a result of our discussion of the Air Force Personnel will be considered.

3.8TASK 8: Baseline Design
The baseline unit size will be selected based on preliminary study.  The goal of the baseline design is to provide enough detailed information about the different components.  Some major objectives are:


1 -identification of innovative concepts 


2 -design for cooldown, operation and warmup (emergency and normal procedures)


3 -analyze operation for conductor stability and system protection


4 -verify the structure concept:  cold axial structure, struts and/or adjustable radial force transfer mechanisms, and warm structure


5 -compare different design concepts

3.9Task 9.0: Development of Phase II Plan
Based on the results of Tasks 1.0 through 8.0, a detailed plan will be developed for Phase II which will validate concept through prototype construction and test for eventual transition to a manufacturing agency.  We will also define the required developments and testing programs as well as provide a cost estimate of Phase II including material and manufacturing cost. 

3.10

Task 10.0: Report/Deliverables Preparation 
Bimonthly letter reports will be provided to describe technical progress and management actions.  A final report will be developed and submitted to include conclusions and recommendations for future developments.

3.11

Schedule
The schedule for the tasks is given by the Gantt Chart of Figure 5.

Figure  5
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4.0RELATED WORK
The principal invvestigator (PI) has performed work in energy storage for over ten years employing superconductivity storage concepts and has performed extensive work related to the proposed program.  He has authored or coauthored several reports and papers on superconductivity applications.  The PI has worked on various programs involving transformers, switching, and power conditioning while working at General Dynamics Space Systems Division as part of the electromagnetic launch and energy programs; and on energy storage while with the University of Wisconsin, Superconductivity Institute. 

TII and the program team have been involved in superconductivity research and development on various levels and hence TII has established a division dedicated to superconductivity (SUPERMAG) to dedicate efforts on design of devices using the advancement in the field.  The TII team has also been involved in designs of devices related to the proposed concept though in different fields.  Examples are design of an automated intravenous injection system for administration of radiopharmaceauticals. 

TII has also performed work involving pulse power in the design of anti‑personnel, anti‑craft, and anti‑vehicle mine detection systems using high power energy sources. 

Work performed elsewhere is cited below:

Bagnato,V.S.; Lafyatis, G.P.; Martin, A.G.; Raab, E.L.; Ahmad-Bitar, R.N.; Continuous Stopping and Trapping of Neutral Atoms.  Contract No. N00014-83-K-0695, Mass Inst of Tech Cambridge.

Challita, A.; Barber, J.P.; McCormick, T.J.; Advanced Energy Storage Systems.  Report No. IAP-TR-83-7, Contract No. F04611-82-C-0029, IAP Research Inc., Dayton, OH.

Defense Nuclear Agency Fiscal Year 1991 Program Document: Research, Development, Test and Evaluation, Defense Agencies (Supports Congressional Budget Estimates Jan 1990).  Defense Nuclear Agency, Washington, DC.

Ferrado, William A, A Silver-Bearing, High-Temperature, Superconducting (HTS) PAINT, Report No. NSWC-TR-48, Naval Surface Weapons Center, White Oak Lab, Silver Spring, MD

Gubser, Donald U.; Compilation of NRL Publications on High Temp Superconductivity.  Rept for 1 Jan-1 Jul 87, Naval Research Lab, Washington, DC.

Halloran, J.W., Composite Ceramic Superconducting Wires for Electric Motor Applications, Quarterly technical rept. no. 6, Contract No. N00014-88-C-0512, #DARPA Order-9525, Ceramics Process Systems Corp, Milford, MA.

Hohenwarter, G.K.; Superconducting High TC Thin Film Vortex-Flow Transistor, Final Rept. 1 Aug 90-31 Mar 91 on Phase I, Contract No. F49620-90-C-0054, Hypres Inc, Elmsford NY.

Hsu, Li-Shing; Zhou, Lu-Wei; Machado, F.L.; Clark, W.G.; Williams, R.S.; Electrical Resistivity, Magnetic Susceptibility and Thermoelectric Power of PtGa2.  Technical Rept. No 1, 1 Oct 89-31 May 90, Contract No. N00014-90-J-1178, Cal. Univ. Los Ang.

Jenekhe, Samson A.; A Class of Narrow Band Gap Semiconducting Polymers.  Rept No TR-2, Contract No N00014-84-C-0699, Honeywell Inc, Bloomington, MN, Physical Sciences Ctr.

Kirillin, V.A.; Sheyndlin, A. Ye.; Asinovskiy, E.I; Sychev, V.V.; Zenkevich, V.B.; A Pulsed Magntohydrodynamic Generator with a Superconducting Magnetic System.  Report # FTD-ID(RS)T-0754-85, Foreign Technology Div, Wright-Patterson AFB, OH.

Lech, W.; Research on Design of Cryotransformers and Its Prospects for the Future.  Report No. FTD-ID(RS)T-1548-84, Foreign Technology Div, Wright-Patterson AFB, OH.

Levy, Moises; Thin Superconducting Film Characterization by Surface Acoustic Waves.  Annual progress rept. 30 Sept 86-30 Sep 87 Oct 87, Contract No. AFOSR-84-0350, Wisconsin Univ-Madison Dept of Physics.

MacPherson, R.W.; Superconductivity: Recent Dev and Defense Applications, Report No. CRAD-1/88, Dept. of National Defense Ottawa (Ontario) Research and Dev Branch.

Madarasz, Frank; Proceedings of the Workshop on High Temperature Superconductivity.  Report No. GACIAC-PR-89-02, Contract No. DLA900-86-0022, Tactical Weapons Guidance and Control Information Analysis Center, Chicago, IL.

New Generation Power Subsystems for Satellites, Final Rept. Feb 90 307P, Contract No. N00014-89-J-2029, Texas A and M Univ College Station Dept of Electrical Eng. 

Pritchard, David E.; Forces on Neutral Atoms Due to Electromagnetic Fields.  Contract No. N00014-83-K-0695, Mass Inst of Tech Cambridge Research Lab of Elec.

Reible, S.A.; Superconductive Convolver with Junction Ring Mixers.  Rept. No MS-6642, Contract No F19628-80-C-0002, Mass Inst of Tech Lexington Lincoln Lab.

Report of the Defense Science Board Task Force on Military System Applications of Superconductors.  Final Rept.,  Defense Science Board, Washington, DC.

Rossowsky, R. Methfessel, S.; Physics and Materials Science of High Temperature Superconductors.  Final Rept. Aug 89 165P, Contract No. MIPR-ARO-135-89, Penn. State Univ, Univ Park, Applied Research Lab.

Rothman, Steven J; Proceedings of the Annual Conference on Magnetism and Magnetic Materials (34th) Held in Boston, Mass. on 28 Nov. 1989. Pp. 4409-5222. Journal of Applied Physics, Vol. 67. No. 9 Part 2A, American Inst of Physics, New York.

