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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 STI in the world. The Program Office is
also NASA’s institutional mechanism for
disseminating the results of its research and
development activities. These results are published by
NASA in the NASA STI Report Series, which
includes the following report types:

e 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 of 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.

e 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

e  E-mail your question via the Internet to
help@sti.nasa.gov

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

e Phone the NASA STI Help Desk at
(301) 621-0390

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

Organizers of the 18th Annual NEW:Update 2003 were invited to join NASA in its celebration
of the Centennial of Controlled, Powered Flight by Orville and Wilbur Wright on December 17,
1903. The Flight 100 theme guided the Organizing Committee to structure activities that
provided a historic perspective to take a glimpse back at the remarkable accomplishments of the
Wright Brothers as was so ably presented in Bob Ash’s, “Uncovering the Secrets of the Wright
Brothers”. For those of us lucky enough to enjoy warm, torrential rains of Kitty Hawk to witness
attempts to recreate the Wright’s amazing feat of flight at the December 17, 2003, program, we
gained an even greater appreciation of the tenacious voyage the Wright’s undertook to finally
achieve success in humanities ions of desire to fly with the birds. As these workshop proceedings
reveal, a historic view of flight set perspectives for gaining insights into aeronautics and
aerospace structures and materials now and into the future as presented by Darrell Tenney and
Alan Miller at the Virginia Air and Space Center. Our next venues at NASA Langley Research
Center, Thomas Jefferson National Accelerator Facility and the Applied Research Center
provided NEW:Update 2003 participants with valuable experiences in structures and materials
and related sciences and technologies.

NEW:Update 2003 was built on themes, activities, and presentations based on extensive
evaluations from participants of previous workshops as we continued efforts to strengthen
materials and technical education. About 200 participants witnessed demonstrations of
experiments, discussed issues of materials science and engineering (MS&E) with people from
education, industry, government, and technical societies and heard plenary sessions on leading
edge developments from experts in their fields. Participants also engaged in valuable mini
workshops in state-of-the art laboratories of Langley, Jefferson Lab and the ARC. Faculty, in
attendance, represented high schools, community colleges, smaller colleges, and major
universities. Undergraduate and graduate students also attended and presented.

With the sponsorship of the newly formed National Institute of Aerospace, this year we
inaugurated a special series of events for precollege teachers. Even though hurricane Isabel
presented obstacles for full participation, the teachers gained valuable resources and ideas to
strengthen their teaching of science and technology as a result of visiting Langley Labs, gaining
interactive experiences with problem-solving activities and obtaining a wide range of resources
including the unique Langley Structures and Materials kit of specimens that all NEW:Update
2003 participants received. This kit, designed and constructed by NASA Langley technicians as
extra duty, was the jewel among many resources educators took away for use as a multiplier of
the NEW: Update treasures of technical concepts, pedagogy and laboratory experiments and
classroom demonstrations.

Another inaugural event, the brain-child of Zoubeida Ounaies and sponsored by the Biologically
Inspired Materials Institute - NASA URETI , was a very successful student poster competition.
This event helped gain participation by a significant number of students from regional
universities and college students as well as students from across the USA, who also presented
papers and demonstrated laboratory experiments, provided valuable input to discussions and
helped with our mission of motivating students to strive for excellence.
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NEW:Updates continue because of involvement by bright and busy people who squeeze “one
more task™ into their hectic schedules in order to insure that American education advances thus
spurring innovation which helps cement US world leadership in science and technology. Even in
a strong economy, gaining funds for educational activities is a challenge. During times of a
weak economy, as we experienced during the past few NEW:Updates, the challenges grow.
NEW:Updates approach a 3™ decade as a result of vital support from our major sponsors and the
many supporters who provide key in-kind assistance and funding. Our local hosts were keys to
quality events. Organizers coordinated the many scientists, engineers, professors and other staff,
by providing funding, opening their facilities, developing presentations and activities.

NEW:Update 2003 participants saw the demonstration of about fifty experiments and aided in
evaluating them. We also heard updating information relating to materials science, engineering
and technology presented at mini plenary sessions. The national NEW:Update 2003 Organizing
Committee, listed in this conference proceeding, tackled numerous challenges to keep
NEW:Update 2003 on track, relevant and full of valuable resources, yet very affordable to
participants.

This publication provides experiments and demonstrations that can serve as valuable aids to
faculty who are interested in useful activities for their students. The material was the result of
years of research aimed at better methods of teaching technical subjects. The experiments,
developed by faculty, scientists, and engineers throughout the United States and abroad, add to
the collection from past workshops. They include 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. See JME subscription information on 1100.

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 2004 will be held at Arizona State
University and Phoenix Area industry on October 16 - 20. The growing number of hosts can be
seen on our website http://MST-Online.nsu.edu. Click on NEW:Update 2004 for developing
information. Join us in beautiful and historic Phoenix in October, 2004, to visit one of the
nation’s incubators of emerging science and technology and a wonderful environment full of
ever changing vistas.
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NEW:Update 2003 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, manufacturing and
related technologies. Displays by publishers, technical societies, and equipment suppliers add to
the workshop's value.

The second edition of Experiments in Materials Science, Engineering & Technology, (EMSET2)
CD-ROM with over 400 experiments from NEW:Updates, is another example of cooperative
efforts generated as a result these annual workshops. The primary contributions came from the
many authors of the demonstrations 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.

Special thanks goes to those on our national Organizing Committee, management team, hosts,
sponsors, and especially those of you who developed and shared your ideas for experiments,
demonstrations, and innovative approaches to teaching.

The Organizing Committee hopes that the experiments and technical updated material 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, 700 Park
Avenue, Norfolk, Virginia 23504 or e-mail to dplaclaire@nsu.edu.

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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The New EMSET2 CD ROM from
Jim Jacobs, Al McKenney and
Prentice Hall Publishing (g

The CD ROM Experiments in Materials Science, Engineering and Technology 2 (EMSET?) is now available!

For more than a decade, the National Educators’ Workshops have enabled educators to participate in seminars
of peer-reviewed experiments and demonstrations in materials science, engineering and technology. Following
each workshop, these papers were published in an annual compendium, with the generous support of NASA.

Now, with the assistance from NASA and many other governmental, educational and industrial organizations,
we have been able to publish thirteen yearly volumes of these papers in an easily used format, the EMSET? CD
ROM. This is an expanded and updated version of the original EMSET CD ROM. This new version runs on all
platforms and uses the universally-accepted Adobe Acrobat format for retrieval, display and printing.

