NASA /CP-1999-209549

National Educators” Workshop: Update 98

Standard Experiments in Engineering, Materials Science,
and Technology
Compiled by

Ginger L. F. Arrington and James E. Gardner
Langley Research Center, Hampton, Virginia

James A. Jacobs
Norfolk State University, Norfolk, Virginia

Karl |. Swyler
Brookhaven National Laboratory, Upton, New York

Leonard W. Fine
Columbia University, New York, New York

]
October 1999



The NASA STI Program Office . . . in Profile

Since its founding, NASA has been dedicated
to the advancement of aeronautics and space
science. The NASA Scientific and Technical
Information (STI) Program Office plays a key
part in helping NASA maintain this
important role.

The NASA STI Program Office is operated by
Langley Research Center, the lead center for
NASA's scientific and technical information.
The NASA STI Program Office provides
access to the NASA STI Database, the
largest collection of aeronautical and space
science ST1 in the world. The Program Office
is also NASA’s institutional mechanism for
disseminating the results of its research and
development activities. These resuits are
published by NASA in the NASA STI Report
Series, which includes the following report

types:

* TECHNICAL PUBLICATION. Reports of
completed research or a major significant
phase of research that present the results
of NASA programs and include extensive
data or theoretical analysis. Includes
compilations of significant scientific and
technical data and information deemed
to be of continuing reference value. NASA
counterpart or peer-reviewed formal
professional papers, but having less
stringent limitations on manuscript
length and extent of graphic
presentations.

e TECHNICAL MEMORANDUM.
Scientific and technical findings that are
preliminary or of specialized interest,
e.g., quick release reports, working
papers, and bibliographies that contain
minimal annotation. Does not contain
extensive analysis.

e CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

¢ CONFERENCE PUBLICATION.
Collected papers from scientific and
technical conferences, symposia,
seminars, or other meetings sponsored or
co-sponsored by NASA.

¢ SPECIAL PUBLICATION. Scientific,
technical, or historical information from
NASA programs, projects, and missions,
often concerned with subjects having
substantial public interest.

¢ TECHNICAL TRANSLATION. English-
language translations of foreign scientific
and technical material pertinent to
NASA's mission.

Specialized services that complement the

STI Program Office’s diverse offerings include
creating custom thesauri, building customized
databases, organizing and publishing

research results . .. even providing videos.

For more information about the NASA STI
Program Office, see the following:

* Access the NASA STI Program Home
Page at http://www.sti.nasa.gov

¢ Email your question via the Internet to
help@sti.nasa.gov

» Fax your question to the NASA STI
Help Desk at (301) 621-0134

e Telephone the NASA STIHelp Desk at
(301) 621-0390

* Write to:
NASA STI Help Desk
NASA Center for AeroSpace Information
7121 Standard Drive
Hanover, MD 21076-1320



NASA /CP-1999-209549

National Educators” Workshop: Update 98

Standard Experiments in Engineering, Materials Science,
and Technology

Compiled by
Ginger L. F. Arrington and James E. Gardner
Langley Research Center, Hampton, Virginia

James A. Jacobs
Norfolk State University, Norfolk, Virginia

Karl ]. Swyler
Brookhaven National Laboratory, Upton, New York

Leonard W. Fine
Columbia University, New York, New York

Proceedings of a workshop sponsored jointly by the National Aeronautics-and Space
Administration, Washington, DC; Norfolk State University, Norfolk, Virginia;

the National Institute of Standards and Technology, Gaithersburg, Maryland;

Brookhaven National Laboratory, Upton, New York; the International Council for
Materials Education, Columbia University, New York, New York; and Gateway Coalition,
State University of New York at Stony Brook, New York

and held in

Upton, New York

November 1-4, 1998

National Aeronautics and
Space Administration

Langley Research Center
Hampton, Virginia 23681-2199

|
October 1999



The usc of trademarks or names of manufacturers in this report is for accurate reporting and does not constitute an
official endorsement, either expressed or implied, of such products or manufacturers by the National Aeronautics and
Space Administration.

Available from the following:

NASA Center for AeroSpace Information (CASI) National Technical Information Service (NTIS)
7121 Standard Drive 5285 Port Royal Road
Hanover, MD 21076-1320 Springfield, VA 22161-2171

(301) 621-0390 (703) 487-4650




PREFACE

NEW:Update 98, hosted by Brookhaven National Laboratory, Columbia University and the
University of Stony Brook in New York, was held on November 1 - 4, 1998.

The 13th Annual NEW:Update built on themes, activities and presentations based on extensive
evaluations from participants of previous workshops as we continued efforts to strengthening
materials education. About 100 participants witnessed demonstrations of experiments, discussed
issues of materials science and engineering (MS&E) with people from education, industry,
government, and technical societies, heard about new MS&E developments, and chose from nine,
three-hour mini workshops in state-of-the-art laboratories. Faculty in attendance represented high
schools, community colleges, smaller colleges, and major universities. Undergraduate and
graduate students also attended and presented.

As in past years we were fortunate to have excellent support from our hosts. Karl Swyler, Leonard
Fine, and Chris Berndt helped to coordinate the many scientist, engineers, professors and other
staff, by providing funding, opening their facilities, developing presentations and activities.

NEW:Update 98 participants saw the demonstration of about forty experiments and aided in
evaluating them. We also heard updating information relating to materials science, engineering
and technology presented at mini plenary sessions.

The experiments in this publication can serve as a valuable guide to faculty who are interested in
useful activities for their students. The material was the result of years of research aimed at betier
methods of teaching materials science, engineering and technology. The experiments developed
by faculty, scientists, and engineers throughout the United States and abroad add to the collection
from past workshops. There is a blend of experiments on new materials and traditional materials.

Experiments underwent an extensive peer review process. After submission of abstracts, selected
authors were notified of their acceptance and given the format for submission of experiments.
Experiments were reviewed by a panel of specialists through the cooperation of the International
Council for Materials Education (ICME). Comments from workshop participants provided
additional feedback which authors used to make final revisions, which were then submitted to the
NASA editorial group for this publication.

The ICME encourages authors of experiments to make submissions for use in the Journal of
Materials Education (JME). The JME offers valuable teaching and curriculum aids including
instructional modules on emerging materials technology, experiments, book reviews, and
editorials to materials educators.

As with previous NEW:Updates, critiques were made of the workshop to provide continuing
improvement of this activity. The evaluations and recommendations made by participants provide
valuable feedback for the planning of subsequent NEW:Updates.

NEW:Update 98 and the series of workshops that go back to 1986 are, to our knowledge, the only
national workshops or gatherings for materials educators that have a focus on the full range of
issues on strategies for better teaching about the full complement of materials. NEW:Update 98,
with its diversity of faculty, industry, and government MSE participants, served as a forum for
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both formal and informal issues facing MSE education that ranged from the challenges of keeping
faculty and students abreast of new technology to ideas to ensure that materials scientists,
engineers, and technicians maintain the proper respect for the environment in the pursuit of their
objectives.

We demonstrated the Experiments in Materials Science, Engineering & Technology, (EMSET)
CD-ROM with all 213 experiments from the first decade of NEW:Updates. This CD-ROM is
another example of cooperative efforts to support materials education. The primary contributions
came from the many authors of the demo and experiments for NEW:Updates. Funding for the
CD came from both private industry and federal agencies. Please see the attached information for
obtaining the CD.

We express our appreciation to all those who helped to keep this series of workshops viable.
Special thanks goes to those on our national organizing commitiee, management team, hosts,
sponsors, and especially those of you have developed and shared your ideas for experiments,
demonstrations, and novel approaches to learning. All of us who participated in the workshop
appreciated the excellent coordination of activities by Jim Gardner, Diana LaClaire, and Ginger
Arrington.

We hope that the experiments presented in this publication will assist you in teaching about
materials science, engineering and technology. We would like to have your comments on their
value and means of improving them. Please send comments to Jim Jacobs, School of Science
and Technology, Norfolk State University, Norfolk, Virginia 23504.

The use of trademarks or manufacturers' names in this publication does not constitute
endorsement, either expressed or implied, by the National Aeronautics and Space Administration.
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Lundeen, Calvin D. "Impact Testing of Welded Samples"”

McCoy, Robert A. "Cu-Zn Binary Phase Diagram and Diffusion Couples”

Patterson, John W. "Demonstration of Magnetic Domain Boundary Movement Using an Easily
Assembled Videocam-Microscope System”

Widener, Edward L.. "Heat-Treating of Materials”

NEW:Update 92 NASA Conference Publication 3201
Dahiya, Jai N. "Phase Transition Studies in Barium and Strontium Titanates at Microwave
Frequencies"

Rastani, Mansur. "Improved Measurement of Thermal Effects on Microstructure”
Walsh, Daniel W. "Visualizing Weld Metal Solidification Using Organic Analogs”

NEW:Update 93 NASA Conference Publication 3259
Guichelaar, Philip J. "The Anisotrophy of Toughness in Hot-Rolled Mild Steel"

Martin, Donald H. "From Sand Casting TO Finished Product (A Basic University-Industry Partnership)"
Petit, Jocelyn 1. "New Developments in Aluminum for Aircraft and Automobiles”

Smith, R. Carlisle "Crater Cracking in Aluminum Welds"

NEW: Update 94 NASA Conference Publication 3304
Gabrykewicz, Ted, "Water Drop Test for Silver Migration"

Kavikondala, Kishen and Gambrell, Jr., S. C., "Studying Macroscopic Yielding in Welded Aluminum
Joints Using Photostress"”

Krepski, Richard P., "Exploring the Crystal Structure of Metals"

McClelland, H. Thomas, "Effect of Risers on Cast Aluminum Plates"

Weigman, Bemard J. and Courpas, Stamos, "Measuring Energy Loss Between Colliding Metal Objects"
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NEW:Update 95 NASA Conference Publication 3330
Callister, William, "Unknown Determination of a Steel Specimen”

Elban, Wayne L., "Metallographic Preparation and Examination of Polymer-Matrix Composites"

Shih, Hui-Ru, "Some Experimental Results in the Rolling of Ni,Al Alloy”

NEW:Update 96 NASA Conference Publication 3354

Callister, Jr., William D., "Identification of an Unknown Steel Specimen”

Eiban, Wayne L., "Metallurgical Evaluation of Historic Wrought Iron to Provide Insights into Metal-
Forming Operations and Resultant Microstructure”

Griffin, R. B., Cornwell, L. R., Ridings, Holly E., "The Application of Computers to the Determination
of Corrosion Rates for Metals in Aqueous Solutions"

Hilden, J., Lewis, K., Meamaripous, Selvaduray, Guna, "Measurement of Springback Angle in Sheet
Bending"

Moss, T. S., Dye, R. C., "Experimental Investigation of Hydrogen Transport Through Metals"

Olesak, Patricia J., "2nd Steel Heat Treatment Lab: Austempering"

Spiegel, F. Xavier, "A Magnetic Dilemma: A Case Study”

Werstler, David E., "Lost Foam Casting”

NEW:Update 97 NASA Conference Publication 208726

Dalton, William K., Olesak, Patricia J. "Making a Phase Diagram"

Hartwig. K. T., Haouaoui, M., Cornwell, L. R. "Alloy Composition Determinations”

Kin, Yulian, Abramowitz, Harvey, Hentea, Toma, Xu, Ying. "Life Estimate Based on Fatigue Crack
Propagation”

NEW:Update 98 NASA Conference Publication

Biancaniello, Frank S., Jiggetts, Rodney D., Ridder, Stephen D. "Characterization of High Nitrogen
Stainless Steel (HNSS) Produced via Inert Gas Atomization and Hip Consolidation”

Cooke, Archie M. "Cast Iron, Wrought Iron & Steel (Historical Perspective of Properties of Ferrous
Material”

Kin, Yulian, Abramowitz, Harvey, Hentea, Toma, Higley, Jim, Richards, Jason. "Laboratory Measurement
of J-Integral"
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Experiments & Demonstrations in Polymers
NEW:Update 89 NASA Conference Publication 3074

Chung, Wenchiang R. "The Assessment of Metal Fiber Reinforced Polymeric Composites”