Seikel, George R.; Franks, Clifford V.; Completely Magnetically Contained Electrothermal Thrusters.  Rep. No SEITIC-8715, Contract No. F49620-84-C-0114, Seitec Inc., Cleveland, OH.

Williamson, S.J.; Kaufman, Lloyd; CyroSQUID: A SQUID-Based Magnetic Field Sensor.  Tech Rept No 3 (final) 15 Aug 84-30 Nov 87, Contract No. AFOSR-84-0313.  New York Univ, NY Neuromagentism Lab.

5.0RELATIONSHIP WITH FUTURE RESEARCH OR RESEARCH AND DEVELOPMENT
The outcome of the program will be an assessment of the feasibility of SMES use to meet AF stored electricity requirements through prototype construction and test for eventual transition to a manufacturing agency.  The major product will be a 1 MW SMES system with an overall efficiency approaching 94 percent, and with demonstrated feasibility and commercial viability.  Various concepts will also be provided which will be appropriate for Air Force use.  

In Phase II, the effort will be directed at validation of the concept developed in Phase I including details on suggested design, component specifications, and estimated cost and payback for 1 MW system.  

6.0POTENTIAL POST APPLICATIONS
Applications are numerous, in future Air Force operations, of a high AC/DC conversion efficiencies, minimal power loss during DC storage, relatively low cost, and low density/kw.  A system of the type produced by the program will have wide range of applications in all DOD-components, the aviation, aerospace, processing industry as well as other commercial applications in low to medium demand on energy storage. 

7.0KEY PERSONNEL
7.1
Program Team

The proposed PI is Dr. M. A. Hilal, a Senior Scientist at TII, with expertise in EM, superconductors, pulsed power, and EM launchers.  The team will also include Mr. James M. Power, a Senior Engineer at TII, with expertise in pulsed power application; Mr. Patrick W. Martin, a System Engineer at TII, with expertise in modeling and engineering analysis; Dr. Laila O. El-Marazki, a Senior Engineer at TII, with expertise in superconductors, stress analysis and material; and Dr. Salwa M. Rashad, an Engineer at TII with expertise in fluid flow and heat transfer; .

7.2
The PI:  Dr. Hilal
At TII, Dr. Hilal has designed an EM automatic injection system for application of cardiac imaging devices in diagnosis of heart patients.  He has participated in the design of pulsed circuits and switches for countermine devices.

Dr. Hilal's professional experience include Senior Scientist, Applied Superconductivity Center, University of Wisconsin, Madison, WI; Visiting Professor, College of Engineering, Qatar University, Doha, Qatar; Chief Scientist, Energy Programs, General Dynamics - Space Systems, San Diego, CA; Associate Professor, Mechanical Engineering and Engineering Mechanics, Michigan Tech. University, Houghton, MI; Associate Professor, University of Petroleum and Minerals, Dhahran, Saudi Arabia; Assistant Professor, Mechanical Engineering, University of Wisconsin, Madison, WI; Project Associate and Postdoctoral Fellow, Nuclear Engineering, University of Wisconsin, Madison, WI.  He also worked at, or consulted for Argonne National Laboratory, Argonne, IL; Magnetic Engineering Associates, Cambridge, MA; Swiss Institute for Nuclear Research (SIN), Villigen, Switzerland; Francis Bitter National Magnet Lab, Massachusetts Institute of Technology, Cambridge, MA; Kernforshungszentrum (KFK), Karlsruhe, West Germany; Emerson Electric Company, St Louis, MO; and committee of peers, International Superconductor Corp., New York, NY.

He has worked on Electromagnetic Launcher at General Dynamics Space system division working the SAGGITTAR program and at General Dynamics Valley System Division.  He holds several patents but has two patents on EML and two patents on switching and power conditioning.  Also a patent is pending on EMLD.  He has more than 80 publications and several of these publications are on electromagnetic launchers.

Dr. Hilal holds a Ph.D. and an M.S. in Nuclear Engineering from University of Wisconsin, Madison, WI (1973), an M.S. in Mechanical Engineering, from Cairo University, Egypt (1969), and a B.S. in Nuclear Engineering, from Alexandria University, Egypt (1967).

7.3
Other Key Personnel
7.3.1Mr. James Power
Mr. Power is currently assisting in the management of the TACOM CUI program and he is working on the development of software for the CUI to interface with the FMC software developed for the MVCT.  Mr. Power's experience includes work at Xerox Corporation, Webster, NY and RIT Research Corporation, Rochester, NY.  At RIT Research he was contracted to develop a Motorola Microprocessor based testing system for circuit boards at Sybron‑Taylor Instruments.  His duties were: (1) designing and building a circuit board for testing a sub‑system, including software development, and (2) supervising seven co‑op students doing design and technician work.  This included assigning work, monitoring progress and acting as the interface between RIT Research and Sybron‑Taylor.  During his work with Xerox, he:

•Designed color and black and white CCD scanner systems.

•Hardware and software were implemented from architectural studies to manufacturing handoff for color scanner with both analog and digital modules.  

•Developed the digital signal processing module in two board, 150 chip prototype then selected cost/size reducing measures requiring research into gate array, standard cell, surface mount and programmable logic.  The analog module converted a 2.5 Mhz software‑gain controlled CCD signal to an 8‑bit digital stream.  This circuit was designed under severe size/cost constraints. 

•Previously, he designed a 21 Mhz real time image processing module for a black and white scanner.  Design included gate array implementation of a two stage digital filter, subsystems communication; module, and micro‑controller module including extensive software.  (Released as Xerox DocuTech).  

•Designed IBM PC resident circuit boards to test and control prototype boards and worked on an Ink Jet marking system. 

Mr. Power holds a B.S. in Electrical Engineering from Rochester Institute of Technology.  Mr. Power's expertise is in:  High Speed Digital Design - Gate Array Design - Digital Signal Processing - Personal Computer Systems - Analog/ Digital Interfacing - Micro‑Controllers - CAD Tools and ICE Tools.  Also exposure to MODICON PLC's (using Taylor software) in a factory process environment, and familiarity with Allen‑ Bradley's Ladder Logic for their PLC family.  Computer Languages/ Operating Systems include: Pascal, C, C++, Fortran, Basic, PLM, Assembler (Intel/Motorola), MS‑DOS Environment, and RMX Environment.

7.3.2Mr. Patrick Martin
At TII, Mr. Martin is contributing to a program to design control and display system for Multiple Unmanned Ground Vehicles for the U.S. Army TACOM.  Prior to joining TII, Mr. Martin, worked as Software Engineer at Softech, Inc., Colorado Springs, CO, for over one year, where he was involved in performance of various programs, including:

•OSI Protocol Integration Environment--This project focused on developing a prototype which allows a communication package developed in C to run in the Ada environment.  Mr. Martin specified, designed, and developed Ada software in accordance with the DoD-STD-2167A.  He was responsible for developing testing procedures in accordance with the DoD-STD-2167A, was primary author of the Software Test Plan, the Software Test Descriptions, and the Software Test Reports, and was primary integrator of over 150 software modules written in both Ada and C.  