To help the user, the nearly 350 experiments and demonstrations are indexed under the following seven
categories:

v’ Structure, Testing and Evaluation v’ Composites

v Metals v Electronic and Optical Materials
v Polymers v Materials Curriculum

v Ceramics

The user can find the material he or she wants by browsing the tables of contents or by searching for author,
title, institution, or key word. Then the documents can be reviewed and used by displaying an exact image of the
paper(s), including text, graphs, pictures, formulae, etc. or by printing the paper as written or even by copying
the text and/or graphics into a word processor for editing.

To preview an individual demo version please reference ISBN 0-13-019475-1 and contact:
Melissa Orsborn

Prentice Hall

445 Hutchinson Ave. Fourth Floor

Columbus, Ohio 43235

1-800-228-7854 ext. 3622

Melissa_Orsborn@prenhall.com

Or to purchase the complete EMSET2 CD ROM please reference ISBN 0-13-030534-0 and contact:
Prentice Hall Customer Service
1-800-922-0579
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Aeronautics Technology.

Aerospace Technology Themes:

.I
o~

Aeronautics Space Launch Innovative Technology Mission and Science
Technology Initiative Transfer Partnerships  Measurement

Technology
) . 7

Protect Air Protect the Increase Explore New
Travelers and Environment Mobility Nation Aeronautical
the Public Missions

Aeronautics Theme Objectives
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Integrated Advancements in
Airspace and Vehicles

Airspace Capacity

Ubiquitous
Airspace

Future State
Revolutionary Vehicles
Operating in an

Systemic Integrated Airspace

Operation Cost
{Flocking) Environment

‘i e Safety/Security

. e % Aircraft Capability
. Current State : / UAV's Pt. to Pt. £ Green Acft
&=

Hub & Spoke, Long-Haul

-w &
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Aviation is Critical to Society

Economic National Security Quality of Life
Growth * Air Superiority * Freedom of

* Productivity and Mobility Movement
+ Global
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Aviation Extends and Accelerates
the E-Commerce Revolution

“Smart” Airspace I “Smart” Vehicles

B, 1973

Aviation Initiative that leverages ¢ =
Information Technology to brings i
every community in America into

the global economy

L

“Smart” Operations Centers “Smart” Airports

Courtesy of Rockael Collins
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Global Trends in Transportation Mode
Market Shares

As per capita income rises, per capita annual travel rises,
personal daily travel time budgets remain constant, o

And high-speed modes gain market share I
(Schafer and Victor, Sci. Amer., Oct. 1997)

OAuto

B Bus

H Rail

5.5 Trillion p-km 23.4 Trillion p-km 53 Trillion p-km
@ High- 1960 1990 2020

Speed
Transport

Demand for transportation, especially high-speed air travel, will soar beyond supply
early in the 21st century.

The demand for air travel in 2020 could exceed the volume of ALL auto travel in 1990.
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Indicators of Demand
Air Cargo Growth

Air cargo traffic is expected

Alr cargo revenues are
to triple and outpace

$40 billion per year
passenger growth in next 20
Cargo,
$40 billion years

Inclex 1927 =100

40 M Cargo

(Source: Boeing, 2000)
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There are Major Issues in Aviation

Capacity
Limits

Noise
&
Emissions
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Thousands of Delays

Congestion 1s an Issue
= I T

San Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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On Demand
(Airspace and Airports are Abundant, not Scarce)

Expanded Accessibility
to thousands
more destinations creates
economic opportunity

independent of location
* IFR Airporls
+ VFR Airparts

« ¥FR Landing Faciliies
{including helipors|

We Have an Abundance of Airspace--But only
" if we innovate new Air Traffic Management
and transportation services concepts!
* Aggregate customers by e-commerce and
wireless networks
* Serve low-density, price sensitive markets
* Provide mass customization of air service
* Open up America like the interstate highway
system, but with five times the speed

Affordable Air Service is Constrained to only a
Limited Number of Hub-and-Spoke Airports

* Need expanded and more distributed service

* Need safe accessibility to any airport

* Need hub-like affordability at any community

18



Safety

Today’s Challenges: Future Opportunities:

« Synthetic Vision
+ Limited Visibility Pllioelideds_tYisibility in
all Conditions

* Human Error
™ - Human-Centered
Designs

+ Component Failures « Self-healing, Fault

Detection and

Reconfigurable systems

+ Weather Hazards .
+ Weather Precisely

Known

+ Hidden/Emerging Risks - Aviation Risks

Monitored and Managed
- Asymmetrical Threats * “Refuse to Crash”
Digital Terrain
Technology

19



Millions of
departures
per year

Hull loss
accidents
per year

Hull loss
accident rate
per million
departures

0 Numberof -
45 - accidents S/
40 — /7
35 - /.
0 7
25— /// ///
20 1 el Projected
15 - traffic
10
5 Accident rate
0 L M3 B I A
1960 1970 1980 1990 2000 2010
Year
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Synthetic Vision

Example of How Technology Will Transform Aviation

Safety
Controlled Flight into Terrain Efficienc
All Weather

Approach & Landing
Visual Departures &
Visual Approaches

Loss of Control

Runway Incursion
unway fneurst Visual Spacing

Accessibility
Virtually any runway end or heli-pad in the nation becomes accessible in
near-all-weather, without traditional ground infrastructure expense

21



/

Environmentally Friendly Aircraft

Smog-free
Noise within airport boundaries
Constrain objectionable noise to
within airport boundaries

Minimize the contribution of air
vehicles to the production of smog

No impact on
global climate

Minimize the impact of air
vehicles on global climate

22



Noise Reduction

Today’s Challenges: Future Opportunities:

* Revolutionize How
* 825 (and growing) airports Citizens View Airports
with noise restrictions

H q I Baseline* 620,000
+ $4B (and growing) to Baseline* Sasel o

condition homes pACBEce] ——. 0

Airport Boundary

* To keep noise inside airport

boundaries + Eliminate Noise by

+ Understanding the sources Design

of noise * Quiet Design

Engines, Landing

* Integrate emerging materials, Gear. and Airframes

structures, flow control

technologies * Revolutionary

Vehicles (BWB)

* DNL 55 is the EPA outdoor
noise exposure level
"requisite to protect the
public health and welfare
with an adequate margin of
safety".
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Technology Discovery, Maturation, and Implementation

Engine Noise P&W 6000 Engine Component
Reduction 2002 EIS Benefit
Swept & Leaned -3 dB fan noise

Stators
2001 Honeywell
Scarfed Inlet TFE 731 Fllght --2| dtB f?n
Test inlet noise
Chevron Nozzle -3 dB Jet noise
. . 1996 Prediction 1998 Model-scale Tests 2001 26% 777 Tests
Airframe Noise T _ ) )
Reduction "”. 3 | N
Flap Edge Fence ' -3 dB flap
edge noise
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Chevron Nozzle Technology for
Engine Noise Reduction