Greet, Richard and Cobaugh, Robert. "Rubberlike Elasticity Experiment”

Kern, Kristen T., Harries, Wynford L., and Long, Sheila Ann T. "Dynamic Mechanical Analysis of
Polymeric Materials”

Kundu, Nikhil K. and Kundu, Malay. "Piezoelectric and Pyroelectric Effects of a Crystalline Polymer”

Kundu, Nikhil K. "The Effect of Thermal Damage on the Mechanical Properties of Polymer Regrinds”

Stibolt, Kenneth A. "Tensile and Shear Strength of Adhesives”

Widener, Edward L. "Industrial Plastics Waste: Identification and Segregation”

Widener, Edward L. "Recycling Waste-Paper”

NEW:Update 90 NIST Special Publication 822

Brostow, Witold and Kozak, Michael R. "Instruction in Processing as a Part of 2 Course in Polymer
Science and Engineering”

Cornwell, L. R., Griffin, R. B., and Massarweh, W. A. "Effect of Strain Rate on Tensile Properties of
Plastics"

Gray, Stephanie L., Kern, Kristen T., Harries, Wynford L., and Long, Sheila Ann T. "Improved Technique
for Measuring Coefficients of Thermal Extension for Polymer Films"

Humble, Jeffrey S. "Biodegradable Plastics: An Informative Laboratory Approach”

Kundu, Nikhil. "Environmental Stress Cracking of Recycled Thermoplastics”

Wickman, Jerry L. and Corbin, Scott M. "Determining the Impact of Adjusting Temperature Profiles on
Photodegradability of LDPE/Starch Blown Film"

NEW:Update 91 NASA Conference Publication 3151

Allen, David J. "Stress-Strain Characteristics of Rubber-Like Materials: Experiment and Analysis"

Chowdhury, Mostafiz R. "An Experiment on the Use of Disposable Plastics as 2 Reinforcement in
Concrete Beams”

Gorman, Thomas M. "Designing, Engineering, and Testing Wood Structures”

Lloyd, Isabel K., Kolos, Kimberly R., Menegaux, Edmond C., Luo, Huy, McCuen, Richard H., and
Regan, Thomas M. "Structure, Processing and Properties of Potatoes”

McClelland, H. T. "Laboratory Experiments from the Toy Store"

Sorensen, Carl D. "Measuring the Surface Tension of Soap Bubbles”

Wickman, Jerry L. and Plocinski, David. "A Senior Manufacturing Laboratory for Determining Injection
Molding Process Capability"

NEW:Update 92 NASA Conference Publication 3201
Kundu, Nikhil K. "Performance of Thermal Adhesives in Forced Convection”

Liu, Ping. "Solving Product Safety Problem on Recycled High Density Polyethylene Container”
Wickman, Jerry L. "Thermoforming From a Systems Viewpoint"

NEW:Update 93 NASA Conference Publication 3259

Csernica, Jeffrey "Mechanical Properties of Crosslinked Polymer Coatings"

Edblom, Elizabeth "Testing Adhesive Strength” & "Adhesives The State of the Industry”

Elban, Wayne L. "Three-Point Bend Testing of Poly (Methyl Methacrylate) and Balsa Wood"

Labana, S. S. "Recycling of Automobiles an Overview"

Liy, Ping and Tommy L. Waskom, "Application of Materials Database (MAT.DB>) to Materials
Education and Laminated Thermoplastic Composite Material"

Marshall, John A. "Liquids That Take Only Milliseconds to Turn into Solids"

Quaal, Karen S. "Incorporating Polymeric Materials Topics into the Undergraduate Chemistry Cor
Curriculum:  NSF-Polyed Scholars Project:  Microscale Synthesis and Characterization
of Polystyrene" ’
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NEW:Update 94 NASA Conference Publication 3304

Fine, Leonard W, "Concrete Repair Applications and Polymerization of Butadiene by an "Alfin" Catalyst"

Halperin, Kopl, Eccles, Charies, and Latimer, Brett, "Inexpensive Experiments in Creep and Relaxation
of Polymers"”

Kern, Kristen and Ries, Heidi R., "Dietectric Analysis of Polymer Processing

Kundu, Mukul and Kundu, Nikhil K., "Optimizing Wing Design by Using a Piezoelectric Polymer"

Kundu, Nikhil K. and Wickman, Jerry L., "An Affordable Materials Testing Device"

Stienstra, David, "In-Class Experiments: Piano Wire & Polymers"”

NEW:Update 95 NASA Conference Publication 3330

Fine, Leonard W., "Polybutadiene (Jumping Rubber)"

Liu, Ping, and Waskom, Tommy L., "Plastic Recycling Experiments in Materials Education"

Liu, Ping, and Waskom, Tommy L., "Compression Molding of Composite of Recycled HDPE and
Recycled Tire Chips"

Masi, James V., "Experiments in Natural and Synthetic Dental Materials: A Mouthful of Experiments”

NEW:Update 96 NASA Conference Publication 3354

Brindos, Richard, Selvaduray, Guna, "Effect of Temperature on Wetting Angle”

Liu, Ping, Waskom, Tommy L., "Making Products Using Post Consumer Recycled High Density
Polyethylene: A Series of Recycling Experiments”

Spiegel, F. Xavier, "Elasticity, Plasticity and Anelasticity: Demonstrations"”

NEW:Update 97 NASA Conference Publication 208726

Liu, Ping, Waskom, Tom L. "Study of Rheological Behavior of Polymers"

Sullivan, Laura L. "Correlation of Birefringent Patterns to Retained Orientation in Injection Motded
Polystyrene Tensile Bars"

NEW:Update 98 NASA Conference Publication
Tomalia, Donald A. Dendritic Polymer Properties and Macromotecular Architecture”
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EXPERIMENTS & DEMONSTRATIONS IN CERAMICS

NEW:Update 88 NASA Conference Publication 3060
Nelson, James A. "Glasses and Ceramics: Making and Testing Superconductors”
Schull, Robert D. "High T, Superconductors: Are They Magnetic?"

NEW:Update 89 NASA Conference Publication 3074
Beardmore, Peter. "Future Automotive Materials - Evolution or Revolution”

Bunnell, L. Roy. "Hands-On Thermal Conductivity and Work-Hardening and Annealing in Metals"
Link, Bruce. "Ceramic Fibers"

Nagy, James P. "Austempering”

Ries, Heidi R. "Dielectric Determination of the Glass Transition Temperature"

NEW:Update 90 NIST Special Publication 822

Dahiya, J. N. "Dielectric Behavior of Superconductors at Microwave Frequencies”

Jordan, Gail W. "Adapting Archimedes' Method for Determining Densities and Porosities of Small
Ceramic Samples”

Snail, Keith A., Hanssen, Leonard M., QOakes, David B., and Butler, James E. "Diamond Synthesis with
a Commercial Oxygen-Acetylene Torch”

NEW:Update 91 NASA Conference Publication 3151

Bunnell, L. Roy. "Tempered Glass and Thermal Shock of Ceramic Materials"

Craig, Douglas F. "Structural Ceramics"

Dahiya, J. N. "Dielectric Behavior of Semiconductors at Microwave Frequencies"

Weiser, Martin W., Lauben, David N., and Madrid, Philip. "Ceramic Processing: Experimental
Design and Optimization"

NEW:Update 92 NASA Conference Publication 3201
Bunnell, L. Roy. "Temperature-Dependent Electrical Conductivity of Soda-Lime Glass"

Henshaw, John M. "Fracture of Glass"

Stephan, Patrick M. "High Thermal Conductivity of Diamond"

Vanasupa, Linda S. "A $.69 Look at Thermoplastic Softening"

NEW:Update 93 NASA Conference Publication 3259
Bunnell, L. Roy and Stephen Piippo, "Property Changes During Firing of a Typical Porcelain Ceramic"
Burchell, Timothy D. "Developments in Carbon Materials"

Dahiya, J.N., "Dielectric Measurements of Selected Ceramics at Microwave Frequencies”

Ketron, L.A. "Preparation of Simple Plaster Mold for Slip Casting and Slip Casting"

Masi, James V. "Experiments in Diamond Film Fabrication in Table Top Plasma Apparatus"

Werstler, David E. "Microwave Sintering of Machining Inserts"

NEW:Update 94 NASA Conference Publication 3304
Bunnell, L. Roy and Piippo, Steven, "The Development of Mechanical Strength in a Ceramic Material
During Firing"”

Long, William G., "Introduction to Continuous Fiber Ceramic Composites"

Reifsnider, Kenneth L., "Designing with Continuous Fiber Ceramic Composites"

West, Harvey A. & Spiegel, F. Xavier, "Crystal Models for the Beginning Student: An Extension to
Diamond Cubic

NEW:Upd-ate 95 NASA Conference Publication 3330
Louden, Richard A., "Testing and Characterizing of Continuous Fiber Ceramic Composites"
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NEW:Update 96 NASA Conference Publication 3354

Bunnell, L. Roy, Piippo, Steven W., "Evaluation of Chemically Tempered Soda-Lime-Silica Glass by
Bend Testing"

Dabhiya, J. N., "Microwave Measurements of the Dielectric Relaxation in Different Grain Size Crystals of
BaTiO,"

Masi, James V., "Experiments in Sol-Gel: Hydroxyapatite and YBCO"

Stang, Robert G., "The Effect of Surface Treatment on the Strength of Glass™

Thomas, Shad, Hasenkamp, Erin, Selvaduray, Guna, "Determination of Oxygen Diffusion in Ionic Solids"

NEW:Update 98 NASA Conference Publication
Ferguson, Luke, Stoebe, Thomas. An Inexpensive 1600°C (2912°F) Miniature Electnc Furmnace for
Teaching Materials Science.

Welch, David. "Superconducting Magnets and Applications”
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EXPERIMENTS & DEMONSTRATIONS IN COMPOSITES

NEW:Update 88 NASA Conference Publication 3060
Nelson, James A. "Composites: Fiberglass Hand Laminating Process”

NEW:Update 89 NASA Conference Publication 3074
Beardmore, Peter. "Future Automotive Materials - Evolution or Revolution”

Chung, Wenchiang R. "The Assessment of Metal Fiber Reinforced Polymeric Composites”

Coleman, J. Mario. "Using Template/Hotwire Cutting to Demonstrate Moldless Composite Fabrication"”

NEW:Update 90 NIST Special Publication 822
Bunnell, L. R. "Simple Stressed-Skin Composites Using Paper Reinforcement”

Schmenk, Myron J. "Fabrication and Evaluation of a Simple Composite Structural Beam"

West, Harvey A. and Sprecher, A. F. "Fiber Reinforced Composite Materials"

NEW:Update 91 NASA Conference Publication 3151
Greet, Richard J. "Composite Column of Common Materials"

NEW:Update 92 NASA Conference Publication 3201
Thornton, H. Richard. "Mechanical Properties of Composite Materials"

NEW:Update 93 NASA Conference Publication 3259

Masters, John "ASTM Methods for Composite Characterization and Evaluation”

Webber, M. D. and Harvey A. West. "Continuous Unidirectional Fiber Reinforced Composites:
Fabrication and Testing"

NEW:Update 95 ‘ NASA Conference Publication 3330
Craig, Douglas F., "Role of Processing in Total Materials"
Wilkerson, Amy Laurie, "Computerized Testing of Woven Composite Materials"

NEW:Update 97 NASA Conference Publication 208726
Gardea, Luts, Weick, Brian L. "A Method for Measuring the Shear Strength of Polymers and
Composites” '
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EXPERIMENTS & DEMONSTRATIONS IN ELECTRONIC AND OPTICAL MATERIALS

NEW:Update 88 NASA Conference Publication 3060
Sastri, Sankar. "Magnetic Particle Inspection™

NEW:Update 89 NASA Conference Publication 3074
Kundu, Nikhil K. and Kundu, Malay. "Piezoelectric and Pyroelectric Effects of a Crystalline Polymer”
Molton, Peter M. and Clarke, Clayton. "Anode Materials for Electrochemical Waste Destruction”
Ries, Heidi R. "Dielectric Determination of the Glass Transition Temperature"