•Generic Workstation Architecture (GWA)--This project focused on developing a generic architecture which allows rapid prototyping of the user interface of a military command and control workstation.  In this project, Mr. Martin, developed the Graphic Engine process for the GWA.  The Graphic Engine is responsible for mapping the Data Elements on the screen.  The data to be represented on each display is specified in an offline file which is read in at run time.  This offline file specifies both the Static Display Element (ie. backgrounds and tables) and the Data Driven Display Elements (ie. icons) which are to be put on the display.  This allows the user to add displays to the system at any time without recompiling or relinking the Ada code.  Also, Mr. Martin was the primary integrator of the GWA.  He designed and developed several modifications and enhancements of the GWA.  This involved modifying both Graphic Engine code and code from other GWA processes.

Mr. Martin worked also, as Assistant to Systems Programmer, LSU Chemical Engineering Department, where he performed routine maintenance and data backups of an IBM mainframe; installation and minor repair of PC equipment, and as Repair Technician at the LSU Electrical and Computer Engineering Department, where he was involved in maintenance, repair, and calibration of laboratory equipment.  Mr. Martin holds a B.S. in Electrical Engineering, Louisiana State University.  Mr. Martin gained hands-on experience in Ada and C development in the VAX/VMS environment, and in PHIGS and DecWindows programming.  In addition, he gained extensive experience in:

•Writing an assembler for the Motorola 6809 processor in C.  

•Writing a simulator which executes the assembled code.  

•Writing an interactive graphics program in C which displays line drawings of 3D data.  The user can pan the image in any direction, zoom in or out, and add or remove points and lines.

•Writing many image processing programs in C.  These programs do things such as calculate Histograms, scale images, smooth images, and detect edges.  

•Design, construction, and debugging many small circuits.  These circuits ranged from simple digital logic circuits to interfacing memory and I/O ports to an Intel 8086.  

He programmed in C, Ada, Pascal, and Assembly, and used UNIX, VAX/VMS, and IBM VM/CMS operating systems.  Mr. Martin was awarded, LSU Alumni Federation Scholarship on campus, LSU Honor Scholarship, LSU Chancellor's Aide Scholarship, Mable and Boykin W. Pegues Scholarship, and Walk, Haydel and Assoc. Scholarship.  He is a member of Tau Beta Pi, Phi Kappa Phi, Eta Kappa Nu (President), IEEE (Assistant Treasurer), and Phi Eta Sigma.

7.3.3Dr. El-Marazki
At TII, Dr. El-Marazki is currently involved in stress analysis, and design of pulsed power systems for mine detection x-ray system.  Her professional experience includes:  an assistant scientist in the Applied Superconductivity Center.  Dr. El-Marazki has taught several courses which include mathematics, stress analysis, and mechanical vibrations in the Aerospace Engineering Department of San Diego State University and at San Diego Mesa College, San Diego, CA.  She has designed and conducted experiments to determine the load-deformation characteristics of rubber-type materials.  She has also conducted experiments to characterize the mechanical and the creep properties of composite materials and determine their fatigue properties at low temperature.  She has initiated an experimental program to determine the thermal, electrical and mechanical properties of metal matrix composites at room, liquid nitrogen and at liquid helium temperatures.  She has also conducted experiments to determine the coefficient of friction of solid film lubricants at cryogenic temperatures as well as at room temperature. She has worked for General Dynamics Space Systems Division and was involved in several programs including: stress analysis of deployable structures for space application and have used NASTRAN code extensively to perform stress analysis of the composite section of the forward adapter of Titan/Centaur.  She has used SUPERTAB and the post-processor COMPOST to complement NASTRAN analysis. She has also worked on strut materials and stress analysis.  The experience she has accumulated will enable me to develop several experimental courses as well as assist in establishing the necessary laboratories. 

Dr. El-Marazki holds a B.S. in Mechanical Engineering from the University of Wisconsin, Madison, Aug, 1973; M.S. in Mechanical Engineering from University of Wisconsin, Madison, May, 1976;   Ph.D. in Engineering Mechanics from University of Wisconsin, Madison, Dec. 1981; and Cred. Certificate, State of California Credentials for teaching College Mathematics and engineering, 1984.  The society for experimental Mechanics.

7.3.4Dr. Rashad
Dr. Rashad is currently providing work on various programs involving stress analysis, heat transfer and fluid flow.

Dr. Rashad's professional experience includes: Research Associate, with the University of Wisconsin‑Madison since June 1990.  Working on Groundwater contaminant transport modeling.  His previous experience includes: Research Associate, University of Wisconsin‑Madison, working on Pavement design related problems from December 1989 through May 1990; Assistant Professor in Engineering Mechanics at Zagazig University, Zagazig, Egypt from July 1989 through October 1989; University of Wisconsin‑Madison, training on using Material Testing System to study residual behavior of soil samples from April 1989 through June 1989; University of Wisconsin‑Madison,  Instruction in Basic Fluid Mechanics and Open Channel Flow courses from August 1987 through May 1988; Zagazig University, Zagazig, Egypt, teaching Solid Mechanics and Fluid Mechanics courses from August 1979 through July 1982; and University of Cairo Computer Center, Cairo, Egypt, working as a programmer and system analyst from June 1970 through July 1979. 

Dr. Rashad's special research experience includes:

(Research on developing predictive models for buoyant contaminant plumes in heterogeneous aquifer, investigating the effects of the interaction between the buoyancy and heterogeneity on plume trajectory and spreading, and conducting laboratory experiments to verify the models and to determine their parameters.  Helping prof. John Hoopes in writing research proposals to use the predictive models in monitoring of wastewater land disposal systems to evaluate and, if necessary, revise the design standards for wastewater disposal systems. 

(Research on investigating the water content effects on the empirical relations between the deviator stress and the resilient modulus of Wisconsin granular base and subgrade soils.  These results was used to study wisconsin soil properties related to pavement design. 

(Research on the steady separated flow over flexible bodies.  A two‑dimensional theory is developed for an arbitrary shaped supercavitating flexible hydrofoil near a free surface.  The theory is applied to flat plate and circular at hydrofoils.  A mathematical model was developed to predict the flexibility effects on the hydrodynamic characteristics in the presence of the free surface.  A two‑dimensional theory was developed for the unsteady supercavitating flow over a flexible hydrofoil near a free surface.  The theory predicts chordwise bending flutter conditions.  The results of this work may be applied in turbomachinery design. 

(Research on development of a mathematical, numerical and computer models for flow past an elastic hinged gate.  This model has been used to study the optimum design of this gate as a flow control device for emptying a tank.  The results obtained in this work indicated that flexibility of the gate can be used as an additional effective control variable which may be used in flow control devices. 

(Research to develop a numerical solution for viscous flows using the Finite Element and Finite Difference Methods. 