Industry sponsored flight test maturing
Chevron Nozzle Technology (2001)

Honeywell (731-60)

oy e AN

Static Engine
Demonstration (2000)

2002 Technology Matured

Flight
Demonstration (2001)

\

Advanced Subsonic
Technology Program
(1994)

Chevron nozzles will enable
commercial aircraft to meet
stringent noise restrictions

Chevrons

Proof of Concept tests at the Glenn
Research Center Nozzle Acoustics Test Rig
(1997)

Computational
Investigation of Chevron
Nozzle (1995)
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Noise Reduction < > AT

Gap Analysis: Technical Challenges, Objectives, and

Investment Areas
1992 a
Engine
systems 3dB v
‘ 1997 ry
AST Airframe T
Noise noise 5dB 5dB AST
Reduction 10dB
Operations l 2 dB Ops
Engine - 2007 -
Systems
20 dB
Airframe
Systems
PAI
Operations
2022 —
Impact/Effects
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Environment

* Reducing CO, emissions by S0% and NOX
emissions by 80% in 25 years will require
radically new propulsion and airframe concepts

e CO, reduction directly related to fuel burn

— Smart vehicles, structures and active flow control technology to reduce drag,
improve propulsion/airframe integration and optimize performance

— Advanced propulsion systems (e.g. fuel cells)

e NOX reduction related to combustion
properties/design and fuel burn

— Advanced materials and designs for turbines, fans, and
compressors

— New combustion cycles

e Operational environmental issues with painting,
de-icing, etc.

— Application of riblets/coatings & smart wing de-icing systems

27



Other Environmental Issues

* Deicing
— New systems required to stop runoff of
harmful chemicals

— Some European cities using Infrared heating

 Painting
— Some manufacturers are flying unpainted

aircraft off the assembly line to remote
locations for painting

28



Issues and Technologies: Emissions

GAO SURVEY OF FUTURE
ENVIRONMENTAL
IMPACTS ON AIRPORTS

Wetlands  Land Use BREAKDOWN OF TARGET

P o Compatibilit
R A - OPPORTUNITIES
CO, Emitted 1995
AERODYNAMICS g9,

ACO,

Emitted

STRUCTURES PY 1A -25%
Air Quality Noise Impact

(32%) (44% 2007

A CO,
Emitted
- 60%

PROPULSION

SYSTEMS
2022
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Issues and Technologies: Emissions Impact on 21st Century Mobility

Possible Future Technologies

GAO Survey of Future
Environmental Impacts on
Airports

Land Use Quiet-Green Blended Wing Body

Water Quality Wcizlgr;ds Compatibility Concept
(12% - 8%)

lectric Motor

Bleed

ol
. . H =
Air Quality Noise Impact —— B
(320/0) (44%) Exhaust Air / Nz\\
\\

Electric Aircraft
Concepts
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Emissions - Fuel Burn “Waterfall”
Scenario-Based Vehicle Technologies

325 PAX CONVENTIONAL SUBSONIC TRANSPORT
2-Engine, 6500 nmi Design Range, 10000 ft Field Length

Laminar Flow Control
Design Optimization
Excrescence Drag
Reduction

Composite Wing & Tails
Composite Fuselage

Light Weight Landing Gear
Advanced Metals
Aeroelastic Tailoring (AR)

Propulsion Aero-Mechanical Design
Propulsion Hot Section

Propulsion Materials

Propulsion Secondary Systems

Relaxed Static Stability

All Flying Control Surfaces
Fly-By-Light/Power-By-Wire
High Performance Navigation
Intelligent Flight Systems

1995 EIS Technology
AERODYNAMICS
A CO, Emitted ]-15% engine
25% -10% airframe
STRUCTURES

A CO, Emitted = - 20 to 24%

PROPULSION
A CO, Emitted = - 16 to 19%

-66.5to 77.5k Ibs
(- 50 to 60%)

SYSTEMS
A CO, Emitted = -7 to 8%

CO, Emitted -
55.8 to 66.5 k Ibs || 2022
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Aircraft for Public Mobility

More Convenient More Affordable
Expand access to aviation to more Make air travel available to the entire
locations and make it available on- population
demand

Faster

...without compromising safety

Increase the speed of air travel

32



Indicators of Demand
Regional Jet Growth

e New regional jets fly faster
and farther and are adding
new direct connections

— 550 RJs in use by end of 2000

e Older 19-seat turboprops
used by regional airlines
declining

— down 40% in last decade to 405 in
1999

e However, fewer cities are
being served as airlines

consolidate markets for Canada and Brazil are the
profitability leading makers of
regional jets.
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A New Generation of Revolutionary Light

Jet Products

* Strong Growth between 1994-1999
— Billings up 235%
— Deliveries up 172%
— 636 Business & Corporate jets ($7.9 B) delivered in 1999
 In comparison, 287 fighter planes ($9.7 B) o
delivered in 1999 X

* Strong export market ( >30%)

* Several new model jets
— From low (<$1M) to high (>$40M) products
— New engines stimulate new aircraft development
* New Aircraft Revolutionize the Cost of Speed
— $1.00/aircraft mile (total for 5 passenger jet travel)
— Ultimately propeller travel becomes obsolete
— On-Demand jet trips become affordable for most travelers
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Highway in the Sky (HITS)

Graphically intuitive pilot interface system that
provides a general aviation aircraft operator with
the attitude and guidance inputs required to
safely fly an aircraft in close conformance to air
traffic procedures.

A multi function display showing a HITS
moving map and the path to any ¢. 2002
destination is available to the operator.

Demonstration of the
AGATE Highway In The
Sky (HITS) in a General
Aviation Aircraft
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Emerging New Applications for Composite Structures

AERC

FLIGHT

INTERNATIONAL

WEEK:#5:

Hawlk
New Eyes
. For A New War

» S v ———
y , Concorde: why.airlines
: ended supersonic dream
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UAY Systems

Operational

RQ-1 Predator

RQ-2 Pioneer

RQ-5 Hunter

RQ-5 Hunter/TAW/IAI/Amy

Weight  Length  Wingspan  Ceiling Redius ~ Endurance
1,600 Ibs. 231t 292ft  15000ft 144nm  T16hrs
Payload Weight: 200 Ibs

37

Developmental

RQ-4 Global Hawk

Fire Scout

RQ-7 Shadow 200 "

RQ-7 Shadow/AAI/Army
Weight Length  Wingspan  Ceiling Radius ~ Endurance
327 Ibs 121t 128ft  15000ft  68nm 4hrs
Payload Weight: 50 Ibs