NEW:Update 90 NIST Special Publication 822
Dahiya, J. N. "Dielectric Behavior of Superconductors at Microwave Frequencies"

NEW:Update 91 NASA Conference Publication 3151

Dahiya, J. N. "Dielectric Behavior of Semiconductors at Microwave Frequencies”

Patterson, John W. "Demonstration of Magnetic Domain Boundary Movement Using an Easily Assembled
Videocam-Microscope System"

NEW:Update 92 NASA Conference Publication 3201
Bunnell, L. Roy. "Temperature-Dependent Electrical Conductivity of Soda-Lime Glass
Dahiya, Jai N. "Phase Transition Studies in Barium and Strontium Titanates at Microwave Frequencies”

NEW:Update 94 NASA Conference Publication 3304

Elban, Wayne L., "Stereographic Projection Analysis of Fracture Plane Traces in Polished Silicon Wafers
for Integrated Circuits"

Parmar, Devendra S. and Singh, J. J., "Measurement of the Electro-Optic Switching Response in
Ferroelectric Liquid Crystals"

NEW:Update 95 NASA Conference Publication 3330
Dahiya, Jai N., "Temperature Dependence of the Microwave Dielectric Behavior of Selected Materials"
Marshall, John, "Application Advancements Using Electrorheological Fluids"

Ono, Kanji, "Piezoelectric Sensing and Acoustic Emission"

Ries, Heidi R., "An Integrated Approach to Laser Crystal Development”

NEW:Update 96 NASA Conference Publication 3354
Jain, H., "Leamning About Electric Dipoles From a Kitchen Microwave Oven"

NEW:Update 97 NASA Conference Publication 208726

Marshall, John A. "Magneto-Rheological Fluid Technology"

Umana, Carlos E. "How to Compute the Atomic Magnetic Dipole Moment of An Element: An
Engineering Approach”

NEW:Update 98 NASA Conference Publication

Abramowitz, Harvey. "Use of Piezoelectric Crystals for Voice Recognition”

Dahiya, J. N. "Liquid Crystal p-Azoxyanisole in Microwave Field"

Draayer, Bret. "Simulating Optical Correlation on a PC"

Kasdan, Matthew, Kennedy, Stephen K. "Microchemistry and the New Scanning Electron Microscopes”

Loutts, George B., Noginov, Mikhail A., Wynne, Rosalind, Ross, Kai T., Grandy, Talia. "Investigation
of thermal Bleaching in Manganese Doped Orghoaluminate Single Crystals”

Marshall, John A. "Magneto-Rheological Fluid Technology” |

Noginov, M. A., Warren, M., Loutts, G. B. "X-ray Excited Emission of MN*" ions in Mn: YAIO;

Valenquela, R., Amano, E. "Determination of the Curie Temperature in Ferro and Ferrimagnets”
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EXPERIMENTS & DEMONSTRATIONS IN MATERIALS SYSTEMS

NEW:Update 96 NASA Conference Publication 3354

Aceves, Salvador M., Smith, J. Ray, Johnson, Norman L., "Computer Modeling in the Design and
Evaluation of Electric and Hybrid Vehicles”

Benjamin, Robert F., "Experiments Showing Dynamics of Materials Interfaces”

Daugherty, Mark A., "Electrolytic Production of Hydrogen Utilizing Photovoltaic Celis"

Fine, Leonard W., "The Incandescent Light Bulb"

MacKenzie, James J., "Hydrogen -- The Energy Carrier of the Future”

NEW:Update 97 NASA Conference Publication 208726
Bunnell, L. Roy. "Weakening of Latex Rubber by Environmental Effects
Chadwick, Margaret. "Automotive Materials For the Next Millennium"

NEW:Update 98 NASA Conference Publication
Fabris, Neda S. "Teaching Statistical Quality Control and Process Analysis in Materials Laboratory”
Widener, Edward L. "The Colorful Character of Materials"



EXPERIMENTS & TOPICS IN MATERIALS CURRICULUM

NEW:Update 93 NASA Conference Publication 3259

Bright, Victor M. "Simulation of Materials Processing: Fantasy or Reality?"

Diwan, Ravinder M. "Manufacturing Processes Laboratory Projects in Mechanical Engineering
Curriculum"”

Kundu, Nikhil K. "Graphing Techniques for Materials Laboratory Using Excel"

McClelland, H. T. "Process Capability Determination of New and Existing Equipment and

Introduction to Usable Statistical Methods"

Passek, Thomas "University Outreach Focused Discussion: What Do Educators Want From ASM
International”

NEW:Update 94 NASA Conference Publication 3304

Brimacombe, J. K., "Transferring Knowledge to the Shop Floor"

Burte, Harris M., "Emerging Materials Technology"

Constant, Kristen P. and Vedula, Krishna, "Development of Course Modules for Materials Experiments"

Coyne, Jr., Paul J., Kohne, Glenn S., Elban, and Wayne L., "PC Laser Printer-Generated Cubic
Stereographic Projections with Accompanying Student Exercise"

Masi, James V., "Bubble Rafts, Crystal Structures, and Computer Animation"

McKenney, Alfred E., Evelyn D., and Berrettini, Robert, "CD-ROM Technology to Strengthen Materials
Education”

Olesak, Patricia J., "Understanding Phase Diagrams"

Scheer, Robert J., "Incorporating "Intelligent” Materials into Science Education™

Schwartz, Lyle H., "Technology Transfer of NIST Research"

Spiegel, F. Xavier, "Demonstrations in Materials Science From the Candy Shop"

Uhl, Robert, "ASM Educational Tools Now and Into the Future"

NEW:Update 95 NASA Conference Publication 3330
Belanger, Brian C., "NIST Advanced Technology Programs”

Berrettini, Robert, "The VTLA System of Course Delivery and Faculty in Materials Education"

Kohne, Glenn S., "An Autograding (Student) Problem Management System for the Compeuwtir Ilittur8"
Russ, John, "Self-Paced Interactive CD-ROMS"

NEW:Update 96 NASA Conference Publication 3354

Chaudhury, S. Raj, Escalada, Larry, Zollman, Dean, "Visual Quantum Mechanics - A Materials Approach”

Gulden, Terry D., Winter, Patricia, "Explorations in Materials Science"

McKelvy, Michael J., Birk, James P., Ramakrishna, B. L., "Bringing Advanced Experimental Technology
Into Education”

McMabhon, Jr., Charles J., "Labs on Videotape for Materials Science and Engineering"

Parkin, Don M., "Los Alamos - The Challenging World of Nuclear Materials Science"

Pendleton, Stuart E., "Next Generation Multimedia Distributed Data Base Systems"

Russ, John C., "Impact of Multimedia and Network Services on an Introductory Level Course”

Spiegel, F. Xavier, "NEW:Update, The Experience of One College"

Wilkerson, Amy, Self, Donna, Rodriquez, Waldo J., Ries, Heidi R., "A "Problem Based Learning"
Approach to Reflection and Refraction”

Winter, Patricia S., "Business Involvement in Science Education”
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NEW:Update 97 NASA Conference Publication 208726

Chaudhury, S. Raj. "The National Educators’ Workshop WEB"

Hudson, John B., Shadler, Linda S., Palmer, Mark A., Moore, James A. "Integration of Laboratory
Experiences Into An Interactive Chemistry/Materials Course”

Jacobs, James A., McKenney, Alfred E. "213 Experiments on CD-ROM From 10 Years of NEW:Updates”

Kayser, Jack R. "Structural Laboratory Manual”

Russ, John C. "Impact of Multimedia and Network Services on an Introductory Level Course”

Sawyer, W. Gregory, Bryson, Daniel, Svanes, Torkel, and Hudson, John B. "Effective Learning Through
Interactive Computer Simulation and Experimentation.

Shackelford, James F., Meier, Michael. "Computer Applications For The Materials Laboratory/Classroom:
Ilustrating Structure and Diffraction”

Swyler, Karl J., Fine, Leonard W. "Preview of NEW:Update 98"

Winter, John M. Jr., Lipetzky, Kirsten G. "X-Ray Radiographic Exercises for an Undergraduate Materials
Lab"

NEW:Update 98 NASA Conference Publication

Berndt, C. C. "Internet Research and the Undergraduate Learning Experience”

Chaudhury, S. Raj, Golembiewski, Gae. "Educational and Public Outreach for the Mars Sample
Return Project”

Halada, Gary. "Earthquake Resistant Engineering Design”

Halada, Gary. "Teaching Through Engineering Disaster”

Higley, James B. "Concurrent Engineering"”

McKenney, Alfred E. "Producing PDF Files Using Adobe Acrobat Capture V2.01"

McMahon, Charles J., Jr. "Tutorials for Introduction to Materials Engineering”

Petrakis, Leon. "Rendering Asbestos Harmless”

Swyler, Karl. "Educational Programs at BNL and Other DOE Labs"
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SE T EMSET CD ROM :
i EXPERIMENTS IN JKA TERIALS SCIENCE ENGINEERING & .’IECI:'INOL OGY
' ISBN 0-13-648486—‘7 P,

‘J ames A.J acobs

A Multimedia Tool of Laboratory Experiments and Classroom Demonstrations

FEATURES:

e Over 200 laboratory experiments and classroom demonstrations which you can modify to suit your
teaching objectives, environment, and students’ needs.

e Access to instructional aids developed by hundreds of materials educators and industry specialists in
the field of materials science, engineering and technology.

s Provides students with “hands-on”activities that cover the full range of materials science and
technology: topics such as woods, metals, and emerging technologies including processing and
structures of advanced composites and sol-gel ceramics.

¢ Flexibility: emphasis is placed on low-cost, multi-concept exercises in recognition of the many
settings in which materials education occurs.

e The CD-ROM allows you to read, navigate, search for other experiments/documents, print, and edit.

CATEGORIES OF EXPERIMENTS:
' TESTING & EVALUATION, POLYMERS, METALS, CERAMICS, COMPOSITES, ELECTRONIC
MATERIALS & MATERIALS CURRICULUM

A BONUS CD OF VIDEO CLIPS:
A bonus CD provides video segments on selected concepts.
STM & AFM MICROSCOPY, POLYMERS, CERAMICS, AND COMPOSITES

PLATFORMS SUPPORTED:

This CD-ROM can be used on Windows and Macintosh platforms. Acrobat Reader and QuickTime
software is included on the disk for Windows 3x, Windows 95 and Macintosh. The disk may be used on
other platforms provided the appropriate software is installed.

TO ORDER A COPY
Call: 1(800) 947-7700 OR  Visit our web site: www.prenhall.com
OR simply fill out and mail this to:

Prentice Hall, Order Processing Dept.

200 Old Tappan Road, Old Tappan, Nj 07675

Date

P.O. Number Tax Exempt Cert No.
BILL TO: SHIP TO:
Account No. Cust. Key No.

Name Name

Dept. Dept.

School/Org. School/Crg.

Address Address

City City

State, Zip State, Zip

CD-ROM Price: $150.00
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ORDERING INFORMATION FOR ADDITIONAL RESOURCES

Twenty copies of the NATIONAL EDUCATORS' WORKSHOP PUBLICATIONS
(NASA-CPs from 1988 - 1997) are available on a first come, first served basis from

Dr. James A. Jacobs
Department of Technology
Norfolk State University
2401 Corprew Avenue
Norfolk, VA 23504

NASA publications may be ordered from

National Technical Information Center (NTIC)
Attention: Document Sales
5285 Port Royal Road
Springfield, VA 22161

or
National Center for Aerospace Information (CASI)

P. O. Box 8757
Baltimore, MD 21240-0757

BOB POND'S "FUN IN METALS" TAPE - AVAILABLE FROM

Johns Hopkins University
Maryland Hall 210
3400 N. Charles Street
Baltimore, MD 21218

Cost = $30.00
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JOURNAL OF MATERIALS EDUCATION SUBSCRIPTIONS:

JME has two categories of subscription: Institutional and Secondary. The institutional
subscription -- for university departments, libraries, government laboratories, industrial, or other
multiple-reader agencies is $269.00 (US$) per year. Institutional two-year subscriptions are
$438.00 (US$). When the institution is already a subscriber, secondary subscriptions for
individuals and subdivisions are $45.00 (US$). (Secondary subscriptions may be advantageous
where it is the desire to preserve one copy for reference and cut up the second copy for ease of
duplication.) Two-year subscriptions for secondary for individual or subdivision are $75.00
(USS$). Back issues of JME are $100 per year prior to 1996 (US$).