Dr. Rashad has a Ph.D. in Civil and Environmental Engineering (Hydraulics and Fluid Mechanics Division) from the University of Wisconsin‑Madison.  Her dissertation topic was Separated Flow over Flexible Bodies.  She developed numerical solutions for two cases.  The first case was the separated flow over an elastic hinged gate.  Flexibility was introduced in the optimum design of this device as a new parameter to improve its performance as a flow‑control tool.  The second one was supercavitating flow over a flexible hydrofoil near a free surface.  The effects of foil flexibility, density, and submersion on both the hydrodynamic forces coefficients and the critical speeds were investigated.  Degree conferred : 5/89.  She has an M.E. Master of Engineering in Aeronautical Engineering.  Emphasis of study was in Aerodynamics and computational fluid dynamics.  She also has a B.E. Bachelor of Science in Aeronautical Engineering.  Her professional interest include optimum design and solving problems encountered in engineering systems.  Special interests include research and development related to fluid dynamics, transport phenomena, air pollution, flow control, fluid‑structure interaction problems, vibration analyses, hydrogeology, ground water modeling, contaminant transport in surface or groundwater, and water quality modeling. 
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Stone, El-Marazki, Young, "Compressive Fatigue   Tests on a Unidirectional Glass-Polyester Composite at Cryogenic Temperatures," Nonmetallic Materials and Composites at low Temperatures Conf., Munich, July 1978.

El-Marazki," Coefficient of Friction Measurements of Solid Film Lubricants at Cryogenic Temperatures," submitted for publications in the advances of ICMC.

El-Marazki, Hilal, and Meding," Cryogenic Testing of Metal Matrix Composites," submitted for publication in the advances of ICMC.

El-Marazki, "Design Studies for Cryoresistive and Superconductive Magnetic Energy Storage for Space use" Department of Energy 1987 (with R. W. Boom et al).

Rashad and Green, "Flow Past an Elastic Hinged Gate", Applied Mechanics, Bioengineering, and Fluids Engineering Conference, Cincinnati, Ohio, June 14‑17, 1987. 

Rashad and Green, "Steady Performance of a Flexible Hydrofoil Near a Free Surface", J. of Ship Research, vol.  34, No 4, Dec. 1990, pp 302‑ 310.

Rashad, Schimek, Hoopes, and Tsay, "Buoyant, Miscible Plume in Heterogeneous Aquifer", ASCE Hydraulic Conference, July 29‑ Aug. 2, 1991.

8.0FACILITIES/EQUIPMENT
The project team will have access to the company facilities where analysis and preliminary designs will be performed.  The space and computer facilities are adequate for Phase I of the program.  The TII computers and ancillaries include:  two NCR MiniTOWER, two LISA 3 microcomputers, McIntosh II, several IBM pc, XT, and AT, PS/II and compatibles, PDP 11, Rainbow microcomputer, HP plotters, graphic cards, Apple printer, CPT microprocessor, intelligent and semi-intelligent terminals, and modems.  TII has an extensive library of computer codes, including Statistical & Math Library - statistical analysis computer packages; Data Management System - data retrieval, updating, dataCHECK, and storing codes; and various control and decision codes.  Office facilities of TII include a comprehensive documents production department with the following equipment:  CPT, Apple, IBM wordprocessors; IBM Selectric typewriter; Canon NP 400F Copier; Facsimile; 3M (Kroy) Lettering System; TWX; and drafting equipment.  TII computer operating systems are:  MS/DOS, CP/M, UNIX, O/S, and VMS.  TII compilers include:  FORTRAN, C, PASCAL, LISP, MICROLISP, ACSL, BASIC, PROLOG, ASSEMBLY, and COBOL.

Furthermore access to General Dynamics facilities will be available whenever needed, including the Applied Superconductivity Testing Laboratory.  This facility has a liquid helium production capacity, superconductor short sample current measurement ability, and magnet engineering testing capability. 

9.0CONSULTANTS
No consultants will be needed in Phase I.

10.0PRIOR, CURRENT, OR PENDING SUPPORT
No prior, current or pending support for proposed work.

AF92-013TITLE:  Superconductive Magnetic Energy Storage (SMES)
OBJECTIVE:
Assess feasibility of SMES use to meet AF stored electricity requirements.

DESCRIPTIONS:
The use of stored electricity is minimal in today's Air Force, due to low AC/DC conversion efficiencies, power loss during DC storage, high cost, and high density/kw.  Superconductive Magnetic Energy Storage (SMES) shows potential to meet AF power storage requirements with an overall efficiency approaching 94 percent.  Phase I deliverable will be a concept of operation to include details on suggested design, component specifications, and estimated cost and payback for 1 MW system.  Phase II will validate concept through prototype construction and test.  Phase III will transition to a manufacturing agency.

AF-92-013

Superconductive Magnetic Energy Storage (SMES)

-Assess feasibility of SMES use to meet AF stored electricity       requirements.

The use of stored electricity is minimal in today's Air Force, due to low AC/DC conversion efficiencies, power loss during DC storage, high cost, and high density/kw.  Superconductive Magnetic Energy Storage (SMES) shoes potential to meet AF power storage requirements with an overall efficiency approaching 94 percent.  Phase I deliverable will be a concept of operation to include details on suggested design, component specifications, and estimated cost and payback for a 1 MW system.  Phase II will validate concept through prototype construction and test.  Phase III will transition to a manufacturing agency.

AF92-139

High Power Technology for Aerospace Applications

-Develop high power component technology for aerospace              applications

Development of one or more of the following advanced high power component technologies is needed for future aerospace high power applications: (a) advanced lightweight power sources with power densities less than 0.02 kilograms/kilowatt; (b) superconductivity as applied to pulsed power componentry; and (c) high power superconductive divices and systems, especially those using high temperature superconductors.  Phase I goals include analyses and proof-of-concept experiments. Phase II goals include detailed analytical derivations and prototypical hardware demonstrations.  Phase III will involve a full prototypical demonstration.

DNA 92-13

Tactical Application of Pulsed Power Technology

-Exploratory Development

-Development of new applications of existing pulse power            technology

Recent advances in energy storage and switching now make possible the application of DNA pulsed power technology to such areas as armor/anti-armor; electromagnetic/electrothermal guns; mine-countermine; high power microwave weapons; and radar applications.  Concepts proposed should be highly innovative and make full use of the emerging pulse power technology.  During Phase I, demonstrate the feasibility of thek proposed pulsed power application.  During Phase II, continue the development of the concept to an engineering model and conduct tests of the effectiveness of the idea.

DNA 92-14

Advances in Pulsed Power Technology

-Exploratory Development

-Dramatic improvements in energy storage, switching and power       conditioning state of technology.

Future systems employing pulsed power will require improvements in efficiency, energy density, reliability, and performance.  Innovative approaches for component or subsystem development are sought to meet the needs of radiation sumulators and tachtcal applications requiring operation at kilovolts to megavolts, kiloamperes to megaamperes, and repetition rates from single pulse to 10 kilohertz.