Autonomous Control Levels

Fully Autonomous Swarms

Group Strategic Goals

Distributed Control

Group Tactical Goals

Group Tactical Replan

Group Coordination

Onboard Route Replan

Adapt to Failures &Flight Conditions

Real Time Health/Diagnosis

Remotely Guided

—10

— 6

— 5

— 4

— 3

— 2

Autonomous control Level Trends

Pioneer

@ AFRL Goal
ONR Goal ®

AFRL Goal @

® Giobal Hawk

1955

1965

1975

38

1985

1995 2005 2015 2025

Source:Unmanned Aerial Roadmap 2000-2025
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Personal Air Vehicle (PAV) Sector (Goal Based)

Ease of Use Equivalent to Automobile

* Blunder resistant controls, co-pilot on a chip, obstacle avoidance, etc...
» Seamless integration of airspace communication, navigation and surveillance
| N

roved Propulsion
, gine-out robustness
|+ Efficient, simplified propulsors
+ Alternative cycle engines
- Propulsion-airframe integration

Affordable Ownership

+ Certification of automotive processes
* Lean design and manufacturing

» Advanced software certification

* Health monitoring systems

* Design to certification toolsets

Lower Weight Systems

Low Community Noise » Durable, damage-tolerant structures
+ Engine noise management systems * Minimum gage materials and design
* Quiet propulsors * Active control simplified high-lift
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Scale-Free Distribution of NetJets Operations

Netjets NJ Operations
(April 2001 - July 2002)

\
\ Power Law Curve Fit

\ / y = 12.751x29%

\.

Links: Number of Operations
to Destinations Served from NJ

Nodes: Originations
from New Jersey

* The links (operations) from a few of NetJet’s nodes in NJ to their
top ten destinations from NJ nodes (originations) follow a power
law distribution.

*  For NetJets, this distribution of nodes with links extends out to
about 1250 airports annually.
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Power Law Distribution in Air Transportation
(Mobility & Capacity Layers)

Links to Destinations

n <4—Known/Predicted—»
c < Diverted g
2 < Induced >
© Scheduled Airlines
= Aggregated Transport
O)
6 \ On-Demand, Dis-Aggregated
p Fractionals, SATS
() ':\
T |
p4 : UAVs, PAVs, RIAs
N S LSAs, SOLs . ‘ ‘
0 2000 4000 6000 8000 10000 12000 14000 16000 18000

20000

Small World Behaviors in Air Transportation Topologies
Hub-and-spoke exhibits single-scale (truncated)
Regional jet operations exhibit single-scale (truncated)
SATS Jet-taxi operations (5,000 airports) exhibits broad scale
Self-operated rural/regional PAVs exhibits broader scale
Intra-urban PAVs approach scale-free
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Air Vehicles for New Missions Z

Science platforms
Develop innovative air vehicles for
science missions in the earth’s
atmosphere and beyond

Hazardous environments

Enable uninhabited air vehicles
to fly in hazardous environments

43



HALE UAV for Earth Science
Measurements

Goal: Long-endurance, high altitude,
unmanned flight

i,

ERAST program
begins (1994)

/‘

Helios (2001)
Pathfinder (1995) ‘

Reached 50,000 ft during

a 12-hr flight Cloud-free images of coffee
: , plantation obtained after 4-hr
: Reached loiter showed areas ready
96,000+ ft for harvest.
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Superior Air Power

Technological superiority

Cooperatively develop technologies
that enable air superiority

Partners in freedom

Support the development of
advanced military aircraft
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Passive Porosity Technology
for F/A-18E/F Wing Drop

Technology Applied to Production F/A-18E/F
(1998)

Passive Porosity
Wing Fold Fairing

Passive Porosity Flight
Adverse F/A-18E/F Demonstration

Base Research and Wing Drop discovered (1997)
Technology Program in flight tests (1996)
(1980’s)
Passive Porosity technology

enabled F/A-18E/F to meet full-flight
Metoy - j Shock Wave envelope maneuvers for Navy acceptance

Mp<1.0

> 1.0
m<10 7 My> 1

¢ P. Porous.

Fundamental Research Applied Research to Airfoil

P2>P
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@ Support of DOD Programs - F-22

F-22 Tail Buffet Survey

Port Fin - Rigid

Pressure
Transducers

Active
Rudder

i o

13.5% Scale F-22 in
LaRC Transonic Dynamics Tunnel

Accelerometers
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LONG HAUL/HIGH CAPACITY BWB
SUBSONIC TRANSPORT

Sized Tri-Jet, 800 Passengers, 8500 nmi Design Range, 10000 ft. Field Length_

TOGW = 1,345,204 |bs
1995 EIS Technology

AERO

Laminar Flow Control ATOGW = -11.8%

Design Optimization
Excrescence Drag Reduction

Composite Wing

Composite Fuselage

Light Weight Landing Gear STRUCTURES -614,803 Ibs (_45_7%)

Aeroelastic Tailoring (AR) ATOGW =-19.1%

Propulsion Aero-Mechanical Design 819,243 Ibs

Propulsion Hot Section PROPULSlONo (+12.2%)

Propulsion Materials ATOGW = -12.2%

Propulsion Secondary Systems

Boundary LayerIngestion 749,801 165 |12.000 i

Fly-By-Light/Power-By-Wi SYSTEMS (+2.7%) 8,000 TOFL

H_Yh >|; r'fg OWefN y-Wire ATOGW = -2.6% Trist
igh Performance Navigation

Intelligent Flight Systems I:I v | Twin |

TOGW = 730,401 Ibs
2020 EIS Technology
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Vehicle Sectors

Subsonic

Technology goals defined
to support capabilities

Vehicle capabilities defined
within each sector

Personal Air
Vehicle

Uninhabited
Air Vehicle

Runway
Independent
Aircraft
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Innovative Vehicle Concepts to Identify
Key Technology Requirements

Minimum ~ Strengthen national - Conduct extended
environmental = security through Ty — science and
impact, maximum X rapid deployment - exploration
efficiency === and global reach _ - ' missions
Clean Transport Global Strike Planetary Flight Vehicles
?" houlr acct:_ess Global reach and Rural, regional,
v(\;itir(]))llj t%(;?s'gn on-demand and intra-urban
delive transportation
disturbance i P
Santa Monica at Midnight Global Reach Transport Personal Air Vehicle
Rural and regional Automated refuelingl Enables cit
: 4 economic growth, capability, ultra-long y
e 0 > ™ . . center access in
— time critical - endurance, wide
all weather
transport speed range
Heartland Express Tanker V/STOL Commuter
Reduce . .
Expands the use passenger flight Hl;gh LD f
of existing airport time by at least a gciiirg: ’gc:;s or
infrastructure 1
factor of 2 i —
Extreme STOL Transport Supersonic Overland High Altitude Long Endurance
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Runway Independent Aircraft
(RIA) Technology Goals