Other Materials Education Council Publications available :

Classic Crystals: A Book of Models - Hands-on Morphology. Twenty-Four Common Crystal
models to assemble and study. Aids in leaming symmetry and Miller indices. $19.00.

A Set of Four Hardbound Volumes of Wood Modules - The Clark C. Heritage Memorial
Series. Published by MEC in cooperation with the U.S.Forest Products Laboratory, Madison,
Wisconsin. A compilation of nine modules entitled Wood: Its Structure and Properties (),
edited by Frederick F. Wangaard. A compilation of eight modules especially developed for
architects and civil engineers entitled Wood As A Structural Material (IT). Also, Adhesive
Bonding of Wood and Other Structural Materials III and Wood: Engineering Design Concepts
(IV). Each of the first three wood volumes costs $31.00; the fourth volume costs $41.00. The
entire four-volume set is only $ 126.00 plus $4.50 shipping ($7.00 overseas).

The Crystallography Course - MEC's popular nine-unit course on crystallography. $39.00.

Instructional Modules in Cement Science - Five units prepared for civil engineering and
ceramic materials science students and professionals. $19.00.

Laboratory Experiments in Polymer Synthesis and Characterization - A collection of fifteen
peer-reviewed, student-tested, competency-based modules. $25.00. Topics include: bulk
polycondensation and end-group analysis, interfacial polycondensation, gel permeation
chromatography, x-ray diffraction and others.

Metallographic Atlas - Royal Swedish Institute of Technology. $33.00. A brief introduction
to the microstructures of metallic materials - how they appear and how they can be modified.

Please add $3.00 per bock shipping charge.
Checks payable to The Pennsylvania State University

Managing Editor, JME
110 Materials Research Laboratory
The Pennsylvania State University
University Park, PA 16802
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BNL MINI-WORKSHOPS
TUESDAY, NOVEMBER 3, 1998

1. Accelerators in Materials Processing - Mr. Chuck Carlson, Physics Department - Application
of BNL'S Van De Graaff to testing electronic materials and fabricating microstructures.

2. Advanced Magnet Development - Dr. Laura Henderson-Lewis, Materials Science Division -
Studies in development of superconducting accelerator magnets and "hard' magnets for energy-efficient
motors.

3. Coating Technology - Dr. Toshi Sugama, Department of Applied Science - Explore and evaluate
the use of low-cost organic coatings to provide corrosion resistance.

4. Electronic Detector Techmology - Dr. Velko Radeka, et al., Instrumentation Division -
Investigate development of state-of-the-art systems for detecting high-energy particles and photons.

5. Failure Analysis - Dr. Carl Czajkowski, Department of Advanced Technology - Apply techniques
and methods of identifying metallurgical failure modes in nuclear reactor applications.

6. Hard X-ray Micromachining - Dr. Enk Johnson, NSLS Department - Use of synchrotron
radiation in the production of microstructures and characterizing the product.

7. High Tc Superconductors - Dr. Arnie Moodenbaugh - Explore the properties of Hi T¢ materials
and possibilities for their practical application.

8. Materials Science at Large Facilities - Dr. John Larese, et. al. Chemistry Department - Review
principles of techniques used to characterize materials with synchrotron radiation and neutrons.

9. Nuclear Chemistry: Art and Archeology - Dr. Gar Harbottle, chemistry Department - Investigate
basic concepts of nuclear chemistry and review their application to studies in art and archaeology.

10: Oxidation and Degradation of Organic Martials - Dr. Peter Soo, Department of Advanced
Technology - Review/explore techniques used to study and assess the impact of oxidation on cable
insulation.

11. Protein Crystallography - Dr. Enrique Abola, Biology Department - Investigate the
fundamentals of structural analysis by diffraction and educational applications of BNL's protein data
bank.

12. Trace Element Analysis - Dr. Keith Jones, Department of Applied Science - Detection of trace
elements by X-ray fluorescence, and applications to materials science and engineering.

13. Wasteform, Container and Barrier Materials - Dr. Paul Kalb, Department of Advanced
Technology - Review/explore properties of materials relevant to hazardous waste management.

14. X-Ray Microtomography - Dr. Betsy Dowd, National Synchrotron Light Source - Use of X-rays
and advanced computational techniques to permit 3-d visualization of internal microstructure.
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SUNY AT STONY BROOK WORKSHOPS
TUESDAY, NOVEMBER 3, 1998
1. Workshop on Material Properties of Biomedical Materials
2. Tour and Demonstration of Facilities: Coatings and Manufacturing Technology
3. Workshop on the Fracture Probability and Statistics of Glass
Christopher C. Berndt

Department of Materials Science and Engineering
SUNY at Stony Brook
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MATERIALS SCIENCE WITH
PHOTONS AND NEUTRONS
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Upton, New York 11973-5000
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e-mail mcwhanl @bni.gov
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o Matenals Smence
I wuth Photons and Neutrons

OUTLINE

m DOE User Faciles
m Brookhaven User Facilities

« National Synchrotron Light Source

* High Flux Beam Reactor
m Imaging Techniques

* Infrared Microspectroscopy

« X-Ray Microtomography

* Scanning Transmission X-Ray Microscope
m Scattering and Spectroscopy

* High Temperature Superconductivity

Brookhaven _Brookhaven
Science Associates National Laboratory




DOE Science and Technology
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Top Five Government Research Organizations for*:

Physical Environmental Mathematics Engineering
Sciences Sciences & Computing
1.Energy (1,919)  1.NASA (974) 1.DGD (7063) 1.D0D (1 979)
2.NASA (1,003) 2.NSF (459) 2.NGF (344) 2NASA (1,690)
3.NSF (478) 3.Energy (399) 3.Energy (330) 3.Energy (586)
4.D0D (380) 4.00D (385) - 4HHS (100) 4 NSF (464)
5.HHS (164) 5.00C (264) 5.NASA (79) 5.00C (179)

* Numbers are FY 97 Dollars in Millions - Source: NSF
Basic & applied research only - does not include development or construction
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" HighFluxBeamReactor

. One of 3 hrgh qux research reactors in the
world |

m 15 instruments

m Presently shutdown awaiting decision to restart
or decommission - to be made by Sec. Of
Energy after completion of environmental
Impact statement

Brookhaven Brookhaven
Science Associates National Laboratory



I Condensed Matter Physics: magnetism, lattice

~ dynamics, phase transformations o
m Solid State Chemistry: physisorption, catalysis
m Powder Diffraction: zeolytes, residual stress

m Reflectometer: polymer coatings, liquid-sufactant
coatings

m Nuclear Physics: neutron capture in complex nuclei

Brookhaven _Brookhaven
Science Associates National Laboratory




Understanding Molecular Biology

Neutron beams from the HFBR are used by biologists to discover the molecular structure of proteins,
nucleic acids, and other cellular components. Determining these structures is a critical step in
understanding the functioning of muscle, ribosomes, chromatin, enzymes and many other
biomolecules. Medical applications may result directly from this research, but more often indirectly,
by providing a roadmap for the design of specific drugs. Recent research at the HFBR provides

insights into:

- Activation of plasminogen in blood clotting

- Packaging of DNA in chromatin

- Structure of the immunosuppressant cyclosporin

- Location of anesthetics and anti-viral drugs in the cell membrane

Dissolving Blood Clots

Neutrons are uniquely suited to probe the shape and changes
in shape of biomolecules. Studies at the HFBR have shown that
the inactive form of plasmincgen circulating in the bloodstream
is a compact molecule. When activated in a blood clot, it
unfolds to expose a potent enzyme that dissolves the network
of filaments tﬁat entangle biocd ceils. The action of a new drug,
Tissue Plasminogen Activator (TPA), can be understeod with
this unfolding mechanism, and ways to increase its
effectiveness in treating victims of heart attacks and strokes are
being pursued.

DNA Packaging

X-ray experiments by J. Watson and F. Crick established the famous double—helix structure of DNA
(top left), which holds the blueprint of life. Recent neutron studies at the HFBR revealed the structure of
a higher order of its packaging (center right} — consisting of about 2 meters of DNA (blue) and protein
cores (red) — which subsequently fold into chromosomes (bottom left). These studies are crucial to the
understanding of cellular function, the expression of selected proteins, DNA repair and reproduction,

Membrane Bound Drugs

Lipid membranes enclose all cells, providing containment, anchoring
protein channels, and aiding in defense mechanisms. These intrinsic
membrane functional groups are uniquely recognizable using neutron
diffraction. A small anti—viral dm?, amantadine, was recently located
deeply buried in the fatty layer of the membrane. This surprising
result suggests that the drug prevents infection by the common coid
virus (shown) by blocking its penetration of the membrane. Similarly
constructed drugs may prove effective against other virus attacks.
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NationalSynchrotron Light Source _

m Two storage rings provide about 5000 hrs of béamtime

- at 80 experimental stations each year

m Photon energies from 0.1meV [12 mm] to 300MeV [4
fm] are used in experiments at NSLS

m Each year NSLS has 2200 Users in:

» Chemical Sciences

* Materials Sciences

+ Life Sciences and Medicine

+ Geosciences and Ecology

+ Applied Science and Engineering
* Optical/Nuclear & General Physics

Brookhaven .Brookhaven
Science Associates National Laboratow
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* m HFBR and NSLS have Participating Research Teams,
~ PRTs, that build and operate the beam lines.

m PRTs composed of researchers from industrial,
university, and government laboratories and the NSLS.

m PRTs get between 75% and 25% of the beamtime
depending on the degree of involvement of the NSLS.

m The remaining time is available for peer reviewed
general user proposals.

m Full cost recovery is paid for beamtime for proprietary
research. Beamtime is free for basic research.

Brookhaven 'Brookhaven
Science Associates National Laboratory
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Synchrotron X-ray Computed Microtomography (XCMT)
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";!s Ist NSLS mfmred microspectroscopy facility
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« NSLS/ATDC CRADA.

« High brightness synchrotron IR source.
« Color CCD camera with image capture.
« All reflecting optics; <2pum <A <25um.

» ~1 wm spatial resolution automated XY
mapping stage for sample scanning.

« Shown with 4.2K Ge:Cu detector (also
internal MCT).
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ADYANCED TECHNOLDG?Y
A DEVELOPMENT GENTER

NORTHROP GRUMMAN

National Synchrotron Light Source ® Brookhaven National Laboratory
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Imm > A > 0.7um lmeV< hv<leV  10cm’' <V < 15,000 cm’!

® vibrational / rotational modes of molecules and molecular
units

* semiconductor bandgap transitions
* impurities (electronic states, vibrations)
* mobile carriers (electrons, holes)

* superconductivity (pair breaking, condensate dynamics)

® charge dynamics in “complex” metals
(oxides, doped polymers, organics, Cg,...)

National Synchrotron Light Source & Brookhaven National Laboratory
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Absorbance units
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Ouo Fluid inclusions in minerals

N. Guilhaumou (ENS)
P. Dumas (LURE)

visible image

Fluid inclusion and gas bubble within fluorite

Transmission IR microspectroscopy study to determine
composition of fluid and gas
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IR spectra shows evidence for simple hydrocarbons,
carbon dioxide, and small amounts of hydroxyl.
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_ Inrared mzcrosectrscopy of living cells

IR spectroscopic maps of various molecular functional
groups of cells during mitosis (division).
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> Materiaia Whichod'nduct electrical current without loss

) Applications
» Electromagnets (MRI, RHIC, etc.)
> Microwave filters for cellular phones

e High-temperature superconductors
> Copper-oxide compounds

> Require much less cooling than conventional
superconductors

> Mechanism of superconductivity is still a mystery

Brookhaven U.S. Departmeant of Eneryy
Science Associates Brookhaven Mational Laboratory
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- Layered dompioiinds
> CuO, planes .