AD-A235 025

Hypres INc Elmsford NY

Superconducting High TC Thin Film Vortex-Flow Transistor

Final rept. 1 Aug 90-31 Mar 91 o Phase I Mar 91 29P

Hohenwarter, G.K.

COntract No. f49620-90-C-0054

Monitor: AFOSR, XF  TR-91-0390, AFOSR

A device is investigated based on vortex-flow in a superconducting thin-film.  This transistor-like device is referred to as a superconducting flux-flow transistor (SFFT).  Alongside step edge and grain boundary tunneling junctions the SFFT appears to be a promising candidate for active high temperature circuits.  SFFT operation relies on the control of electrical characteristics at the output terminal by a magnetic field at the device boundaries.  This field can be provided by the flow of a current in a control line; the device's input resistance hence will be very low.  Substantial power grain can result.  The low input resistance, yet moderate output resistant of the device appears beneficial for interfacing digital Josephson junction electronics with semiconductor circuits.  This was proven in an experiment where Josephsom junction was connected to a SFFT.

AD-A225 035 9/1

Cal. Univ. Los Ang.

Electrical Resistivity, Magnetic Susceptibility and Thermoelectric POwer of PtGa2.

Technical rept. no 1, 1 Oct 89-31 May 90

July 90 18P  Hsu, Li-Shing; Zhou, Lu-Wei; Machado, F.L.; Clark, W.G.; Williams, R.S. 

Contract No. N00014-90-J-1178

The electrical resistivity (p) magnetic susceptibility (x) and thermoelectric power (s) of PtGa2 were measured as a function of temperature (T).  This compound is metallic at high temperatures,as shown from the room-temperature resistivity value and the linear dependence of the S vs. T curve at temperatures above the Debye temperature.  It undergoes a superconducting phase transistion with a critical temperature (Tc) at zero magnetic field of 2.13K.  The density of states (DOS) at the Fermi energy (EF) at high temperatures obtained from X and S data are 22% and 15% higher, respectively, than the value obtained previously from a semi-empirical band-structure calculation. Keywords: Electrical resistivity; Magnetic susceptibility; Thermoelectrical power; Superconducting phase transition; Density of states. 

AD-A222 470 20/3

American Inst of Physics New York

Proceedings of the Annual Conference on Magnetism and Magnetic Materials (34th) Held in Boston, Mass. on 28 Nov. 1989. Pp. 4409-5222. Journal of Applied Physics, Vol. 67. No. 9 Part 2A

Dec 89  822P

Rothman, Steven J

American Institute of Physics, 335 East 45th St. New York, NY 10017 PC $50.00 No copies furnished by DTIC/NTIS

Contents: Magneto-optic Recording; Coupled Magnetic Films; Magnetism of Small Particles; Superconductivity; Itinerate Magnetic Aspects of High-Temperature Superconductivity; Thin-Film Recording Media; Eddy Currents and Device Modeling; Hard Magnetic Materials; Magnetoopticsl; Intermetallics and Compounds; Heads-Interfaces-Systems for Storage; Transport and Uncoupled Films; Magnetooptic Properties; Magentoelastic Effects and Magnetostriction; Superconductors; Symposium: Dilute Magnetic Semiconductors; Soft Films for Recording Heads; Particulate and Perpendicular Recording Media; Kondo Mixed Valance, and Heavy Fermions. 

AD-A221 616  20/3  11/3

Naval Surface Weapons Center White Oak Lab Silver Spring MD

A Silver-Bearing, High-Temperature, Superconducting (HTS) PAINT

Feb 90  25P  Ferrado, William A

Report No. NSWC-TR-48

A substantial set of device applications awaits development of a workable, durable, high-temperature superconducting (HTS) paint.  Such a paint should be truly superconducting with its critical ltemperature T sub c>77K.  For most of these applications, a high critical current (J sub C) is not required, although probably desirable.  A process is described which can be used to produce silver-bearing HTS paint coatings on manu engineering materials.  Prelimenary tests have shown good adherence to several ceramics and the ability under laboratory ambient storage conditions for periods of at least several months.  

AD-A219 540  10/2  22/2

Texas A and M Univ College Station Dept of Electrical Eng.

New Generation Power Subsystems for Satellites

Final Rept. Feb 90 307P Contract No. N00014-89-J-2029

The objective of this project was the feasibility of increasing the specific power of satellite electric power subsystems for its operational value of 1 watt/lb in satellites in current use to 10 watt/lb or grater by the year 2000.  The approaches which have been followed in the present study include: (i) computerized searches of various literate and patnet data bases; and (ii) evaluation of inhouse information and data collections onpower subsystems technologies.  The technologies considered for electricical energy storage are batteries and fuel cells combined with water electrolyzers.  Thermal energy storage, in conjunction with solar heat engines (dynamic solar systems) and other thermal engines are also considered.  Primary electrical power sources include photovoltaics, nuclear power and advanced power system concepts.  Subsytems include power conditioning, controls, anf thermal management.  Based on the information obtained: (i) a critical assessment of the state-of-the-art of these technologies has been carried out; (ii) long-range research and engineering needs to achieve the project goal have been identified; and (iii) a time base to reach the stated goals for the three most promising technologies in the energy source and energy storage categories, has been established. Format: Section A--High Energy Density and High Power Density Batteries and Fuel Cells; Section B--Thermal Management; Section C--Photovoltaic Systems; Section D--Nuclear Power Application; and Section E--(1) Power Conditioninf, COntrols and Advances in Power System COncepts and (2) Superconductive Energy Storage.

AD-A219 131  9/1  11/2

Ceramics Process Systems Corp Milford MA

Composite Ceramic Superconducting Wires for Electric Motor App.

Quarterly technicla rept. no. 6 1 Oct 31 Dec 89  Jan 90 93P

Halloran, J.W.  Report No.  CPS-90-001

Contract No. N00014-88-C-0512, $DARPA Order-9525

This report describes progress on developing YBa2Cu307-X (Yttrium Barium Copper Oxide-X) wire for an Hogh Temperature Superconductor motor.  The wire development activity includes synthesis of Y-123 powder, spinning polymer-containing 'green fiber' heat treating the fiber to produce metallized superconducting filaments, and characterizing the electrical properites of the filament.  Green fiber is produced in lengths up to 1.5 kilometers.  The green clad fiber is converted to silver-clad superconducting wire by a sintering operation.  The sintered wire has a Amperes per centimeters squared (77 deg) up to 2800 Angstrom per centimeters in self field, dropping th low values in magnetic fields.  Directional solidification efforts are underway to improve the critical current density.  The construction of the first prototype HTSC homopolar motor is in progress.  The design specifies a 575 ampere-turn HTSC coil.  The current collection system has been tested in liquid nitorgen.  Motor performance has been predicted based on actual Jc(B) behavior of wire samples.  Motor power and losses have been calculated.  The efficiency of this initial machine is limited by the magnetic fields obtainable from present HTSC wire coils.  Polymers: Green clad fiber; Superconductor; Creamic; Motor; Wires; Composite materials.