RIA is one of 5 vehicle sectors

Technology Areas

C,max
L/D

Community Noise (Outside Fence)

Flight Controls

Hover Efficiency (EW/HOGE GW)

SFC
Engine T/W

Empty Weight Fraction

Cabin Noise
Cabin Vibration

Goal

10

16

55 EPNdB
CAT lliC
0.56

SOA -35%
SOA +120%
0.52
75dBA
0.03g’s

SOA

7

12

Stage 3
Special VFR
0.68

SOA

SOA

0.63

88dBA
0.10g’s
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@/ Strategic Technology Focus Areas

Six long-term technology focus areas

— Key long-term investment areas
— Primary places where technology advances will occur
— Projects achieve finite steps within these areas

» Environmentally Friendly, Clean Burning Engines
Focus: Develop innovative technologies to enable intelligent turbine
engines that significantly reduce harmful emissions while
maintaining high performance and increasing reliability

» New Aircraft Energy Sources and Management
Focus: Discover new energy sources and intelligent management
techniques directed towards zero emissions and enable new vehicle
concepts for public mobility and new science missions

* Quiet Aircraft for Community Friendly Service

Focus: Develop and integrate noise reduction technology to enable
unrestricted air transportation service to all communities
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@ Strategic Technology Focus Areas (contd)

* Aerodynamic Performance for Fuel Efficiency
Focus: Improve aerodynamic efficiency,structures and materials
technologies, and design tools and methodologies to reduce fuel
burn and minimize environmental impact and enable new vehicle
concepts and capabilities for public mobility and new science
missions

» Aircraft Weight Reduction and Community Access
— Focus: Develop ultralight smart materials and structures,
aerodynamic concepts, and lightweight subsystems to increase
vehicle efficiency, leading to high altitude long endurance vehicles,
planetary aircraft, advanced vertical and short takeoff and landing
vehicles and beyond

» Smart Aircraft and Autonomous Control
Focus: Enable aircraft to fly with reduced or no human intervention, to
optimize flight over multiple regimes, and to provide maintenance
on demand towards the goal of a feeling, seeing, sensing, sentient
air vehicle
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Future Vision

* Inherently Multidisciplinary

+ Exploit vehicle flexibility and adaptability (e.g. localized and large-scale
vehicle shape change)

» Colonies of distributed sensors and actuators
+ A paradigm shift from

— Steady to the unsteady world (e.g. flow control, adaptive morphing)

— Passive to active,

— Rigid to design for flexibility,

— Few discrete to many distributed (e.g. sensors, control surfaces)

— To obtain a vehicle that is always at optimum performance.

+ Therefore, the greatest technical challenges and opportunities occur at
the intersection of disciplines

— but the real barrier may be cultural, not technical
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Summary

* Materials and structures technology advancements are
required to achieve performance goals for next
generation air vehicles

- Smart Materials and adaptive structures which enable
flow control can significantly improve aerodynamic
performance

+ Advancements in process and manufacturing
technologies critical to cost effective air vehicle
structures

- Computational modeling essential to design of nano-
materials and bio-inspired materials and structures
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MATERIALS AND MANUFACTURING

TECHNOLOGIES FOR THE 21ST CENTURY
Alan G. Miller

Chief Engineering for Structures
Boeing Materials Technology
Boeing Commercial Airplane Co.
P. O. Box 3707, MS 73-03
Seattle, Washington 98124-2207

Telephone 425-294-7664
alan.g.miller@boeing.com
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Alan G. Miller
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 TOEING

Forever New Frontiers
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DISCOVERING THE SECRETS OF THE

WRIGHT BROTHERS
Robert L. Ash

Interim Vice President for Research
Old Dominion University
2035 Hughes Hall
Norfolk, Virginia 23529

Telephone 757-683-3460
rash@odu.edu
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Robert L. Ash
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| o - ][ 60 a 00" W sy B N |
West Virginia and Virginia are “sandwiched” by Ohio and North
Carolina! --We don’t have a dog in the fight!--
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The third and fourth children of Bishop and Mrs. Wright

i

Bishop:Milton Wright Susan Koerner Wright
1828-1917 1831-1889

Reuchlin'Wright - “Lorin Wright
1861-1920 1862-1939

1874-1929
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Otto Lilienthal’s Gliders
- Photography-and the Press discovered aeronautics
-‘More than 2000 flights, using c.g.:flight control

Number 16 Lilienthal died from his glider
crash injuries on August 10,
1896
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Wilbur’'s Idea of Wing Warping
and their quest for flight.

A
A

=

Octa\ie Chanute
Sketch of Wing-

Warping Control
Concept of 1899

World aviation authority,
became Wrights™ mentor in
1900. (Eclipsed by 1902)
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Machine Flight Test Program Wright Flying Machine Reproductions
_— s ; ; RN *‘Wright Model-B (3)
: ' N\ +1899 Kite
+1900,-1901,:1902 Gliders
*1903 Wright Flyer:(2)
Other Wright:Reproductions
*Bicycles
*Wind Tunnels
*'03,“04:and ‘bent end’ propellers

A 'L s

Wind Tunnel Tests _) g A

+*03,-°04 and ‘bent end’ \ BT\
Wright Propellers

*Model B-airfoil sections

+‘01 and ‘02 Wright gliders

Dynamometer Tests

*1903 Wright Flyer Horizontal four

*Production Wright Vertical four
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Testing 1901 Wright Glider
Reproduction in LEST in 2001

RN\ \1 ]".~ 1 \ | || — {f e
: - [ i
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E - —

ht Aeronautic

sAirfoil behavior consistent with wind tunnel data
*Three axis flight control (with hinged rudder)
«L /D consistent with predictions
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An Exquisite Balance of Systems

* - On:December 17,1903, the:4t flight covered 852 ft. in 59:seconds and
sustained equilibrium flying conditions: - The:actual aircraft
performance:can therefore be reliably analyzed:on the basis of
Thrust=Drag,-and Lift=Weig
reproduction-of the 03 Flye /

Thrust

Engine data
' from:historical

/////////////// ¥ ic:-ir;:;er data

from recent

Drag
Feb. 2003:0DU
full-scale tests

2000 ATAA full=—§
scale-wind-tunnel =
tests

full-scale
i?:ﬁgﬂtse cslul:gi ODU/Wright
scale data E)fperience
wind tunnel
tests

Reliable historical
data
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Engine — historical data .