Many structurea determined at

NSLS and HFBR

e Parent compounds
> Electronic insulators

> Antiferromagnetic order
in CuO, planes

Discaovered at HFBR

e Charge carriers

> Introduced into CuO, plahes
by chemical substitution
Characterized at NSLS

Brookhaven
Science Associates

CuO,

LS. Departinent of Energy
Brookhaven Mational Laboratory
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- Anmerromagf_"f"f"ff‘filam'ued to Inaulating behavior
> Superconductiv"y requires mobile charge carriers

e Conventional theories assume:
» Electronic homageneity
> Spatial uniformity

e How can conflicting properties coexist?

Brookhaven U.S. Departiment of Energy
Science Associates Brookhaven National Laboratory
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e Driven by competing
interactions O G e 3
> Kinetic energy of charges P i iy
» Magnetic exchange energy - -
> Coulomb repulsion g @ @ @
Brookhaven U.S. Department of Energy

Science Associates Brookhaven National Laboratory
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MAGNETO-RHEOLOGICAL FLUID TECHNOLOGY

John Marshall

University of Southern Maine
John Mitchell Center
Gorham, Maine 04038

Telephone 207-780-5447
e-mail jmarshal@usm.maine.edu

29



John Marshall

30



Magneto-Rheological Fluid Technology

John A. Marshall, PHD
University of Southern Maine

Key Words:

Hydraulics, mechanical power transmission, and rheology.

Perquisite Knowledge:

Elementary concepts of power transmission.

Objective:

To observe the tunable characteristics of magneto-rheological fluids.
To understand the potential power transmission advantages of these
fluids.

Equipment and Supplies:

Magneto-rheological clutch assembly and power supply.

Introduction:

Magneto-rheological fluids change their flow characteristics when
subjected to an electrical field. Response, which takes only milliseconds,
is in the form of a progressive gelling that is proportional to field strength.
With no field present, the fluid flows as freely as hydraulic oil (Korane,
1991).

Magneto-rheological fluids represent a technology that has the potential to
widen the performance range of automated electromechanical and
electrohydraulic equipment. Research and ongoing developments are
refining this technology and experts predict an important future for these
fluids.
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Importance of Magneto-rheological Fluids:

Current automation capabilities are not advanced enough to build a robot
that could play tennis. Even though cameras and computers could direct
the robot towards a ball, robot's move in an awkward, lumbering fashion
because conventional hydraulic valves cannot keep pace with the
commands of the computerized controllers.

With magneto-rheological fiuid technology, this type of response time is
possible. This technology will allow devices that can operate instantly and
without mechanical valves. Increased productivity and better product
quality through more dependable and responsive automated equipment is
just a small part of what this maturing technology can deliver.

How Magneto-rheological Fluid Functions:

Magneto-rheological fiuids are composed of two primary components.
They are the carrier fluid and the suspended particies. The carrier fluid
needs to be a good insulator, compatible with the materials they contact.
Typical particle materials include polymers, minerals, and ceramics (Scott,
1984). :

When an magnetic field is applied to the fluid, positive and negative
charges on the particles respond by separating, so each particle then has
a positive end and a negative end. Particles of the magneto-rheological
fluid then link together in the same manner that the north pole of one
magnet is attracted to the south pole of another magnet (Duclos, 1988).

Potential Applications:

Magneto-rheological fluids can change from solids to liquids so fast, they
will work well with fast-acting computers. These characteristics suggest a
number of unusual engineering applications such as fluid clutches and
vibration isolators (Duclos, 1988).

According to Hans Conrad, professor of materials science and
engineering at North Carolina State University, magneto-rheological fluids
will lead to a whole new generation of brakes, automatic transmissions,
actuator devices, hydraulic valves, pump parts, and motors {(Conrad,
1992).
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Procedure:
Safety Considerations:

1. Protective eye wear is mandatory for all those in the Iab area.

2. Read the operating instructions that accompany the magneto-
rheological clutch assembly and power supply.

3. Obtain a "Material Data Safety Sheet" on the fluid from the
supplier. Read the sheet completely and ask questions to any
information you do not understand.

Observing the tunable clutch assembly:

1. With the power supply off, notice how easily the shafts can be
rotated by hand.

2. Increase the power output through the range of 4, 8, 16, 32, 60,
and 80 % and record your findings on the data sheet.

3. Vary the cycling frequency through the range of 4, 8, 16, and 32 Hz
and notice the pulsating sensation while rotating the shafts.
Record your findings on the data sheet.

Sample Data Sheet:

Record below the characteristics of the clutch when varying the power
output.

Record below the characteristics of the clutch when varying the cycling
frequency.

Instructor Notes:

1. The power being transmitted through the clutch increases
proportionally when the power output is increased.

2. The impulses of power transmission increase as the cycling
frequency is increased.
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Source of Supplies:
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X-ray excited emission of Mn®* ions in Mn:YAIlO;

M. A. Noginov, M. Warren, G. B. Loutts
Center for Materials Research,
Norfolk State University, Norfolk, VA

Keywords:
Luminescence, Transition-metal ions in solids, Scintillators, Optical measurements

Prerequisite knowledge:
The student

1.

should have basic understanding of different types of electromagnetic radiation (X
rays, visible light)

2. should have basic knowledge of the materials science and/or solid-state physics and/or
optical spectroscopy
Objectives:

The objectives of this experiment are:

to demonstrate to the student the possibility of the X ray-to-visible energy
conversion in solid states,

to teach the student the basics of operation of X ray sources and conductmg optical
spectroscopic measurements,

to demonstrate to the student the example of the analysis of the material parameters
on the basis of the results of the spectroscopic measurements.

Equipment and supplies:

The X-ray diffractometer Rigaku D/Max-2200 TB, Cu K, radiation, A=0.154 nm.
[Any standard source of X ray radiation can be used instead].

The Mn:Y AlO; crystal. [The experiment can also be conducted using many different
scintillator crystals. The interpretation of the observed visible emission in each
particular case will depend on the nature of the luminescent ion.]

Model SR541 optical light chopper and model SR540 chopper controller from
Stanford Research Systems, Inc. [Any similar chopper and controller can be used].

Im long and 8 mm in diameter optical bundle. We used the bundle from the light
source model 1-150 from CUDA products corp. [Other similar bundles can be used as
well.]

Model H20 monochromator from ISA John Yvon, SPEX.. (Any similar
monochromator can be used.]

Any photomultiplier tube (PMT) with the maximum sensitivity in the visible range of
the spectrum.

Tektronix TDC 774 color four channel digitizing oscilloscope. [Any digitizing
oscilloscope with the storage function can be used].
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‘e The high voltage power supply for PMT (0-1500V). We used FLUKE high voltage
power supply model 405B from FLUKE Mfg. Co. Inc. [Any power supply with
similar characteristic can be used.]

e FElectrical cables.

Background intreduction:

In Ref. [1], Mn doped YAIO; was shown to be a promising material for holographic
recording and optical data storage. The detailed characterization of Mn:Y AlO; requires
the spectroscopic study of all Mn valence states in the crystal. However, the ground state
level in Mn®" (°A)) is the only sextet level in the system and all ground state transitions in
Mn** are spin-forbidden and weak [2]. This makes optical excitation of Mn2*
Juminescence very difficult, especially in the presence in the crystal of other Mn valence
states.

In sctillator crystals the conversion of X-ray excitation into visible emission occurs in
three common stages: conversion, transfer, and luminescence [3, 4]. In the first stage the
radiation produces primary very hot electrons which in turn produce a cloud of secondary
hot electrons thermalizing to electron hole pairs of low energy. In the second stage
clectron hole pairs very likely form excitonic centers of many forms in the scintillation
centers. At this stage we have the process of energy transfer from these centers to the
scintillation centers. In the third stage the scintillation centers (Mn®" in our case) radiate
the energy (visible light).

Experiment:

We found that Mn doped YAIO; crystals, single doped and co-doped with Ce, emit
greenish light when excited with X-rays in the X-ray diffractometer (Rigaku D/Max-2200
TB, Cu K, radiation, A=0.154 nm). We collected luminescence in the chamber of the
diffractometer using the optical fiber bundle, sent light to the input slit of a small
monochromator that we attached to the X-ray set up, and detected the signal with a
photomultiplier tube. The schematic of the experiment is shown in Figure 1.

To increase the signal-to-noise ratio, we chopped the X-ray beam in the chamber with a
regular chopper used in optical spectroscopy. The obtained emission spectrum (collected
point by point using the averaging oscilloscole) is shown in Figure 2. It consists of the
relatively broad emission line peaking at 0.53 pm and more narrow band centered at =0.71
pm.

We attribute the 0.71 pm emission band to Mn*" ions (see Refs. [1,5,6]) and the 0.53 um
emission to Mn®" ions. (In Ref. [7] the luminescence of Mn?" ions in YAlQ; was reported
to be centered at 560 nm. However, many spectroscopic properties of Mn ions (in
different valence states) reported in Ref. [7] were different from those in our crystals. As
it was discussed in Ref. [3], possible reasons for this discrepancy are the different crystal
growth technique (optical floating zone) and the post-growth annealing of the crystals
used in work [7].) Using the analogy with the literature, we assign the 0.53 um
Jluminescence to the transition *T|—°A, in Mn**.
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Figure 1. Experimental set up.
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Figure 2. Visible emission excited in Mn(0.5%):YAlO; with X-ray beam (A=0.154 nm).
The horizontal bar in the figure shows the spectral resolution.

39



The Tanabe-Sugano diagram (showing the energies of different electronic states in
transition metal ions as a function of the crystal field Dq) for a 3d® electron configuration,
calculated in Ref. [8] for the ratio of the Racah parameters C/B=5.55, is shown in Figure
3.
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Figure 3. The Tanabe-Sugano energy level diagram of a 3d° system (calculated in Ref. [8]
for C/B=5.55).

As it follows from Figure 8, the energy gap between the levels °A, and *T, is strongly
dependent on the crystal field Dq, being larger at small Dq and smaller at large Dq. Since
the crystal field splitting is larger in octahedral sites than in dodecahedral or tertahedral
sites (Dq,:Dqq:Dq=1:-1/2:-4/9, where the negative signs indicate that d,2 and d.,? become
the more stable set relative to the other three d orbitals [2]), the type of the site
occupancy of Mn®" ion can be determined, in a first approximation, by the color of Mn*"
luminescence. As follows from Table 1 summarizing data on Mn®* emission in various
crystals, green color of Mn?* luminescence observed in our experiment is the evidence
that Mn®* ions occupy in YAIO; dodecahedral (Y>*) but not octahedral (AI**) sites. This
consideration confirms our initial assumption based on the ion sizes and the decrease in
the lattice parameters.
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Crystal Site coordination | Wavelength of the Color of Temperature, | Reference
maximum luminescence K
luminescence, nm .

YAlO; Dodecahedral 530 green 300 This work
ZnAl O, Tetrahedral 509 green 4.2 9
LaAlOs Dodecahedral 518 green 4.2 [9]
MgAlL,O,4 Tetrahedral 530 green 300(?) [21]

(low Mn
concentration)

Y55¢.Ga;01, Dodecahedral 573 vellow 12 [11]
Y;Al:0:2 Dodecahedral 585 yellow-orange 12 [11]
Y;Al0:2 Dodecahedral 609 orange 300 [8]

ALO; Octahedral 600 orange 4.2 91
Ca:GaGeq Oy QOctahedral 625 red [10]
Me;SiOs Strongly distorted 650 red 300 [22]

octaheder

Table 1. Site symmetry and luminescence wavelength of Mn?* ions in different hosts
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An Inexpensive 2732°F Miniature Electric Furnace for
Teaching Materials Science

Luke Ferguson and Thomas Stoebe

The Department of Materials Science and Engineering
University of Washington, Box 332120
Seattle, WA 98195-2120

Key Words

High temperature electric turmace, high temperature refractory matenals. furnace design,
thermal conductivity, heat transter, silicon carbide heating element, materiais compatibility,
ceramic materials, insulation and energy etficiency, energy balance, alumina and zirconia fibrous
refractory board, alumina cement. moldable refractory materials, thermal stress and thermal shock
resistance, thermal expansion, platinum thermocouples, thermomeiry.

Prerequisite Knowledge

Basic laboratory safety skills are required, and supervision by qualified personnel is also
required. College level chemistry, physics or matenials science, basic electronics, and basic
construction skills such as using cements or mortars and insulating matenals are recommended
for those ivolved in this work. Experience in the operation of a standard pottery kiln or furnace
would definitely be helptul. Some basic knowledge about refractory ceramics and metals and
their compatibility issues is strongly recommended.
Abstract

This experiment teaches principles ot high-temperature electric turnace design, energy
etticiency, and thermal properties of matenals. The furnace described in this experiment is
constructed with commercially available refractory matenals, and is built on a small scale to
minimize construction cost. The furmace is capable of reaching temperatures far above those ot a
standard pottery kiin, and may be used for many interesting experiments involving technical
ceramics and metallurgy. Some of the experiments that may be performed using the miniature
turnace include high temperature solid-state diftusion expeniments, the sintering of technical
ceramics such as alumina, magnesia, zirconia or magnetic ceramics [see reference #1], the
alloying ot high temperature metals and glasses, igh temperature annealing and heat treating of

matenals, crystal growth. thermo-power measurements, and the fabrication ot superconductors or

electro-ceramics such as barium titanate or PZT.
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‘Safety Precautions

High temperature furnaces are easily destroyed by misuse, and an explosion or fire
hazard exists if incompatible materials are used. Always follow safety guidelines. If
you’'re not sure about the safety or compatibility of any materials then DO NOT use them
to insulate the furnace or put them in the furnace!

KEEP all furnaces away from anything that is flammable such as wood tabletops,
paper, cloth, or plastic, and never leave the furnace unsupervised. Be sure the area
around the furnace 1s well ventilated. ALWAYS put the furnace on a bare concrete floor
or other high temperature resistant surface when in operation. Have proper fire
extinguisher equipment nearby and ready to use.

DO NOT open the furnace or lift the furnace when it is operating at high
temperatures. Be sure the core of the furnace has cooled down to below 75°C before
opening or transporting the furnace. AVOID touching heater elements with anything at
all times.

DO NOT put any materials in the furnace that produce flammabie or toxic gasses,
including alcohol, methanol, acetone, or any flammable solvents. DO NOT operate the
furnace 1n the presence of combustible gasses such as carbon monoxide, hydrogen, or
fuel oil. Avoid using metal-chlorides, methyl chloride, any suifides, phosphates, or
strong alkalis in the furnace, or other compounds that can produce toxic and corrosive or
explosive fumes. Even finely ground organic materials such as carbon, coal dust, or
wood, and many metals are explosive in high temperature air atmospheres. A listing of
hazardous mixtures defined by Group can be found in National Fire Protection
Association document NFPA 497 M.

USE the recommended high temperature electrical hook-up wire to connect heater
elements and be sure that all electrical connections are properly insulated and
mechanically secure before operating the furnace. This experimental furnace operates at
line voltages, and reasonable precautions against the danger of eiectrical shock must be
observed.

USE high temperature gloves, safety glasses, and other protective clothing when
working around furnaces and other high temperature experiments. As with nearly all
refractory ceramic materials, keep any fibers or dust off hands and face, and avoid
breathing any fibers or dust.

The high temperature fumace described in this paper is for teaching purposes only,
and should not be used for any other purpose. The authors of this paper make a diligent
effort to insure the safety of the furnace design and its safe operation. However, due to
the experimental nature of the furnace, the authors cannot be held responsible for any use
or misuse that actually occurs.

Equipment and Supplies

1. “Insboard 2600” ceramic fiberboard available from A. P. Green Industries, Inc., Mexico,
Missouri, USA. The ceramic fiberboard is about $6.69 per square foot and may be
purchased in 2” by 3” by 17 sections. A superior high-density version, “Insboard
2600HD” is also available. The maximum recommended temperature is about 1425°C
and the thermal coefTicient is 0.17 W/m/C @ 1095°C.

2. “ECO” Alumina Insulating Board type ECO-20AA, or Premium Grade Alumina
Insulating Board type SALI available from ZIRCAR Products, Inc., Florida, N.Y.
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1.

Standard samples of %" by 2” by 3” boards were obtained from ZIRCAR for the
construction of this furnace. Other required materials include sample amounts of
ZIRCAR Alumina Papers types APA-1, APA-2, or APA-3 [nsulation, Alumina Insulation
type SALI Moidable. and at least 1 pint of ZIRCAR Alumina Cement (C4001 AL-CEM),
at a cost of $56.50 per pint. Phone (914)-651-448, Home Page www.zircar.com, e-mail
sales@zircar.com.

A thermal fuse or thermal cutoff (TCO). The maximum temperature for opening should
be about 220°F. Suppliers include NTE Electronics, Inc., Bloomfield, NJ, phone 973-
748-5089, www.nteinc.com, and Elmwood Sensors Inc., Pawtucket, RI, phone 800-356-
9663, www.devicelink.com. Cotronics Corporation, Brooklyn N.Y., phone (718)-646-
7996, also offers high-temperature safety products including gloves, clothing, and
emergency fire blankets.

A 4-amp slow-blow electrical fuse and inline fuse holder.

Silicon carbide heating elements. For this experiment, two “Norton Crystar Igniter”
elements were used, model 271R with 4” ceramic block and 450°C temperature wire.
These model 27 1R Crystar Igniters were obtained from Norton Igniter Products, Powers
Street, Milford, New Hampshire. The cost is about $21 per igniter element.
Thermocouple element. A “type B” (Pt-30% Rh, Pt-6% Rh) thermocouple wire is
recommended for temperature sensing inside the furnace. Type “B” platinum
thermocouples with alumina insulators are available in 127 lengths of AWG wire size 30
for about $50.00 (part number XDH-30-B-12) from Omega Engineering, Inc., Stamford
CT, phone (203)-359-1660, FAX (203) 359-7700. Omega Engineering, Inc., supplies a
free “Temperature Handbook™ with a great deal of useful information concerning
temperature measurement, and tables for converting thermocouple voltages to
terperatures.

A portable voltmeter. such as the Fluke 87 Multimeter, can be used to read the output
voltage from the “type B” thermocouple if the voltmeter has a sensitivity of 0.1 milli-
Volts. The voltage can be converted to a corresponding temperature using tables such as
the ones in the “Temperature Handbook” available from Omega Engineering, Inc.
Handheld thermometers for use with thermocouples are also available from various
sources such as Omega.

High temperature heater hookup wire. Teflon-Glass and Silicone Rubber Insulated
Heater Hookup Wire are available from Omega Engineering, Inc., in 25’ spools of plated
copper strand. Teflon-Glass 16 gauge or larger wire is recommended. This16 gauge wire
has a temperature rating of 250°C, and has an electrical current carrying capacity of about
10 amps at 200°C including a temperature correction factor of 0.49 (the cost is about
$45.00 for 25 feet). Useful information about heater hookup wire and thermal data for
materials can be found in the “Supplement” or “Heaters” handbooks that may be obtained
free from Omega Engineering, Inc. A line cord capable of safely carrying at least 7 amps
is recommended.

A commercially available 120 volt (60Hz), 10 amp, 1.4kV A variable autotransformer or
“Variac” is used to adjust the electrical power supplied to the furnace.

Simple hand tools including sandpaper, paint brushes, sponges, small spatula, a ruler, a
hacksaw, a scroll saw blade, wire cutters and strippers, tin snips, files, mixing containers
and measuring cups, and a chemical balance should be available.

Miscellaneous items include disposable rubber gloves, flexible metal eiectrical conduit,
sheet metal and matenals for buiiding frame for furnace, electrical tape and duct tape, fire
bricks, apron or lab jacket, eye protection, paper towels, plastic bags, a permanent ink
marker, and disposable dust mask.
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Introduction and Background

One of the most tmportant tools for the materials scientist or engineer is the high temperature
fumace. Many modern engineering materials require temperatures of 1400°C or greater for
processing, and the cost of even a small commercial furnace that is capable of reaching these
temperatures can be $9000.00 or more. In this exercise, a method is presented for building a
simple experimentai furnace that is capable of operating at 1400°C (and intermittently at 1500°C),
for a minimal construction cost of about $200. (The actual cost will depend somewhat on the
resourcefulness of the experimenter.) The cost of the experimental furnace is held at 2 minimum
by building the furnace on a small scale, and by not using programmable or automatic
temperature controllers (except for an over-temperature indicator or thermal fuse).
Mimaturization of the furnace often may allow the builder to obtain some of the construction
materials on a free sample basis from a generous manufacturer or supplier. The smail scale
should also make it easier to operate the furnace safely, provided that good overall safety
precautions are observed.

This muntature furnace can be constructed almost entirely using technical ceramic matenals.
The heating elements used for the high temperature furnace are made primarily out of silicon
carbide, an electrically conducting ceramic material. In general, ceramic materials have very low
electrical and thermal conductivity, and this is one of the reasons they are frequently used as
insulators. The silicon carbide ceramic heating elements, however, achieve a remarkably high
electrical and thermal conductivity because of natural impurities or dopants that are added during
the manufacturing process. Given an adequate amount suitable insulation, the upper temperature
limit that can be attained in the cavity of a typical furnace is set by the heating element that 1s
used, and the size of the inner cavity. Metal-alloy heating elements have a maximum operating

temperature in dry air of about 1200°C. A layer of chromium oxide forms on the outer surface of
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nickel-chrome heater wires and protects them from oxidation until rapid deterioration takes place
at the high temperature limit. A typical pottery kiln will use ni-chrome wire heating elements
and will have a useful temperature limit of about 1150°C. Non-metal elements such as silicon
carbide are used to achieve higher temperatures. Silicon carbide elements form a protective layer
of silicon dioxide on the outer surface that allows them to achieve temperatures of a little over
1600°C in air atmospheres before rapid deterioration begins. One disadvantage with silicon
carbide elements is the process known as aging whereby the electrical resistance of the elements
increases with continued high temperature use. Higher temperatures cause the aging to take place
more rapidly, decreasing the usefulness of the element.

Energy production needs are strongly dependent on the efficient use of power that s deiivered
on a giant scale such as the global production of heating and light, and on a much smalier level
such as the energy “budget” for the miniature furnace described here. Insulating materials play a
cntical role in the efficient use of energy. Charactenistics of superior high-temperature insulating
materials include low specific heat and thermal conductivity, high resistance to thermal shock,
excellent corrosion resistance, high resistance to oxidizing and reducing atmospheres, high
temperature stability, high mechanical strength and resiliency, and low heaith hazard or
environmental impact. There appears to be no existing insulating material that can satisfy all
these requirements completely. The best available materiais for high temperature furnace
insulation tend to be technical ceramic compositions of aluminum oxide, silica, magnesium
oxide, and stabilized zirconium oxide. These principle ceramic oxides are fabricated in fibrous
“blanket” forms or stiff boards composed of bonded fibers. Fiber-based insulators, or very
porous ceramics, tend to have high resistance to thermai shock or mechanical failure due to the
ability of the smail diameter fibers to expand or flex when subjected to severe thermal gradients.
Large-scale crack propagation through the fibrous matenal is suppressed because the fibers

absorb the stress created by differential thermal expansion resulting from steep thermal gradients.

49



- Some disadvantages connected with fibrous insulators are high cost, health hazards due to
respiratory size fibers or dust. and a lack of machinability.

Some of the experiments that may be performed using the mimature furnace include high
temperature solid-state diffusion experiments, the sintering of technical ceramics such as alumina
magnesia, zirconia or magnetic ceramics see reference #1], the alloying of high temperature
metals and glasses. high temperature annealing and heat treating of materials, crystal growth,
thermo-power measurements, and the fabrication of superconductors or electro-ceramics such as
barium titanate or PZT.

Design Theory

Silicon carbide heating elements are not sized to a specific wattage output the way many
common metal-alloy wire elements are. The amount of energy that a silicon carbide element is
capable of converting from its electrical power source to heat energy is dependent on the
operating temperature of the furnace and the atmosphere in the fumace. Silicon carbide elements
can operate at higher temperatures in air atmosphere as opposed to reducing atmospheres.

The silicon carbide elements used in this furnace design have a relatively small total radiating
surface area of about 2 square inches. if an ambient furnace temperature ot 1400°C is chosen in
an air atmosphere. the “Maximum Recommended Watt L.oading” is about 49 Watts per square
inch according to data from I Squared R Element Co., Inc. If the Maximum Recommended Watt
Loading s exceeded, the useful service life of the element becomes increasingly shorter as the
power input is increased. In any case, temperatures above 1500°C should not be exceeded
because this is the operating limit of the insulating materials and the SiC elements before rapid
thermal breakdown occurs. The radiating surface of each of these elements can therefore supply
about 100 watts to heat the furnace cavity at an operating temperature of 1400°C. If two clements
are used then a total of about 200 W is available (two household incandescent 100W light bulbs
require about the same amount of power). This is not much power to drive up the temperature of

the furnace, so the insulatton must be very effective!

50



If the SiC element were in a vacuum, with no energy losses by conduction or convection,
where it could only lose energy by radiative processes (photons or electromagnetic radiation), its
steady-state temperature could be determined from Planck’s Law and an energy balance equation.
Given that the SiC element is a close approximation to a “blackbody” or 1deal radiator, then

Electrical Power In = Radiated Power Out

200 W = (Surface Area)oT* = (12.9X10”*m?)¥5.67X10® WA(m’K*)T*
Solving for the equilibrium temperature of the element gives T=1010°C. This is the
approximate steady state temperature that a SiC element would reach when radiating freely mto
open space with no heat transfer by convection or conduction. It is possible to achieve much
higher steady state temperatures by surrounding the SiC elements with ceramic insulation, as will
be shown next, and heat conduction through the insulation and inner cavity size will be shown to
be the limiting factors.

Problems involving heat transfer, such as the flow of heat through the insulating walls of a
furnace, often have close analogies with simple electronic circuits and may be analyzed using
equations similar to Ohm’s Law. The transfer of energy between adjacent parts of matter due to a
temperature difference is called heat conduction. A wall of insulating material with cross
sectional area A and thickness L whose faces are kept at different temperatures will experience a
flow of heat, Q, perpendicuiar to the faces in a time t. The temperature difference between the
faces of the wall corresponds to the potential difference across an electrical resistance, and the
heat flow. H = dQ/dT, corresponds to the flow of charge through an electrical resistance. The
thermal conductivity, k, of the insulation wail corresponds to the inverse of electrical resistance.
The fundamental law of heat conduction is H = -kAdT/dL, where H is measured in Watts/’K/m if
ST units are being used.

Insulating materials are most critical in the core of the furnace. The goal in this design was
intermittent operation at 1500°C and extended operation at 1400°C. Most importantly, the inner

nsulation walls must have sufficient chemical and thermal stability to withstand temperatures of

51



at least 1600°C, and after this condition is met, the thermal conductivity of the material should be
as low as possible. A practical compromise between cost and performance appears to be “ECO-
20AA Alumina Insulation Board”” manufactured by Zircar Products, Incorporated. “ECO-20AA”
refractory board is made with high purity alumina fibers and contains alumina powders that act as
a cost reducing filler materal.

The graphs of thermal conductivity as a function of temperature shown for “ECO-20AA”
high temperature insulation in Figure 1, and “Insboard 2600” back-up insulation (A. P. Green
Industries, Inc.) in Figure 2, were generated by fitting curves to some data obtained from the
manufacturers at specific operating temperatures. The thermal conductivity of a material tends to
increase in a non-linear way with increasing temperature, and this phenomenon can make heat
flow calculations significantly more complicated. It so happens that the thermal conductivity of
the insulating materials selected in this particular design increase in a very linear way with
temperature over the operating range, as shown in Figures 1 and 2. The thermal conductivity of
ECO-20AA can be described very well by the linear equation k(T) = «; + ,T, where o, = 0.03
and B, =1.5X10". In a similar way, the thermal conductivity of “Insboard 2600” is described by
ko(T) = a, + BT , where o2 = 0.04 and B, =1.17X10™ .

An estimate for the heat flow through the walls of a cubical container (or furnace), and the
resuiting equilibrium temperature within the inner cavity, was derived by noting that the surface
area of a cube is 6(2L)* (where 2L is the length of one side of the cube), and then integrating with
respect to the heat flow equation. The result is

Hi = (o(T1-Ta) + BT -T5)/2) /Ry
where T, is the temperature on the inner wall surface and T is the temperature on the outer wall
surface of an insulation layer with thermal conductivity, ki(T) =, + B,T. R, is the “thermal
resistance” of the insulation layer and is given by

R, = (L -L\)/(24LL,)
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Where L, is the distance from the center of the cubical furnace to the inner surface of the first
msulation layer, and L, is the distance from the center of the furnace to the outer surface of the
first insulation layer.

It is cost effective to construct the inner insulation layer with the high temperature “ECO-
20AA” material, and to use an outer back-up layer of the less expensive “Insboard 2600”
insulating board. The total thermal resistance is given by R; + R,, where R, follows from the
relation for R, in a logical way, R, = (L; —L;)/(24L,L3). The heat flow through the inner
insulation layer is therefore H; = ( a,(T\-T5) + Bi(T\*-T=>)/ 2 ) / R,, and the heat flow through the
outer backup layer is H, = ( 0(T>-T3) + Bx(T2>-T5%) / 2 ) / R, where Tj is the temperature of the
outermost surface and T is the temperature at the interface of the inner insulation layer and the
back-up insulation layer. Given steady state heat conduction, the heat flow will be constant across
each layer of insulation and H, =H,=H or

H=(ou(Ti-T2) + Bu(T/T2") / 2) / Ry = (0 To-Ts) + BoT2=T5) /1 2}/ R

An iterative, or “trial and error”, technique was used to solve this system of equations using
some practicat values based on the available stock material sizes and the design goals. The size
of the inner cavity was chosen to be a 2 inch cube with an inner cavity temperature of 1500°C and
the temperature at the surface of the outermost insulation layer was set at 41°C, (a value near
room temperature.) The thickness of the inner “ECO-20AA” insulation wall was fixed at 2" and
the thickness of the outer “Insboard 2600 layer was fixed at 2”. This gives T, = 1500°C, T; =
41°C, L, = 1.0inch, L; = 1.5 inches, and L; = 3.5 inches. [t was found that these design goals
were satisfied when only 175 Watts of input power from the SiC heating elements was available.
The temperature was T, = 1072°C at the interface between the “EC0O-20AA” and the “Insboard
2600” insuiation layers, and k;,., = 0.2362 W/°C/m for the “ECO-20AA” insulation and Ko, =
0.1106 for the “Insboard 2600~ layer. The temperature at the interface, T, = 1072°C, is safely

below the 1425°C maximum service temperature of the outer “Insboard 2600” material, and the
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total input power of 175 Watts is close to the Maximum Recommended Watt Loading for two
SiC heating elements. In actual practice, 175 Watts of input power will probably not be enough
to produce an inner cavity temperature of 1500°C due to significant heat losses that are not
accounted for (such as the flow of heat out through the dense ceramic blocks and electrical feads

that are connected to the SiC heating elements.)
Construction Details

Figures 3 and 4 give approximate dimensions of the insulation layers and placement of
components for the expenimental furnace. The walls of the inner cavity are first constructed out
of Zircar “ECO-20AA” or “SALI” type fibrous insulating board. The walls of the inner cavity
should be completely lined with at feast %” thickness of one of these high service temperature,
high purity alumina insulating boards. The lugh temperature insulation board can easily be cut by
hand with a hacksaw blade and joined using Zircar Alumina Ce‘ment (C4001 AL-CM) to form a
hollow cube with a 2” inner dimension and a 3” outer dimension. The total volume of the
inner high temperature cavity will be about 8 cubic inches for firing samples. Be sure to
wear a dust mask and protective clothing when cutting or shaping any of the insulation
materials in this experiment. The Zircar Alumina Cement is applied to the surfaces to be
joined, and the joined parts must be allowed to dry for about | day before moving or
placing into service. Zircar Bulletin #ZPI1-306 for Alumina Cement gives important
application instructions, and should be read before beginning construction. The top
section of the inner insulating cube is cemented to the furnace “Lid” as shown in figures
3 and 4, and NOT to the rest of the inner cube, so that the “Lid” can be removed to insert
or remove the sample to be fired. The inner surface of the insulating cube is lined with
Zircar Alumina Paper type APA-1, 2, or 3 to create a protective barrier. One side of the

APA-1, 2 or 3 Alumina paper is given a brush-coat with Alumina Cement and then
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‘pressed onto the inner cawity surface. Narrow 1/8” vertical slots are cut 1n opposing walls
of the %2 thick high temperature 1nsulation so that the black silicon carbide elements of
Norton 271R “hot surface igniters” can be inserted into the inner cavity (see figures).

The silicon carbide element should be about 1/8” away from the closest parallel
insulation wall, and approximately centered vertically in the cavity (see figures 5 and 6).
The inner high-temperature insulating cube is enclosed with 3 lavers of 17 thick
“Insboard 2600” back-up insulation. All 90-degree joints between insulating boards are
brush-coated and joined with Alumina Cement, and all edges including cross-cut surfaces
of the insulating boards are also brush-coated with Alumina Cement. The Alumina
Cement should be used to strengthen all edges because they are subject to crumbling, and
the cement greatly reduces the amount of fiber or particles that can be given off by the
insulation materials. Avoid completely coating the faces of the insulating boards 1n order
to reduce the amount of Alumina Cement that 1s required, and so that the thermal
conductivity of the insulating boards 1s not increased by the relatively low thermal
resistance path created by the cement. Two exceptions are the inner surfaces of the
furnace “Lid”, and upper surfaces of the furnace that are in contact with the “Lid”, where
a solid coat of Alumina Cement should be applied. Holes for the 4” long ceramic block
part of the Norton 271R heating element may be cut in the “Insboard 2600 insulation
using a driil bit and a scroll saw blade. Cut a thermal gasket out of the high-purity
alumina insulation paper that is about ' inch by %™ with a slot in the middie that is big
enough to push through the SiC meander element. Push the alumina paper gasket down
the SiC meander until it covers the face of the ceramic insulating block. Gently insert the

Norton 271 Elements with the alumina paper gasket in place until the alumina paper
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‘gasket 1s compressed between the ceramic block and the outer wall of the innermost (high
temperature) insulation layer. The SiC meander should protrude through the narrow 1/8”
stot 1n the inner insulation wall into the open furnace cavity as depicted in figures. Any
open insulation gaps that occur around the Norton 271R heating elements or at other
Joints should be filled or repaired with Zircar “SALI” Type Moldable Alumina
Insulation. Use a light coat of Alumina Cement between the outer insulation wall and the
Norton 271R heating element to hold the element securely in place. Too much Alumina
Cement will make it difficult to remove and replace a damaged heating element. The
“type B” platinum thermocouple is inserted with a solid alumina insulator down through
the middle of the “Lid” and the bare thermocouple should extend slightly down into the
inner cavity. The Norton 271R heating elements are conﬂected in parallel (using 16
AWG high-temperature heater hook-up wire) to the output of an auto-transformer or
“Variac”. The output voltage of thé auto-transformer is adjusted manually by the
operator to control the electrical current through the silicon carbide heating elements, and
thereby the temperature of the furnace. Be sure to electrically and thermally insulate all
connections well, and the line cords must be able to carry at least 7 amps safely. Place a
4-amp slow-blow electrical fuse and fuse holder in the electrical line between the output
of the auto-transformer and the parallel connection to the heater elements. The 4-amp
fuse should limit the total current flow to both heater elements so that the cavity
temperature remains less than about 1500 C. Temperatures greater than about 1500 C
may cause the ceramic insulating block that holds the SiC heater element to melt and
decompose the surrounding insulation! Place a thermal fuse or thermal cut-off (TCO} in

contact with the outside center of the furnace insulation floor to be used as an over-
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temperature sensor in the event of a malfunction. The case of the TCO can be pressed
between the outside insulation floor of the furnace and another layer of suitable soft
insulation such as left over sections of the 2’ by 3’ sheet of “Insboard 2600 insulation.
The TCO 1s a non-resettable fuse, and 1f the outer temperature of the furnace becomes too
high because of melting or decomposition of the inner furnace insulation, the TCO should
open and stop the flow of electnical current to the heating elements. The TCO must be
electrically connected in series with both the Norton 2‘71R heating elements. Thermal
cutoffs are commonly used for protection in appliances such as hot plates, or irons, and
they are available from many sources such as Elmwood sensors, Inc., and NTE
Electronics, Inc., (see the equipment and supplies section.) The maximum temperature
for opening for the TCO should be around 220°F, and the walls of the furnace should stay
below this temperature, except for the area around where the ceramic blocks of the
heating elements protrude from the furace sidewalls. Consult with the manufacturers
applications engineer for the exact TCO model type and current prices before ordering.

It is highly recommended that the furnace be enclosed in an electnically conductive
metal case before opération. The metal case can be made using sheet-metal aluminum or
steel joined at the edges with bolts or fastened to a rigid metal frame. Standard electrical
conduit hardware can be used to cover the terminals of the heater elements, and
connecting wires should be well insulated and fed through flexible metal conduit between
the heater elements (see Figure 6). Electrical line going into any metal case should be
properly strain-relieved at the entry point. Standard safety practice requires that a secure
electrical ground connection be made to the metal case.

Testing and Operation of the Experimental Furnace
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Place the furnace on a non-conducting fire-resistant surface, such as a concrete
building floor. Increase the power to the heating elements slowly while monitoring the
cavity temperature with a sensitive voltmeter and the “type B” thermocouple. It should
not be necessary to apply more than about 70 volts (or more than about 4 amps) to the
heating elements i order to reach steady state temperatures well above 1400°C in the
furnace cavity. The outer surface of the furnace should be below 220°F at all times
during operation (the ceramic heater element blocks and the area surrounding them will
run at higher temperatures because of the relatively high thermal conductivity of the
dense ceramic blocks. The insulation used to construct this furnace contains organic
bimnders that will smoke or out-gas during “burn-out” when the furnace is operated the
first time or two at high temperatures. When a voltage of about 57.5 volts was applied
across both heater elements, a current of about 1.54 amps flowed in each element (total of
3.08 amps), and our experimental furnace reached a steady state temperature of about
1400°C, (a voltage of about 8.7 millivolts across the type B thermocouple.) This is a total
input power around 177 watts. This value appears to be higher than our theoretical
prediction, probably due in large part to heat losses through the ceramic blocks of the
silicon carbide heating e]ements and the relatively high thermal conductivity of the
Alumina Cement that was used to construct the furnace.
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Figure Captions.

Figure 1. Thermal Conductivity of Zircar “ECO-2GAA” Alumina Insulation Board.
Figure 2. Thermal Conductivity of A. P. Green Industries “Insboard 2600 Insulation.
Figure 3. Top View of the Expenimental Furnace and Furnace “Lid”.

Figure 4. Side View of the Experimental Furnace and Furnace “Lid”.

Figure 5. Experimental Fumnace with “Lid” removed to show Norton 271R silicon
carbide element inside Furnace cavity {metal case not shown).

Figure 6. Auto-transformer, voltmeter, Norton 27 1R silicon carbide heating element, and
Expenimental Fumace with “Lid” in place for operation.
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Figure 1. Thermal Conductivity of Zircar “ECO-20AA” Alumina Insulation Board.
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Figure 5. Experimental Furnace with “Lid” removed to show Norton 271R silicon
carbide element 1nside Furnace cavity (metal case not shown).

Figure 6. Auto-transformer, voltmeter, Norton 271R silicon carbide heating element, and
Experimental Furnace with “Lid” in place for operation.
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TEACHING STATISTICAL QUALITY CONTROL AND PROCESS
ANALYSIS IN MATERIALS LABORATORY

Neda S. Fabris, Ph.D.
Professor, Mechanical Engineering California State University,
Los Angeles, California

Key Words: Statistical Process Control, Standard Deviation, Machine Capability,
Process Capability, Natural Tolerance Limits (+ 3¢) and Six-Sigma Productions.

Prerequisite Knowledge: basic graphing, use of micrometer, basic algebra,
Desirable Knowledge: a) understanding of manufacturing processes, b) normal
distribution, c) standard deviation

Objective: To introduce engineering students to Statistical Quality Control,
Statistical Process Control, Machine Capability Indices: Cp and Cpk

Equipment:

1. micrometer for each student or group of students,

2. 20-30 tensile test specimens (or any other machined round bars)
3. graph paper

4. calculator

INTRODUCTION:

Today’s modem industry, in its quest for improved quality and customer
satisfaction, expects engineers to understand and implement statistical process
control charts and methods in every step of their activities, from material selection
to the design and manufacturing of new products.

On the other hand, most engineering students are not introduced to practical
applications of statistics even if they have a class in probability and statistics. This
class is usually taught by professors from the mathematics department and focuses
on the probability and fundamentals of statistics. Even if it is taught by
engineering professors, the majority of them are not familiar with the difference
between statistical quality control and statistical process analysis. In order to
introduce students to the practical application of the statistics and to prepare them
for the modern industrial environment, I have developed a laboratory exercise,
described below. This lab is part of the first experiment in the Engineering
Measurement Laboratory, a required course for all juniors. In addition to this
concept students are introduced to measurement techniques and the general
characteristics of the measurement instruments.
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In order to help students leam new materials the definitions of the new concepts
are given in the hand-outs.

METROLOGY LABORATORY, STUDENT HAND-OUT

1. BACKGROUND MATERIAL

Definiti f Qualit i Statistical Tool
Quality assurance is the total effort of the manufacturer to ensure that its product
conforms to a detailed set of specifications and standards.

These standards cover several parameters, such as dimensions, surface finish,
tolerances, color, mechanical, chemical and physical properties [1]".

Today’s companies work on the premise that quality cannot be inspected in the
product but must be built into the product. This means you have to build quality
products from the first step, not just separate good product from bad at the end of
the cycle, using some measurement and inspection method. This approach
requires that particular quantities are measured and inspected after each operation
(for example, diameter of the part) and then if necessary, machine adjusted to
produce a satisfactory part.

However, one hundred percent inspection in mass production is too costly and
time consuming, so industry relies on statistical quality control, 1.e. the
measurement of the given quantity of the sample of products to determine the
quality of the total production.

After the measurement of the given property the following charts are drawn [2] to

analyze the process (or machine):

e  Xchart Average measured value, or mean, of a certain quality (or quantity)
for each of a series of samples taken from the productlon process. It indicates
how the process mean varies over time.

e R chart. In this chart, the range of each sample is plotted. For example, the
difference between the diameter of the smallest and a larger part in the sampie
of parts with the same nominal diameter.

e p chart. This chart is used to plot the percentage of defective parts in the
sample (this includes parts whose sizes are outside the tolerance limits). If the
percent of defective parts suddenly increases the process is outside of
statistical control.

e ¢ chart. Here the number or count of defects in the sample are plotted as a
function of time.

Dimensional Tolerances is defined as a permissible or acceptable variation in the
dimensions of the part.

* Number in [ ] represent references on the end of the article.
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Standard deviation or o {3] for the sample is given by equation (1):
a= ‘/(xl-f)g(xz-se)z+.,_+(x,v--)2
N N N

(x, +x, - +x,) )
N

(D

Where X =

Natural Tolerance Limits

To be successful in today’s competitive environment, companies have to produce
parts whose defect rate is minimal, i.e., at least + THREE SIGMA of the products
have to be defect-free. In case of dimensions, this means that SIX-SIGMA of the
products have sizes between UPPER SPECIFICATION LIMIT (USL) or upper
tolerance and LOWER SPECIFICATION LIMIT (LSL) or lower tolerance. In
that case, machine capability potential index, Cp = 1; where Cp is defined as

Cp=[(UPPER SPECIFICATION LIMIT)-( LOWER SPECIFICATION limit] /
(MACHINE CAPABILITY) = (USL-LSLY # 3¢ 3)

If Cp is equal to 1, the process centered on the mean on the machine has the
potential to consistently manufacture a conforming product, provided that the
process does not drift, or there is no increase in the machine’s inherent variability
due to wear and tear. Value of * 3 ¢ are called natural tolerance limits for the
given machine. This is shown in Figure 1.
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WHERE: UCL = UPPER
CONTROL LIMIT

LCL = LOWER
Figure 1. Normal distribution for Cp = 1 CONTROL LiMIT
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To compensate for the equipment wear and tear, quality conscientious companies
today have even stricter requirements, i. e., they want the Cp to be 1.33, which

means + 4o of products have to be defect-free or have dimensions between the
given tolerance limits.

If a company has achieved Cp =2, it is called a Six-Sigma quality program [4].
This means that * 60, (or totally 12¢ of products) are defect-free or lie between
USL and LSL. For example, Motorola, Inc., is a Six- Sigma company, and for its
quality accomplishments it received in 1989 the very prestigious Malcolm
Baldrige National Quality Award.

Students can appreciate the 60 quality on the following example:
Quality of “36* (or Cp =1), process means:

2,700 defects per million parts, or

1.94 hours duration of power outages per month or,

1.35 misspelled words per page.

Quality of “4c*, (or Cp =1.33) process means:

63 defects per million parts, or '
2.72 minutes duration of power outages per month or,
1 misspelled word per 31 pages.

On the other hand “6c*, or (Cp =2)process means:
0.002 defective parts per million or,

0. 005 seconds of power outages per month or,
one misspelled word per small library!

Machine Capabilit | Machine Perf
Often the project is approached is a different way: the capability of the particular
machine or process is determined by,

e measuring the dimensions, defect-free output, or some other characteristics of
all the parts or a representative sample of the parts produced.

o Using these values, the + 3 o of the production is computed and, in the case of
dimensional measurements, the tolerance limits are determined. In a machine
these limits represent machine capability. In a process, tolerance limits are
determined for all parts produced in the shop on similar machines, (for
example, a lathe) and they determine the so called process capability.

e Using Cp=1 (or Cp = 1.33) the USL-LSL is computed. These limits are then
called natural tolerances of the machine (or process). If the difference
between upper and lower tolerance assigned to the part in the design
process is equal or larger than USL-LSL, this machine (or process) can
be used to produce the product. For example, if USL-LSL for the given
machine is 0.005 in., you can produce satisfactorily the parts with tolerances
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equal or larger than that value. If in this case, the design requires the
difference between the upper and lower value (i.e., tolerance range) of the part
dimensions to be 0.001 in, you should look for the more accurate machine, or
choose a different process (for instance grinding instead turning)! Otherwise
you will have too many defective parts, whose sizes are too small or too large.

If the process is not symmetrical with respect to the nominal value, instead of Cp,
Cpk is used where Cpk is the machine performance index, and is defined as the
smallest value of two Z’s, i.e., Z;, where Z, and Z, are defined as:

Z,= (Mean value-LSL)/3c¢ 4

Z,= (USL- Mean value)/ 3o (5)

Mean value is defined as the algebraic sum of all measured values divided by the
number of specimens.

Cp and Cpk are equal if the process is centered on the nominal value of the part.
The relationship between Cp and Cpk is given in Fig. 2.

Cp AND Cpk RELATIONSHIPS

(- AT L]

Figure 2. Normal Distribution for Cp = 1 and different Cpk’.

2. DATA SHEET

1. Using the given micrometer, measure the diameter of the given specimens in at
least three positions (diameter can be different in the middle cross-section than on
the end, due to the bending of the part during the cutting process). Find the
average measurement for each part. Measure all other dimensions.

2. Sketch your specimen with all dimensions.

3. Draw the statistical distribution of the whole batch (all given parts), i.e., the
frequency of the occurrence of each measured diameter.
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3. REPORT
1. Compute the standard deviati