AD-A218 511 20/3  10/4 

Defense Nuclear Agency Ficsal Year 1991 Program Document: Research, Development, Test and Evaluation, Defense Agencies (Supports Congressional Budget Estimates Jan 1990) Jan 90 28P

This project covers the design, construction, and test of a Superconductive Magnetic Energy Storage(SMES) Engineering Test Model (ETM) to demostrate the feasibility of using SMES technology to provide the prime power for applications requiring large amounts of stored energy.  The ETM will be capable of storing 20 Megawatt hours of electrical energy and discharging it at power rates from 10 to 400 MEgawatts.  Associated component designs, developmental experiments, trade-off studies, costing studies, impact assessments and implementation planning will also be performed.

AD-A217 179 20/3 9/1

Tactical Weapons Guidance and Control Information Analysis Center Chicago IL

Proceedings of the Workshop on High Temperature Superconductivity

Proceedings rept. May-Nov 89, Nov 89 363P  Madarasz, Frank

Report No. GACIAC-PR-89-02  Contract No. DLA900-86-0022

Availability: GACI SUP C, IIT Research Institute, 10 W. 35th St. Chicago IL 60616-3799 $75.00. No copies furnished by DTIC/NTIS

For a long time it has been recognized that superconductivity offers a whole new realm of device performance in such applications as microwave components, radiating elements, detectors, and high speed electronics. However, the cost and complexity of liquid helium cooling systems represented an unyielding impediment to the development of practical systems.  High temperature superconductivity, having less stringent cryogenic requirements, provides the impetus to the development of truly practical systems.  The topics to be covered during the workshop include basic high temperature superconductivity research, theory, and experimentation; the electrical, optical, thermal, magnetic, and mechanical lproperties of materials; the fabrication and characterization of thin films; small scale applications such as computer electronics, SQUIDS, and IR detectors; large scale applications such as energy storage, magnets, magnetic shields and switches; and superconducting/semiconducting hybrid devices. Optical/electrical properties; Thermal/mechanical properties; Magnetic fields; Thin films; Infrared detectors.

AD-A211 246 20/3 11/2

Penn. State Univ Univ Park Applied Research Lab

Physics and Materials Science of High Temperature Superconductors

Final Rept. Aug 89 165P Rossowsky, R. Methfessel, S.

Contract No. MIPR-ARO-135-89  ARO 26564.1-MS-CF

This report contains the conference program a list of the abstracts of papers, the poster session abstracts and a list of the participants.  The program stressed the physics and materials science of high temperature superconductors.  Keywords: Superconductivity; Superconductive materials; Superconductive ceramics; Magnetic fields; Electrical resistivity;Thermoelectric power measurements; Crystal chemistry; Antiferromagnetic  instabilities; Microstructures; Thin Films; Electronic structure; Thermodynamics; Critical current density; Grain boundary chemistry; Oxygen and ion doping; Proximity-effect; Superconductor wires; Epitaxial thin films.

AD-A201 400 20/3

Dept. of National Defense Ottawa (Ontario) Research and Dev Branch

Superconductivity: Recent Dev and Defense Applications

Mar 88 31P MacPherson, R.W. Report No. CRAD-1/88

The recent advances in superconductivity have led to much speculation about the possible applications of the new technology to all walks of life.  In an attempt to determine what defense applocations have realistic expectations of coming to fruition, an number of opinions solicited from defense scientists is summarized and reviewed along with information obtained for selected journal and magazined articles.  Keywords: Superconductors; Superconductivity; Defense systems; Research management; Military research; Reviews; Product development; Manufacturing; Stability; Microelectronics; Detectors; Electric propulsion; Magnetic properties; Magnets; Medical Equipment; Shielding; Power transmission lines; Robots; Josephson junctions; Electric batteries; Canada.

AD-A201 125 20/3

Defense Science Board Wash DC

Report of the Defense Science Board Task Force on Military System Applications of Superconductors

Final Rept. Oct 88 88P

The Task Force found a number of superconductivity applications that could result in significant new military capabilities, including electronics and high power applications.  In particular, superconducting materials could enable significant military improvement in : Magnetic Field Sensors with greatly increased sensitivity for improved detection and identification capability; Passive Microwave and Millimeter-wave Components enabling increased detection range and discrimination in clutter; Staring Infrared Focal Plane Array sensors incorporating superconducting electronics permitting significant range and sensitivity increases over current scanning IR sensors; Wideband Analog and Ultra-Fast DIgital Signal Processing for radar and optical sensors; High Power Motors and Generators for ship and aircraft propulsion leading to: decreased displacement; drive system flexibility; increased range; or longer endurance on station; Magnets/Energy Storage for high power microwave, millimeter-wave or optical generators (e.g., free electron laser); capability for powering quiet propulsion systems; Electro-Magnetic Launchers capable of launching hypervelocity projectiles for antiarmor weapons and close-in shop defense weapons; and Magnetohydrodynamic (MHD) Propulsion enabling ultra quiet drives for submarines, torpedoes, and surface ships.

AD-A194 237  6/4  20/3

New York Univ NY Neuromagentism Lab

CyroSQUID: A SQUID-Based Magnetic Field Sensor

Tech Rept No 3 (final) 15 Aug 84-30 Nov 87  Mar 88  16P

Williamson, S.J.; Kaufman, Lloyd Contract No. AFOSR-84-0313

Project No. 2917  Task No A4  AFOSR TR-88-0461

A new type of neuromagnetometer has been developed to enhance the capability for measuring the magnetic field of the human brain.  This system-known as CryoSQUID-results from the marriage of two advanced technologies: a refrigerator incorporating closed-cycle operation of a pair of cryocoolers and a sensor incoprorating the superconducting quantum interference device (SQUID).  The apparatus is relativley small and requires no supply of liquid helium for intial cooling or operation.  Only a source of elcetrical power is needed.  Each sensor relies on a detection coil wound inthe geometry of a second-order gradiometer so as to minimize the effects of amibent magnetic noise found in typical unshielded envoironments.  The intrinsic noise level of CryoSQUID is comparable to a magnetic filed sensitivity of 20 femtotesla within a one-hertz bandwidth.  Residual noise at 1.2 Hz and its harmonics, contributed by the dispacer inteh Gifford-McMahon cooler, is virtually eliminated in real time by an adaptive filter run on a personal computer.

AD-A190 417  20/13

Wisconsin Univ-Madison Dept of Physics

Thin Superconducting Film Characterization by Surface Acoustic Waves

Annual progress rept. 30 Sept 86-30 Sep 87 Oct 87  15P

Levy, Moises Contract No. AFOSR-84-0350 Project No. 2306

Task No C1  AFOSR TR-87-1897

A dilution refrigerator was installed tested and modified.  Several cryogenic probes were fabraicated to measure resistivity, ac susceptibility and untrasonic attenuation in high T superconductors.  Ultrasonic attenuation measurments were performed on single crystals of UPt3 and URu2Si2.  A maximum in attenuation was found below the superconducting transition temperature TC of URu2Si2.  A magneitc field decreased this maximum.  The temperature of the attenuation in the normal and superconducting states below Tc was measured in UPt3.  The ration of the attenuatio follows a power law dependence indicative of an anisotropic superconducting energy gap.  A peak in attenuation was found in the mixed state of UPt3, which may be associated with a phase transition of the flux line lattice.