Weights, dlmen5|ons and 5 ‘ ' Propeller —
enV|ronment - hlstorlcal data "’*f : .~ ODU LFST
; N L it

g e
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Aerodynamics — LFST 2002

= A Wright Experience 1903 airframe was tested-in- the. Langley. Full-Scale
Tunnel, power-off and:power on. Cruisg conditions were:fully; simulated.
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Preliminary Results

Measured: Test Conditions:

NI R oo e *Upto1.2qcruise
oa&B .'2°<AOA<16°

Canar eflegtions G Up to 25° SldeShp

‘Wing v%les *Prop. Speeds to 380 RPM
Some Flow Viz. *Full Control Deflections
-Stick forces 30 hrs of tests; 6 hrs powered

-Flight Performance;: Marginal
+Sufficient Power for Flight
-More than 12 HP.in flight
sAirframe is airworthy
«“Sufficient”’ Control Authority
«Strongly Non-linear Aero.

Critical Need for:High-fidelity Flight Simulation
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Sunday Registration and Reception

Sponsored by
Boeing Company
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Registration

i

Diana LaClaire, Mtha Jacobs, Marsha Mullins
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Virginia Air & Space Center Reception

87



bt e

=

88



89



90



Program for Spouses
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Spouses Program

Evelyn Mcnne
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STRUCTURES AND MATERIALS COMPETENCY

VISION AND PURPOSE AT NASA LANGLEY
Mark J. Shuart

Director
Structures and Materials Competency
NASA Langley Research Center
MS 121
Hampton, Virginia 23681-2199

Telephone 757-864-3492
Mark.J.Shuart@nasa.gov
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Mark J. Shuart
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Structures & Materials Competency
Vision and Purpose

Vision
The revolutionary materials and structures technologies
developed at NASA Langley Research Center meet the
needs of the Aerospace Community and benefit the quality

of life on Earth

Purose

Develop and deliver useable research and technology
results to meet Agency program objectives and to enable
the Agency to develop future aerospace materials and

structures

NASA Langley Research Center Structures & Materials
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Areas of Expertise

=From materials synthesis to large scale structural validation-

AoE1: Materials
synthesis
& processing

AoE3: Structural concepts,
behavior, durability, & dama

AoE5: Structural
dynamics &
landing dynamics

AoE7: Experimental methods
& laboratory operations

96

AoE 2: Analytical
and computational
methods

AoE 4:
Nondestructive
evaluation

AoE6: Aeroelasticity
& unsteady
aerodynamics




Materials Technology Development

I Passive Materials

Technology Visionary Vehicle
Advancement

4
Advanced Alloys, Autoclaved / )

Graphite Fiber Composites

Self-assembled,
Multifunctional Materials

Biologically-inspired Active, S_enSing
Material Synthesis Materials

NASA Langley Research Center Structures & Materials
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Structures Technology Development

Visi Vehicl
Lightweight, Fixed (SR VR BTN

Stiffness Structures

Ultra-Efficient Highly-Adaptive

Technology Structures driven
Advancement use, high fidelity by Multi-objective
and Risk & Mission

Hot Structures

Reconfigurable Structural Concepts
- adjustable shape and stiffness

Flexible, Lightweight,
Multifunctional Structures Adaptive Structures

NASA Langley Research Center Structures & Materials
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" NASA’S ‘Iis
To improve life-hére,
To extend!life to there,
To find life beyond.

NASA’s Mission

‘s i ndand protectionr; hgn a glapnat
5 [ g Universeand SeatcHyorlife

To inspire the next generation of explorers
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NASA Langley Research Center

Founded in 1917 Facilities
+ First civil aeronautical + $4 billion replacement value
research laboratory
People

Programs + 2365 Civil Servants
« $737M total FY 02 budget « 2052 Contractors
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Langley Mission

In alliance with industry, other agencies, academia,
and the atmospheric research community,

in the areas of aerospace vehicles,
aerospace systems analysis and atmospheric science
we undertake innovative, high-payoff activities
beyond the risk limit or capability of commercial enterprises

and deliver validated technology, scientific knowledge
and an understanding of the Earth’s atmosphere

Our success is measured by the extent
to which our research results improve the quality of life
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PLASTI-BONE™: A PROPRIETARY, NEW CLASS OF

BONE IMPLANTS FOR TISSUE ENGINEERING
Dr. Ranji Vaidyanathan

Manager, Advanced Materials
Advanced Ceramics Research Inc.
3292 East Hemisphere Loop
Tucson, Arizona 85706-5013

Telephone 520-434-6391
rkv@acrtucson.com
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Dr. Ranji Vaidyanathan
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Advanced Ceramics Research, Inc.

Plasti-Bone™

A Proprietary, New Class of Bone Implants
for Tissue Engineering

Ranji Vaidyanathan, Ph. D
Manager, Advanced Materials

Contact Information:
(520) 434- 6392
advanced 5
o i

rkv@acrtucson.com
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Business Environment

* Increased Need for Replacement Body
Parts for Aging Population

* Increased Use of New Materials for Tissue
Engineering

 Within DoD, Battlefield Personnel and
Aging Veterans Need Replacement Body

Parts
@ advanced 5
ceromics
research
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Total Available Market

Global Orthopedic Market - $9.8 Billion in
1999

$13.6 Billion by end of 2002

Tissue Engineering Market - $80 billion-
2010

advanced
ceramics
research
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Market Trends

« Compound Growth of 11-12%

« Bone Substitution and Orthobiologics
Sectors Have Grown by over 450% since
1999

 Demographic Changes and Aging
Population Will Drive the Market

advanced 5
research
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Technical Background

* Problems with the current technology

* Loss of strength of the scaffold/implant
occurs before substantial mass is lost

« Most resorbable materials become too
weak to carry any load before bone growth,
e.g., PLA/PGA

« Concern about collagen based products
due to source (e.g., mad cow disease)

advanced 5
research
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ACR Materials and Methods

* Polymer ceramic composites to combine
advantages such as toughness, high strength,
biodegradability

 PBT blend scaffolds produced via EFF:
strength, slow degradability, and porosity

» Scaffolds coated with calcium phosphate
(TCP) in a polycaprolactone (PCL) binder:
osteoactivity, benefits of TCP

« Rapid prototyping of bone implants: custom
fitted to patients, and reduced
manufacturing lead time

advanced 5
research
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Processing Methods
 EFF and RP Manufacturing
» Appropriate for high temp polymers
- Based on tomography data
* Reduced fabrication time

advanced 5

research
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ACR PlastiBone™

6F SUNDAY, AUGUST 17, 2003

NEws "_LUSTRATED sun-sentinel.com/theedge * SOUTH FLORIDA SUN-SENTINE]}

Plasti-Bone, an innovative technology funded by
the military, one day may be used to create custom
artificial grafts to repair shattered or diseased bones.

The future

of bone repair

Difficulty of treating severely damaged bones

Clean breaks and Severely fractured or diseased bones
fractures are relatively § are more difficult to stabilize —

easy to fix —they ) standard treatments include metal
usually just need to J pins and rods, bone grafts, or, as a last
be pushed into resort, amputation. If they heal
alignment and set & improperly, they can leave patients
with a cast. 4 with weakened or shortened limbs.

How Plasti-Bone works

Plasti-Bone, an experimental technique developed by Advanced Ceramics Research (ACR)
for the Office of Naval Research, uses a 3D printer to create custom artificial bone grafts
designed to help damaged bone portions grow back as good as new:

advanced

research
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ACR PlastiBone™

Step 1: Preparation
Doctors use a CAT scan or MRI image
to create a detailed three-dimensional
image of the patient’s bones.

CAT scanner

-,.//\"~

Step 2: . o S v p
Designing the graft P § y Creating the graft

g P % % % The measurements are sent to a 3D

for a custom graft. For example, if a right forearm S & 4 3 § 3§ 4 extrusion machine that “prints” a ceramic-

is shattered, doctors use a mirror-image of the > X 4 3 4 3 N polymer graft at the rate of about an hour

Jeft forearm to figure out exactly how the missing ; 3 3 per one-halfinch. The graft, called a

piece should be shaped. This method ensures % 4 e “template,” is coated with a thin layer of

a perfect fit. i § £ X calcium phosphate and contains tiny inner
- S k 44 pores that will allow the bones on either

Shattered ¥ & i end to grow into the graft.
 bone

advanced o

research
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ACR PlastiBone™

. . .
Step 4: Surgical implantation
The damaged bone pieces are surgically removed and the
sterilized graftis implanted. The graft is glued into place with
Section of good a ceramic paste that is harmless to the body yet strong
arm measured to enough to eliminate the need for support pins. A cast isthen
create graft | placed over the limb to keep it immobile.

Step 5: New bone growth
Asth heals, it intothe graft and graduall

g g
fills the template’s micropores. The graft's outer
coating of calcium phosphate is broken down and
used by the body to produce new bone. ts polymer
inner structure is broken down and eliminated from
the body through the blood supply and urine.

.
fl Graft pore filled
with new bone

lab trials

This highly magnified image shows
a cross section of an artificial graft
that was implanted into a rat's
femur. After four months the femur
has absorbed a portion of the graft
and begun filling the graft pores
with new bone.

'SOURCE: PhD,

Step 6: Complete
absorption

ACR scientists say the body should
completely absorb the template within
about 18 months of the implantation,
leaving nothing but a perfectly-healed
bone that is as strong as it was before it
was damaged.

The Plasti-Bone is currently being tested
in rats and soon will be tested on dogs.

The technique must be approved by the
FDA before it is eligible for Human trials.

114
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Features, Advantages, Benefits

Feature Advantage
Osteoconductive Increased bone cell | More rapid healing
diffusion

Biocompatible Toxicity and
rejection issues
minimized

Bioresorbable Complete Eliminates need to
breakdown within remove foreign
the body parts

Matched properties | Similar mechanical | Reduced risk of
properties to bone | matrix damage
during healing

advanced 5
research
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Performance Comparison

Comparison With Existing Technolog

Titanium Implants (Knee,

Hip, and Scoftlding Systems)

~ Load-Bearing
~ Durable

~ Permanent

~20% Fail Rate after 10 Years
~ Reduces Functionality

~ Long Recovery Period

~ Not Patient Specific

Pastes and Powders

~ Resorbable
~ Limited Customization
Capabilities

~ Not-Load Bearing
~ Frequently Resorb Too Quickly
~ Can be Difficult in Application

PlastiBone by ACR

~ Load-Bearing

~ Resorbable

~ Patient Specific

~ Rapid Manufacturing

~ On-Site Fabrication

~ Stimulate Bone Growth

116

~ Restricted Use if Thickness
1s Under 4mm

advanced 5
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Mechanical Performance of RP Materials
Strength varies from 25-80 MPa depending on
porosity for PBT blends.

Modulus of PBT blend is 4.3 GPa. Comparable values
for PLA are 50 MPa strength and 3 GPa modulus.

Short term degradation did not indicate strength or
modulus loss for PBT blends.

Strength = 85 MPa

0.002 0.004 0.006 0.008 0.01
Displacement (m)

advanced 5
research
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In Vitro Results

Cell growth seen through the sides of the three types of
samples after 14 days

advanced 5
research
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In Vitro Results

Cell Growth Sets 1-5 Combined

Alkaline Phosphatase Activity Sets 1-5 Combined

0.012 500000

0.01 T

400000

0.008 l M lau
mVi

0.006 —
OLc

oTP

300000

200000

0.004 —

100000

0.002

Alkaline phosphotase activity results Cell growth results on impregnated

on impregnated PBT samples after PBT samples after two, seven'and
two, nine and fourteen days for all fourteen days for all five sets

five sets advanced
ceramics
@ research
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In Vitro Results

Latex Coated Scaffolds Showing a Uniform Coating

advanced
ceramics
research
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In Vitro Results

x200 28KV 200 ym PN : I A N

Bone derived cells growing on latex Cartilage derived cells growingion
coated PBT scaffolds treated with latex coated PBT scaffolds

TGF-beta1 advanced
() ceramics
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In Vivo Results

OB =0ld Bone

NB — New bone

Sc - PBT Scaffold

Lc — PCL/TCP Latex Remnant

U Test Coupon Attached to
Femoral Surface, Allowed
4 months of Ingrowth

Bone Ingrowth into Pores
Clearly Evident

Osteons, Haversian
Canals Visible in NB

advanced
ceramics
research

Environmental SEM of
Implant Transverse Section
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In Vivo Results

R P LF s
bt 7 B 5

Histology motagéof a bone cross-sectin of a test
animal: The dark areas are the implant material while
the light areas are the bone growth areas.

advanced 5
research
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Achieved Milestones

* Developed osteoconductive,
biocompatible, and load bearing bone
implants

* Produced implants using flexible rapid
prototyping and EFF manufacturing

* Demonstrated customized fitting for
the benefit of a broad range of patients

advanced 5
research
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Future Plans

* ACR will partner with companies that have an
established presence in orthopedic bone
substitution & revision surgery arenas:

*+*FDA Approval Process Experience
**Higher Level Animal Test Models - 6/2004
**FDA Applications — 6/2004

*»Begin Human Trials — 1/2005

s»Secure FDA Approval and Commercialize

Product - 1/2006
@advanc:d 5
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Expectations from Partnership

* Pursue further R&D efforts as follows:

**Perform other animal models

“*In-vivo imaging and develop expertise In
imaging capabilities

s+ Contacts with commercial companies, if
any

**Perform human trials

advanced 5
research
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Marketing & Sales Objectives

« Establish Joint Venture and/or Licensing
Agreement - 12/2003

* Modify Product with Partner to Meet
Customer Needs

 Train Partner’s Established Sales and
Distribution Network - 2005

advanced 5
research
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TURNING STUDENTS ON TO MATERIAL SCIENCE IN

HIGH SCHOOLS
Duane R. Bushey

Teacher — Material Science, Manufacturing, Construction, Material Processing
Maury High School
322 Shirley Avenue
Norfolk, Virginia 23517

Telephone 757-628-3348
dbushey@infionline.net

and

Roger Crider

Teacher — Material Science, Bio-Engineering, Bio-Technology
Landstown High School
2001 Concert Drive
Virginia Beach, Virginia 23456

Telephone 757-468-3800 ext. 2121
rlcrider@vbps.k12.va.us
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Duane R. Bushey and Roger Crider
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Material Science Technology

Duane Bushey — Maury HS, Norfolk
Roger Crider — Landstown HS, Virginia Beach

Who are you?
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What Is MST?

With appreciation to:

Kathi Medcalf, Debbie Goodwin,
Andy Nydam, John Rusin
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I .

Material Science

<+ The science of “stuff’
< Multidisciplinary approach
<+ Chemistry, physics, engineering
<+ Designed for “team approach”

< Science and technology teacher
<+ Hands-on, minds-on

133



I .

Units

< Introduction: general properties of
materials

<+ Metals

<« Ceramics and glass
<+ Polymers

<« Composites
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I .

Prevailing Concepts

<+ Use journal
« Apply concepts throughout all units

< Look at “stuff’ from micro to macro

« Learn why and how “stuff’ does what it
does...by understanding the properties
of the “stuff”’

135



I .

How is it Offered?

<+ Dedicated “stand-alone” class
< Incorporate into traditional science class

« Incorporate into technology classes
<+ Modules
< Other
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I .

Solids

< Importance of materials science and technology.
< Solids are typically separated into four categories.

< Simple chemistry including chemical bonding, the
periodic table, and oxidation-reduction.

< Crystal structures, physical properties.
<+ How metals are claimed from their ores.

< Importance of maintaining a student journal and
keeping good records is stressed.
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I .

Video Clip

< Len Booth — Destructive Testing
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I .

Solids Activities

« Material safety data sheets (MSDS)
«ldentification of materials

« Formation of crystals

« Destructive testing

« Reactivity series of metals

+ Oxidation/reduction of copper
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1 .
Metals

« Introduce the properties and historical
developments of metals.

+ Investigate mechanical properties of
metals along with the effects of heat-

treating.
< Study alloys and alloying techniques along
with phase diagrams.
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1 .
Metals

< Study testing of metals and manufacturing
processes.

<+ A major project is the making of sterling
silver jewelry using the process of lost
wax casting.
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I .

Video Clip

< Len Booth — Rolling Copper Wire
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I .

Metals Activities

+ Rolling a coin < Making tin-lead
<+ Drawing a wire solder

+ Alloying copper and ~ *+ Annealing copper
zinc <+ Powder metallurgy

+ Cost of a penny - + Lost wax casting
<+ Making a light bulb
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I .

Ceramics & Glass

< Learn that most ceramics are crystalline solids.

< Study properties related to the 1onic or covalent
bonds that hold them together.

< Learn that glass has different properties than most
ceramics due to the amorphous structure of glass.

< Study processes used to manufacture ceramics
including a stained glass and a Raku pottery project.
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Video Clip

< Len Booth — Glass Bending & Blowing
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I .

Ceramics & Glass Activities

+ Forming, firing, and < Coloring glass
grlslzmg ICIE:’ ’ < Stained glass project
+ 1hermal shoc % Making Raku

<+ Glass bending and ) s _
blowing < Ceramic slip casting

< Glass batching and
melting

< Dragon dribble/dragon
tears
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I .

Polymers

< Study synthetic polymers and their chemistry.

< Include the classification of polymers along with how
they are altered chemically or with additives.

<+ Emphasize concerns with recycling.

<+ Review the chemical changes brought about by
cross-linking.

< Include historical developments and manufacturing
processes.
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I .

Video Clip

< Len Booth — Nylon
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I .

Polymer Activities

+ Cross-linking a polymer <+ Memory in polymers
(slime) <+ Epoxy resin cast

< Polymer identification < Polymer foam creations

< Making nylon 6-10

< Latex rubber ball
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I .

Composites

+ Describe and categorize types of composites.

<+ Emphasize strength-to-weight ratios including
strength measuring, testing, and altering.

+ Use wood and concrete as two traditional
composites to introduce many concepts.

+ Discuss fiber reinforced composites including
those containing graphite and Kevlar fibers.
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Video Clip

< Dr. John Rusin — Simple Stressed-Skin Composite
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I .

Composite Activities

< Stressed-skin < Using Portland cement
composites to make & test concrete

< Plaster of Paris matrix < Hand lay-up of a glass
composite fiber reinforced polymer

< Compression and
tension in a bending
beam

<+ Laminated wood beams
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I .

And finally

« This is only a partial listing of the experiments
and projects.

<+ Many teacher demonstrations are also included
in the curriculum.

< Major themes weave from one unit to the next
making it easier for the students to make
connections and applications.
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MST is FUN!!
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UNIVERSITY-INDUSTRY INITIATIVES TO ENHANCE
AND IMPROVE ENROLLMENT OF K-12 STUDENTS

INTO SCIENCE AND ENGINEERING PROGRAMS
Dr. Ranji Vaidyanathan

Manager, Advanced Materials
Advanced Ceramics Research Inc.
3292 East Hemisphere Loop
Tucson, Arizona 85706-5013

Telephone 520-434-6391
rkv@acrtucson.com
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University-Industry Initiatives to Enhance and Improve
Enroliment of K-12 Students into Science and
Engineering Programs

R. Vaidyanathan
Advanced Ceramics Research, Tucson, AZ

National Educator’s Workshop
October 19-22 2003, Hampton, VA

% THE UNIVERSITY OF

ARIZONA. @ ceramics

O *‘»‘ research
€ & Techile TUCSON ARIZONA
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University-Industry Initiatives to Enhance and Improve
Enroliment of K-12 Students into Science and
Engineering Programs

Highlights

E University-industry partnership
E Started with Summer Engineering Academy, 1999

E Included Computer Aided design (CAD), Rapid
Prototyping (RP) and manufacturing

E Annual program
E For high school students — nationwide

E Modified to include middle school students and
teachers

E ONR funded Institute for SME Education Center

advanced

research
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University-Industry Initiatives to Enhance and Improve
Enroliment of K-12 Students into Science and
Engineering Programs