AD-A189 137 20/3

Naval Research Lab Wash DC

Compilation of NRL Publications on High Temp Superconductivity

Rept for 1 Jan-1 Jul 87,  87 250P  Gubser, Donald U.

Partial contents: Superconducting Phase Transitions in the La-M-Cu-O Layered Perovskite System, M=La, Ba Sr, and Pb; Temperature Dependent X-Ray Studies of the High T sub c Superconductor La(1.9)Ba(0.1)Cu04; X-Ray Identification of the Superconducting High T sub c Phase in the Y-Ba-Cu-o System; Processing and Properties of the High T sub c Superconducting Oxide Ceramic YBasub2Cu307; Phonon Density of States and Structures of the Superconductor YBasub2Cu307; Magnetic Field Su=tudies of the La(2-x)MxCuo4 and Ba2Y1Cu307 High T sub c Spuerconductors; Preparation, Structure, and Magnetic Field Studies of High T sub c Superconductors; Electronic Structure, Bonding and Electron-Photon Interaction in La-Ba-Cu-o Superconductors; Band Theory Analysis of Anisotropic Transport in La2Cu04-Based Superconductors; Proediction of Antisotrophic Thermopower of La(2-x)MxCu04; Character of States NEar the Fermi Level in YBa2Cu307; Complex Hamiltonians: Common Features of Mechanisms of High-T sub c and Slow Relaxation; Plasma Sprayed Superconducting Oxide Coatings; Resonat=nt Photoemission Study of Superconducting Y-Ba-Cu-0; Observed Trends in the X-Ray Photoelectron and Auger Spectra of High Temperature Superconductors; and Impact of High-Temperature Superconductors on High Power, Millimeter Wavw Source Technology.

AD-A188 064 20/5

Mass Inst of Tech Cambridge

Continuous Stopping and Trapping of Neutral Atoms, May 87 8P

Bagnato,V.S.;Lafyatis, G.P.;Martin, A.G.; Raab, E.L.; Ahmad-Bitar,R.N.  Contract No. N00014-83-K-0695

Pub in Physics Review Letters, v58 n21 p2194-2197, 25 May 87

Neutral sodium atoms have been continuously leaded into a 0.1-K deep superconducting magnetic trap with laser light used to slow and stop them.  At least 10 to the 9th power atoms were trapped with a decay time of 2-1/2 min.  The fluorescence of the trapped atoms was studied as a function of time; possible loss mechanisms from the trap are discussed.

AD-A187 461 20/3

Mass Inst of Tech Cambridge Research Lab of Elec.

Forces on Neutral Atoms Due to Electromagnetic Fields

Annual summary rept. 1 Sep 86-31 Aug 87, sep 87  5P

Pritchard, David E.  Contract No. Nooo14-83-K-0695

The constructionof the superconducting magnetic trap was completed and, as a major breakthrough in the field, was used to trap large numbers of neutral sodium atoms approx. 10 to the 9th power for periods of several minutes.  This represented an advance of several orders of magnitude compared to pervious neutral trapping experiments, both in numbers of trapped atoms, and in trapping times acheived.  The continuous loading process pioneered in this experiment has represented an important advance over perovious pulsed loading schemes, as it has permitted the accumulation of much larger numbers of atoms in the trap.  The fluorescence spectra of the trapped atoms is studied using a weak probe laser beam (I=(I sub sat/10,000), which does not affect the trapped atoms appreciably.  Doppler cooling of the trapped atoms is studied using this spectrum to measure the temperature of the atomic sample.  Observed, for teh first time, is teh effect of gravity on trapped atoms: the trapped atoms do not accumulate at the minimum of the magnetic field, but at the minimum of the total mechanical potential obtained when including the effect of gravity.  RF resonance will be used to study the trapped atoms, and optical-RF cyclic cooling of the atoms will be used to attempt to achieve sample temperature < or = .000001 K.

AD-A185 674  21/3 Seitic Inc Cleveland OH

Completely Magnetically Contained Electrothermal Thrusters

Final Tech rept Sep 84-Aug 85, Jul 87  47P

Seikel, George R. ; Franks, Clifford V. Rep. No SEITIC-8715

COntract No. F49620-84-C-0114 Project NO. 3005

Task No.A1  AFOSR TR-87-1164

Conceptual designs of potentially attractive high-performance thrusters are defined.  These are a kw steady-state radiation-cooled DC thrusters and a MW quasi-steady DC thruster.  These thrusters offer the potential for long operating life with low erosion rates and 50 to 100% improvements inperformance over prior plasma thrusters.  The kw thruster would be a prototype of a radiation-cooled electric thruster for future electric propulsion missions. The MW thruster would be an inexpensive experiment to define the potential of subsequent  very-high power, steady-state thrusters which would utilize superconducting magnets.  The kw thruster would use xenon propellent and the MW thruster would use argon propellent.  Both should operate at efficiencies of 50 to 80% in the 2500 to 3000 second specific impulse range.  Keywords: Electric propulsion; Plasma, Electrothermal , and MPD thrusters

AD-A170 086 9/1 20/3

Mass Inst of Tech Lexington Lincoln Lab

Superconductive Convolver with Junction Ring Mixers

Journal Article Mar 85 5P Reible, S.A. Rept. No MS-6642

Contract No F19628-80-C-0002 Project No. 649L ESD TR-86-073

Pub in IEEE Transactions on Magnetics, vMAG-21 n2 p193-196 Mar 86

A superconductive convolver with tunnel-junction ring mixers has been developed and demonstrated as a programmable matched filter for near 1-GHz-bandwidth chirped waveforms.  A low-loss, 14-ns-long superconductive striplines circuit provides temporary storage and relative shifting of signal and reference waveforms.  These waveforms are sampled by 25 proximity tap pairs and local multiplication is performed by 25 junction ring mixers.  Two short transmission lines coherently sum the local products and deliver the convolution output.  The output power level of the convolver has been increased 18 dB by the incorporation of the ring mixers and other output circuit improvements.  These mixers employ series arrays of niobium/niobium oxide/lead junctions driven by delay-line taps in a quasi-balanced manner.  The ring mixer provides higher output power levels (to -58 dBm), improved suppression of undesired mixing products and higher if impedances than did the single-junction mixers used in the previous device.

AD-A169 507 11/9 20/12

Honeywell Inc Bloomington MN Physical Sciences Ctr

A Class of Narrow Band Gap Semiconducting Polymers Jun 86 16P

Jenekhe, Samson A. Rept No TR-2 Contract No N00014-84-C-0699

Scientific interest in electrically conducting polymers and cunjugated polymers in general has been widespread, and continues to grow, among workers in polymer science, and related fields since the discovery of doped conductive polyacetylene.  Numerous doped conducting organic polymers with conductivity spanning the insulator to near metallic range (approx. 10 to the -15th power to 1,000/ohm/cm) are not known.  Of prime importance and fundamental interest in the continuing experimental and theoretical search for new conducting, and perhaps superconducting polymers is achievement of small or vanishing semiconductor band gap (E sub g) which governs the intrinsic electronic, optical, and magnetic properties of materials.  Existence of a finite E sub g in conjugated polymers is thought to originate principally from bond-length alternation which is related to the Peieris instability theorem for one-dimensional metals.  Here we describe a novel class of conjugated polymers containing alternating aromatic and quinonoid segments whose members exhibit intrinsic band gaps as low as 0.75  ev, the smallest known value of E sub g for organic polymers.  The idea that introduction of quinonoid character into a polymer main chain could lower the band gap is experimentally demonstrated and the effect described in terms of molecular parameters and bond-length alternation.  Keywords: Narrow band gap organic semiconductors.

AD-A161 81210/2

FOREIGN TECHNOLOGY DIV WRIGHT-PATTERSON AFB OH

(U)A Pulsed Magnetohydrodynamic Generator With a Superconducting Magnetic System

NOV 859P

PERSONAL AUTHORS: Kirillin, V.A.; Sheyndlin, A. Ye.; Asinovskiy, E.I.; Sychev, V.V.; Zenkevich, V.B;

REPORT No.FTD-ID(RS)T-0754-85

Abstract:
(U)
An urgent need for creating independent sources of electric power capable of generating a power of tens or hundreds of megawatts in a few milliseconds has now emerged.  A pulsed MHD generator, in which the conversion of mechanical energy of explosion products into electrical energy is accomplished, can serve as such a power source.  There are published reports on testing of such MHD generators with ordinary magnetic systems.  It seemed advisable to study the operation of a pulsed MHD generator with a superconductive magnetic system would make it possible to improve substantially the operational indicators of the installation and to ensure its continuous operation, regardless of the presence of additional power sources for feeding the magnet.l  The problem of creating an optimum generator and a magnetic system with the maximum acceptable field intensity was not raised in the first stage.  The purpose of the work was to investigate the set of questions which arise in the joint use of a pulsed MHD generator and a superconductive magnetic system.  (Russian language, Translations, USSR)
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Foreign Technology Div Wright-Patterson AFB, OH

(U)Research on Design of Cryotransformers and Its Prospects for the Future

FEB 8527P

Personal Authors:Lech, W;

Report No.FTD-ID(RS)T-1548-84

SUPPLEMENTARY NOTE:
Edited trans. of Prace Instytutu Elektrotechniki (Poland) v23 n90 p 41-55 1975.

Abstract:
Calculation results of the technical-economic parameters of a large power cryotransformers with windings of pure aluminum, presented in this paper, indicate that the production of such cryotransformers could be justified and that resumption of the research work in this field would be advisable.  On the basis of significant progress in the development of new multifilament superconducting wires it was concluded that the construction of cryotransformers with superconducting windings will become feasible in the near future, and that most likely these windings will operate at the temperature of liquid hydrogen.  (Translations, Poland). (Author)
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Advanced Energy Storage Systems
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PERSONAL AUTHORS:
Challita, A.; Barber, J.P.; McCormick, T.J.;

REPORT NO.
IAP-TR-83-7

CONTRACT NO.FO4611-82-C-0029

PROJECT NO.5730

TASK NO.05

MONITOR:AFRPL

TR-84-099

ABSTRACT:
This report describes the selection, sizing, and optimization of energy storage/power conditioning systems (ES/PC) for the electromagnetic propulsion systems.  An ES/PC is the interface between an electromagnetic thruster and a primary power source.  The ES/PC accepts the relatively low, continuous power output from the primary power source, and converts it to a series of high power pulses and delivers it to the thruster.  The ES/PC minimizes the primary power requirements while maximizing the thruster performance.  A selection, sizing, and optimization can be achieved if an optimization  criterion exists, and if the ES/PC is examined within the context of the integrated propulsion system.  We selected mass minimization as the optimization criterion.  To develop the selection methodology, we identified the requirements imposed on the ES/PC and parametrically related the ES/PC performance to the propulsion system outputs.  Originator-supplied keywords include:  Electromagnetic propulsion, Orbit transfer, Stationkeeping, Optimization, Energy Storage/Power Conditioning (ES/PC), Pulsed Inductive Thruster (PIT), Teflon Pulsed Plasma Thruster (TPP), Magnetoplasmadynamic Thruster (MPD), Electric Rail Gun Thruster (ERG), Inductors, Capacitors, and Compulsators.

TITLE:
(U)
Superconducting Magnetic Energy Storage

OBJECTIVE:
(U)
To provide engineering services and test model development for superconducting magnetic energy storage test model.

APPROACH:
(U)
This program has two objectives: (1) To demonstrate the feasibility of using a super-conducting magnetic energy storage (SMES) system as an electrical power source to drive SDI ground based weapons, and (2) to assess the feasibility of using the same power source, when not in use by SDI to perform a load leveling function for commercial electrical utilities.  In the accomplishment of the second task, it is intended that the electrical power research institute serve as the interface with the electric utilities.

TITLE:
(U)
Superconducting Magnetic Energy Storage

OBJECTIVE:
(U)
To develop a power source required to run SDIO ground based weapons concepts and to regulate peak-power utility demands.  The specific objective is to demonstrate the feasibility of using superconducting magnetic energy storage (SMES) as the energy source for driving ground based SDI weapons.  In addition to the SDIO, the Department of Energy (DOE) and the electrical power research institute (EPRI) are interested in this program as the same technology shows promise as a load leveling system for commercial public electric utilities.

APPROACH:
(U)
This effort funded by Strategic Defense Initiative Organization, DOE and EPRI have supported the basic research that has logically progressed to the point where an engineering test model (ETM) is the next step.  The ETM is the minimum size required to demonstrate the feasibility and scaleability of an integrated superconducting magnetic energy storage (SMES) system.  Under this contract the contractor shall design and build the ETM which will be of sufficient capacity to provide power regulation, during peak periods for a moderate sized utility grid.  Subcontractor:  Westinghouse R&D Center, Pittsburgh, PA.

TITLE:
(U)
Development of Composite Supports for Superconducting Magnetic Energy Storage (SMES)

OBJECTIVE:
(U)
The structural support struts and magnet support pultrusions, both of fiberglass reinforced, epoxy based composites were not adequately developed during the Phase I SMES program.  This effort shall develop these composites supports to ensure their performance will not restrict performance of an engineering test model.  Thermomechanical analyses to optimize filament lay-up, coupon and full size testing in liquid helium and with a temperature gradient, and analyses to optimize end supports and thermal intercepts will be conducted in this effort.

APPROACH:






