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FOREWORD

The Langley Aerospace Research Summer Scholars (LARSS) Program was established by
Dr. Samuel E. Massenberg in 1986. The program has increased from 20 participants in 1986
to 114 participants in 1995. The program is LaRC-unique and is administered by Hampton
University.

The program was established for the benefit of undergraduate juniors and seniors and first-
year graduate students who are pursuing degrees in acronautical engineering, mechanical
engineering, electrical engineering, material science, computer science, atmospheric science,
astrophysics, physics, and chemistry.

Two primary clements of the LARSS Program are: (1) a research project to be completed by
cach participant under the supervision of a researcher who will assume the role of a mentor
for the summer, and (2) technical lectures by prominent engineers and scientists. Additional
elements of this program include tours of LaRC wind tunnels, computational facilities, and
laboratories. Library and computer facilities will be available for use by the participants.

The LARSS Program is intended to encourage high-caliber college students to both pursue
and eam graduate degrees and to enhance their interest in aerospace research by exposing
them to the professional research resources, people, and facilities of Langley Research
Center.
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INTRODUCTION

The LARSS Technical Reports are a summary of the research project developed by the
students during the summary of 1995.

The following is a list of the areas where students were placed for the 10-week period.

OFFICE OF EDUCATION

The Office of Education serves as the primary focal point for most educational opportunities
through research. The Office of Education also serves as the focal point for internal
customers who require information on institutions of higher education and provides selected
funding support for research scholarships, fellowships, and post-doctoral research
associateships.

OFFICE OF HUMAN RESOURCES

The goal of the Office of Human Resources (OHR) is to maximize the performance potential
of the employees of NASA Langley Research Center through planning, policy formulation,
andadnnmstrauonofhmnmsomcepmgnmsandp!wedms. The areas of emphasis
include: position classification, recruitment, career development, labor relations,
performance management and awards, training and education, employee benefits, -
organizational development, occupational health, and retirement. Research opportunities
exist in the following categories of effort: personnel information systems, human
performance technologies, learning support and transfer techniques, organi-ation design, and
change dynamics.

OFFICE OF EXTERNAL AFFAIRS

The Office of External Affairs manages a broad range of programs designed 1. coinmunicate
with and monitor the external environment. These programs involve public affairs,
congressional affairs, public services, freedom of information (FOI), technical conference
management, research, writing and editing, exhibit design and fabrication, speech writing,
and a variety of other staff support for the Center. The office includes the Office of Public
Affairs (OPA) and the Office of Public Services (OPS). OPA serves as a communications
facilitator between center management and news media and the public about research
programs and other subjects of interest. OPA issues news releases, etc., and publishes the
center newspaper. OPS communicates the Langley and NASA'’s story through special
events, exhibits, Center tours, community services, trade shows, speaking engagements,
special publications, and public mail.
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OFFICE OF COMPTROLLER

The Office of Comptroller is responsibie for the centralized planning and analysis of all
Center resources and financial management activities. The office is the focal point for the
developiment and execution of financial and resource decisions. The Comptroller has two
divisions: Financial Management Division and Programs and Resources Division.

AERONAUTICS PROGRAM GROUP

The Aecronautics Program Group (APG) is responsible for planning and guiding acronautics
programs for the Center. The Group leads the Center’s acronautics strategic planning and is
the single point of contact for committing the Center to acronautics programs. APG interacts
with customers and performs aircraft vehicle studies to obtain an integrated set of research
objectives. APG also provides program management for focused programs when
implementation is distributed across several Langley organizations. APG vehicle class
leaders work with external customers and other Langley groups to define specific programs
to accomplish the objectives. The group is responsible for resource allocation and reporting
aeronautics program results. The APG contains the Aeronautics Systems Analysis Division,
Systems Analysis Branch.

INTERNAL OPERATIONS GROUP

The Internal Operations Group (I0G) supports the Ceater’s research programs and project
activities, with special emphasis on formulating and implementing major policies and
programs relating to resources management, acquisition and contracting activities, data
systems management and technical support services. This support also includes the Center's
Construction of Facilities program; all functions necessary to design, install, operate and
maintain large mechanical and electrical systems, complex research facilities and equipment
and test apparatus; all functions necessary to provide and maintain institutional buildings,
stmcmaudyounds.aﬂfuncﬂonsmsarytopmvﬂedcs:gn,malysxs fabrication and
operatir . of complex acrospace systems and research test articles; Center-wide electronic
discipline for projects and programs; the operation and maintenance of the Center’s central
computer complex and simulation facilities; and all functions necessary to operate and
maintain the Center's daily flight operations inclusive of aircraft and avionics maintenance,
research pilot staff management, and direction of all related design, fabrication, testing, and
certification of experimental flight control and display systems. The following items
represent active research disciplines: Electronic and Information Systemns, Advanced Sensor
Systems, Measurement Science and Instrument Technology, Advanced Computational
Capability, £ngineering, Mechanical Systems Engineering, Facility Systems Engineering,
Matez:- 15 Characterization Technology, and Engineering Laboratory Unit.
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RESEARCH AND TECHNOLOGY GROUP

The Research and Technology Group consists of approximately 800

scientists, engineers, technicians and support personnel who are responsible for performing
basic research and technology development in a broad range of acronautical and selected
space disciplines. Through an interdisciplinary approach, the group produces proven and
usable technology for aerospace and non-aerospace customers. The Research and
Technology Group program inclu.es research activitics in: Aerodynamics, Flight Dynamics
and Controls, Fluid Mechanics and Acoustics, Gas Dynamics, Competitiveness, Information
and Electromagnetic Technology, Materials, and Structures.

SPACE AND ATMOSPHERIC SCIENCES PROGRAM ((ROUP

The Group conducts the Atmospheric Sciences Research Program; leads Space Project
Management; provides management of the space-focused technology programs of Space
Transportation, Spacecraft, and Remote Sensing; and conducts system analysis for
technology planning, assessment, and prioritization. The program includes the following
specific research activities: Stratospheric Aerosol and Gas Experiment (SAGE), Climate
Research Program, Tropospheric Chemistry Research Program, Upper Atmosphere Research

Earth Radiation Budget Experiment (ERBE), Halogen Occultation Experiment
(HALOE), Global Biogeochemical Cycling, Transportation Systems, Spacecraft and Sensor
Systems Definition and Analysis Tools, Conceptual Designs for Small Spacecraft and
Instruments, and In-Space Technology Experiments.

TECHNOLOGY APPLICATIONS GROUP

The Technology Applications Group (TAG) leads the Center’s technology transfer and
commercialization program. This includes the early identification of technologies of high
commercial potential and promoting the expedient transfer of new technologies to the
commercial sector focusing primarily on the nonaerospace community. This is accomplished
by identifying potential technology applications and creating teams of nonaerospace
customers and LaRC technologist to accomplish the transfer process. In addition, the TAG
has the lead in determining and protecting the government’s rights to pateat inventions made
by NASA and contractor employees and providing counsel with respect to NASA’s rights in
intellectual property matters. TAG also provides the overall leadership for planning and
implementing the Center’s Small Business Innovation Research Program (SBIR) and the

_ Smc1l Business Technoiogy Transfer Program (STTR). The Agency conceives and matures
inravative concepts and methodologies applicable to its focused research programs in
acronautics and space. Langley seeks synergistic partnerships with industries and
universities in these mission programs. A dynamic, cooperative teaming with national
laboratories, industry, and universities creates a win-win situation. Industry has access to
state-of-the-science experts, facilities, and intellectual property; universities have access to
enabling research topics and teams for student growth and faculty focus; and NASA benefits
through the mission-related accomplishments, As students graduate, they have improved
opportunity for jobs, and industry has in addition to a new product, a well-trained work force
familiar with their products and initiatives. In practice, depending on the relationship of the
work to our mission and technology thrust, industry funds a university faculty member and a
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student to work on a technical problem related to one of their products, and LaRC signs a
Space Act Agreement spelling out our respective responsibilitics. The parties work together
as a team, bringing their collective strength to bar on a specific problem. Colleges and
universities complement NASA's basic research by introducing and formulating theoretical
bases for new concepts and ideas for inclusion in NASA's mission and programs. In
addition, academic institutions facilitate, promote, and support technology transfer and
commercialization of advanced acronautics, space, and related technologies to both technical
and non-technical settings through creation or enhancement of courses and curricula to reflect
knowledge transferred from NASA-conceived methodologies or technologies, direct student
involvement in NASA-sponsored research projects and missions, and publication and
presentation of research findings.
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Listing of the 1995 Langley Aerospace Research Summer Scholars

Name/University Title Group/Mentor
Julia A. Barsi Clouds and the Earth’s Space and Atmospheric
Rochester Institute of Radiant Energy System Sciences Program
Technology Visualization Single Group
Satellite Footprint Plot Jon C. Currey
Generator
Danielle L. Beck Oshkosh Logistics Management Office of External Affairs
University of Utah and Public Relations Margaret Hunt
Responsibilities At NASA
Langley
Kory L. Bennett Development of a 3-Phase CCD Internal Operations Group
North Carolina A&T State Timing Generator Preston 1. Carraway
University
Sean Berhan Structural Analysis of Research and Technology
University of Virginia Composite Test Panels Group
Marshall Rouse
Chad J. Billings Geographic Information System Internal Operations Group
University of Utah Data Analysis William B. Ball
Hollie N. Bodiford Polarization and Research and Technology
Hampton University Characterization of Piezoelectric Group
Polymers Joycelyn O. Simpson
Kimberly R. Bullock Technology Transfer Technology Applications Group
North Carolina A&T State Rosemary Baize
University
Jason G. Bush A Numerical Study of Research and Technology
Old Dominion University Hypersonic Fuel Injectors Group
Griff Anderson
Atherton A. Carty Stress Tuning of Laser Crystals Internal Operations Group
Syracuse University Norman Barnes
Christopher C. Casad Geographic Information System Internal Operations Group
Old Dominion University Data Analysis William B. Ball
Anoushka Z. Chinea Emergency Operations Center ~ Office of Safety, Environment
University of Puerto Rico & Mission Assurance
Alan H. Phillips
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Name/University
Monet L. Cogbill
Hampton University

Michelle Considine
Old Dominion University

Angela R. Coppedge
Radford University

Brian D. Courchaine
University of Washington

Jonathan W. Cranford
Brigham Young University

Angela M. Davis
Meredith College

Jeremy D. Desch
University of Kansas

John Eastman
College of William and Mary

Remy S. Esquenet

Old Dominion University

Carter B. Ficklen
Old Dominion University

Litle

NASA Langley Teacher
Resource Center (TRC):
Brochure and Home Page

Design

Validation of Global
Climatologies of Trace Gases
Using NASA Global
'll)‘r‘zmhaic Experiment (GTE)

User Interface on the World
Wide Web: How to Implement
a Multi-Level Program Online

Office of Education Guide w
Graphic Arts Software

The Developmeat and Use of a
Flight Optimization System
Model! of a C-130E Transport
Aircraft

Curation of Federally Owned
Archeological Collections at
NASA Langley Research Center

NASA LaRC Hazardous
Material Pharmacy

Assessment of Electromagnetic
Fields at NASA Langley
Research Center

Group/Mentor
Office of Education

Marchelle D. Canright

Office of Education
Marchelle D. Canright

Office of Equal Opportunity
Programs
Vivian Merritt

Space and Atmospheric
Sciences Program Group
Joel S. Levine

Internal Operations Group
David B. Yeager

Office of Education
Samuel E. Massenberg

Aecronautics Program Group
Michael J. Logan

Internal Operations Group
John Mouring

Office of Safety, Environment,
and Mission Assurance
Robert D. Brown

Office of Safety, Environment,
and Mission Assurance
Alan H. Phillips



Luis G. Floriano
University of Texas at El Paso

Diane M. Flynn
London Business School

Jennifer R. French
Clemson University

Christy E. Gall
Norfolk State University

Kevin H. Garrido
University of Florida

Norman W. Gimbert
Virginia Polytechnic Institute
and State University

Jonathan R. Grohs
University of Missouri - Rolla

Belinda M. Harper
Virginia Polytechnic Institute
and State University

M. Bruce Harper
College of William and Mary

George W. Hartmell
College of William and Mary

Jonathan M. Harucki
Rochester Institute of
Technology

Marcus A. Hathaway
Hampton University

ditle
Geographic Information System
Data Analysis

Marketing NASA Langley
Polymeric Materials

Controlling Air Traffic
(Simulated) in the Presence of
Automation

LaRC Patent Process and Patent
Counsel Team Article

Finance

Active Flow Control

Dynamic Acoustic Detection of
Bouudary Layer Transition

Figures of Merit for Acronautics
Programs

Royalty Sharing for Private
Employees Under the
Stevenson-Wydler Act

The Patent Prosecution Program

Drawing the Reverberation
Chambers Lab Using AutoCad

NASA Langley Exchange
Investment Portfolio

Group/Mentor
Internal Operations Group
William B. Ball

Technology Applications Group
Barry V. Gibbens

Research and Technology
Group
Alan Pope

Technology Applications Group
Barry V. Gibbens

Office of the Comptroller
Debra E. Watson

Research and Technology
Group
Rich W. Wiezien

Research and Technology
Group
Guy T. Kemmerly

Office of Safety, Environment,
and Mission Assurance
Walter S. Green

Technology Applications Group
Kimberly A. Chasteen

Technology Applications Group
Kimberly A. Chasteen

Research and Technology
Group
Richard Chase

Office of the Comptroller
James Ogiba



Name/University
Marc O. Hedahl

Mina D. Henriksen
College of William and Mary

Jason R. Hess
Virginia Polytechnic Institute
and State University

Tracie Hill
Norfolk State University

James M. Hitt
Old Dominion University

Brian M. Howerton
George Washington University

Kathleen P. Hufnagel
Rutgers University

Esta M. Jarrett
University of Virginia

Angela N. Jenkins
Virginia Polytechnic Institute
and State University

Howard T. Johnson
Gallaudet University

Litle

Comparisons of the Maxwell
and Cercignani-Lampis-Lord
Gas/Surface Interaction Models
Using Direct Simulation Monte
Carlo

Various Embodiments of the
Non-Invasive Endoscopic
Feedback for Learning of
Voluntary Control of
Physiological Functoning

Implementation of a Remote
Acquisition and Storage System

Geographic Information System
Data Analysis

A Comparison of Three
Determinants of an Engagement
Index for use in a Simulated
Flight Environment

Improvement of Subsonic Basic
Research Tunnel Flow Quality
as Applied to Wall Mounted
Testing

Mode I and Mode II Analysis of
Graphite/Epoxy Composites
Using Double Cantilever Beam
and End-Notched Flexure Tests

An Examination of NASA
LaRC Travel Reimbursement
Procedures

The Value of NASA Form 533
and the Related Activities That
Aid in Obtaining Reliable
NASA Contractors

17-4PH & 15-5PH

xxii

Group/Mentar

Research and Technology
Group

Richard G. Wilmoth

Research and Technology
Group
Alan T. Pope

Internal Operations Group
Kenneth D. Wright

Internal Operations Group
William B. Ball

Rescarch and Technology
Group
Alan T. Pope

Research and Technology
Group
Greg Gatlin

Research and Technology
Group
T. Kevin OBrien

Office of the Comptroller
James Ogiba

Office of the Comptroller
James Ogiba

Internal Operations Group
Larry Cooper



Name/Universit
Kimberly D. Jchnson
Old Dominion University

Rashunda K. Johnson
University of Arkansas at Pine
Bluff

Tameka J. Johnson
Virginia Union University

Jason S. Kiddy
University of Maryland at
College Park

John M. Kruep
Virginia Polytechnic Institute
and State University

Craig A. Kruschwitz
College of William and Mary

Susanna Lai
Rochester Institute of
Technology

Catherine G. Lebiedzik
University of Virginia

Michael J. Leonard
Roanoke College

Title
The Effect of Different

Materials on the Accuracy of the

HYDRA Optical - Fiber -
Coupled Coherent
Range/Pressure Measurement

System and The Development of

the Health Care Database
System at Old Dominion
University

Geographic Information System

Data Analysis

Payload Planning for the
International Space Station

Free-Flight Evaluation of
Forebody Blowing for Yaw
Control at High Angles of
Attack

Conversion of the Aerodynamic

Preliminary Analysis System
(APAS) to an IBM PC-
Compatible Format

Modeling of the Expected Lidar
Return Signal for Wake Vortex

Experiments

Langley Sign Language Home
Page

A Variational Formulation for
the Finite Element Analysis of
Sound Wave Propagation in a

Spherical Shell

Synthesis and Characterization

of Poly (Arylene Ether
Benzimidazole) Oligomers

xxiii

Group/Mentor

Research and Technology
Group

Sixto Vazquez

Internal Operations Group
William B. Ball

Space and Atmospheric
Sciences Program Group
David T. Shannon, Jr.

Research and Technology
Group
Kay Brandon

Space and Atmospheric
Sciences Program Group
Walter C. Engelund

Space and Atmospheric
Sciences Program Group
Lamont R. Poole

Internal Operations Group
Jerry Hoerger

Research and Technology
Groun
Jay Robinson

Research and Technology
Group
Joseph G. Smith, Jr.



Anthony Linton
Florida A&M University

Calvin T. 1 ncklear
Pembrok. State University

John M. Locklear
Pembroke State University

Michelle R. Lujan
University of Texas at El Paso

Brian D. Marchesseault
Embry-Riddle Aeronautical
University

Brian C. Mays

Hampton University

Timothy M. McBride
Boston University

Sean M. McBurney
Rochester Institute of
Technology

Kristi D. McRacken
Christopher Newport University

Laurie A. Meade
Tufts University

Title

Importance of the Office of
Inspector General to the
Efficient Operation of Langley
Research Center

Effects of Nose Strakes On
Transport Aircraft

Geographic Information System
Data Analysis

Home Page: The Mode of

Transport Through The
Information Superhighway

Design Considerations For The
Next Generation of General
Aviation Designs

Creating a Database

Materials For The General
Aviation Industry: Effect of
Environment on Mechanical
Properties of Glass
Fabric/Rubber Toughened Vinyl
Ester Laminates

Using The World-Wide Web to

Facilitate Communications of
Non-Destructive Evaluation

Technology Applications Group
Multimedia CD-ROM Project

Development of a Small Area
Sniffer

xxiv

Group/Mentor
Office of Inspector General
Lee Ball

Research and Technology
Group
Gautam Shah

Internal Operations Group
William B. Ball

Research and Technology
Group
Odilyn L. Sazica Maria

Rese?
Group
H. Pam ,;wdgh

.1 Technology

Office of Hum. - Resources
Janet McKenzie

Research and Technology
Group
H. Benson Dexter

Internal Operations Group
Lawrence Cooper

Technology Applications Group
Stuart Pendleton

Research and Technology
Group
Jerome Kegelman



Eric O. Mejdrich
St. Cloud State University

Golnar G. Miamee
Old Dominion University

Tiffany N. Mitchell
University of Virginia

Michael J. Monroe
Virginia Polytechnic Institute
and State University

Scott C. Moore
North Caroli~a State University

Timothy " Morgan
Norfolk State University

Matthew D. Oser
University of Illinois

Meredith L. Payne
Rochester Institute of
Technology

Nina P. Paynter
Swarthmore College

LeRuth Q. Pendergrass
Hampton University

Stephen A. Penn
Hampton University

Title

Terminal Area
Productivity/Airport Surface
Traffic Automation Flight Demo
Data Analysis

Multimedia Information Kin-k

Introducing Current
Technologies

Product Assurance For
Spaceflight Hardware

Finite Element Analvsis of an
Energy Absorbing Sub-floor
Structure

Reusable Software Technology

Eliminating Flow Separation
and Reducing Viscous Drag
Through Boundary Layer
Analysis and Manipulation

Electronic Photography

Technology Transfer: A
Contact Sport

Fabrication of Fabry-Perot
Interferometer Sensors and
Characterization of their
Performances for Aircraft
Inspection

Geographic Information System
Data Analysis

Group/iMentor

Research and Technology
Group

Steve Young

Internal Operations Group
Lillian Ross

Technolo: , Applications Group
Barry Git”" 205

Office of Safety , Environment
and Mission Assurance
John Grece

Research and Technology
Group
Benson Dexter

Space and Atmospheric
Sciences Program Group
Calvin Macksy

Research and Technology
Group
Richard L. Campbell

Internal Operations Group
fhomas E. Pinelli

Technology Applications Group
Marisol Romero

Research and Technology
Croup
Robert S. Rogowski

Intern..! Operations Group
William B. Ball



Name/University
Jennifer K. Phillips
University of lllinois

Kathleen A. Pierucci
Ilinois Institute of Technology

India Pinl
University of Virginia

Tori D. Rhoulac
Howard University

Nature A. K.chard
Hampton University

Myma S. Rivera
Christopher Newport University

Ivan Roman
University of Puerto Rico

James H. Rowbottom
Norfolk State University

Antoinette M. Scott
Norfolk State University

Adam H. Shay
University of Virginia

Kantis A. Simmons
Norfolk State University

Title

Performance Comparison of a
Matrix Solver on a
Heterogeneous Network Using
Two Implementations of MPL:
MPICH and LAM

A Study of How Stitch
Placement Affects the Open
Hole Tension Streagth of
Stitched Textile Composite
Materials

A Summer in Public Affairs

Geographic Information System
Data Analysis

1995 Summer Intern NASA
Langley Research Center Office
of Education

TAC CD-ROM

Correlations of Difference
Surfaces Tests, Tire Behavior
Math Model for the High Speed
Civil Transport (HSCT) and
Michelin Tire Properties Tests
for Boeing 777

The Use of the Internet to
Support General Aviation
Research

Aviation Research and the
Internet

Geographic Information System
Data Analysis

Develooment of a Pressure
Sensiti 2 Faint System With
Correct .. For Temperature
Variatic :

xxvi

A

Group/Mentor
Research and Technology

Jerrold M. Housner

Research and Technology

Group
Keith Furrow

Office of External Affairs
Keith Henry

Internal Operations Group
William B. Ball

Office of Education
Roger A. Hathaway

Technology Applications Group

Stuart Pendelton
Research and Technology
Group

Robert H. Daugherty

Internal Operations Group
Gretchen L. Gottlich

Internal Operations Group
Gretchen L. Gottlich

Internal Operations Group
William B. Ball

Internal Operations Group
Billy T. Upchurch



Name/University
Nanette R. Smith
College of William and Mary

Kenneth R. Smith
Hampton University

Seth S. Sobel
James Madison University

Mary M. Spracher

Virginia Polytechnic Institute
and State University

David Stang

Old Dominion University
Ronald E. Stephenson
Virginia Polytechnic Institute
and State University

Christopher S. Steward
Norfolk State University

Melissa C. Stewart

Rensselaer Polytechnic Iustitute

Edwood G. Stowe
Washington University

Corey V. Swenson
St. Cloud State University

Antone L. Taylor
Hampton University

Erene Tcheng
University of Virginia

Xitle
Technology Transfer

Langley Learning Laboratory

Characteristics of Three-node
Smoothing Element Under
Penalty Constraints

Office of Public Affairs

Langley Research Center -
Soluble Imide (LaRC-SI)

Congressional Affairs

The Calibrations of Space
Shuttle Main Engines High
Pressure Transducers

The
In The Coefficient Of Thermal

Expansion Of Graphite Fiber

Reinforced Polyimide IM7-K3B

on Microcracking Due To
Thermal Cycling

Analog Processing Assembly
For The Wake Vortex Lidar
Experiment

Parallel Processing with Digital

Signal Processing Hardware and

Software

Geographic Information System

Data Analysis
Technology Transfer -

Marketing Tomorrow's
Technology

xxvii

Of The Change

Group/Mentor
Technology Applications Group
Robert L. Yang

Office of Education
Marchelle Canright

Research and Technology
Group
Alexander Tessler

Office of External Affairs
Keith Henry

Internal Operations Group
Carl Voglewede

Office of External Affairs
Lee Rich

Internal Operations Group
Allan J. Zuckerwar

Research and Technology
Group
Craig W. Ohlhorst

Internal Operations Greup
Phil Brockman

Research and Technology
Group
Robert L. Jones

Internal Operations Group
William B. Ball

Technology Applications Group
Barry V. Gibbens



Tamera L. Thomas

Hampton University

Karina M. Thorpe
University of Utah

Wilmer B. M. Ulimann
University of Kansas

Bryan C. Valek

Georgia Institute of Technology

Luis H. Valencia
University of Puerto Rico

Victor M. Valentin
University of Puerto Rico

Jessica Venable
Princeton University
Eugene L. Ward

Norfolk State University

Douglas P. West

kastern New Mexico University

Mark E. Whitlock
University of lllinois

Jeffrey M. Wilson
University of Kansas

Litle
Open Loop Simulation

Geographic Information System

Data Analysis

Entrepeneurship Within General

Aviation

Determination of Stress-
Corrosion Cracking in
Aluminum-Lithium Alloy
ML377

A MATLAB/Simulink Based
GUI For The CERES Simulator

Oxidation Behavior of Carbon

Fiber Reinforced Silicon
Carbide Compositrs
Validation of Global

Climatologies of Trace Gases

Using NASA Giobal

Tropospheric Experiment (GTE)
Data

Homepage For The Global
Tropospheric Experiment

System Construction For The
Measurement of Bragg Grating
Characteristics In Optical Fibers

Analysis Of a High-Lift Multi-
Element Airfoil Using a Navier-

Stokes Code

Wake Vortex Encounter
Research

xxviii

Group/Mentor
Internal Operations Group
John White

Internal Operations Group
William B. Ball

Research and Technology
Group .

Daniel J. DiCarlo
Rescarch and Technolozy
Group

Marcia S. Domack

Space and Atmospheric
Sciences Program Group
Calvin Mackey and

John Chapman

Research and Technology
Group
Wallace Vaughn

Space and Atmospheric
Sciences Program Group
Joel S. Levine

Space and Atmospheric
Sciences Program Group
Jim Hoeli

Research and Technology
Group
Robert S. Rogowski

Research and Technology
Group
Kenneth M. Jones

Research and Technology
Group
Robert A. Stuever



Name/University Title Group/Mentor
Terri L. Wilson Langley Aerospace Research Office of Education
Virginia Polytechnic Institute Summer Scholars (LARSS) Roger A. Hathaway

and State University Program Coordination
Robert G. Wright Converting The Active Digital = Rescarch ~nd Technology
University of Missouri Controller For Use in Two Tests Group
Sheri Hoadley
Sara J. Yancey My Networking and Office of Education

College of William and Mary  Interpersonal Skills Developed  Marchelle D. Canright
At NASA Langley Research

Center
Michael K. Zyskowski Very Light Aircraft: Research and Technology
University of Kansas Revitalization Through Group

Certification Natale Strain
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Abstract

A low-speed wind tunnel investigation was conducted in the Langley 12-Foot
Tunnel on a typical commercial transport configuration to determine the effect of adding
nose strakes on the acrodynamic characteristics of the model. The fuselage and wings of
the mode] were scaled versions of the McDonnell-Douglas DC-9 aircraft. A generic tail
assembly was employed that was different from that of the DC-9. Three differ 1. trake
configurations were tested at several inclination angles. One strake configuration was
identical to that employed on the DC-9 aircraft. The model was tested through - -ange of
angles of attack and sideslip angles. Tests were made both with and without strakes and
also with the vertical tail removed.



Introduction

During this summer LARSS program, I worked with Mr. Gautam Shah on a research
project involving strakes in use on transport aircraft. Strakes are small fins placed on the nose of
an aircraft to aid in yaw stability and control(ability of an airplane to turn about its vertical axis). A
low-speed tunnel investigation was undertaken to see if strakes placed on a transport model would
provide any appreciable stability or control improvements. Information was also wanted on
possible interaction between the strakes and the vertical tail.

Vertical tails and rudders of transport aircraft pose many problems for designers. Due to
their large size, they add extra weight to an aircraft. In addition the vertical tail produces drag for
the entire flight, therefore adding to the cost to operate the aircraft. Since transports fly at cruise
most of the time, the rudder is inactive for a good portion of the flight time. Consequently there is
a real desire to find a way to reduce vertical tail size without sacrificing either stability or yaw
control. The use of nose strakes may provide a positive contribution in this area.

Nose strakes are currently employed on a number of McDonnell-Douglas commercial
transports including their DC-9 aircraft Since a scale model of a DC-9 fuselage and wing
configuration was available for testing, this model was chosen for the research project. The DC-9
model tail assembly and engines were unavailable, however, a generic tail assembly was available
and was substituted for these initial tests. Detailed drawings of the DC-9 aircraft and the strake
configuration presently in use on the aircraft were supplied by McDonnell-Douglas so that a scale
strake model could be constructed and mounted similarly on the wind tunnel model. The model
with this strake served as the baseline for the present tests. Various strake sizes and inclination
angles were employed during this investigation.

Background

Research on the use of nose strakes on fighter aircraft configurations has been conducted
for over ten years. Currently, there are some fighter configurations which react well with strakes
and research has shown that there is a benefit from their use. Strakes have been effective at high
angles of attack (above 30 degrees) in providing yaw control power. Their use has been
particularly appealing because conventional vertical tails and rudders lose their effectiveness from
becoming immersed in the low energy wing wake at these high angles of attack. It is important to
realize that strakes, while they have a tremendous effect at high angles of attack, produce almost no
yaw control at low angles of attack. This is significant because fighter aircraft operate at wide
ranges of angles of attack (up to 70 degrees), while transport aircraft operate over a much lower
range(0 degrees to 30 degrees). If strakes as employed on fighter aircraft were as effective at low
angles of attack as they are at high angles, then this technology could be utilized on transports as
well as fighters with obvious gains to operators. The fact that strakes are used on transport aircraft
indicates that the size, shape, placement, and effectiveness of these strakes influence the aircraft in
a manner different than the strakes used on fighter aircraft. The use of such strakes is obviously
beneficial since McDonnell-Douglas uses nose strakes in so many of their commercial transport
designs.

Test Facilit

The tests were conducted in the 12-foot Low-Speed Wind Tunnel. The 12-Foot Low-
Speed Wind Tunnel is an atmospheric pressure tunnel completely enclosed in a 60-foot diameter
sphere. The test section has a 12-foot diameter octagonal-shaped cross section and a length of 15
feet. The drive system consists of a single 15.8-foot diameter 6-blade drive fan with an adjustable
fan speed up to a maximum of 750 RPM. Dynamic p~~ssure up to a maximum of 7 psf is available
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as the test conditions. A sting system can position a model at any pitch angle from -10 degrees to
90 degrees, and sideslip angles from -90 degrees to 90 degrees. Smoke generation equipment is
available for use in the facility to permit visual obversations of the flow field.

The Test

Only a limited number of tests were made during this wind tunnel entry, and data were
obtained only for the model configured for the cruise configuration with leading and trailing edge
flaps undeflected and the rudder and horizontal tails set to zero. Two different strake
configurations in addition to the baseline were tested. One strake had the same span width as the
baseline strake, but it had a 80% increase in the chord length. The other strake had the same chord
length as the baseline strake, but a 50% increase in the span. All strakes were constructed from
sheet metal in the technician’'s shop and mounted on the model such that the trailing edge of all
three strakes was at the same location on the fuselage. Rotation of a strake about its trailing edge
varied the strake inclination angle. Inclination angles of 0 degrees, +10 degrees, and +20 degrees
were tested.

The model was placed in the 12-foot tunnel and installed on the proper force balance and
sting as needed to ensure the model was properly placed for this test. Several stings and mounting
brackets were tried before settling on the 20-in. sting with a 30-degree offset mounting block and a
force balance rated for 120-1bs. Once the model was mounted and the equipment was checked out
the tunnel was started and testing began.

The model was tested at a single dynamic pressure of § psf in two manners; alpha runs and
beta runs. Alpha runs consist of placing the model at a certain beta angle, which is the angle
between the direction of the airflow and the centerline of the aircraft on a horizontal plane, and
sweeping through a series of pitch angles. Beta runs consist of placing the model at a certain pitch
angle and sweeping through a series of sideslip angles.

The schedule of tests is as follows: first, the model was tested, as is, with no strakes.
Then the baseline strake was added, then the larger span strake, and then the larger chord strake.
After these tests were c.npleted, the vertical tail was removed from the model, in order to test the
model's characteristics without a vertical tail. We then proceeded to repeat the same sequence of
strakes (strakes off, baseline, larger span, and larger chord). Once these tests were completed, the
vertical tail was replaced and the baseline strake was pitched to +10 degrees from its original
position. We also did this with the larger span strake. Once again the baseline strake was replaced
and canted to +20 degrees After obtaining this data, the left baseline strake was removed leaving
just the right baseline strake, which was tested at +20 degrees, +10 degrees, and O degrees The:
next test performed was to remove all the strakes and to deflect the rudder to -25 degrees. The last
test performed was a smoke test, where smoke was blown past the model to determine the flow
field around the model.

Resuits/Conclusions

Since my summei session at NASA Langley is ending and this particular test is not
completed, results from the data collected thus far are inconclusive. The test did determine that the
strakes do have an effect, but how much and how significant is still to be determined. We have
ascertained that the strakes do interact with the vertical tail in actually yawing the aircraft, because
with the vertical tail removed almost no yawing capability was observed. Obviously, more tests
will oA to be performed before more specific conclusions can be drawn that may result in an
actual change in aircraft configurations of the future.
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Abstract

The purpose of the project with the Aeroacoustics Branch was to create and submit a
home page for the internet about branch information. In order to do this, one must also become
familiar with the way that the internet operates. Learning Hypertext Markup Language (HTML),
and the ability to create a document using this language was the final objective in order to place a
home page on the intemet (World Wide Web). A manual of instructions regarding maintenance
of the home page, and how to keep it up to date was also necessary in order to provide branch
members with the opportunity to make any pertinent changes.



Introduction

As the world becomes more automated with every passing moment, it is the
responsibility of NASA to keep pace with the ever-changing society as it adapts to a world of
technology. The information super highway, a'zo known as the internet or World Wide Web, is
only one of the new options availatle. The intemet provides the user with access to international
information, as it provides information from other citiss, states, countries, and even conti : 3nts.
The internet consists of a system of li....s that connect one location to another. The user is
enabled to follow these links by "clicking” the mouse on underlined or highlighted text thauis
displayed on the screen. Information is displayed on the mcaitor by home pages at these. varicus
locations. A home page is a document that displays information, and is the foundation of the
internet. They are created by individuals who have a desire or necessity to make information
accessible to the internet woridwide.

Hypertext Markup Language, known simply as HTML, is a code used to create
documents tc be displayed on the internet. HTML introduces a series of predefined commands
that provide the user with the flexibility to design the appearance of the information displayed
when accessed. This code has the capability to display different fonts and graphical images on
the monitor. The primary advantage of HTML is its ability to link documents together, which is
the major reason this code is vsed.

HTML is not a difficult programming language that only computer experts can master. It
is instead, a straightforward way of communicating to the computer the desires of the user and
how to display the information. All that is needed to write a document in HYML are a few basic
commands. Using these commands, the user can create a very simple, yet professional-locking
home page. For those who would prefer more distinctive and intricate home pages, HTML
provides commands to include graphics within the document and the option to change the
background of the page. HTML provides all computer users with a special interest they would
like to share with others over the internet with an avenue to do so.

Summary of Project

Creating a home page with information that others will find informative and interesting
may seem a simple process to many, yet in reality, it involves much research and time to
determine exactly what type of document would be most beneficial to internct users. Following
through this process results in a home page that best reflects what both the -reator and intemet
user desire.

Comprehending how the internet works aids the home page creator, as they leam more
about the types of information and may view various ways of displaying it on the internet. By
doing this research first, the creator benefits from the home pages from everywhei in all shapes.
colors, and designs as the creative options are endless. “Surfing the net” helps the creator get o
better idea of what information is necessary and how to display it on the home page. Viewing a
wide variety of graphics and various texts provides the creator with more of a basis of what
appears best on the computer screen, anc creates the greatest visual impact. Even the most
experienced home page creator can benefit by getting reacquainted with the internet on occasion.

Learming HTML becomes an easier task to understand after getting acquainted with the
internet. The internet offers many HTML manuals on-line to refer to, instead of a hard copy
handbook. Another alternative is to use the "view source” option available on most internet
servers. The HTML commands that creaie any particular home page can be retrieved by
choosing this option. This option provides even the most inexperienced creator with the
opportunity to create more complicated home pages. By finding a page that locks similar to
what the creator wants, producing a home page is just a matter of viewing the source code and
reproducing the same commands. Once the HTML commands are learned, the home page can be
created.

Upon complcticn of the home page, 1t becomes necessary to provide instructions
pertaining to revisions that will need to be made to the home page in order to keep the
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information cun« **. A manual seems to be the easiest way to instruct the branch members on
how to make necessary revisions to the home page. By doing this, branch members can make all
the necessary revisions themselves by consulting the manual. The manual must be specific to the
branch home page to ensure that the same format is maintained. Any new developments or
changes that may take place in the branch can be easily reflected o.: the home page.

‘To create a professional home page, it is necessary to use certain equipment. A
Macirtosh IIfx and Microsoft Word 5.0 aids in creating an HTML file. The home page, while
under construction, could be viewed by using Netscape 1.1. Another feature, photographs in a
home page, add a personal touch to any page. To do this, a Kodak DCS 420 digital camera can
aid in producing a digital image that can easily be included in the home page. Retrieving the
image from the camera is made possible through the use of the Adobe Photoshop software
package. Another altemative for photographs is to use a laser scanner to scan a photo that has
already been taken. The Apple LaserScanner can create a facsimile of any photograph and
prepare it for use on a home page. Adobe Photoshop can also be used on these images to make
them better quality images.

With the aid of the available iechnology and ejuipment, 2 home page can be created with gr .ter
case.

Once the process has been completed and the equipment has been used, the final result is
a home page. Now that the home page has been created, all that remains is to submit it to the
internet. Once the home page joins the internet, it wili be viewed by thousands of people on a
day to day basis. Everyone will have access to general information concerning the finction of
the branch. By joining the internet, the Aeroacoustics branch keeps pace with the fast moving
society of today.
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Abstract

This paper discusses the results of research conducted at NASA Langley Research Center
during two summer programs during 1994 and 1995. These programs were the NASA Advanced
Design Program and the Langley Research Summer Scholars program. The work was
incorporated in a three phase project at Embry-Riddle Aeronautical University which focused on
development of the next generation Primary Flight Trainer, 2s well as in ERAU'’s participation in
the AGATE General Aviation Design Competition. The project was conducted as part of the
ERAUNASA/USRA Advanced Design Program in Aeronautics as well as the AGATE
competition. A design study was completed which encompassed the incorporation of existing
conventional technologies and advanced technologies into PFT designs and advanced GA aircraft
designs. Multiple aircraft configurations were also examined throughout the ADP/AGATE.
Evaluations of the various technologics and configurations studied will be made and
recommendations will be included.

1. Introduction and Background

Embry-Riddle Acronautical University has been involved with the NASA/USRA Advanced
Design Program since 1992, when the university was invited to participate in the Acronautics
division of the program. At that time, the ERAU acrospace engineering department’s design
faculty recognized an important role that the Embry-Riddle could play in the program. Although
General Aviation had been addressed at times in the first cight years of the program, the subject
had been underemphasized. In particular, the topic of Primary Flight Trainer aircraft had been
completely neglected. Due to Embry-Riddle’s position as one of the leading aviation training
schools in the world, the development of a contemporary PFT was of obvious importance to the
school. This fact, coupled with the overall plight of the GA industry, prompted the decision to
focus the ERAU/NASA/USRA ADP on the development of the next generation PFT.

As part of the ADP structure, each participating university is tcamed with a NASA ceater that
shares a focus common to the school’s ADP topic. In Embry-Riddle’s case, NASA Langiey
Research Center was chosen. Through this cooperative arrangement, a Graduate Teaching
Assistant was sent to LaRC cach summer to complete research on topics relevant to the
university’s ADP. The research gathered by each GTA was then incorporated into the next phase
of the ADP design study. Support work from outside of the ADP, including LARSS
participation, the AGATE General Aviation Design Competition, and other such programs, was
integrated into the overall study. The AGATE program is being conducted by the General
Aviation/Commuter Element of the NASA Advanced Subsonic Technology Program in an effort
to create a new generation of GA aircraft. Through graduate student participation in the ADP
and LARSS, ERAU was able to make it’s first ties to the AGATE program. This affiliation has
expanded into ERAU becoming a member of the AGATE government/industry/academia
consortium on a higher level, and has also included student participation through the AGATE
General Aviation design competitions. In this manner, the ADP study does not end with the
completion of the ADP, but is to continue into future AGATE, LARSS, and other ERAU

program participation.



Phase 1 of the ADP focused on incorporating existing “off the shelf” technologies and on
integrating a true concurrent engineering environment into the ERAU design classroom. Phase I
further developed some of the Phase I baseline configurations with more advanced technologies
and created a high emphasis on occupant safety and crashworthiness. The goal of Phase Il was
to incorporate further advanced technologies (such as those still under development) and to
summarize the efforts of the entire ERAU/NASA/USRA ADP. Through the overall efforts of the
ADP, a design database of sechnologics (old and new) and configurations specific to GA was
created. Throughout cach phase of the projects, the utilization of cutting edge technologies as
design tools was also a major goal. The manner in which the design classes were conducted and
in which the group projects were assigned gencrated the most successful attempts at CE ever
made at ERAU. The usc of CAD and FEM at the Daytona Beach campus were highly stressed as
design tools in the classroom, as well. Another of the major innovations in undergraduate design
course work, due in part to the ADP, was the introduction of rapid prototyping at ERAU.
Through a National Science Foundation grant, the university obtained a stereolithography (SL)
capability at the same time the ADP was commenced. In Phase III, SL has been incorporated
directly into the detailed design curriculum at Embry-Riddle as part of the ADP, AGATE

2. The Need in GA

The GA industry has undergone a severe depression, nearly to the point of extinction. The
boom in production of Single Engine Piston aircraft in the 1970’s was followed by a major
decrease in shipments in the years to follow. The fact that such a sharp dive in production has
occurred in the GA industry has been of major concern to the aviation industry, in general. It is
GA aircraft that supplies the training necessarv in the production of pilots that go on to fly larger
aircraft. A number of studies have been conducted to analyze the decline in GA and to try to
create a means of revitalization of the industry. The results of the past studies have indicated that
the average age of the SEP airplane is 28 years', which is a rather long lifetime. The obvious
reason for such a high average age is the fact that newer aircraft simply have not been produced
to replace the older fleets. However, a demand still exists for the aircraft. The major reason that
new aircraft have not been produced in large numbers is primarily the influence of product
liability.

Reference 2 states the product hability situation in 1987: “Product liability costs for
manufacturers (of GA aircraft) have skyrocketed in the past three years (1985-1987). Huge
awards or settiements have driven up costs.” The reference states that in 1985 manufacturers and
their insurers paid over $200 million in judgments, settlements, and defense costs, up from $47
and $77 million in 1981 and 1983, respectively. “The manufacturers report in 1985 insurance
cost averaged $70,000 for each airplane delivered... This amount, if added to the price of small
aircraft, would make the price astronomical.” It is easy to see why the GA industry entered such
a plummet.

The recent passage of the products liability reform bill, known as the “1994 General Aviation
Revitalization Act (S.1458)," has created some aid to the problem. However, the bill is far from
solving all liability problems, and still allows for many potential suits that could continue to
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devastate the GA industry. The employees of companies such as Piper Aircraft Company still see
a nightmare of liability problems to be solved before a true revitalization of the industry can take

place.

One way to alleviate the liability problem is to look 10 the automotive industry. The last Cessna
lszpmdwednl986wasmmnymcmemuaﬁnthemgmdmde1150dwmedndn
1950's'. Yet, the automotive industry continues to make vast improvements in design and
particularly in crashworthiness. With added design features such as airbags and 5 mile-an-hour
bumpers, automotive insurance prices progressively decrease. A similar trend could be applied to
the future of GA design.

During 1980-85, the National Transportation Safety Board conducted a study of GA aircraft
occupant restraint and seat systems under the title of the “General Aviation Crash Worthiness
Program.”! The results of this study indicated the need for energy absorbing seats and the use of
shoulder harnesses. As a result of the study, major changes were made to the airworthiness

regulations for GA.
3. ERAU’s Response to the Need

Due to the effect of product Liability and its relation to occupant safety upon the GA industry,
crashworthiness was a major focus throughout Phases II and III of the ADP, as well as in
AGATE design efforts. In order to accomplish this, aspects of FAR Part 23 regarding occupant
safety, crashworthiness and the Head Injury Criterion were incorporated into the ADP/AGATE
designs. The HIC is an equation, integrated over the time duration of impact, which places a
specific upper limit on the integral acceleration of the head’s OG'. The HIC and the other
crashworthiness requirements of FAR 23 were then incorporated into the ERAU designs through
the generation of Spatial Requirements Specification Documents.

The SRSDs were documents generated for individual aircraft configurations (for example, a
two-seat high wing tractor versus another document for a three-seat low wing pusher). The
SRSDs provided cabin volumes for each given configuration which adequately met the HIC and
Part 23 requirements. Simultaneously, each provided room for adequate structural volume
around the cabin, which was designed to accommodate up to the 95th percentile man. A brief
explanation of the spatial requirements accompanying the cabin volume was also included in the
SRSDs. These documents were then to be given to preliminary design students for incorporation
into future designs. This was to allow for realistic cabin and surrounding structural volumes in
the generation of future preliminary designs.

4. Results of the ERAU ADP an AGATE Programs

Throughout the process of generating crashworthy designs, a large database of information
regarding 2 myriad of GA design parameters such as engines, airfoils, and many other topics was
created at ERAU. This information was gathered throughout the ADP by the GTA's during their
internships at LaRC (through the ADP and LARSS), as well as by the faculty and students at



Embry-Riddle. The following sections discuss some of the observations made and conclusions
drawn from the ADP which were also integrated into ERAU AGATE participation.

In Phase J of the ADP, conventional airfoils were employed in the designs. However, in Phase
1I it was decided to explore the possibility of incorporating Natural Laminar Flow (NLF) airfoils.
The Phase I designs were refitted with NLF airfoils and the new designs generated in Phase II also
included them. The study revealed that the ILF airfoils were effective in providing improved
performance over traditional airfoils. However, the manufacturing of the NLF airfoils required
high tolerances, perhaps even beyond the practicality of aluminum construcdon. Therefore,
composite construction was considered for the NLF designs. Another potential problem with the
NLF designs was the effect of debris, such as insects, collecting on the wings. However, NLF
performance in this state was, at worst, equivalent to traditional NACA series airfoil performance.
The final problem recognized with NLF airfoils was the low speed power requirements, which
were potentially dangerous to student pilots. Afier comsidering all the advantages and
disadvantages of the NLF airfoils, it was concluded that 8 NACA 6-series airfoil may be the best
option for a Jow cost PFT with safe, desirable training characteristics. Conversely, for advanced
GA designs, such as the ERAU AGATE design submittal, NLF airfoils were considered an
effective choice.

Wing positions examined in the ADP and AGATE activities varied from low to mid to high
wing. The driving force behind this parameter was primarily the general configuration of the
aircraft. In other words, the engine and cabin area positions were of major concern to wing
position. The structural weight and complexity of each wing configuration was another factor.
The mid wing configuration appeared to be the least desirable due to complexities of wing
structure at the cabin interface, while maintaining a desired cabin size.

Several powerplants were explored in the design studies. These included currently certified
engines such as the Lycoming O-235 and non-certified engines such as the Zoche Diesel. The
non-certified engines considered were engines with potential for near-term certification. Air
cooled engines were the most common type of engine used, however, liquid cuoled engines such
as the Rotax 914 were also examined. For the pusher aircraft, it was determined that a liquid
cooled engine may be most advantageous. This eliminated the problem of providing venting to
the engine compartment, and thus reduced the associated drag as well. The tractor configuration
aircraft would also benefit from the reduced cooling drag of a liquid cooled engine, however not
as dramaticall, as the pusher.

In the course of the design activities, several configurations were considered for engine
position. The first designs pursued were originally tractor and mid-engine configurations. Later
in the study, a pusher configuration was added. The mid-engine concept was eventually phased
out and modified to a tractor arrangement. This was due chiefly to the problem of the drive shaft
required for such an aircraft. The drive shaft ofered intriguing possibilities in acting as an aid in
shock absorption upon impact. Examination was conducted of using the drive shaft to crumple in
stages, thereby absorbing impact shock during a crash. Howsver, the shaft added unnecessary
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weight, cost, and maintenance complexity to the aircraft design and was therefore removed from
the design.

The incorporation of a ducted fan into the designs was made towards the end of the ADP and
continues into AGATE. In the early stages of the studies, it was decided to first examine designs
with more conventional powerplant configurations, even in the pusher configuration. However,
upon further assessment of desired performance, safety, and noise characteristics, the ducted fan
was considered for the pusher design. The inclusion of a ducted fan for the tractor designs would
have been impossible concerning the practicality of both mounting the fan shroud and providing
proper pilot visibility. For these very reasons, the pusher design seemed to provide a perfect
testbed for the fan concept.

Mounting of the fan shroud was considered in several different configurations including
incorporation into the tail boom design, as the booms granted obvious mounting points for the
shroud. However, this configuration was thought to possibly cause complications in the
operation of the ducted fan. Because a very small tolerance must be included between the blade
diameter and the inside of the fan shroud, it is necessary to minimize any possibility of the blades
striking the shroud. The mounting of the shroud to the tail booms, with a rigid connection (via a
drive shaft) to the engine, could potentially introduce vibrations from the booms. This would
thereby creating interference between the shroud and the blades. Therefore, another shroud
mounting configuration under scrutiny is t0 mount the shroud directly to the aft portion of the
fuselage. Yet another design being studied incorporates the ducted fan as a self contained unit
attached to the tail booms, but connected to the engine through a flexible coupling. This would
also reduce the vibration problem at the prop-shroud interface, but may add undesired weight to
the design (despite the possible increased maintenance accessibility). The only practicable
alternative to the pusher configuration would be a high mounted tractor or pusher configuration,
such as is typically designed in amphibious aircraft. However, this type of design would produce
undesirable thrust line effects versus the direct thrust line of a more “conventional” pusher engine
mounting.

The reasoning behind the inclusion of a ducted fan in the advanced designs was multifaceted.
The initial consideration was to improve the noise characteristics of the aircraft. Noise abatement
can be ad iressed by three basic issues: propeller blade number, blade contour, and inclusion of a
ducted fan. In the tractor configurations, the only options were to increase the blade number and
modify the blade contour until desired noise characteristics were achieved. However, with the
pusher, the ducted fan could be used, as well. By including a higher number of blades, the prop
cost will increase significantly. Yet, by using a fan concept, the blade number can be kept to a
minimum while still artaining favorable noise characteristics.

Admittedly, the fan will also increase the price of the aircraft. However, the price increase is
accompanied by more than just improvements in noise abatement. Ducted fans are known to
increase thrust due to their effect of increasing prop efficiency. This factor could potentially
offset the extra cost of including the ducted fan. Also, in a2 mass production market, particularly
the one projected for AGATE, this and other advanced technologies will be highly reduced in
acquisition price (due to supply and demand).



Apart from the increased cost of a ducted fan, Foreign Object Damage may prove a potential
problem for such a design. This problem is being considered by examining the spray pattern of
debris off the landing gear tires. Corrective action could then be taken, if necessary, but may not
be required due to the smaller disk area of the fan versus a regular prop. Additionally, one of the
concepts for the self contained ducted fan includes a stabilizing strut from the fan to the fuselage.
This strut may aid in protecting the fan from FOD.

4.3 Landing Gear

In approaching the landing gear design, the original decision in each ADP design was to use
fixed gear. This was chosen due to the reduced cost (for design, manufacturing and maintenance)
and complexity. The drag penalty and resulting performance reduction were not considered a
problem with the original design goal of approximately 120 knots (for the ADP). In order to
achieve higher cruise speeds (if so desired for upgrades of the design outside the PFT market, or
more specifically, as required to achieve AGATE requirements), partially or fully retractable gear
become necessary. In the original case (lower speed requirement), the early pusher designs
considered oleo struts for both the nose gear and the main gear. Later study considered changing
to a damped spring nose gear. This would greatly reduce the cost and complexity associated
with oleo type gear. Spring gear could also replace the oleo gear for the pusher main gear, as was
originally conceived for the tractor designs. Similar, but somewhat more advanced, concepts
were also employed in the AGATE retractable designs which, again, were tailored towards
crashworthiness.

In order to create higher performance in each of the concepts, it was decided to examine the
effect of incorporating staggered seating. This was done in both the tractor and pusher designs.
Initially, it appeared intuitively obvious that by incorporating staggered seating, the resulting
reduction in fuselage cross-section would produce improvement in aircraft performance. In order
to check this, a related study was conducted’ to examine the actual effects of cabin width upon
performance.  From the study, it was determined that the reduced fuselage cross-section
associated with staggered seating actually had very little effect upon aircraft performance. For
fuselages with larger length-to-diameter ratios, the change in diameter did not change
performance appreciably.

One benefit of staggered seating in the cockpit was more shoulder room for the student and
instructor, while still allowing the instructor to view the student at the controls and vice versa.
Another benefit of the staggered scating arrangement in the pusher was that it allowed for the
reduction of parallax in viewing instruments from the instructor’s seat. This arrangement could
potentially require a scparate set of instruments for the instructor. With an advanced cockpit
system of the projected AGATE variety (i.c., a glass cockpit system which incorporates all
instruments with an on-board central computer system, displayed on screens in front of the pilot),
this would pose little problem. The same central computer and instrumentation would be used to
drive both the student and instructor displays. This would also dispose of parallax problems
associated with today’s instruments as well as the problems of side viewing associated with CRT
displays. Using the AGATE type display in conjunction with a fly-by-wire control system would
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also eliminate problems with control system routing typically associated with staggered seating.
However, an AGATE type system is not currently available and may not be for quite some time.
The cost and complexities associated with staggered scating may not be worth the benefits in
creating a low cost PFT in the immediate future. Therefore, these technologies are reserved for
potential applications in the AGATE market to come.

The other major consideration in seating arrangement for the designs was the numb:~ of seats
to be included. For the AGATE program, the design specifications called out a range of two,
four, or six seat aircraft. A four seater was the choice for the 1995 AGATE design as middle
ground, and due to the larger potential market (initially at least). However, in future AGATE
design efforts at ERAU, it is anticipated that the designs will be expanded to an AGATE family of
all seat configurations.

Since the primary mission of a PFT requires only a student pilot and an instructor on board, the
obvious choice would be a tv.0-seat configuration. However, ERAU utilizes a training program
dubbed “Gemini” in which a second student pilot is to fly on training flights as an observer. This
increases the seating requirement to a minimum of three seats. There are very few existing three-
seat aircraft. The trend is to step from two seats to four seats. Yet, in order to keep the power
and cost requirements to a minimum, it was decided to incorporate no more than three seats into
the ADP designs. In the end, a two-seat configuration was seen to be the best for the general
PFT market, excluding the “Gemini” program.

4.5 Crashworthiness agnd Occupant Safety

As stated previously, a primary focus of the ADP and AGATE was to address the issues of
crashworthiness and occupant safety. The history of GA has shown little regard for these topics,
which has made major contributions to the current nightmarish litigation situation. The goal of
these projects was to create a revolution in the thinking associated with crashworthiness/occupant
safety and GA. To accomplish this, the first problem to be addressed was to determine exactly
how crash safety could be iricorporated into all stages of the design process. This began with
conceptual design, where st “nts were informed of design attributes which could greatly enhance
crash survivability (such as angling the bottom edge of firewalls/bulkheads directly in front of the
crew to prevent scooping on impact). The problem was then expanded to include detail design.
In this stage, crashworthiness was heavily ¢ idressed and fully developed. This was accomplished
by determining design constrainits that would ultimately conclude in a truly crashworthy design

process.

The crashworthy design constraints originated from several sources. Although historically
neglected in GA, crashworthiness and occupant safety have been widely researched and addressed
by numerous sources such as the NTSB, NASA, the FAA, industry and academia. From the
study of this broad database, gencral points for crashworthy design were selected. Precise design
constraints were also determined from the FAR Part 23. From FAR 23.561, the loading
conditions at impact were determined to be 9 or 18 g’s, depending on the predicted impact
scenario for a given component. From FAR 23.562, the conditions to be met were at both a 60
degree impact at 19 g's from the horizontal and at a 10 degree yawed frontal impact at 26 g’s for
occupant restraint systems and seats. These conditions were incorporated to address emergency



landing conditions within the cockpit. From these regulations, the requirements for proper
cockpit volume could be determined and the integration of a seat that could withstand a 26 g
impact was found necessary. These total loading conditions, from FAR 23.561 and .562 were
then to be used as the design guidelines, as they were found to be the worst possible loading
constraints for crashes (as determined in the development of the regulations).

The loading constraints were then to be applied to all detail designs. The particular loading
conditions applied tc a given component were selected from the constraints. This was based on
the position of tie component in the aircraft. For example, if the component was in the cockpit, it
would need to withstand the constraints for items of mass in the cockpit per FAR 23.561. The
integration of a seat that could withstand 26 g’s played an integral part in this. It reduced the
loading constraints in some cases due to the fact that the seat could absorb 26 g’s, thereby
requiring less severe loading constraints for a related structure. In addition to applying the
loading constraints to de.«il design, multiple features were evaluated for integration into a
complete aircraft design which provided the highest level of crashworthiness and occupant safety
possible. These included items such as the incorporation of crashworthy seats, restraint systems,
and many other items.

Each design for the ADP and AGATE was created with the intent of surviving the worst case
impact scenarios determined from FAR Part 23. However, it was worth considering a means of
returning the aircraft to the ground in an emergency situation with as litle stress as possible
placed upon the occupants. To do this, a ballistic parachute was considered for integration into
the designs. The pusher design provided a perfect opportunity to explore this option. More than
sufficient volume existed in the cabin area behind the occupants for mounting a ballistic parachute
system. This location was also directly in the CG range of the aircraft, thus providing for the
desired balance upon deployment of the parachute. The package offered by Ballistic Recovery
Systems® was used for comparison of volume and mounting requirements of a ballistic parachute
for the ERAU designs. The particular package used for comparison was the Cessna 150/152
model. Although the incorporation of such a package was found to be possible, it was also
determined to add considerable weight and cost to the overall aircraft design. Therefore, it was
decided to include the BRS as a design parameter for both the PFT and AGATE designs, but to
potentially off" v it only as an option at the time of sales.

Crashworthy seats are becoming a reality slowly, but surely. In the development of the ERAU
designs, a scat/restraint systemn developed by the Jungle Aviation and Radio Service was
implemented. The seat, commonly referred to as the “JAARS seat,” was the only seat available at
the time that withstood dynamic testing requirements of FAR Part 23. Although the scat was
never certified, it has been flown in a number of JAARS missionary aircraft. With the
development of crashworthy seats under FAR 23.562 in the future, it will be possible to redesign
the next generation GA aircraft around these alternate seats.

Another technology under investigation for occupant safety was the incorporation of airbags.
This is one of many areas in which the automotive industry is far ahead of tl:e GA industry. The
integration of air bag into cars has saved numerous lives, prevented many injuries, and has even
resulted in the reduction of insurance costs. Obviously, this is an area in which GA could use
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improvement. Therefore, in Phase III of the ADP as well as in AGATE design efforts, students
were challenged with incorporating airbags into their designs. The installation of such devices has
proven thus far to be a challenge in GA aircral.. Yet, strdies have been conducted by the FAA,
NTSB, and NASA in the incorporation of airbags into i:th GA and other types of aircraft. The
s' .dent investigations have so far resulted in preliminary suggestions for airbag integration. One
configuration considered involved mounting the airbag installation in the top of the instrument
panel, perhaps set behind the instruments (requiring slight repositioning of the instruments as a
possibility). This configuration is similar t0 some automotive installations and may reduce
obstruction of the instrument panel while preventing an oversized and complex yoke design.
Another possible configuration invo!ved airbags installed in the headrests, similar to a design
considered in military aircraft. The method emr'oyed in the AGATE design was to have the
airbag deploy from the passenger side of the instrurnent panel, instantaneously expanding to cover
the pilot’s side as well.

Some of the other advanced technologies considered in the strdies have included fire hazard
reduction schemes and smart structures. Items such as impact activated fuel cut-off switches and
fuel bladders have already been integrated into the later ADP designs. Additionally, a workable
in-situ fire extinguishing system was designed for installation into the AGATE design. This design
has led to the concept of a water spray system in the cockpit, with a chemical extingnishing agent
introduced in the contained engine compartment behind the cabin area. Yet, items such as smart
structures are still in the early stages of design. This is due primarily to the highly experimental
status of such technologies, as applicable to GA. Following future developments in these areas, it
may be possible to integrate them into future advanced GA designs in a cost-effective and
practical manner.

By enhancing the overall s ifety attributes of GA aircraft, benefits additional to product Liability
will be realized. If GA w:ie to appear an even safer mode of transportation to the general public
(beyond its already exemplary record as compared to automobiles), then wider interest in the
industry could potentially be realized. This would expand the market and thereby truly allow for
not only a revitalization of the GA industry, but indeed would create a renaissance witiun the
industry (as is projected for AGATE). Admittedly, the initial production cost of this new brced
of crashworthy PFT would be higher than that of existing designs, and would also most likely be
higher for AGATE. However, the possible reductions in product liability problems may easily
counter this cost increase. The increased fuselage size of a crashworthy aircraft is also of concern
at first glance. However, a study conducted at ERAU proved that the increased fuselage size
would only affect aircraft weight and performance very modestly (about a 2 pound increase per
inch of lfuselagc width, and a maximum of 5-10 knot decrease in cruise speed versus existing
aircraft) .

4.6 The Recommended Platform

Of all the designs generated by the ADP, the twin boomr pusher configuration wac found to be
the most successful. Although there were benefits to the other configurations studied, this one
provided the best overall platform for integration of the technologie- studied. The ADP pusher
design has attributes which lend directly to the concept of crashworthy design. Therefore, this
configuration was applied to the AGATE design efforts. In maly GA crashes, the aircraft is



subjected to belly-in landings where the underside of the aircraft sustains extensive damage and
the props are destroyed. For fully or partially retractable gear designs (such as for AGATE), this
issae is of prime concern. The ducted fan pusher configuration permits higher protection of the
prop in such an impact scenario, in addition to the bencfits discussed previously. Also, the
possibility of a removable shock absorbing nose cone allows for easy replacement and/or removal
and repair in the event of a relatively minor crash. The pusher concept was the most adaptable to
the application of this and the other technologies discussed above.

S. Conclusion

This paper nas discussed the study of the design of the next gei. *-ation of general aviation
airceaft as conduc:-. rough the ERAU/NASA/USRA ADP and AGATE design efforts. The
various techrologies and configurations studied throughout the ADP, AGATE and LARSS
programs were discussed and recommendations were made regarding many of them. Certain
areas of examination have not yet been completed, as the AGATE program continues, and with it
further ERAU rescarch through programs such as LARSS. From the efforts conducted thus far, a
large database containing data on a mynad of GA technologics has been assembled at Embry-
Riddle. The database consists of information on engines, airfoils, crashworthy related
sechnologies and other items, as well as ERAU student and faculty reports, and «. .cmal reports
and articles. This database is offered as an item of interest for evaluation in the design of future
GA aircraft, particularly PFT and AGATE designs.
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Abstract

A screening evaluation is being conducted to determine the
performance of several glass fabric/vinyl ester ccmposite material
systems for use in primary General Aviation aircraft structures. In
efforts to revitalize the GA industry, the Integrated Design and
Manufacturing Work Package for General Aviation Airframe and
Propeller Structures is seeking to develop novel composite
materials and low-cost manufacturing methods for lighter, safer and
more affordable small aircraft. In support of this Work Package,
this study is generating material properties for several glass
fabric/rubber toughened vinyl ester composite systems and
investigates the effect of environment on property retention. All
laminates are made using the Seemann Composites Resin Infusion
Molding Process (SCRIMP), a potential manufacturing method for
the General Aviation industry.

L Background

Lighter, safer and more affordable aircraft structural concepts are needed to revitalize the
American General Aviation (GA) industry. Such goals are the focus of the Integrated
Design and Manufacturing Work Package for General Aviation Airframe and Propeller
Structures at NASA Langley Research Center (LaRC). As part of this Work Package, NASA
LaRC researchers are currently developing novel composite materials and low-cost
manufacturing methods to meet the specific needs of the GA industry.

In an effort to ultimately determine design guidelines for GA aircraft manufacturers, extensive
testing is underway to generate material properties for the glass fabric/vinyl ester (VE)
composites and to investigate the effect of humidity and temperature on these properties [1].
The primary glass fabric chosen for evaluation was an 8-harness satin composed of E-glass
fibers (Style 7781). This fabric is known to have superior drape, a critical measure of
manufacturability, but is more expensive than other glass fabrics and with a thickness of only
10 mils per ply, requires extensive layup time to build up to the designed laminate thickness.
The primary vinyl ester chosen for evaluation was the Novolac based Dow Derakane 470-.:
This resin has the highest glass transition temperature (Tg) of all available vinyl esters, and
therefore, will have the highest operating temperature capabilities, but its low faiiure strain
has generated concerns of possible reductions in fatigue life and adhesive properties, both key
to successful aircraft composites.

To address these concerns, a 10-week material property screening evaiuation of alternative

glass fabric/vinyl ester composites was conducted. The study was sponsored by the Langley
Aecrospace Research Summer Scholars (LARSS) Program.
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II.  Material Selection

Because the GA industry is primarily driven by cost, reductions in part lay-up time is crucial.
The high lay-up time associated with small ply thickness fabrics, like the woven yarns, is
avoided when using knit rovings. These fabrics contain multiple layers of fiber, oriented at
various angles and all knit together to form one ply. This feature allows for far more cost
efficient part lay-up. For this reason, it was thought that a comparison of the mechanical
properties of knit roving laminates with the existing data on woven yarns would be b~neficial
to the GA aircraft manufacturers. Table 1 summarizes some of the characteristics of the
glass fabrics considered.

Further, because the questions surrounding the performance of the Novolac based VE chosen
as the primary matrix resin were mainly raised due to its low failure strain, it was thought
that a comparison of the mechanical properties of rubber toughened VE laminates with the
existing Novolac based data would also be beneficial. Table 2 summarizes properties of the
Novolac based and rubber toughened vinyl esters availeble as laminating resins.

Worm Yorms i
*~10 oz./eq. yd. *12-72 ox./eq. yd.
*good drape characteristics *low fiber waviness
“exponsive *multiple leyers per ply
*small ply thicknees *low lay up time
Table 1: Comperisca of Candidate Glass Fabrics
Viayl Ester Type Te Failare Vis ~sity E Example
cn Straia (%) p (ESh
Rubber Toughened 200 10 400 440 Derakane 3084
Novolsc Based 280 273 350 500 Derakane 470

Table 2: Comparisen of Candidate Matrix Resias

In considering alternative materials to supplement the current data for the woven glass
yarn/Novolac based VE, it was decided that S different panels would be constructed using the
Seemann Composites Resin Infusion Molding Process (SCRIMP). This process has been the
focus of several studies of low-cost resin transfer forming [2,3,5,6]. Components of the five
panels are as follows (glass fabric/resin):

1) 8-Harness Satin (Style 7781)/Dow Derakane 8084

2) 16 oz. Biaxial Knit (Style C16)/Dow Derakane 8084
3 18 oz. Biaxial Knit (Style C18)/Dow Derakane 8084
4) 24 oz. Biaxial Knit (Style C24)/Dow Derakane 8084
5) 32 oz. Biaxial Knit (Style C32)/Dow Derakane 8084



II.Test Plan

The core questions to be answered in testing the five laminates follow:

Are rubber toughened vinyl esters suitable laminating resins for General
Aviation aircraft?

What is the effect of biaxial knit fabric weight on laminate properties?

How do glass biaxial knit/vinyl ester laminates compare to glass weave/vinyl
ester laminates?

Is the reduction in hot/wet data due to property degradation of resin? of fiber?
and/or of interface?

Table 3 summarizes the testing planned to deliver answers to the above questions.

Test Ceadition 7781/8084 ¢16/8084 ¢18/8084 c24/8084 ¢32/8084
Tension RTD 5 5 5 5 5
Teasion ETD 5 5 s 5 5
Tension RTW S s 5 5 5
Tension ETW 5 5 5 5 5

Compress. RTD s [ s 5 s
Compress. ETD 5 5 5 5 5
Compress. RTW 5 5 5 5 5
Compress. ETW b s 5 5 5
Condition RTD No Conditioning/Tested @70°F

Key: ETD No Conditioning/Tested @165°F

RTW Conditioned @ 120°F, 85%RH, 3 months/Tested @ 70°F
ETW __ Conditioned @ 120°F, 85%RH, 3 months/Tested @ 165°F
Test Tension ASTM D638
Key: Compression ASTM D695
Volume Fraction ASTM D2584
Transition Temp. DSC
Table 3: Test Matrix
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IV. Results to Date and Discussion

Due to time constraints, the samples (100 in all) that require 3 months of pre-test conditioning

have not been tested at this point. All testing should be concluded in the near future at
Boston University. The data for the 100 unconditioned test samples follows.

A)  Effect of Fabric:
i Tension Modulus
571
458
451 413
- 44 378
- 3.63
$ as 4 ' 3.41 nd
s 3 275 2.98
s : 243 2.6 (3 TesT @ 70°F
25 ¢ .
; \ . O TesT @ 105°F
; -~ Jraw 71% ~{re% 72% 79%
§ 15 4
11
05 ¢
. VEa37| | w368 | wikassl | wipaad Vi$66.5|
7781 c16 .8 c24 c32
FAB.. S/VLE

Fignre 1: RTD and ETD Tension Modulus

As seen in Figure 1, '~k regard to the knit laminates, tension modulus increased as the
fabric weizht increased, not necessarily as fiber volume fraction increased as one typically
expects 2f composites. This anomaly to the common trend is evident in the 17% higher
tension modufus of the 24 oz. fabric than of the 18 oz. fabric despite a slightly lower fiber
volure iractice. In general for the knit laminates and especially for the heavier ones, tension
moduii were higher than for the weave. This is consistent with the idea that uncrimped
(straizht) fibers result in higher composite tension moduli. Moduli retention at 165°F was
similar for all laminaies (71-79%).



ii) Tension Strength
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The trends of measured tension strength were similar to those of tension modulus as seen in

Figure 2: RTD and ETD Tension Strength

Figure 2. With regard to the knit laminates, tension strength increased as fabric weight
increased, not necessarily as fiber volume fraction increased. Similar findings for glass

fabric/rubber toughened vinyl ester laminates have been reported elsewhere [2]. The knits
were in general stronger than the weave. Again, this is attributed to the low crimp typically
associated with knit fabrics. Tension strength retention at 165°F was similar for all laminates
(67-75%). Because tension .ests are fiber dominated, reduced matrix performance at the
higher test temperature has minimal effect on tension properties. As will be seen following,

this is certainly not the case for matrix dominated performance such as compression.
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iii) Compression Strength
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Figure 3: RTD and ETD Compression Streagth

From Figure 3, it is seen that compression strength was 6% lower for the 18 oz. fabric than
for the 16 oz. fabric despite a measured 26% increase in fiber volume fraction. Compression
strength then increased for the two heavier knits. The lower than expected compression
strength of the 18 oz. fabric may be attributed to the higher than expected crimp of that
particular laminate. Initial visual observation of photomicrographs revealed more fiber
waviness for the 18 oz. fabric than for the other knits.

The compression strength retention at 165°F of the knit laminates is alarmingly low, as up to
51% of compression strength was lost at the higher test temperature. Since compression tests
are matrix dominated, this reduction of composite property is likely due to a reduction in the
bearing ability of the resin. The large reduction of strength at 165°F indicates that additional
matrix dominated testing (such as testing for bearing loads) should take place. Apparently,
the lower Tg (200°F) of the rubber toughened VE used in this study is hindering the
laminate's bearing ability at the higher test temperature when used in conjunction with the
knit fabrics. It is anticipated that the knit laminate retention would be higher for the Novolac
based VE chosen as the primary resin because of its high Tg.

The woven fabric laminate had a higher compression strength than all of the knit laminates.
This was unexpected as higher crimp is typically associated with woven fabrics than with knit
fabrics. Visual inspection of photomicrographs however, revealed lower than expected fiber
waviness for the 8-harness satin being studied. Still, the measured difference between the
weave and the knits is puzzling. It is obvious that parameters describing the form of the
reinforcing fiber (fiber diameter, tow diameter, tow weight, etc) significantly affect
compressive properties.



B) Effect of Resin

: O 7781/470-38
7% | 70% . 69% O 7781/8084

8 8 8§ 8 8 3

COMPRESSIVE STRENGTH (KSI)

Figure 4: Compression Strength Retention, Rubber Toughened vs. Novolac Based VE

As can be seen in Figure 4 from the ETD and RTD data, the rubber toughened VE laminate
had compression strength and retention similar to the Novolac based VE. Both laminates
contained Style 7781 woven yarn. The conditioned samples are yet to be tested, but the ETW
data point is anticipated to be the critical metric in determining the applicability of rubber
toughened vinyl esters for certified use in the GA industry.

V. Concluding Remarks

From testing completed to date, the rubber toughened vinyl ester, Dow Derakane 8084
compares favorably to the higher temperature Novolac based vinyl ester Dow Derakane 470.
The one exception to this statement occurs when the rubber toughened vinyl ester is
reinforced with a knit glass fabric, as the compressive strength retention at 165°F was much
lower than desired (only=50%).

It is apparent at this point in the screening evaluation that the rubber toughened VE may
provide sufficient mechanical properties for GA aircraft when reinforced with 8-harness satin
weave. Eventually, testing of fatigue life and adhesive properties should take place to
validate the idea that this performance will be improved with the rubber toughened VE versus
the Novolac based VE. Until the conditioned samples are tested later this year, no conclusion
can be made about the ultimate use of rubber toughened vinyl esters in the General Aviation
industry.
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VI. NASA LaRC Facilities Utilized

Mechanics of Materials Laboratory, Building 1205
sInstron Series 8500 Mechanical Test Machine
£56.2 kip Load Cell
sLinear Variable Displacement Transducer
w386 PC w/ Instron Flaps Software Controiler
sMeasurement Group System 4000 Data Acquisition Tower
sMachine Shop
sTeanyson Temperature/Humidity Chamber

Polymer Physics Laboratory, Building 1293
sSintech Mechanical Test Machine
sTest Oven, Thermocouple and Temperature Controlier
8486 PC w/ Test Works Software Controller and Data Acquisition

Light Alloy Metallography Laboratory, Building 1205
sPhotomicrograph Camera

Polymer Characterization Laboratory, Building 1293
sDuPont 9900 Digital Scanning Calorimeter

Model Shop, Building 1238B
sSeemann Composites Resin Infusion Molding Process (SCRIMP) [3]

NASA Technical Library
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Abstract

The high reliability required for Aeronautical components is a major reason for extensive
Nondestructive Testing and Evaluation. Here at Langley Research Center (LaRC), there
are highly trained and certified personal to conduct such testing to prevent hazards from
occurring in the workplace and on the research projects for the National Aeronautics and
Space Administration (NASA). The purpose of my studies was to develop a
communication source to educate others of the services and equipment offered here. This

was accomplished by creating documents that are accessible to all in the industry via the
Woarld Wide Web.



Introduction

Man has always been concerned with the quality and reliability of the things he fashions
upon his immediate senses as instruments by which to test these products.
Nondestructive evaluation (NDE) is a serious business. The health and lives of people are
at stake. Cracks in fuselages, combustion chambers of aircraft engines, steam pipes, wind
tunnel turbine blades are just some of the bigger obstacles that have surfaced as
potentially dangerous problems. Our space program suffered a serious setback with the
loss of the seven young men and women. Although the shuttle disaster appears to have
been caused by several factors, including weather, design, and failure to follow established
procedures, the investigation committee has also recommended that additional inspection
methods be instituted '

NDE involves use of various non-invasive measurement techniques to determine the
integnty of a structure, component, or material without destroying the usefulness of the
item. The field of nondestructive evaluation is more alive today than ever before Many of
the major technical societies, such as the American Society for Nondestructive Testing
(ASNT) and the Amencan Society for Testing and Materials, are deeply involved in
nondestructive evaluation and are leading the drive for better understanding through
universal standardization and information disbursement.

With the recent addition of a Power Macintosh 6100/60AV and a World Wide Web server
connection to the Models and Materials Technology Branch, it has given us the
opportunity to publish information about NDE. It provides the means to make selected
information (in the form of text, graphs, tables, and images) available to interested parties.
Duning last years Langley Aerospace Research Summers Scholarship program (LARSS), I
became familiar with the fundamentals of NDE With the adequate background,

equipment and some research, I was able to create information pages regarding NDE
General information about NDE services is now accessible to the whole world via the
Internet.

The Internet and the World Wide Web

The Internet is a network of networks You can use electronic mail to contact other
people on the Internet From your computer, you can logon to another computer, called a
remote computer. The remote computer may be thousands of miles away, and you can
run programs on it as if it were i the same room You can search libraries of information
around the world and transfer that information back to your own computer.

The World ¥V - Web (WWW) s a menu system. It gathers Internet resources from all
over the world into a series of menu pages, or screens that appear on your computer. The
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WWW is also a distributed system. A distributed system stores data of information on
many computers WWW servers maintain points or links to data that are spread out over
the entire Internet, and can go out and get that data when you ask for it

Hypemmedia is the foundation of the WWW. Media refers to the type of data you find on
the Internet. One can "click “ on a section and visit other hypermedia. Media can be
ASCH text, a PostScnpt file, an audio file, a graphic image, or any other sort of data that
can be stored in a computer file

A WWW browser like Mosaic, Netscape, or MacWeb allows you to “see and hear” the
information on the Intemet. A WWW browser uses data about links to accomplish this.
The data is stored on a WWW server. WWW browsers all function in much the same
manner. A WWW browser can link you to other Internet resources, not just text
documents, graphics, or sound files. As you choose an item or resource, or move from one
document to another, you may be jumping betvween computers on the Internet without
knowing it. The WWW browser handles all ihe connections seamlessly. *

For this project, 1 solely used Netscape 1.1 which is the main browser licensed to LaRC.
Netscape 1.1 is the “King” of all Web browsers at the moment Documents, images or
any sort of data are located by links and are displayed as pages. The objective of my
research was to learn how to write these “pages”.

You can write HTML (HyperText Markup Language) pages using any word processor of
text editor. (To publish pages on the Intemet, you need to submit your pages to a server
computer.) HTML uses embedded codes (tags) to designate graphical elements and links
These codes can be produced simply from your keyboard using angled brackets and the
slash character. For example, the tag <I> presents text in italic letters. An HTML source
file containing the expression <I>This stands out </I> is displayed on screen in italic.
Notice that the tag </I> is required to notate the end of the italic expression.

HTML consists of many such tags, including tags for big headlines, underlining, italics,
bold, titles, and paragraph breaks One feature you'll use is the H1 link Here's an
example HTML that creates a link for users to click on.

<A HREF="http //beginning larc nasa gov/tct32home/ndes/NDES html ">Non-
Destructive Evaluation Section TCT #32</A>

The part of the tag between quotation marks is the URL of the page that clicking on the
link brings. The text following the URL contains the highlighted text (Non-Destructive
Evaluation Section TCT #32) the user sees on screen The tag coding and brackets are also
a required part of the link The above URL is a link to our home page



To understand how a single page s kept distinct in a world of electronic pages, you ought
to recognize its URL, short for Uniform Resource Locator. Every page has a unique URL
just like every person has a umque palm print. A URL is text used for identifying and
addressing an item in a2 computer network. In short, a URL provides location information
and Netscape displays a URL in the location field. Most often you don't need to know a
page's URL because the locauon information is built into a highlighted link; Netscape
already has the URL available when you click on highlighted text, press an arrow button,
or select a menu item. But sometimes you won't have an automatic link and instead have
only the text of the URL (perhaps from a friend or a newspaper article).

Upon studying various “HTML Writing Guides” on Netscape, I was able to construct
pages for our section. All it takes is a lot of time and some basic programming knowledge.
The NDE Section Home Page is located at the previously mentioned URL address. The
information gathered to create the page came from our section head and my previous
LARSS experience. The following is a print out of the NDE Section home page on the
World Wide Web. It was printed out using Netscape 1.1.

IWon-Destructive Evaluation Sectivi

Under Construction.... Images coming soon!

OPERATION OVERVIEW

The Nondestructive Evaluation Section is charged with supporting the NDE requirements for all of
NASA/Langley's operations. To accomplish this task various inspection techniques are employed to test the
integrity of research facilities and equipment, materials, space tlight projects and ground support equipmeat.

LOCATION

The NDE Section is part ot the Models and Materials Technology Branch of the Fabrication Division, Internal
Operations Group. The Section is located in Building 1296 (8 East Reid Street). The Phone number is
(804)864-4110 and the fax number (804)864-3854.

e Management:

o S _TION HEAD: HUGHES. JOHN T, II[
o FaCILITY COORDINATOR: BENNETT, RICHARD W



HISTORY

The NDE Secuon was established in e zarly (960's and dunne this ume has gathered both the equipment ind
SXDENENCE NECESSArY 10 DRIDIm INspeCuons ant consuilauons tor & vanety of appizcaums The Secuon
currently consisss of a statf of cleven engineenny ecnnians with an engineenng weamcian Head. Euch
technician has beea truned and cerwicd in mmwmm with The Amencan Society for Non-Destrucuve Tesung
and 15 re-Cerutied 48 neCessary 1o munLun proper credenuals,

Many inspection problems have been approached and solved by the NDE secuon. ufording the opportunity 10
establish an extensive list ot NDE accompiisaments, capabiiities and services. This listis aot compiete, but
provides an overview of the services and capaotiities the Section has provided in the past

SERVICES AND CAPABILITIES

UNDER CONSTRUCTION

I ERONEDPEE

TCT Operator 332 . LT.Hall®LoRC - 95




The underline text are highlighted links which take you automaticaily to another rage
when selected. There are images in the different “Services and Capabilities™ categories.
The pictures were provided by taking captured images off of a camcorder and
downloading them into files using “Video Monitor for the Macintosh™ software. These
files are viewed as images when a page is loaded by the Web browser.

HTML Text Sample

The following is a sample of the ITTAL codes used to create the top half of tbe flome
Page. Starting with the “Title” section up to the end of the “Management” section.

NOES.htmt . !
<titlex¥ASA LaRC MZES licwe Fage</TITLES<center>

<ranters<table border=6><tr align=center><td align-center>dl1>Non-Destructive
Baluation Sectrion</Hls</a></td~/tr=/tables</centers<br><i2>Under Constructic
Imeges caming som!</IR2></center>

<hr>~H13>0OFERATICN OVERVIB: /13>

<P align=left><PODY-*he Norddestructive Evaluation Section is charged with
syprrting the NEF remirements for all of MASA/Langley's operations. To acomgp
~ this task various inspection tecimiques are enployed to test the integrity nf
tesearch facilities and emigment, materials, space flight projects and ground
siyport equipment . </BOOY<BR>

I 13LOCATION< /1B~

Iy~

‘M= tRF S&ction is part of the thiels ard thterials Teclywlogy Branch of the
Fabrirnation Division, Intermal tperations Gromp. 1MMe Section is lorated in il
1206 (R Fast Peid Street). 'lhe Flrnme rwmber is (804)864-4110 and the fax mmber
R{)RAA1-9854 <« /PO~ PR~<lR>

b~ lis<h3Managenent :2</h3> <ul> «<1isSACTIAN HEAD:  <a href="http://

Py . larc.nas.a.gov/ogi-bin/tdnis.plTenp=3032AE">H)ZES, JOM T, IlIc</a><BR><LI>
FACILITY COORDIMAIOR: -a href="http://pory . larc.nasa.gov/cgi-bin/whois.pl Yenp=
JO92AX">BFINEIT, PICHARD We/asbrx</ul:</ul>p>
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As you can see from the code saniple, the HTML language is really just written in plain
English with a few tags to identify the different characteristics and format of texts. Once
HTML is understood, there are many advanced features available. From ycur basic
background colors to large fancy borders and tables. A good beginner’s guide to writing
HTML documents can be reviewed in the World Wide Web by accessing the following
URL: http://www ncsa uiuc edu:80/demoweb/html-pnmer html

Results

Nondestructive testing is a serious business and will always have a place in the world of
progress and technology NASA has set the standards and corntributed greatly to the
industry. With the information now available to all at the touch of a computer, it eases
technology transfer as well as gets the most bang for the buck out of the taxpayers funds.

Although the primary objective of my project was to make the NDE Section Services
available on the web, I also constructed the Polymer Technology Section(PTS) Home
Page. This proved a little more difficuli due to my insufficient knowledge of PTS
background and the short length of the intern. This page may be viewed at the following
URL.: http://beginning larc nasa gov/tct32home/PTS/PTS html

References

1. John Wiley & Sons, Inc 1987 Introduction to Nondestructive Testing; A Training
Guide Austin, TX p 5.

2 Gretchen L. Gottlich. May 31, 1995 WWW Reference Sheet Netscape Document;
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Abstract

To produce a multimedia CD-ROM for the Technology Applications Group which would
present the Technology Opportunity Showcase (TOPS) exhibits and Small Business Innovative
Research (SBIR) projects to interested companies. The CD-ROM format is being used and
developed especially for those companies who do not have Internet access, and cannot directly
visit Langley through the World Wide Web. The CD-ROM will include text, pictures, sound,
and movies. The information for the CD-ROM will be stored in a database from which the users
can query and browse the information, and future CD’s can be maintained and updated.



The Project

The Technology Applications Group needed a way to transfer technological ideas to the private
sector companies. A great way to transfer this technology is reaching millions of people through
the Intemet. However, another huge section of society does not have Intemet access, and those
are the people and the companies that we hope to target with this and future CD-ROM’s.

The CD-ROM team consists of Myrna ‘Sya’ Rivera, a senior at Christopher Newport
University majoring in Computer Information Science, Dr. Joshua Anyiwo, Associate Professor
of Physics and Computer Science at Christopher Newport University, and myself, a recent
graduate of Christopher Newport University with a degree in Computer Information Science.
Sya and Dr. Anyiwo started work early, and at the end of a previous job, I joined them on the
June 5th beginning of the 1995 LARSS program. Stuart Pendleton, our mentor, knew that this
would be a very interesting, yet time-consuming project and suggested that they begin as soon as
possible. There was a huge learning curve that was associated with this multimedia project .
None of us ;ad experience in multimedia, but Sya and I had "~vorked together before in a team
environment developing World Wide Web (WWW) pages for our senior project at CNU under
direction of Dr. Anyiwo. This gave us a general knowledge of graphical user interfa.ce (GUI)
development and the structure of information and idezs.

In the beginning, the team had considered developing the CD-ROM i.i the Hyper Text Markup
Language which is used for development of World Wide Web pages on the Intemmet. However,
due to limitations in time and the ability to acquire distribution rights of the WWW browser, the
group decided to use a relational database format.

The purpose of producing the CD-ROM is to inform the different organizations of the TOPS
exhibits and the SBIR projects at NASA. The CD-ROM will allow companies that cannot afford
Internet capabilities or to send representatives to the TOPS exhibits, the opportunity to obtain
the information available. The CD will also allow small businesses to quickly access information
on TOPS or SBIR projects and determine if they could use the teciuology, o would like to
participate in the development of a new technology. The primary function of the CD-ROM is to
distribute information.

The TOPS portion will be composed of approximately 100 one pagers from the 1995 exhibit.
The purpose of TOPS is to identify new multi-use technology opportunities and develop new
partnerships with U.S. industry for commercialization of this technclogy. The purpose of SBIR
is to seek innovative concepts that meet NASA n ‘ssion needs, as well as have the potential for
commercial applications.
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The Design

Maintainability

The design of the CD-ROM is modular, meaning that maintaining and updating the CD w:ll only
require updating the necessary information contained in the database, such as video, audi», text
and mcvies.

Usability
The GUI format of the CD will require that the users ‘click’ on the desired information or enter a
keyword for topical searches of the TOPS technologies..

Reusability
Storing the CD information will keep future developers from having to start from scratch.
Inputting the new information is all that will required.

Extendibility
Changes to the CD can be made through changes to the database and how the information can
translated into Hyper Text Markup Language (HTML) for future LAP.SS students.

LaRC Equipment and facilities

Software

Software used included Microsoft Power Point for graphics and presentation formats, Microsoft
Excel for a few spreadsheet documents, Microsoft Word for lots of word processing. We also
used Claris Impact and Color-It to produce the screen layouts including the clip art, gradient
backgrounds and a variety of colored screens. Adobe Photoshop was used for scanning images
and enhancing the images quality of color, brightness, etc. Adobe Premiere was used for editing
the video and audio | ‘rtions of movies and remaking the movies with the changes. Fusion
Recorder was used to gather video clips from a VCR using an audio/video capture board. Movie
Shop was used to process the Premiere movies and apply compression algorithms for play back
off of a double speed CD-ROM drive. Netscape, a WWW browser was used to gather
information. Fetch, a FTP software package was used to download needed files. Microsoft
FoxPro was used to assemble all of the data sources in one program for case of use and browsing.

Hardware

The team used huge amounts of hardware and computing power. The three of us each used a
Power Macintosh. 1had a 21" monitor that was absolutely fabulous. I also had an 540 Mb
internal hard diive, as well as a 1 Gb external hard drive. This amount of space was essential
since some of the movie files that were created exceed 350 Mb a piece. Some of the other
equipment consisted of a ScanMaker II scanner, a Pinnacle CD-ROM writer, and a VCR.



Facilities
For the most part, we used the equipment in our office, and got information and files of the
network and file servers. We did request some infonnation and images from Graphics, as well as

the Video Production Lab.

Conclusion

We hope to have the CD finished by the end of this week, or the very beginning of next week.
We will probably present the CD to the Tecknology Applicatior:s Group on Monday, August
14th. We have learned a lot, and made long strid=s of progress. I have learned a great deal, and
value the experience that [ have gained.
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Abstract:

The aim of this project is to develop and implement a sniffer that is capable of measuring
the mass flow rate of air through a small area of pinholes whose diameters are on the magnitude
of thousaruths of an inch. The sniffer is used to scan a strip of a leading edge panel, which is
being used in a hybrid laminar flow control experimen., in order to survey the variations in the
amount of air that passes through the porous surface at different locations. Spanwise scans are
taken at different chord locations by increasing the pressure in a control volume that is connected
to the sniffer head, and recording the drop in pressure as the air is allowed to flow through the
tiny holes. This information is used to obtain the mass flow through the structure. More
importantly, the deviations from the mean flow rate are found and used to determine whether
there are any significant variations in the flow rate from one area to the next. The preliminary
results show little deviation in the spanwise direction. These results are important when dealing
with the locaticn and amount of suction that will be applied to the leading edge in the active
laminar flow control experiment.



All information presented mn this report 1s owned by _adustry and therefore no specific numerical
results can be presented.

Introduction/ Backeround Infermation:
The intended application of this smiffer 15 10 examine the vanations in the flow rate

through the tiny holes on the leading edge panel of a wing that is being used i a hybnd laminar
flow control experiment. In hybrid laminar flow control. suction is applied to the leading edge.
Thousands of minuscule electron-beam-dnilled holes in the titanium skin of the leading edge act
like tiny vacuum cleaners sucking away the turbulent air closest to the surtace to create laminar
tflow. The size of the pinholes and the amount of suction applied through them are the keyvs to
the success of the laminar flow control system. The location of the suction 1s also important and
can be applied at differen: flutes. The flutes are the passage ways for the air to move through the
structure. Each flute is one inch wide and contaims thousands of holes.

Since the hoies are dnlled using a laser it 1s probable that there is some variation in the
diameters of the holes and 1t is also possible that some holes may not be drilled all the way
through to the flutes due to fluctuations i power. There is also the possibility that some holes
may be clogged. Therefore, the suciion that is thought to be applied may not be the actual suction
that 1s taking place. This snifter 13 able to determine the actual flow through diffcrent areas of
each flute.

Leading Eoge

Porous titanum skin

ecoo Air flows through flutes
600 0l .
e i the structure '

Figure |




Figure 2 shows a schematic of the experimental setup. This setup is being used to survey
a leading edge panel that was tested in the hybrid laminar flow control experiment that is
currently taking place in the 8 11 Transonic Pressire Tunnel. The release valve is shut while air is
allowed to flow through the fill valve until the pressure in the control volume has reached S psi.
At this time, the till valve is shut and the sniffer head is placed over the appropriate section of
the leading edge. The release valve is then opened and the pressure drop is recorded. The pressure
in the control volume 1s measured using a pressure tap and a digital pressure indicator. The
analog voliage signal sent out by the pressure indicator passes through an analog-digital converter
and the digital voltage 1s then read by the Macintosh computer and converted to psi. All data
acquisition and analysis programs for this project were written using LabVIEW.

Air

Fill Valv

Pressure Tap  Digital Pressure Indicator
ps

DOERVLIICLRRIDE

ApCas)

A-D Converter

Control Volum

g L &

Ma{:mtmmﬁr

Sniffer Head
Porous Leading Edge

Figure 2

This procedure is repeated as the sniffer 1s moved along the flute that is being surveved.
The sniffer head was designed and consiructed t¢ cover an area of | inch x 1/8 inch in order to
cover the width of a flute and only a small area in the spanwise direction. Each scan covers a
distance of 2.0625 inches along a flute. The pressure drop of 32 areas is recorded by moving the
sniffer by 1716 inch each tume. allowing for an overlap of 1/16 inch for each move. Once a scan is
complew the derivative of the pressure versus time curve is computed for each location. This
gives the corresponding mass flow at every pressure difference for each area From here. the
deviation in the flow rate at each area from the mean flow rate of the entire scanned area can be
obtained for a single pressure difference.

Prior to surveving the actual leading edge of interest. experiments were done on a sample
of the perforated titanium skin. [t s evident by simple exanunation of this sample that several
holes were not dnilled completely through the surface. This gives reason o believe that the skin
an the panel alse has several holes that do not completely puncture the surface, All software was
developed and tested on this sample before being used on the actual panel.




pressure

REPEATABILITY CHECK

time

Figur. 3
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DEVIATION FROM THE MEAN FLOW RATE
scan taken on flute B
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COMPARING THE DEVIATIONS OF FLUTES A AND B
OVER THE SAME SPANWISE SECTION
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As stated earlier, specific numerical results cannot be given in this report. The presented
results show a sample of data that has been acquired and used to examine the flow rate through
the surface. Figure 3 shows the repeatability of the setup for acquiring the pressure drop for
seve-al surveys at the same location on the surface. Once the setup was found to be repeatable at
the same location, the spanwise scans were taken and a set of the results can be seen i.1 figures 4-
6. Figures 4 and 5 show plots of the deviation from the mean flow rate across flutes A and B. In
figure 4 it can be seen that the maximum deviation is 3% and in figure S the maximum deviation is
4%. The deviation was expected to be much greater than this. The average deviation from the
mean is 1% for each flute. The mean flow rate through flute A was found to be approximately
9% percent greater than the flow rate through flute B. The section of the skin at flute A is known
to have more perforations, so this was expected. Figure 6 shows the deviation from the mean of
both flutes at the same spanwise location. This was done to check for any trends in the
deviations that may run in the direction in which the holes were drilled. From this plot there
doesn't appear to be any relationship between the slight variations in flow and the spanwise
location.

Conclusion:

The sniffer developed in this project is able to record the pressure drop as air flows
through the perforated titanium skin. The programs that were developed can then use this
information to calculate the mass flow and the deviations from the mean flow rate. These resuits
can then be used to examine any variations in the flow rate at different locations on the leading
edge panel. The sections that have been tested with this sniffer have not produced the results that
were expected. It was expected that deviations up to 100% would occur, but to this point no
significant deviations have been found in the results. There was also some speculation that a
relationship might occur between the spanwise location and the variation. No .1end has been
found by the sniffer to indicate that this is true.
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Data Analysis
Eric Mejidrich

1.0 Abstract

Recently the Low Visibility Landing and Surface Operations (LVLASO) project
team of the Systems Integration Branch at the NASA Langley Research Center com-
pleted 2 flight demonstration of TAP / ASTA concepts at the Adantic City airport.
This paper is concerned with the analysis of the aircrait data that was recorded by
the test vehicle during the duration of the flight demonstrations.

2.0 Introduction

The Airport Surface Traffic Automation (ASTA) program was started by the Federal Avi-
ation Adminisiration to increase the capacity of todays airports while maintaning high lev-
eis of safety. The NASA Terminal Area Productivity (TAP) program is concerned with
the possibiliiies of clear weather capacities in Instrument Flight Rule (IFR) cenditions.
The test demonstration at the Atlantic City airport illustrated many aspects of the TAP
and ASTA programs.

During a test, data was recorded by the test aircraft itself, and by NORDEN on the ground.
This data consisted of positions, velocity. time, altitude, and a host of other variables.

3.0 Objective

This analysis is concemed with two main questions.
1. What was the accuracy of the various GPS and radar data that was recorded ?

In all cases the “true” position of the aircraft is the post processed GPS which is accurate
to within three centimeters of the actual position. ASDE-3 radar. Raw GPS, and Differ-
ential GPS are all compared to the post processed GPS to determine their accuracy.

2. What was the availability of the data link that was used to transmit data to the
test aircraft from the ground station ?

Wher: looking at the ARINC message data, one finds that there are ‘gaps’ in the data
stream where there is no data. These ‘gaps’ represent the time when the aircraft did not
receive ASDE-3 radar data. By looking at these gaps, one can find the percentage of time
that the radar data was not available.



4.0 Procedure

To analyze the GPS data, the collected data is first extracted from a file that contains all of
the vanables that were recorded by the test aircraft during the test. Then the latitude and
longitude position data for the DGPS, and the Raw GPS are converted into an X,y position
in a local plane coordinate system with the NGS Monument used as the reference position.
Once the data is in the local plane coordinate system, plots are made. Next the error in the
DGPS and Raw GPS -osition are calculated using the post processed GPS as a reference.
The error is just the linear distance away from the post processed GPS at a given time.

Analysis of the radar data is a bit more complicated, as there is a time delay from when the
radar echo was seen on the ground, to when the radar echo was received in the plane. The
reason is that the radar uses a rho, theta coordinate system which must be converted to a
local pla~ =z x,y coordinate system, which is then converted to a lat, lon. Then the data is
transna’« , to the plane on a wireless RF link. Once the data is received by the plane, itis
converted back into a local plane coordinate system. So we have to make sure one knows
what question they are asking when doing the analysis. If an error analysis is done using
the positions based on a matching timestamp, then all of this delay is going into the error
measurement. To do a srictly positional error analysis the time must be disregarde.

To do this, a Matlab(tm) routine was written to take a radar point, and the nearest 20
points in time, and compute the distance between them. The smallest distance must be the
error that one desires to find. In the simple drawing below, the line represents the post
processed track, and the small circles are the radar returns. D1 would represent the error,
when comparing positions using timestamps. The strictly positional error would be D2.
This kind of measurement is what is recorded in the table Position Sensor Accuracy.

O

O\

D1

D2
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To analyze the ‘gaps’ in the data, the file that contains the saved ARINC messages is
manipulated into an ASCI] format. Then the test aircraft’s timestamps are extracted from
the file for examination. ‘Double’ entries are removed, and analysis of the timestamps can
occur.

Gaps in the timestamps were counted using a simple C program that lets the user specify
the gap width to ignore, and the file to parse. If a user specified a gap width of two, gaps
such as 15:08:25 - 15:08:27, and of course 15:05:12 - 15:05:13 are ignored. The program
then parsed the time stamp file counting the time that elapsed in the gaps.

5.0 Data

The data used in this analysis was collected from the June 27th, 28th, and 29th demo
flights of the test aircraft at the Atlantic City airport. The data is sampled at 20 times per
second. For the purpose of this analysis, one took one sample of the 20 Hz data per sec-
ond to match the post processed data which is one sample per second. Most of the test
flight intervals were between 20 and 30 minutes long. The run number and the start and
stop times are listed in the next table.

TABLE 1. Start and Stop Times
Demo Start Stop
Label Time Time
June 27#1  14:40:42 15:07:20
June 27842 1S:1S5:11 15:32:19
June 27#3  15:35:50  15:49:27
June 27#4  18:20:17 18:33:44
June 2745  19:05:52 19:14:43
June 27#6  19:33:19 19:46:30
Iune 27#7  19:52:17 20:05:21
June 28#1 14:28:36 14:44:44
June 28#2 18:4]1:44 18:55:00
June 28#3  19:52:3] 20:06:33
June 28#4  20:07:28  20:18:30
June 29#1  15:08:26 15:18:40
June 29#2 16:08:30  16:19:30
June 2943 16:43:00 16:51:00

The radar data came from two srurces. The ARINC messages file contains the radar data
that was received by the plane over the RF data link from the ground station. The ground
station (NORDEN) also kept a file of the radar data that was uplinked from the ground sta-
tion. By looking at was sent, versus what was received gives one another view on the
radar data availability.



The Norden radar data was in a hexadecimal format that must be manipulated to extract
the data that one wants to look at, particularily the target positions. Once the target posi-
tions are extracted, they are sorted based on the identification number of the target.

Also, the June 27th radar data was off by a constant rho,theta factor which turned out to be
approximately negative forty feet, and one one hundreth of a radian.

6.0 Results

The table entitled Position Sensor Accuracy, on the next page, shows the error in the
DGPS, Raw GPS., and the ASDE data as received by the test aircraft, compared to the post
processed GPS. The position plots are shown after this table, as is a plot showing the
Atlantic City airport itself.

The Norden Ground Tracks plot and TSRV Ground Tracks plot show the radar data in a
three dimensional perspective. The Norden Ground Tracks plot is a plot of the targets that
were seen by the radar ground station. The TSRV Ground Tracks plot is a plot of the same
radar data after it was uplinked to the plane on the RF data link. The z axis is time, and
the x, and y axis are x and y position of the target. Also the targets are projected down
onto the x, y plane. These plots show the gaps in the radar data vividly. Look at the long
red target on the Norden Ground Tracks plot, and compare it to the same target on the
TSRV Ground Tracks plot. Notice the breaks in the TSRV plot’s target. These are gaps in
the radar data.

The three dimensional availability charts that follow represent the percentage of time that
radar data was NOT available.

Example: For an ignored gap of two on the June 27-1 test - gaps in the data of 1
(i.e. 15:08:25 - 15:08:26, and 2 (i.e. 15:08:25 - 15:08:27) are ignored - the radar data
was unavailable for approximately 45% of the time,

There are three separate charts for June 27th, 28th, and 29th respectively.

The Maximum and Minimum Nonavailability chart shows the maximum and minimum
percentage for each gap count in the data.

The Nonavailab.lity chart shows for ignored gaps of one, two, and three, the percent of
time that radar data was NOT available.

Example: For the June 27-1 test with an ignored gap of three, the radar data is
available approximately 77% of the time.
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Norden Ground Tracks June 28 20:07z
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TSRV Ground Tracks June 28 20:07z
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TSRV Ground Tracks June 28 20:07z
'2000 T =T T -y - 2 —

-2500 . , .
-3000} Y f‘ix -

T

'

w

[34]

Q

(=]
T
1

A

n

8
T

Q
T

- 50 i P j L
& -6%00 -5000 -4000 -3000 -2090 -1000 0 1000 2000

501



4260043
Ownship
4260043
Ownship
+£LDUUSD
Qwnship
4260043
Oownship
3260043
Ownship
4260043
Ownship
4260043
Ownship
1260041
Oownship
4260043
Ownship
4260043
Oownship
4260043
Ownship
4260043
Ownship
4260043
Oownship
4260043
ownship
4260043
ownsh:p
4260043
Ownship
4260043
Ownship
4260043
Ownship
4260043
ownshin
ownst
Ownship
Ownship
4260043
Ownship
4260743
Ownship
4260043
Ownship
426004:
Owneaip
47¢9.43

16:
16:
16:
16:
140 .
16:
16:
i6:
16"
lo:
16:
16:
16:
16:
16
16:
16:
16-
16:
16:
16:

16
16

16:

1

-

16:

Y
4

16:

16
16

l6:
134
34:
34
34:
:30

16

16:
16:
16:
16
16:
16:
16:
16:
16:
16:
16:
16:

16

16.
6
16:
16:
16:

34:
113
34
34:

34

L

34
:16
34:
34:
;.8
34:
34:
34:
34:
34 :
34:
34:
34:
14
34
34:
134
-3
kY-
234
34:
: 34
34:
:34:
134
34:
129

34

34

34

34:
132
133
: 33

34
34
34

34
: 35

kDY

34
34:
:34:
34:
: 38
:38
138
140

34
34
34
34

13

14
14

- a0

16

i6
18

19
19
19
19
21
21
22
22
22
22
24
24

124

24
25
25
27
27
27
27
29

30
30
30

32

35

35

36
38

39.
.45155829
39.
39.

39

<7

38

39.

39
39
39

39.

39

39.
39.
39.
39.
39.
39.
39.
36.
39.
39.

39

39.
.46332380

39

39

39.
39.
39.
39.
39.
39.
39.
39.
.46354944
39.
39.
39.
.45155829
39.
39.
39.
39.
39.
39.
39.
39.
39.
.45155829
39.

39

39

APPENDIX B

46279507

46287159
45155829
LRV IS L U P
45153829
46297855
45155829
16303571
+5155829
16308340
45155829
46310344
45155829
46314359
45155829
46317561
45155826
16320762
45155829
46326060
45155829
46327803
45155829

45155829
46336445
45155829
46338163
45155829
46344676
45155829
46349596
45155829

45155829
46359847
45155829

45155829
45155829
46374801
45155829
46377407
45155829
46382311
45155829
46382730

46378966

-74.
.568328941
-74.
-74.

I VL LAV V)

-74

-74

-74.
-74.
-74.
-7+
-74.
.56832894.
-74.
-74.
-74.
-74.

-74

-74

-74
-74

-74

-74.
-74.
.590674089

-74

~74.
-74.
-74.
.568528941
-74.

-74

-74
-74

-74

-74

590999056

591031997
568328941

568328941
591035433
368328941
591043228
368328942
591009282

590947172
568328941
560939628
568328941

.590930240
~74.
-74.
-74.
-74.
-74.
-75.
-74.
.590805098
.568328941
-74.
-74.
-74.
-74.
-74.
.568328941

568328941
590916578
568328941
590879949
568328941
590868717
568328941

590754556
568328941
590739552
568328941
590741480

590707282
568328941

568328941
590611560
568328941

568328941

.568328941
.590443503
-74.
.590412406
-74.
.590345351
-74.
-74.
-74.
-74.

568328941
568328941

568328941
590264214
568328941
590179138



7.0 Conclusion

As one can see from the error table, the radar data was the least accurate of the three posi-
tions compared with the post processed GPS. However, if the few points that are skewing
the mean value in the radar data are ignored, the ASDE Ave becomes closer to the Min.
The raw GPS falls in with an overall average of approximately 2.79 feet, which is only a
little more than the DGPS. The DGPS has the least overall error with an average of
approximately 1.8 feet. This is excellent when one considers that the test aircraft was per-
haps 75 feet across. When differential corrections fail, the position of the test aircraft will
only be as accurate as the Raw GPS.

Concerning the radar data availability data, at first all the gaps in the data were counted,
and the percentage of the total time that the radar data ws unavailable was between 75
and 85%. This seemed like a large amount, and it was decided that a closer look at the
data was in order.

A large percentage of the gaps in the radar data were two second gaps (i.e. 15:08:25 -
15:08:27). In the target data for the test aircraft, sometimes two positions were sent in the
same second - two different packets are stamped with the same time, but contain different
ownship (test aircraft) pusitions. An example of this is shown after the plots. It is possible
that the two packets witl: the same timestamp cause the majority of the two second gaps in
the data.

Example: 15:08:09
15:08:10
15:08:10 --> Should be counted as 15:08:11 and two second gap ignored.
15:08:12, etc.

When the two second gaps that are paired with a double timestamp are ignored, the avail-
ability of the radar data jumps to between 55 and 60%.

So basically this comes down to how one wants to define availability. If one ignores all
gaps in the data that are 19 seconds or less, the radar data was available 100 percent of the
time. On the other hand if one does not ignore any gaps in the data (even th * two second
gaps), the the radar data was available only 18% of the time.

It was later discovered, that while the GPS receiver is operating in DGPS mode, there is
no Raw GPS data. The DGPS is mirrored to the Raw GPS, and this is why DGPS, and
Raw GPS are so close in the error table. In this case the Raw GPS numbers really have no
meaning.
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Abstract

The objective of the s’ ady was a continuation of the “technology push” activites
that the Technology Transfer Team conducts at this time. It was my responsibility to
research current technologies at Langley Research Center and find a commercial market for
the~= technologies in the private industry. After locating a market for the technologies, a
mailing package was put together which informed the companies of the benefits of NASA
Langley's technologies. The mailing package included articles written about the
technology, patent material, abstracts from technical papers, and one-pagers which were
used at the Technology Opportunities Showcase (TOPS) exhibitions. The companies
were encouraged to consult key team members for further information on the
technologies.



INTRODUCTION/ BACKGROUND INFORMATION

Since the signing of the Space Act in 1958, the technologies of NASA have proven
to contribute to the economic security of the United States. As a part of this legislation,,
partnerships between the private sector and NASA have been strongly encouraged.
NASA should no longer be solely considered a space center. It's responsibilities have
branched out to the private industry, and technology transfer has become a key function
at each NASA center.

In addition to its existing partnership with the aerospace industry, NASA Langley
proactively seeks non-aerospace partners for R&D collaborations where such
collaborations offer significant synergy or benefits from sharing technology.
Arrangements will be emphasized with industries which can benefit significantly
from introduction of NASA technology for new products, improved products or
increased efficiency.

(Agenda for Change, p.7)

This important marketing responsibility is held by LaRC's Technology
Apllications Group, part of which is the Technology Transfer Team (TTT). The
Transfer Team is divided into four specialized sections: Medical/Sensors/Instrumentation/
Environment/Energy, Information/Communication, Transportation,
Materials/Manufacturing. It is a primary objective of the TTT to "encourage broader
utilization of NASA Langley-developed technologies in the American industrial
community." (The Technology Transfer Process, p.1)

SUMMARY OF RESEARCH

The key purpose of my particular project was to solicit interest in the current
technologies which have failed to be utilized or licensed by the private industry. Requests
were made to several transfer members to submit a list of technologies which they
believed would be beneficial to a commerciai market. Two technologies were chosen from
the list submitted based on benefits to the commercial market and the existence of a
market for the technology. The technologies which were selected were the Blind-Anchor-
Nut-Installation-Fixture (BANIF) and Panel Analysis and Sizing Code (PASCO)
software.

DESCRIPTION OF TECHNOLOGIES

BLIND-ANCHOR-NUT-INSTALLATION-FIXTURE is "an invention which
enables a user to install an anchor nut on the blind side of a component. The potential
commercial uses include boat repair, maintenance and repair of transportation sysiems,
and automotive bodywork" (TOPS one-pager, "Blind Fastening Technique")
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PANEL ANALYSIS and SIZING CODE provides a graphical interface which
simplifies the specification of panel geometry and reduces user input errors. The user
draws the initial structural geometry, then uses a combination of graphic and text inputs
to refine the structural geometry. The potential commercial use corrugated cardboard
boxes. (Abstract, "User's manual for MacPASCO")

APFROACH

After the selection of the technologies, research into each technology began. The
team members which specialized in each particular technology aided in my research.
Publications by the researchers, one-pagers from the Technology Opportunities
Showcase (TOPS) exhibitions, and abstracts from NASA technical papers were obtained
through the use of the World Wide Web. Other materials were also acquired from by the
Technology Transfer Team members. The reading materials were collected and organized
for 2 mailing package so that the selected marke* could be informed of the benefits of
NASA Langley's technology.

Following the compilation of the mailing material, a specific target market was
determined. A discussion with several of the TTT members was held so that an optimal
market was chosen. The particular markets were selected because they appeared to be
able to receive the most benefits from the technology, would use technology the most
resourcefully, and would generate the most funds. The markets which were chosen were
as follows: Blind Fastener--Tool Companies, and "PASCO" software-- Corrugated
Cardboard Box Companies

With the aid of the librarians at the Technical Library who searched on an
extensive database, the addresses of companies which fit into each particular category
were gathered. The listings included companies from around the country, examples being
Snap-on Incorporated and

Black & Decker. A cover letter was included with each mailing package to the
companies. They were requested to review all the materials included and contact a
specific TTT member if interested in further information regarding the technology, or
interested in licensing the technology. At this time responses are being awaited.
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ABSTRACT

This report contains information about the tasks I have compieted and the valuable
experience I have gained at NASA. The report is divided into two different sections
followed by a program summary sheet. The first section describes the two reports [ have
completed for the Office of Mission Assurance (OMA). 1 describe the approach and the
resources and facilities used to complete each report. The second section describes my
experience working in the Receipt Inspection/Quality Assurance Lab (RI/QA).

The first report described is a Product Assurance Plan for the Gas Permeable
Polymer Materials (GPPM) mission. The purpose of the Product Assurance Plan is to
define the various requirements which are to be met through completion of the GPPM
mission. The GPPM experiment is a space payload which will be flown in the shuttie’s
SPACEHAB module. The experiment will use microgravity to enable production of
comple: polymeric gas permeable materials.

The second report described in the first section is a Fracture Analysis for the Mir
Environmental Effects Payload (MEEP). The Fracture Analysis report is a summary of
the fracture control classifications for all structural elements of the MEEP. The MEEP
hardware consists of four experimen* carriers, each of which contains an experiment
container holding a passive experiment. The MEEP hardware will be attached to the
cargo bay of the space shuttle. It will be transferred by Extravehicular Activity and
mounted on the Mir space station.

The second section of this report describes my experiences in the RVQA lab. 1
listed the different equipment I used at the 1ab and their functions. I described the
extensive inspection process that must be completed for spaceflight hardware. Included,
at the end of this s ction, are pictures of most of the equipment used in the lab.

There is a summary sheet located at the end of this report. It briefly describes the
valuable experience I have gained at NASA this summer and what I will be able to take
with me as I return to college. 1 briefly discuss the experiences I mentioned in the
previous three paragraphs along with training classes I attended and courses I completed
at the Learning Lab.



OFFICE OF MISSION ASSURANCE (OMA)

Product Assurance Plan

My first project consisted of preparing a Product Assurance (PA) Plan for the Gas
Permeable Polymer Materials (GPPM) mission. The purpose of the Product Assurance
Plan is to define the requirements for configuration management, reliability, quality
assurance, parts, materials, processes, and system safety which are applicable for design,
procurement, fabrication, assembly/disassembly, and test operations for Langley Research
Center deliverables through completion of the GPPM mission.

The purpose of the GPPM experiment is to use microgravity to enable production
of complex polymeric gas permeable materials. This experiment will be put aboard the
SPACEHAB module which is integrated into the Orbiter cargo bay. SPACEHAB
provides a shirtsleeve environment for performance of multiple experiments.

The material resources I used to accomplish this task were the manual (LHB
5300.1), the handbooks NHB 5300.4(1B) and 5300/4(1A-1), and a PA Plan for a
previously completed experiment. The human resources I took advantage of, in the Office
of Mission Assurance, to complete the plan were the program assurance manager, GPPM
project personnel. payload safety engineer, and the reliability engineer.

The first section of the Product Assurance Plan includes the classification of the
payload, the mission success criteria and a list of the Office of Mission Assurance’s
Product Assurance Services. GPPM is a “Class D” payload. This means that this payload
has objectives worth achieving at a cost not to exceed the amount required for a single
low cost attempt where single failure points are acceptable and formal verification
requirements are limited to those necessary for safety and compatibility. The mission
success criteria for the GPPM experiment will be met if it maintains mechanical and
electrical integrity from launch through landing and has the capability to enable a variety of
sample tube monomer mixtures to polymerize. I worked with the program assurance
manager to determine all of the items to be furnished to the Project Leader at appropriate
times.

The second section of the PA plan states where the GPPM Project Team
Crganization can be found and describes the responsibilities of the Product Assurance
Engineer. The Product Assurance Engineer is responsible for assuring the overall
implementation of the requirements of the PA plan consistent with the intent of the
Product Assurance Instruction 5§300.1 “Program Assurance: General Policy,
Responsibility, Authority, and Implementatior.

The reliability assessment and design specifications for the GPPM are included in
the third section of the PA plan. I found out, from the reliability engineer. the type of
reliability analysis that will be done on GPPM. The GPPM had been flown on previous
missions successfully without a reliability analysis being done. Therefore, a reliability
analysis does not need to be done for the current experiment. Design data will be
reviewed to ensure that quality, reliability, and safety considerations have been factored
into the flight hardware design.
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The fourth section of the PA plan establishes a Configuration Management System
for the control of the GPPM experiment. This section cites the way design changes are
dealt with and how parts, materials, and processes are to be accounted. The GPPM
Project Manager shall be responsible for providing and implementing a GPPM
Configuration Management Plan prior to fabrication of flight hardware. The plan should
identify the configuration management system to accurately define and control the
configuration of flight hardware, spares, and ground support equipment.

Procurement Program Assurance is covered in the fifth section of the PA plan.
The purchase request review, receiving and inspection, the acceptance/rejection of
received articles, receipt inspection and supplier documentation requirements are
contained in this section.

The sixth section covers parts, material selection, and process control. Parts shall
be selected which optimize design and performance to certain extents specified. The
Electrical, Electronic, and Electromechanical (EEE) Farts Manager shall approve all EEE
parts in the GPPM hardware and is responsible for qualification, screening, testing, and
failure analysis as required. The EEE Parts Engineer shall develop the GPPM Parts list
and show lot/date codes as appropriate. Fasteners reccived at Langley Acrospace
Research Center will be verified by the Receiving and Inspection Lab per GPPM
specifications (I was able to do this task of verifying fasteners at the Receiving and
Inspection lab as I will describe under the topic heading “Receipt Inspection/Quality
Assurance Lab™). A materials and limited life items list shall be prepared. Metals will be
selected using MSFC 522B “Design Criteria for Controlling Stress Corrosion Cracking,”
as a reference and ail GPPM hardware will satisfy outgassing constraints in accordance
with JSC 09604F/MSFC-HDBK-527F.

Quality control requircments are contained in the seventh section of the PA plan.
Electrostatic Discharge Control (ESD), fabrication control, inspection and testing,
assembly and integration, nonconforming articles and material control, bonded stores,
metrology control, QA stamp control, the end-item data package and handling
preservation and shipping all have requirements included under quality control. Most of
these topics’ requirements are defined in certain cited handbooks. The end-item data
package provides cognizance of the functional characteristics, and flight worthiness of the
hardware to be shipped and subsequently maintains configuration accountability.

The eighth and final section describes what will be done for system safety of the
GPPM experiment. A reflown assessment will be developed and documented based on
the Safety Analysis presented to the Safety Review Panel for previous flights. All safety
reviews shall be held in accordance with the phased system as defined in NSTS 13830B.



Fracture Analysis

My second project consisted of preparing a fracture analysis report on the Mir
Environmental Effects Payload (MEEP). The MEEP hardware consists of a sidewall
carrier and four Passive Experiment Carriers (PEC), cach of which contains an experiment
container holding a passive experiment. The PEC's will be attached to the cargo bay of
the space shuttle. They will be transferred by Extravehicular Activity and ther. mounted
on the Mir space station.

The fracture analysis report is required for the flight certification of Shuttle
payloads by NHB 8071.1. The fracture analysis report is a summary of the fracture
control classifications for all structural elements of the MEEP. Each compone.at may fit
under one of five categories: contained, fail-safe, low risk fracture, low released mass, or
fracture critical. The structural elements have been fabricated from materials that have
high resistance to stress corrosion cracking (SCC). For each part, the material is listed
along with its SCC classification.

The first step that needed to be taken, in order for me to be able to determine the
information needed to compiete the requirements stated in the paragraph above, was to
obtain the drawings for the hardware under consideration. I obtained the drawings from
the acrospace system engineers who drew them. These drawings of the individual
structures of the MEEP show the material of which each component is made. [ then
listed, in my report, the components of the MEEP, followed by the material they are made
of and the stress corrosion cracking (SCC) classification of the material. The SCC
classification for each material was obtained from the booklet "Design Criteria for
Controlling Stress Corrosion Cracking." A classification of 1 indicates high resistance to
SCC, 2 indicates moder...c resistance, and 3 indicates low resistance.

I then studied the drawings of each component very carefully to determine their
fracture classifications. A full-scale model of the MEEP was also available, in the systems
engineering building, to study in order to get a better picture of its components. In order
to classify each component, I determined fractures that could occur in each component
that would cause a worst case scenario. If a component is classified as being contained, it
can fracture and not be a threat to the payload of the shuttle, due to it being contained by
a surrounding structure. A fail-safe component is designed with redundancy, which means
if one part of its structure failed there would still be another structure holding the part in
place. Low released mass is a classification given to a structure which does not have the
potential to do damage to the shuttle payload if it fails, due to its light weight (Mass < 2.5
Ib.). The classification "fracture critical,” raises the most concern of all the possible
classifications a structure can be labeled. If a structure is fracture critical, it may cause
damage to the shuttle if it fails (catastrophic failure). Engineers try to design the
structures to contain a minimal number of fracture critical parts. Low risk fracture is a
classification which permits hardware which would ordinarily be defined as "fracture
critical” to be classified as "non-fracture critical" when the possibility of failure due to a
crack-like flaw can be shown to be extremely remote.

Every component of the MEEP was made of either 6061-T6 AL, 7075-T73 AL,
A286 SST, or 300 series SST. These are all materials which have high resistance to stress
corrosion cracking and therefore, in the analysis, each component was given a SCC
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classification of 1. Most of the cmponents of the MEEP were identified during the
analysis as being either fail-safe or 1 low released mass. The attention should be drawn to
the two components which were found to be fracture critical. These components are the
hook latches located on top of the experiment container and on the sidewall carrier and
the latch plate pins which join the latches to the sidewall carrier (drawings of these
components along with the entire MEEP structure are shown below). If a crack
propagated at the bottom of the hook latch, above where it is bolted on to the structure,
causing the component to fail, it woukl become a projectile. This projectile would weigh
more than .25 pounds and has patential to do damage to the shuttle payload (if it weighed
less than .25 pounds, it would be considered a low release mass as stated earlier). The
laich plate pins are also considered fracture critical since if one failed, the entire latch
assembly would become a projectile which weighs much more than .25 pounds. Stricter
and more numerous inspections will be done on these fracture critical component,.

MEEP Payload Drawing
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Receipt Inspection / Quality Assurance (RI/QA) Lab

I was fortunate enough to be able to spend some time working with the inspectors
at the Receipt Inspection/Quality Assurance (RI/QA) Lab. The inspectors are employed
by Mason & Hanger who are contractors at NASA. I conducted various quality
inspections and verification tests of incoming stock and spaceflight hardware. I gained
experience on the equipment used in the inspection process. The following list shows the
equipment I used. There are pictures of most of these machines at the end of this section.

e Cutting Saw - cuts a section of material to be mounted by the mounting processing
system.

e Mounting Press - encapsulates specimens to be metallographically prepared and
examined.

e Grinder - prepares samples for metallographic examination by using progressively
smaller abrasive materials to remove distorted surface material from the sample so it
can be studied under a microscope.

e Stereoscope/Microscope Video package - allows low and high magnification of
prepared samples to view surface coatings and to determine surface discontinuities.

® Measurement System - video measurement system which measures coating thickness
and non-conformities.

e EDAX (energy dispersive X-ray fluorescence) system - Spectra chemical microanalysis

system which uses X-ray energy to excite unknown elements causing them to give off
their own specific energy which allows each element to be identified in a test specimen.

e Magnaflux F P.I. Processing System - uses florescent penetrant inspection to detect
discontinuities exposed to a specimens surface.

o Hardness Tester - performs the Rockwell Hardness Test to determine the hardness of
a specimen.

® Micro-hardness Tester - performs the Rockwell Hardness Test on very small and thin
samples.

o Tensile Tester - determines the mechanical properties of a specimen, such as, ultimate
tensile strength and reduction of area.

o Laser Thread Measurement System - non-contact thread measurement system used for
determining root radius, flank a.gles, functional diameter, etc.
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In the inspection process, there is a chart that is followed in the lab which specifies
the number of samples that must be tested from a certain lot, depending on the number of
pieces contained in the lot. The most ideal method would be to test every part ir a lot, but
this takes too much time and money to be effective. The idea is to choose samples which
represent the entire population. NASA follows the “zero-defect” policy. This policy
states that if one of the pieces in the lot does not meet its’ specifications, the whole lot is
rejected. This strict rejection policy gets the manufacturer’s attention providing an extra
incentive to make parts strict to their specifications.

During my time at the lab, screws were the main items being tested. First, every
inspection machine must be calibrated. Then I would pick a designated number of samples
out of the lot, referring to a chart. Then I would perform a variety of tests on the samples.

The first test I would perform on these samples is a visual test. This would consist
of seeing if they would properly screw into a pre-tapped hole of the screws specified
measurement, and simply looking at the screw to see if there were any noticeable defects.
Then one sample from each lot would be tested for its proper thread dimensions using the
Laser Thread Measurement System. This is a very precise non-destructive test, which
virtually eliminates human error. NASA is one of the few places to have purchased one of
these devices.

Then a chemical test is performed to see if the sample was made of the material
specified. Many times manufacturers have sold zinc coated screws to NASA, while telling
NASA they were coated with cadmium. This is because it is cheaper and easier for the
manufacturers to coat screws with zinc, and they could still charge cadmium coating
prices, if this went undetected. The EDAX machine keeps manufacturers from getting
away with delivering pieces made with material other than what was specified in the
contract. The EDAX is an X-ray device which can determine the percentage of each
clement present in a sample.

A tensile test or hardness test should then be done on the sample. A tensile test
can be done on most screws and is done to see if it meets or exceeds the minimum tensile
strength stated in the specifications. The screw’s length and width must be measured
before and after the test in order for the elongation and reduction of area to be calculated.
This is a destructive test which literaily pulls the screw until it breaks apart in order to find
it’s ultimate tensile strength.

If the screw can not be placed in the tensile test machine, it must be prepared for a
Rockwell Hardness test to be executed with either the Hardness Tester or the Micro-
hardness tester, depending on the specimen’s size. The preparation phase is a rather long
process for this test. First the sp=cimen should be cut, using the cutting saw, to about one
centimeter long. Then, the specimen is mounted using the Mounting Press. A flat,
polished surface, free from obstructions must be exposed in order to do the hardness test.
Therefore, a grinder is used to achieve this purpose, using progressively smaller abrasive
materials to remove distorted surface material. After this process is finished, the sample
can then be tested for hardness. A *est for coating thickness can also be done to the
specimen after it has been prepared in the way stated.



In order to see if a specimen has been coated with the specified amount of
material, the Stereoscope/Microscope Video package is used along with the video
Measurement system. The specimen is magnified many times with this system. The image
of the specimen is shown on a monitor. Pointers can then be toggled around the co=ting
layer of the specimen on the video screen. The system automatically measures the
distance between the two pointers, determining the coating thickness of the specimen
This entire system can also be used to show irregularities in the material. The system can
print a picture of the image displayed on the monitor to be used for the sake of arge- ient
when dealing with manufacturers of faulty components.

The Magnaflux F.P.L Processing System is used mainly for pressure fittings to see
if there are discontinuities on the surface of the specimen. One must be a level III
inspector in order to do diagnose faults in specimens, using this test.

With NASA’s zero defect policy, if any of the tests mentioned above, shows a
result which does not agree with the specifications of the part being examined, all of the
parts are rejected. During my stay, only one of the lots I worked with was rejected. It
was rejected because there were bolts contained in this same lot made by two different
manufacturers. This was made illegal, since the parts lose their tractability causing it to be
impossible, at times, to hold a specific manufacturer accountable for the quality of their
products.
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c:\dx4\xrf\4294.spc

Label:TEST
Prst:200L Lsec:200 11:25:14 7-13-95
Znit
FskK
ca % Cak o
3.00 8.00 9.00 12.00 15.00 18.00 21.00 2400 27.00 30.00 33.00
FS:1380 CPS : 260 Cnts: 2 KeV : 10.58
Element Gross Inten Inten Error
édL 0.49 10.15
CrK 3.17 3.97
FeK 94.35 0.73
ZnK 126.19 0.63
CdK 0.20 15.81

This is an example of output from the EDAX (energy dispersive X-ray
fluorescence) system which is a spectra chemical microanalysis system that uses X-
ray energy to excite unknown elements causing them to give off their own specific
energy which allows each element to be identified in a test specimen. The purpose of
this specific inspection test was to determine if a screw was coated with zinc s stated
in its specifications. The screw was, in fact, coated by zinc as shown by the graph on
this page.
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Abstract

As part of the Advanced General Aviation Transportation Experiments program, the
National Aeronautics and Space Administration’s Langley Research Center is conducting tests to
design energy absorbing structures to improve occupant survivability in aircraft crashes. An
effort is currently underway to de<ign an energy absorbing (EA) sub-floor structure which will
reduce occupant loads in an aircraft crash. However, a recent drop test of a fuselage specimen
with a proposed EA sub-floor structure demonstrated that the effects of sectioning the fuselage
on both the fuselage section’s stiffness and the performance of the EA structure were not fully
understood. Therefore, attempts are underway to model the proposed sub-floor structure on
computers using the DYCAST finite element code to provide a better understanding of the
structure's behavior in testing, and in an actual crash.

introduction

The National Aeronautics and Space Administration (NASA), the Federal Aviation
Administration (FAA), and several aircraft and avionics manufacturers are currently working in
partnership to develop new technologies for use in future general aviation and commuter aircraft.
This goal of this research, known as the Advanced General Aviation Transportation Experiments
(AGATE), is to revitalize the general aviation and commuter aircraft industry in the United
States. There are four major NASA work packages comprising the general aviation cicment of
AGATE: Integrated Cockpit Systems, Propulsion, Sensors, and Controls, Integrated Design and
Manufacturing, and Icing Protection Systems. The goal of the Integrated Design and
Manufacturing package is to develop lighter, safer, and more affordable certified aircraft structural
concepts.

Current Research

NASA Langley Research Center (LaRC) has been conducting impact dynamics research
and full scale crash testing for over 20 years. In recent years, NASA impact dynamics research
has concentrated more and more on composite materials, which will be used much more
extensively in aviation in the future. As part of the Integrated Design and Manufacturing work
package of AGATE. LaRC is conducting research into energy absorbing (EA) structures for use
in next generation general aviation aircraft. NASA recently acquired two seven seat Learfan
aircraft with carbon composite fuselages. One of the aircraft, with the standard metal beam floor
structure, was outfitted with energy absorbing seats, side by side with standard FAA Part 132 9g
aircraft seats, and crash tested at LaRC’s Full Scale Impact Dynamics Research Facility (IDRF)
to form a baseline for future tests. At impact, the aircraft was traveling at 31 fps vertical velocity



and 81 fps longitudinal velocity. The maximum vertical accelerations measured in the seat pans
were approximately 80g in the standard seats and 40y in the EA seats, compared with the human
tolerance level of 50g. However, the test dummies in the EA seats sustained spinal loads of 1600
Ibs, above the maximum human tolerance of 1500 lbs. These results demonstrate that, even in a
moderate impact such as this one, occupants in EA seats would likely suffer severe injuries or
death and occupants in standard 9g aircraft seats would almost certainly be killed.

The next stage in testing is to replace the standard sub-floor structure with an energy
absorbing structure and repeat the test. However, before this can occur, a suitable sub-floor
structure has to be developed and tested. One structure currently under consideration is a box
core flat-faced composite beam. The structure consists of a 0/90 degree fiberglass core with a
skin of +/- 45 degree Kevlar for structural integrity and is filled with rigid closed cell PVC foam.
The structure, which has achieved a sustained crushing load of 240 Ibf per inch length in dynamic
testing is mounted directly under standard T-section seat rails. Recently, this structure was
installed and tested in a 36 inch long full scale fuselage section from a Learfan aircraft. EA beams
were mounted directly to the fuselage and seat rails under standard 9g aircraft seats, which carried
standard instrumented crash dummies. The fuselage section was then drop tested in the IDRF’s
Vertical Testing Apparatus at 30 fps vertical velocity. However, the EA beams did not crush as
anticipated.

After the test, some differences between this test and previous tests in metal fuselage
aircraft which may have contributed to the problem were uncovered. Because, in this composite
fuselage test, the EA beams were attached directly to the fuselage and there were no lateral
beams, the relative stiffness of the fuselage section is more important. Also, the stiffness of the
fuselage section was later determined to be less than that of the same section when it is part of
the entire fuselage. In addition, the energy absorbing floor beams in the fuselage section act
differently from how they would in a full length fuselage. “hese differences are caused by the
shorter lengths of the beams and the differences in restraint at the ends of the beams (both ends
of the 36 inch EA beams in the fuselage section test were unrestrained, whereas they would be
restrained by the rest of the beam in a full length fuselage). It is therefore important to conduct
more research into the effects of varying the lengths of fuselage sections and EA floor beams so
that fuselage section drop tests can be both better understood and made more representative of
full length aircraft fuselages. Efforts are currently underway to model both the fuselage section
and the sub-floor structure on comnuters. The remainde- of this paper focuses on computer
modeling of the seat rail and energ, absorbing floor beam which together form the sub-floor

structure.

Finite Element Modeling

Developing an accurate computer model of the sub-floor structure under consideration is
desirable because it would allow simulations to be run without the trouble and expense of a full
scale test. Although full scale testing is still needed, these simulations could reveal problems,
such as the ones that appeared in the fuselage section test., ahead of time, reducing the need for
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costly re-tests. Computer models can also be used to simulate the behavior of materials under
many different conditions, reducing the need for actual static and dynamic testing. It is hoped
that developing accurate Finite Element Method (FEM) computer models of the sub-floor
structure under consideration will lead to a better understanding of the structure and help
researchers to recognize and correct potential problems before full scale testing is conducted.

DYCAST (Dynamic Crash Analysis of Structures), the FEM computer code used to
model the energy absorbing sub-floor structure is a non-linear structural finite element computer
code developed by NASA and Grumman Corporation (Ref. 1). Two different DYCAST
elements were used to construct the computer model, the SPNG nou-linear spring element and
the TSEC beam element. The SPNG element is a non-linear crush spring with energy absorption
capability. It’s behavior is defined by user-input loading and unloading curves. The TSEC
clement is a beam element with six different integration points and user-input strain hardening
and failure criteria. Each integration point can go plastic or reach failure separately. Also, the
stiffness of each integration point is deleted from that of the whole beam when that point reaches
the failure criteria (Ref. 1).

Modeling Considerations

For the original model used in the static testing, two sets of nodes were defined, along
both the X axis and the line where the ground plane intersects the XZ plane (see Figure 1). Note
that the X axis and the ground are 8 inches apart and that both the X and Y axes pass through the
centroidal axis of the seat rail. The nodes were initially placed one inch apart in the X direction,
along, and directly below the entire length of the beam in consideration. TSEC elements were
defined between the elements along the X axis and SPNG elements were defined between these
nodes, and the nodes directly below them on the ground. Material properties for 7075-T6
extruded aluminum alloy were used, as well as a 32 point Ramberg-Osgood curve to represent the
strain hardening and failure characteristics of the material (see Ref. 2).

Because the cross-section of the seat rail was not identical to that of the TSEC beam, it
was necessary to calculate the moment of inertia and centroid of the beam manually. The
moment of inertia was then input into DYCAST and the thickness of the DYCAST TSEC flange
was varied so that the centroid calculated by DYCAST would be at the proper Z coordinate.
These calculations are included in spreadsheet form as Appendix A The section numbers shown
correspond to those in Figure 1. Next, a finite beam on an elastic foundation model was used to
verify the DYCAST model (see Ref. 3). The DYCAST springs were made linear with K=7500
Ibf per inch deflection and the DYCAST results and elastic foundation results for deflection at
the ends and center, and the moment and maximum normal stress at the center were compared at
several loads applied at the center node of the model. A comparison with a load of 2000 Ibs is
included as Appendix B. It was also necessary to construct a load vs. displacement curve for the
SPNG elements used in the model. For static modeling, a simple 5 point curve could be used,
however, for the dynamic cases. it was necessary to use a 15 point curve to smooth the rapid



changes in slope because of numerical integration problems which would otherwise result. A
typical dynamic spring curve representing a sustained crushing load of 240 1bf/in length is
included as Figure 2. On this curve, negative displacements and forces represent and cause,
respectively, compression. It should be noted that this curve is for springs used with the 1/2
inch length TSEC elements used in some dynamic models, and that the level portion of the graph
is slightly less than half of 240 Ibf to account for the fact that there is always one more spring
than beam element in each model. The static springs have a similar shape, but level off at slightly
less than the 200 1bf’in length value used for the static crushing load (1 inch elements).

Static Model

The first series of tests involved static models with I inch elements at lengths of 12 and
24 inches. and loads of 2475 Ibf and 4800 Ibf, respectively. Graphs of the results are included as
Figures 3 and 4. Please note that all seat ratl displacement graphs represent only the left halves
of the structure. The structures are symmetric about the right edge of the graphs. The inodels
were run on a Digital Equipment Corporation Microvax. All nodes were constrained to allow
translation in only the Z direction and rotation about only the Y axis. The translation restriction
was imposed because of convergence problems with the static integrator. However, in the actual
structure, the elements can also translate in the X direction. For this reason, the results are not
representative of the actual material behavior. Therefore it was desirable to create a more
accurate model.

Dynamic Model 1

In an attempt to more accurately model the behavior of the sub-floor structure. a dynamic
model was created. The model was run at eight different iengths, 12 in, 13in, 14 in, 16 in, 18 ia,
22 in, 26 in. and 26 in. on several Sun Sparc 10 series workstations. The 12 through 16 inch
models used 1/2 inch length elements. while the 18 through 36 inch models used 1 inch length
elements due to a limit DYCAST imposes on the number of elements and the large amount of
processor time required for these modeis. In each case the load was a 104 1bm point mass
applied to the center node of the beam. The beam was then given an initial velocity of 30 fps in
the negative z direction. In an effort to further reduce the computer time required, the symmetry
of the beams used to represent the whole beam by modeling only the left half. To do this, the
strength of the center spring was cut in halt and a mass of 52 Ibm was applied. The center node
was then constrained to no rotation to force symmetry. These models were verified by
comparing them to their full length counterparts and the results were identical. All of the other
nodes along the beam were allowed translate in both the X and Z directions, and to rotate about
the Y axis. A large unloading slope, comparable to the initial slope of the SPNG elements, was
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used to make the deformation permanent. A Newmark-Beta implicit integration scheme was
originally tried, however system energy errors of greater than 1000% resulted. The Wilson-Theta
implicit integrator was then tried, and yielded much better results. This integrator was used for
all remaining models, and system energy errors were all less than 5% and usually less than 1%.

Graphs of the 12, 13, 14, 18, 26, and 36 inch models at 4 millisecond increments are
included as Figures 5 through 10, respectively. Figures 5 through 7 exhibit unusual behavior at
the last three time increments. These are a consequence of the rebound the center node
experiences when it reaches the very steep slope towards the end of the 10ad vs. displacement
curve and the unloading slopes on the springs. Because this behavior is uncharacteristic of the
actual material, deflections after the center has reached the point of maximum Z deflection are
indicated on the graphs as hairlines. A more troubling trend, however, is the large X deflection of
the ends of the beams in all but the 26 inch case. This is not characteristic of the results of
dynamic testing conducted at the IDRF. The large deflections occurred because the model does
not take in to account the strength added to the structure by the EA beam in directions other than
the Z direction. The actual structure also resists crushing in the X direction and the +/- 45 degree
Kevlar fibers in the beam give it a strong resistance to torsion. Next, an attempt \ ‘as made to
compensate for these factors.

Dynamic Model 2

In an attempt to compensate for the composite beam’s X direction crush resistance and
resistance to torsion, springs were attached from the end node of the 13 inch model to a point far
in the positive X direction (so that only X and not Z deflections of the beam wouid affect the
leng:h of this new spring). Springs with loading curves identical to those used on each beam were
then added and the dynamic tests were re-run in a trial and error process until the final X
deflection of the end of the beam was close to that observed in a dynamic test of a 13 inch
specimen. Similar beam-end X deflections were observed with 13 springs attached to the end
(the equivalent of two springs per inch). The model was then run at lengths identical to those
used in Dynamic Model 1 with two springs per inch of model length for 12 to 16 inches, and one
spring per inch for 18 to 36 inches (the springs were twice as strong for these lengths due to the |
inch elements). Plots of the displacements and accelerations of the mass at the center of each
beam are included as Figures 11 through 16. Upon comparing the results of the 13 inch model
(Figure 12) with a specimen from a dynamic test, it was discovered that the Z displacements
along the beam were almost identical. While the X displacements were modeled after those of the
test specimen, the fact that the Z displacements along the beam were the same indicates that the
vertical springs represent the crushing behavior accurately and that the overall model is accurate
for the 13 inch length. It can also be assumed that the models accurately represent the behavior
of 14 and 12 inch specimens because they are close in length to the 13 inch model which has been
verified. However, further research is necessary to determine if the scheme for adding springs to
the end in the longer length models correctly represents the behavior of the material. However,
even if it doesn’t, corrections should be possible by simply adding or deleting springs.



Conclusions

Of the three different types of finite element models attempted, the third one, Dynamic
Model 2, has the most promise. It has demonstrated the ability to accurately model the behavior
of a test specimen, and with a few more dynamic tests, it could be verified and corrected, if
necessary, for other lengths. The Static Model did not accurately represent the behavior of the
material, although this is probably because numerical integration problems necessitated limiting
the degrees of freedom of the beam beyond ~-hat was accurate. However, the static model was
useful in that it allowed for verification with elastic foundation theory. Also, Dynamic Model 1
did a poor job of predicting the material behavior because it neglected the stiffness of the energy
absorbing beam in other than the Z direction. Although Dvnamic Model 2 shows promise, it
might also be usetul to try and model the sub-floor structure with another more advanced finite
element code with the capability to model more complex composite materials. This might
provide an even better understanding of the energy absorbing sub-floor structure’s behavior.
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Abstract

The abjective of the Reusable Software Sysiem (RSS) is to provide NASA Langlcy Research Cen-
ter and its contractor personnel with a reusable software technology through the Internet. The RSS is
casily accessible, provides information that is extractable, and the capability to submit information or
data for the purpose of scientific rescarch at NASA Langley Research Center within the Atmospheric
Science Division.

- Introduction

The Reusable Software System provides a respository for reusable software developed by NASA
and contractor personnel engaged in atmospheric science research and support activities at the Lan-
gley Research Center. This system also provides links to a number of other established software
repositories. The RSS was undertaken as a Quality Action Team (QAT) project by Science Applica-
tions International Corporation (SAIC) and is presently a joint effort with the staft of the NASA Lan-
gley Research Center Atmospheric Science Division.

The World Wide Web (WWW) is the mechanism that allows access to the Reusable Software Sys-
tem. The system consists of a variety of HyperText Markup Language (HTML) documents, also
know as home pages, that display text, graphics, as well as sounds. These HTML documents provide
information for the entire Intemet world.  Each HTML document is an element of a growing reusable
software technology allowing individuals 1o combine their efforts and resources to centralizing
important and useful software.

Quality Action Team and the Reusable Software System

The objective of the Quality Action Team is to promote the exchange and efficient use of computer
software among various groups within the division. The widespread use of workstations, PCs and
Macintoshes has generated a growing need for a vanety of software and methods for allowing these
different platforms to work together. New versions of software packages are being purchased or
developed in-house, but not cveryone in the division has access to these tools. While proprietary
rights may limit the sharing of some of *he commercii pachages, no such restrictions exist for soft-
ware developed within the government. Therefore the creation of a system based reusable software
technology would provide a company with accessible information that can be extracted and submitted
easily. The Quality Action Team addresses the following key issues:

1) Reuse/sharing of software developed by Division employees.

2) Transfer of unused hardwiire components among difterent groups.
3) Software quality assurance and virus protection.

4) lLegality of sharing commercial softwire packages.

Chuck McKinley serves as Chairman for the Quality Action Team. The members of this team con-
sist of Vince Brackett, Bill Chandier, Patrick Purcell, Chuck Turnitsa, David Ayers, and my mentor
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Calvin Mackey. Calvin Mackey and the Data Management Office (DMO) were approached by
Chuck McKinley to become a member of the Quality Action Team due to DMO's desire to create
their own reusable software technology.

Chuck McKinley and Calvin Mackey with the assistance of DMO and the QAT established the
NASA Langley Rescarch Center Ar-ospheric Science Reusable Software System (RSS). The Reus-
able Software System is ac<essible tniough the World Wide Web on the Internet. The system is
accessed through a home page which allows individuals to extract information from the RSS that will
be useful in atmospheric research and projects. The RSS Home Page consists of information regard-
ing applications, computer graphics, CASE tools, programming cade, site-licensed software. com-
pendium of universal constants, freeware, commercial databases. atmosphenc data collections, other
repositories, and uther resources.

World Wide Web

The Web is an access mechanism layered atop existing network services that provides a consistent
visw of many different services. The World Wide Web is comprised of three systems: hypertext, the
Intemet, and multimedia. Hypertext is text within a document which provides a direct link to another
document. The Intemnet is & global system of computer networks. Multimedia is the combination of
different presentational technologies to appeal to multiple senses. The WWW is a unique tool which
allows you to access not only text but also graphics, sound. or video information from all over the
Intemet world.

Hypertext MarkUp Language

HyperText Markup Language is a simple markup system used to create hypertext documents that
are portable from one platform to another. HTML markup can represent hypertext news, mail, docu-
mentation, and hypermedia: menus of options: dutabase guery results; simple structured documents
with in-lined graphics; and hypertext views of existing bodies of information. HTML is how a WWW
browser displays its multimedia documents. The documents themselves are plain text files, also
known as ASCIL, with special “tags™ or codes that the WWW program knows how to interpret and
display on your screen. These HTML special "tags™ define the structural elements in a document
such as headers, citations, addresses, etc.: Liyout information such as bold and italics; the use of in-
line graphics together with the ability to provide hyperiext links. HTML, along with the World Wide
Web, were invented by Tim Berners-Lee of the CERN High Energy Particle Physics Laboratory in
Geneva, Switzerland. HTML allows you to:

1) Publish documents 10 the Internet in a platform independent format
2) Create links 1o related works from your document

3) Include graphics and multimedia data within your document

4) Link 10 non-Worid Wide Web information resources on the Internet

HTML is written in a text editor and by using special HTML commands the user is able to manip-



ulate the text to whatever style or form the individual requires. The HTML commands are simple and
easily understandable:

<HI>,<H2>, .. ., <H6> - Change the size of the font
<P> - Marks the end of a paragraph

<BR> - Stants a new line

<B> - boid

<I> - italics

<UL> - underline

<A HREF> - hyperlink

These commands are just a few of many which allow the user to do numerous things with the docu-
ment.

The command, <A HREF>, is an extremely important part of HTML. < A HREF> is the hyperlink
function that allows quick movement through documents while browsing the Intemet. The <A
HREF> provides a link 10 the direct path of a document without the bother of opening command win-
dows and searching for the pathway. The pathway to the HTML document is called the Uniform
Resource Locator (URL).

Netscape

A Mountain View, CA - bined corporation originally known as Mosaic Communications Corp.,
Netscape was founded in April 1994 by James H. Clark, founder of Silcon Graphics Inc., and Marc
Andreessen, creator of the original NCSA Mosaic prototype. Led by Andreessen and a team of soft-
ware developers, Netscape liunched its beta version in October 1994 and guickly took the world by
storm. Netscape s browsers come in three flavors: UNIX, Windows, and Macintosh, all of them vir-
tually identical from the user’s perspective.

Netscape sought to stand apart from the masses by supporting features not included in the HTML
specifications. Netscape established the inclusion of special extensions, non-standard HTML, that
allowed users to format data on pages in a more elegant fashion than had previously been available,
such as wrapping text around a graphics image. Other extensions for special features included blink-
ing, scaling the size of the fonts used, and centering were also added.

CERES Software Bulletin's Home Page

The Cloud and Earth’s Radiant Energy System (CERES) Software Bulletin's Home Page wa. .he
first HTML document . Maria Mitchum, member of the Data Management Office, supplied the bulle-
tins and requested that they be posted on the Internet for easy readable access. The bulletins were
sent through email in a file and had to be converted into postscript form. The application Ghostview
was needed to display the bulletins on the screen. Ghostview allows the bulletin o be displayed on
the screen while the Netscape window remiins free. The CERES Software Bulietin’s HTML docu-
ment read the following code:
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<title>CERES DMS Software Bulletins </title>

<hr>

<h1>Clouds and Earth’s Radiant Energy System (CERES)</hl >
<IMG SRC="hutp://asd-www/tmorgan/news. gif ">

<hr>

<h2>CERES DMS Software Bulletins</h2>

<h3>

<ul>

<li><a href="http://asd-www/ceres/CERES_SB_95-01.ps">CERES Bulletins Purpose & Mailing
List</a>

<li><a href="htip://asd-www/ceres/CERES_SB_95-02.ps">CERES Standard Routine Prologue</a>
<li><a href="hup:/fasd-www/ceres/CERES_SB_95-03.ps">CERES Release | Grid Bulletin</a>
<li><a href="http://asd-www/ceres/CERES_SB_95-(4.ps">Revised CERES Standard Routine Pro-
logue</a>

<li><a href="http://asd-www/ceres/CERES_SB_95-05.ps">Release | Data Product Module Guide-
lines</a>

<li><a href="htp://asd-www/ceres/CERES_SB_95-06.p»">FX) Debugger General Information</A>
<ul>

<li><A href="http://asd-www/ceres/FH)-Users-Notes">F9) Users Notes </a>

<ful>

<li><a href="htp://asd-www/ceres/CERES _SB_Y5-07.p:">CERESIib README Guidelines</a>
</ul>

</h3>

<p>
<address>Last Updated Thursday, July 26, 1995 15:15 EST<address>
<a href="http://asd-www/cgi-binftem_home.cgi"> <i>Timothy Morgan</i></a>

<hr>
<i><a href="htip.//asd-www/ceres/docs.html"><imyg src="http://asd-www/tmorgan/greystar.gif">
Back to On-line Documentation</a></i></ul>

This HTML document is located at this URL, hup://asd-www/ceres/bulleting himl.
Reusable Software System Home Page

Calvin Mackey expressed a need for more HTML teatures to be incorporate into the Reusable
Software System (RSS) Home Page. Calvin Mackey wanted to display the time, date, and the num-

ber of times the page had been accessed at the top of the page. To do this two programming lan-
guages, awk and perl, had to be used. Awk was used to keep an accurate count of the number of times



the page had been accessed. Perl was used to display the current time and date.
Mark Shipham, member of DMO, provided technical support in the creation of the awk program.
The program read the tollowing code:

#!oin/sh
awk '{print (int($1)+ 1)}’ /home/docs/ceres/RSSHOW_MANY > /home/docs/ceres/temp
\mv /home/docs/ceres/temp /home/docs/ceres/RSSHOW_MANY

The program called for the creation of a file called how_many. How_many is the file that stores the
number of times the page had been accessed. The program calls the file, how_many, adds one to
whatever number is currently in the file, then displays that number on the home page.

Calvin Mackey provided technical support in the development of the perl program. The date pro-
gram read the following code:

#!/bin/sh
DATE=/bin/date
echo Content-type: text/plain
echoif | -x $DATE |. then SDATE
else echo Cannot tind date command on this system.
fi

The first line of code, #!/bin/sh, tells the computer this is a perl script file. Without that first line the
computer woula not recognize the commands that follow. The time is a standard part of every UNIX
system and does not need a special perl program but time is still called by the perl program in the RSS
HTML document.

When modifications were made to the RSS Home Page. the programs were implemented into the
RSS HTML documents. For the programs to work the RSS HTML document had 1o be moved to a
different directory, cgi-bin. This directory allows all executable programs to run therefore the RSS
HTML document had 1o be converted into a perl script file, R§S1.cgi. The code that was added to
the document allowed the computer to read the text in the new directory. Key commands such as
echo, #!/bin/sh, and #!/bin/csh were recognized by the computer as perl commands.  These lines
were recog “ized as awk and perl programming code:

Date and Time (Perl Program)

echo "“date -u '+Itis %h %d, 19%y and the current time 18 %H:%M Z (GMT)."™
Access Number (Awk Program)

echo " /home/docs/htbin/RSSCOUNT ™

echo "<B.’cat /kome/docs/ceres/RSSHOW _MANY </B>"

Since the RSS HTML document had been converted to a perl script file, a new file had to be cre-
ated to call the document to the screen. The new tile, named RSS, calls the document to be executed
through the cgi-bin directorv. The RSS file also resides in the cgi-bin directory. The RSS Home Page
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is founded at this URL, hup://asd-www/cgi-bin/RSS.

Inforinix Tutorial

Calvin Mackey also requested the Informix Tutorial be transferred into a HTML document. Infor-
mix is a relational database management system (DBMS) that allows the user to create tables of data
and to relate them to each other based upon common fields. Informix is needed by the ERBE/CERES
project for tracking purposes.

The Informix tutonial was instalied on WWW to provide easy access and increase the leaming-
curve cfforts of new members of the ERBE/CERES project. The Informix tutorial is informative and
descriptive allowing the viewer full comprehenion of the material. When all revisions are completed,
the ttonal will be placed in on the RSS Home Page.

Conclusion

The CERES Software Bulletin Home Page, the Reusable Sofiware Systemn Home Page, and the
Informix Tutorial are a part of the resuable software technology that is a vital part of Langley
Research Center. Each HTML document offers employees of NASA, contractor personnel, as well as
Internet users the opportunity to be informed and educated on the many research projects at NASA.
Placing this wealth of knowledge on the Internet provides easy access, extractable information, and
submitable information to increase the communication und broaden the research tools at Langley
Research Center.

With the motto “better, faster, cheaper™ at the front of a new era, a reusable software technology,
like the Reusable Software System at Langley Research Center, will become increasingly more
important as projects and research requin coftware that has already been created. The Reusable Soft-
ware System will provide NASA .. gier <esearch Center with the technology to incorporate the
many technical research projects in o central location. The Atmospheric Science Division of NASA
Langley Research Center has realized the imporntance of reusable software technology therefore the
Reusable Software System is a step in a positive direction.
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ABSTRACT

As both computers and flow-analyzing equations have increased in sophistication,
computational fluid dynamics (CFD) has evolved into a fixture for ad-anced aircraft design.
While CFD codes have improved in accuracy and efficiency, their ability to encompass viscous
effects is lacking in certain areas. For example, current CFD codes cannot accurately predict or
correct for the increased drag due to these viscous effects at some flow conditions. However, by
analyzing an airfoil's turbulent boundary layer, one can predict not only flow separation via the
shape factor parameter, but also viscous drag via the momentum thickness. Various codes have
been written which can calculate turbulent boundary layer parameters. The goal of my researci is
to develop procedures for modifying an airfoil (via its local pressure distribution) to eliminate
boundary layer separation and/or to reduce viscous drag. The modifications to the local pressure
distribution necessary to achieve these objectives will be determined using a direct-iterative
method installed into a turbulent boundary layer analyzer. Furthermore, the modifications should
preserve the basic characteristics of the original airfoil.



ELIMINATING FLOW SEPARATION AND REDUCING VISCOUS DRAG
THROUGH BOUNDARY LAYER ANALYSIS AND MANIPL: . ATION

As both computers and flow-analyzing equations have increased in sophistication,
computational fluid dynamics (CFD) bhas evolved into a fixture for advanced aircraft design.
While CFD codes have improved in accuracy and cfficiency, their ability to encompass viscous
effects are lacking in certain areas. For example, current CFD codes cannot accurately predict or
correct for the increased drag due to these viscous cffects at some flow conditions. However, by
analyzing an airfoil's turbulent boundary layer, one can predict not only flow separation via the
shape factor parameter, but also viscous drag via the momentum thickness. Various codes have
been written which can calculate turbulent boundary layer parameters. My research project
involved devcioping a procedure for modifying an airfoil (via its local pressure distribution) to
climinate boundary layer separation and/or to reduce viscous drag. The modification to the local
pressure distribution necessary to achieve these goals would be determined using a direct-iterative
met.aod.

My research project required a turbulent boundary layer analyzer. 1 selected a code,
written by Gary Warren, which utilizes Green's direct lag-entrainment method. This code solves
for boundary layer par.ineters, such as displacement thickness, momentum thickness (8), and
shape factor (H), based on inputted free strzam conditions, local pressure (Cp) distribution, and an
initial value of 6. Unfortunately this code was written in FORTRAN, while I had leamed C. 1
therefore borrowed a FORTRAN manual and spent my first few nights learning FORTRAN.

My first task was to edit the code to input data from a more convenient data file. The
code originally input data from an archaic namelist that was time-consuming to modify. With this
task accomplished, [ needed to run some test cases in order to verify the code's accuracy. | found
an AGARD report that contained experimental boundary laver data for various airfoil
configurations. | selected three test cases: The first case exhibited completely attached fiow, the
second case exhibitec flow that neared separation. and the third case produced separated flow.
The code yielded very accurate theoretical data for the first two cases. One drawback of the
direct lag-entrainment method is its inability to produce accurate boundary layer data for
separated flow cases. However, my code remained fairly accurate for even the third test case.
Confident in the boundary layer analyzer, 1 was ready to proceed with my research.

In order to examine the effects alterations to the C, distribution would have on the H
distribution, | needed an easy way to qualitatively compare my calculated data. The original code
output data into a large table. It was difficult, and very time-consuming, to compare various
tables from different test cases. I therefore modified my code to graph both Cp and a user
specified boundary layer parameter versus x/c location. As a result. I could quickly compare
multiple sets of data. | also required a convemen: method for modifying the inputted Cp
distributions. [ chose to approximate each Cp distnbution with a system of linear segments joined
together at "control points.” (Figure 1) [ altered the code to present the user the option of
inputting a Cp distnbution via these control noint coordinates. | a1 created an option which

allows the user to interactively move onc o e control points using a mouse.
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After these modifications, 1 was ready to contrast H distributions produced by various Cp
distributions. I chose a base-line Cp distribution composed of five lincar segments as defined by
six control points (Figure 1). | created dozens of test cases by varying the height and/or slope of
these segments. After observing the resulting changes in the H distributions, 1 developed some
fundamental conclusions. 1 observed that a change in the C; distribution has no effect on the H
distribution (or any other boundary layer parameters’ distributions) upstream of the change. I also
concluded that the sharp increase in H near the shock is determined by the pressure gradient
across the shock. Furthermore, I observed that in front of the shock, a decrease in Cp causes an
increase in H. Behind the shock, however, a decrease in C, typically results in a decrease in H.

Armed with a qualitative understanding of the relationships between Cp and H, 1 sought to
develop a procedure for modifying an existing Cp distribution to return a desired H distribution.
Since H is often used as a separation criterion, I would then be able to construct a C, distribution
with fully attached flow. I first looked to develop a routine for reducing the rise in H due to the
shock. By raising tac Cp value of control point three (Cy(3)), I could decrease the strength of the
shock, and thus diminish the rise in H due to shock. Unfortunately, adjusting only control point
thre. would change the area under the C, distribution, and thus alter the lift coefficient.
However, by simultaneously lowering the C, value of control point two as I raised the C, value of
contro! point three, I would decrease the shock strength while conserving the area under the Cp
curve. Thus the rise in H due to the shock would be lowered without upsetting the lift coefficient.
In order to install this procedure into my computer code, | needed an expression to quantitatively
predict this increase in Cp(3) requisite for a desired decrease in the maximum value of H within
the shock region. After trial-and-error, I selected an expression of the form:

ACy(3) = A*H*AH,,,, + B*H*(AH,,,)?
Since this expression is an approximation, I had to make the procedure iterative within the code.
Despiie being iterative, the procedure requires little CPU time to achicve a high degree of
accuracy. (Figure 2.) Itis also worthy to note that this shock-adjusting procedure can be used to
increase a shock's strength if desired.

in order to remove any flow separation that occurred after the shock region, I planr»d to
"locally” adjust the Cp value at each point where H exceeded some specified Hm. This
technique differs from the previous “shock-reducing™ method where Cp values upstream of the
separation point were modified. Early attempts to predict a local change in Cp that would yield a
desired change in H were unsuccessful. U fortunately, multuple C, values exist which produce a
s‘ngle desired value of H. My code needed to predict a change in Cp that would not only produce
a desired H value, but also preserve the charactenistics of the © distribution. (While there are
vanious Cp values that will produce a desired H, there exists a unique Cp value that will produce
both the desired H and © values). With continued investigation and tnial-and-error, | developed
an expression of the form:

ACp = A*(AH/H) + B*(AHZ/H)
which accomplished this with reasonable accuracy. (Figure 3.) With procedures for both reducing
H within and after the shock region, my code could now redesign an airfol to avoid separation at



specific free stream conditions. 1 now aspired to devise a process for reducing an airfoil’s viscous
drag.

While H predicts flow separation, the value of © at the trailing edge (6, . ) of the airfoil
predicts viscous drag. In order to minimize viscous drag, onc must minimize 8, . (viscous drag
also depends on H, ., but lowering 8, . has the greatest influence on the reduction of viscous
drag). Thus, I required a procedure for redesigning a C, distribution around a desired value of
©, ... Atthe same time, I wanted the basic characteristics of my C, distributions to remain fixed.
In order to accomplish this, I first scaled the existing © distribution so that © at the trailing edge
of the airfoil would equal a user specified target value. Thus, the new target O distribution would
maintain the same characteristics of the original © distribution. | now only needed a procedure
for modifying an existing C, distribution to produce this desired target © distribution. 1 once
again chose to usc a direct iterative method.  After much experimentation, I developed an
expression of the form:

AC, = A*(AB/8) + B*(A6%/8)
This expression produced an accurate estimation of the required change in Cp needed to produce
a desired change in ©. After installing this iterative procedure into my code and running some
test cases, | was pleased with the results. Designing to a target O distribution is much more
efficient than designing to a target H distribution: it requires fewer iterations (and therefore less
CPU time) to achieve a desired tolerance. Figure 4 shows an example where | have used this new
procedure to reduce the drag of an airfoil by nearly five counts.

With separate methods for redesigning a Cp distribution to produce both desired H and ©
distributions, I now sought to create a procedure for redesigning an airfoil to simultancously
produce both target boundary layer distributions. Unfortunately. it is sometimes impossible to
design an airfoil to meet two stringent criteria. Therefore. one of the criteria must take
precedence over the other. Then, if a Cp cannot be modified to produce both boundary layer
design criteria at a given x/c location, the code will insure that at least the pnmary design
constraint is met. With few alterations to my existing code, I installed this procedure. Basically,
the code modifies the existing Cp distribution to remove any secondary criterion violations. Once
this has been accomplished. the code checks for primary criterion violations. If the code
encounters any such violations, it readjusts the Cp distribution accordingly.

One drawback of these various methods for recucing separation and viscous drag is the
tendency for the value of Cp at the trailing edge (Cp 1) to become increasing smaller. Typically,
Cp 1. for a given airfoil is fixed around a value of 0.1. | needed a procedure for redesigning an
airfoil, with the added constraint of keeping Cp . constant. Unfortunately. this added constraint
createc «he possibility for even more cases with "no solutions.” However, I felt this constraint

was too important to over-look. Therefore, 1 devised a fairly simple subroutine that uses
triangulation to adjust the Cp distribution after the shock unul this trailing edge constraint is met.

(During this stage of my research, | determined that a linear Cp, distribution after the shock results
in the lowest value of ©, . ) I even included the option of maintaiming constant lift and moment
coefficient t Jding or subtracting a parabolic increment to the C;. distribution as needed. Figure
5 illustrates an example ot this hift coefficiemt conserving technmique. Readjusting the Cp
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distribution to constrain Cp . unfortunately can create more boundary layer parameter violations
(H and/or © may once again exceed their specified limits). One would then have to redesign the
Cp distribution to eliminate the new violation, which in turn could cause another Cp ¢ .. violation.
Continuing this iterative procedure will cause eventual convergence on the solution, assuming one
exists.

My completed code meets all of the original project goals. It can eliminate flow
separation about an airfoil, as well as reduce an airfoil’s viscous drag. Despite utilizing direct-
iterative procedures, the code remains efficient. However, installation of a proven boundary layer
analyzer that uses the indirect lag-entrainment method would eliminate the need for most of the
iterations. Unfortunately, no such analyzer was available during the course of my research.
Regrdless, the UNIX based workstations 1 used for my research provided more than enough
processor speed to run my program swiftly.
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Abstract

The main objective of my time spent at the NASA Langley Research Center was to assist in
the production of electronic images in the Electronic Photography Lab (EPL). The EPL is a new
facility serving the electronic photographic needs of the Langley community.

Introduction

The purpose of the Electronic Photography lab is to provide Langley with access to digital
imaging technology. Although the EPL has been in operation for less than one year, almost 1,000
images have been produced. The decision to establish the lab was made after careful determination
of the centers needs for electronic photography. The LaRC commnunity requires electronic
photography for the production of electronic printing, Web sites, desktop publications, and its

increased enhancement capabilities. In addition to general use, other considerations went into the
planning of the EPL. For example, electronic photography is much less of a burden on the
environment compared to conventional photography. Also, the possibilities of an on-line database
and retrieval system could make locating past work more efficient. Finally, information in an
electronic image is quantified, making measurements and calculations easier for the researcher.

Approach

One of the main goals of the lab is quality consistency through standardization. Although
many steps in producing the master image file require subjectivity, there are rigid protocols
throughout. There are three very basic steps in the production of an electronic image; capture,
processing, and output.

Capture
An image can be captured by one of three methods. The first, and most common, is film

capture. Photographic film, negatives or transparencies, are captured using a high resolution (5000
pixel linear CCD array) film scanner. The Leafscan 45 is capable of scanning film sizes from
35mm to 4x5 inches. The approximate maximum ling frequency of the scanner is 5000
pixels per inch (ppi) for 35mm, 2500 ppi for 70/ 120122(§'nm and 1200 ppi for 4x5 inch films.
The resulting image files generally are between 60 and 105 MB.

The second, and least common, method of image capture in the EPL is reflective material
scans. The Epson ES 800C flatbed scanner is used for photographic prints, it has a 400 pixel
linear CCD array. Because of the lower resolution, the flatbed is used only when other options
have been exhausted.

Scanning films and prints can be very time consuming. The average 6x7 c1n film scan takes
approximately 30 minutes. Fortunately, electronic capture is also an option. The Kodak DCS460
electronic camera has a 2000 x 3000 pixel CCD area array and the images download easily onto the
EPL computers. The camera has successfully been used by the lab to capture images for
publications and Langley Web sites. Other advantages of electronic capture are: the complete
bypass of chemical processing, instantaneous results, and the economical advantage of lower,
long-range material costs. The specific DCS camera used for the above mentioned projects was on
loan to the lab while wai:ing for one on back order. However, when the camera arrived it was
found during testing, the CCD array had defective pixels and has since been sent back to the
manufacturer. A replacement is expected soon.

Once the image is in electronic form, the processing stage begins. The final file produced
in this phase will be called the “Master Image File” (MF). From this file, any type of desired
output is created and the file itself wili be of the highest possible quality and image integrity. The



pu;;;ose of processing the image is to optimize detail and maintain best possible color and tonal
quality.

Input Levets: ﬁ@@ % thput Lovels: -
Cleed)
Gase-)
(O]
Output Leveis: (8] [255 ] m
AR 3 Dm
Figure I Uncorrected lcvels. Figure 2 Corrected levels.

The electronic file is brought into the Photoshop 3.0 image processing program, named by
its “L number,” and the designation that it is a “raw file.” The image has 256 levels of grey
including pure white and black. These levels, if not alriady well distributed, are adjusted to
maximize tonal range (see Figures 1 and 2). Tonal correciions are always made first because poor
tonal distribution can also affect color shifts. The changes in the levels are saved in a separate file
and applied to the image. If the image needs furthe: modification in either cc:or or tone, the
corrections are made by adjusting the curves.

Figure 3 Examples of image curves.

There are four curves for the image, one for each red, green, and blue channel as well as
one for the combination of the three (see Figure 3). The combined RGB curve is used to alter
contrast, while the individual channel curves are used to compensaie for color shifts. Just like in
conventional color printing, each channel affe *s two colors - the color of the channel and its
opposite (red/cyan - green/magenta - blue/yellow).
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Figure 4 Example image. Figure 5 Enlarged area.

Once the image density and color are corrected the MF size is determined. The image file is
examined under high magnification of approximately 16:1. An image file will be reduced if an
edge transition (from an area of critical focus) spans over five pixels and single grains span over 3
pixels (see Figure 5). Reducing such an image by spatially resampling will not result in significant
information loss. Should an image to be reduced be determined 1s excessively grainy, a median
filter is applied before file size reduction. After the file is tone/color corrected and the final file size
i5 applied to the image, a second file is created with the ““In Process” designation.

The next step in image processing is to print the electronic file a~d make final decisions on
the tone and color quality. Although the monitors are carefully calibrated. the characteristics of the
phosphors change throughout the course of a day. It is also suggested that the human eve is more
critical with printed matenial than with CRT screens. The file is printed on the Fujix Pictrography
3000, photographic quality color printer. Currently the Fujix cannot print files larger than 30 MB,
so the “in progress” file 1s reduced to 320 ppi with a width of 4.5 inches. Before the file is sent to
the printer, a curve Look-up Table (LUT) is applied to compensate for the density differences
between the CRT screens and the Fupix prints. The print is viewed under the MacBeth
Spectralitell using the three main light sources - incandescent, daylight, and fluorescent. If the
image needs further correcting the levels and curves are adjusted and applied 1o the original raw file
and a new “in progress’ file is created.

The hinal, and sometimes most time consuming, step in image processing is the removal of
dust and scratches. Snotting is performed on the “in progress” file that has been determined to be
of good image qualny. Unintended marks are most problematic in film scanned images. In
addition to dust and scratches, some of the older negatives have damage to the emulsion such as
cracking and mold. The spots are removed by copying a similar part of the image over the
blemish. At this point the file 1s saved as a master image file and permanently stored on CD. From
this master file the original requesters output, and any other future output, is made.

Qutput 0 ‘ :
The most common uses for electronic files have been halftone iinages, Fujix prints &

transparencies, TIFF files for documents, and monitor files for Web pages. Another option in the
EPL includes film negatives and transparencies frem the Solitaire Image Recorde: The Solitaire
writes the image (o film. either negatives or transparencies, and will accept film sizes of 35mm and
4x5 inches. All these different outputs can be created from the same master image file by simply
applying a curve to compensate for the outpul device. A curve can also be apphied 1o the master
itage file for quality eutput on almost any device that can be cabbrated.




Equipment
The Electronic Photography Lab has five workstations. Three stations are designed for

image processing, one is designated for printing, and the last is used to write electronic images to
photographic film. The stations are labeled by names of colors for ease of identification.

" ) i age Processin
e Power Macintosh 8100/80 (264 MB RAM/ 250MB Hard Drive)
e Apple 19" multi-scan color monitor
e Andataco 2.3 GB external hard drive
e PLI 1.3 GB 5.25” Magneto Optical drive
e Tahoe 128 MB 3.5” Magneto Optical drive
o Leafscan 45 film scanner (35mm -> 4xS inch formats)
o APC Smart UPS 1250 battery back-up/surge protector

o " -Ima ing/CD Wrj

¢ Power Macintosh 8100/80 (264 MB RAM/ 250MB Hard Drive)
¢ Apple 19" multi-scan color monitor

¢ Andataco 2.3 GB external hard drive

e Tahoe 128 MB 3.5 Magneto Optical drive

o PLI 1.3 GB 5.25 Magneto Optical drive

¢ Pinnacle Micro CD writer

¢ APC Smart UPS 1250 battery back-up/surge protector

“Yellow” - Image ing/Pri \ining

¢ Power Macintosh 8100/80 (264 MB RAM/ 250MB Hard Drive)
e Apple 19” multi-scan color monitor

¢ And~taco 2.3 GB external hard drive

o Tahoe 128 MB 3.5” Magneto Optical drive

¢ PLI 1.3 GB 5.25” Magneto Optical drive

¢ Epson ES 800C flatbed color scanner

e APC Smart UPS 1250 battery back-up/surge protector
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“Blue” - Image Output

e Macintosh Centris 650 (136 MB RAM 80MB hard drive)
e Apple 13" muiti-scan color meniter

e APS 730 MB external hard dnive

e T3hoe 230 MB 3.5” Magnet» Optical drive

e PLI 1.3 GE 5.25" Magneto Optical drive

» APC Smart UPS 1250 hattery back-up/surge protector

e Fujix Pictrography 3000 printe-

“Red” - Lmage Output

e Macintush Centns 650 (136 MB RAM 80MR hard drive)
e Appic 13" muiti-scan color monitor

e Andataco 2.3 GB external hard drive

e Tahce 230 MB 3.5” Magneio Optica! dnive

e APC Smart UPS 1250 battery back-up‘surge protector

e Solitaire Image Recorder film writer

TVEr

® Mac{ritosh Jit
* 2.3 Gi5 extemal haridrive

“Grey” - Electronic Photography Support/Word Proressing

e Maclntosh PowerBook 5340¢ {36 MB RAM 500 MB haurd drive)
e MicroSystems PCMCIA drive

With the exception Of the server, all the computers are equipped with Adobe Photoshop
version 2 O for image retrieval, processing. and output. AppleShare 1s used to connect the EPL
computers to the server and the Langiey community  Mathmatica was used to create the curves
applied to files for output, it 1s not used on a daily basis.

Conclusion

The EPL. meets its goal of “sipporting the acquisi ‘on, analysis, documentation, and
communication of research by providing direct digital image capture; image scanning. processing,
and enhancement; and optimized device dependent imaging protocols for output.” The personnel
and equipment 1n the lab wilj be forever-changing with techaology in order to fuifill this mission.
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“Put on your tennis shoes, get out there, and meet people!”
-loosely paraphrased from Dr. Joseph S. Heyman

Technology transfer is a dynamic process, involving dynamic people as the bridge
between NASA Langley Research Center and the outside world. This bridge, for non-

aerospace applications, is known as the Technology Applications Group. The introduction
of new innovations and expertise where they are needed occurs through a “push™ and
“pull" process. A “‘push’ occurs when a new technology is first developed with high

€O, potcnualandthcnacompanynsfomdtohoenceorﬁmhcrdevclopdt
technology. The “pull” process occurs through problem statements. A company or group
will submit a written statement of what they need and the of commercially
available technology. The Technology Transfer Team (T3) reviews problem
statemerts and decides where NASA LaRC can offer assistance. A rescarcher or group of
researchers are then ideatified who can help solve the problem and they are put in contact
with the company. Depending upon the situation in either method, a Space Act Agreement
(SAA), or outline of the responsibilities for each party, is developed.

My mentor, Marisol Romero, developed a two-part project for me, centered around
the process of handling problem statements. The first part was to follow through the
answering of a problem statement, to develop a technology for someone and deliver it. The
second part was to create a database of the expertise at Langley so that the T3s would know
whether the Center could handle incoming problems and, if so, find a researcher whose
expertise matched the need. In the creation of this database, I would have the opportunity
to gain an overview of the center, as well be exposed to a number of engineering
disciplines.

As the first part of my project, I assisted in answering a problem statement from an
Adult Day Care Cente in Virginia Beach. One of the patients, a young woman with
cerebral palsy, needed a better computer interface. Her only method of communication was
to select a word from a list, vocalized and recorded by computer. The switch she had been
using to select a word required an attendant, and was difficult to use when her head
position varied. For this project, Marisol asked Bruce Little, from the Fabrication
Division, to mentor me. After a site visit to better understand the specifications of the
project, Bruce Little and I sat down to design a solution. This was my first time designing
and building a device, and Bruce Little was exceptionally receptive to my ideas. He made
me feel like a team member rather than a simple observer of his work. We asked advice
from people in several different ar2- of the center, and brought together pieces and ideas
from all of them to make a “Chin Mouse”.

A “Chin Mouse” device is a helmet mount with an adjustable arm extending
underneath the chin. At the end of the arm is the microswitch apparatus, which is activated
by a depressible platform. The helmet is fully padded, and can be adjusted in height and
width, while the arm can be attached to either side. This provides the flexibility needed.
while allowing independent access to the computer. The “Chin Mouse” is also easily
adaptable for others with similar handic~n<

After the fabrication, I encountered the next step in the technology dissemination
process, the legalities of intellectual property. 1 wrote and submitted an Invention
Disclosure, and have followed the beginnings of the patent process with vested interest.
More important than a possible patent, however, is the fact that our invertion helped this
young woman. Marisol, Bruce and I went to present it to her, and she s_emea pleased



with it. (see attached photo and letter) The story has also been picked up by Channel 3
news and local papers, which provides positive community publicity for Langley and the
technology transfer process.

In this particular case Marisol drew upon her previous contacts to choose Bruce
Little for this project. This is the way that most problem statements are matched with
researchers, ensuring cooperation but not taking full advantage of the Center resources. In
order to allow the T3s to explore resources beyond their personal contacts, Marisol saw
the need for the second part of my project: to gather information aboui the expertise at
Langley and organize it into a database which can be searched for keywords to match a
problem statement with a person who can support it.

I approached this second portion of my project by first was to gathering the
functional statements of each group, division, and branch. This provided a fairly specific
view on the type of research each section of the center was performing. Along with this
information, I also received a detailed breakdown of the resources of the Fabrication
Division, cataloging the type of personnel as well as each machine. This particular
document also included the Fabi.cation Divisions of Ames, Dryden and Lewis, allowing us
to possibly redirect a problem statement to a more appropriate facility. From this more
general information, I was then able to begin interviewing specific people. This is the
intended level of the database, in order to pinpoint an actual person to contact. I met the
people I interviewed in three ways: through personal introduction, through further
exploration of technologi~s Marisol was working with, and through problem statements |
was given to work on. The people of this center were wonderful in their willingness to
take the time to explain their work to me, and in this way 1 expanded my knowledge of the
possible fields of engineering.

Marisol first introduced me to Milfred Thomas, who runs the Optical
Testing Laboratory. He is a laser expert, and to illustrate his work he allowed me to assist
in the construction of a laser head. I was also given the opportunity to help him in the
design and fabrication of a flow-measurement mount and power supply. Through Bruce
Little I met Lisa Jones, an acrodynamic engineer studying crashworthiness, who provided
a literal overview of the center while she explained her job from th~ top of the Impact
Dynamics and Crash Testing facility. In working with Diane Fly..u, a fellow LARSS
student, I became well versed in composites, starting with a brief lecture on the subject by
Paul Hergenrother, who works with composites and adhesives. Next, Dr. Ruth Pater, the
Senior Polymer Scientist in the Materials Division, gave me a tour of her lab and a
description of one of her inventions: the High Performance Polyimide, LaRC RP 46.
Finally, Phil Ransone and Phil Glaude explained the carbon-carbon piston concept,
providing a background on engines as well as the material.

While Marisol was currently working on the process of matching companies to
several technologies, I was also able to observe the commercialization process, and became
acquainted with several of the “hot” technologies. To gain a better understanding of these
technologies, and to add to my database, I visited a few of the “hot” labs. The inventor of
the Extended Attention Span Training system and the Crew Response Evaiuation Window,
Dr Alan Pope, gave me an overview of his work as well as tat of the entire branch. The
Crew/Vehicle Integration Branch works on the human factors issues, trying to create
machine systems that complement and enhance human capabilities. Another new
technology of interest is the piezoelectric material THUNDER, which I was introduced by
Richard Hellbaum, Robert Fox, and Robert Bryant. This group of an electrical engineer, 2
microelectronics technician, and a chemist, respectively, are developing applications for
this material which moves when voltage is applied to it, with a better displacement for
energy input ratio than available elsewhere. Lastly, James McAdoo explained to me his

573



574

highly marketable method of Digital Mammography, a faster, better way to scan tissue
using a mosaic of CCD’s to generate high resolution digital images.

I was also given several specific problem statcments to look at, and in my search to
find researchers I added to my database. One of the problems was from a textile machinery
manufacturer, who wanted a system for monitoring the alignment of a pocket on a
shirtfront before sewing. 1 went to the Data Visualization and Animation Lab (DVAL), and
found the ir expertise so useful that | arranged for them to present their work to several
interested members of TAG including Joe Heyman, the Deputy Director. The DVAL team
works in scientific visualization, which is applicable to everything from producing
presentation quality videos to computational fluid dynamics. The next problem involved
diagnosis of premature infants with Rentinopathy of prematurity, an eye disease resulting
from abnormal retinal development and causing blindness. The difficulty arises in the
observation of the retina and the display of the information gathered. Surgeons are using a
+ideo camera to record the retina, but are unable to compile the running film into a usable
map of the blood vessel system. Complications arise from the lack of a point-of-reference
for the images on the film, as the infants move their eyes. For this problem I went to
Donald Cahoon, in the Atmospheric Sciences Division. He is an expert on remote sensing
and offered to relay several suggestions to the requestor. The last person I i :: through
problem statements was John Companion, who I approached for help on more than one
occasion. He works in Non-Destrucrtive Evaluation, developing items such as a Tissue
Simulating Gel and a Bladder Scanner for volume measurement.

Theoughout the completion of my project, I met several other people whom I
cannot fit into neat categories in my database. I was allowed to sit in on a meeting between
the THUNDER team and representatives from McDonnell Douglas, during which I was
able to watch ideas being thrown out as they were thought of, and in trying to follow the
discussion I learned more than in most lectures. I was also able to meet the incoming class
of astronauis when they visited Langley. I spoke with David Williams, who give me a
personal perspective on the selection and the requirements of job which symbolizes NASA
in the eyes of most people. I met the entire staff of TAG, an energetic and focused group.
First and foremost is my mentor Marisol Romero, a member of the Technoloy v Transfer
Team in the Medical, Instruments, Sensors, Environmental, and Energy (MISEE) sector.
She works with medical technologies and has an electrical engineering background. She
was my guide and the hub of my network. Ialso gained a more in-depth and intemational
perspective on technology transfer from another T3, Lance Bush, whose unique insight
into technology transfer stems from his background as a space craft designer and his
interactions with people involved in space policy throughout the world.

I have worn out my tennis shoes in ten weeks here, and 1 feel I have gained a broad
perspective of NASA Langley Research Center and the Technology Transfer Process.
Working tnrough a problem statement provided me with the necessary procedural
background to appreciate the need for a database to improve and expedite the process. My
work is only a foundation, and its impact cannot be judged yet. Ideaily, it will reflect the
unique, multidisciplinary aspects of this center for TAG to draw upon. The future lies in
communication and cooperation, and Langley is taking steps. in its tennis shoes, toward
that goal.
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City of Virginia Beach

VIRGINIA BEACH ADULT DAY PROGRAM 400 NVESTORS PLACE SWITE 107109
(804) 473.5681 VIRGINIA BEACH VIRGINIA 23452

Charlie Blankenship

NASA Langley Research Center
Technology Applications Group
MS 200

Hampton, VA 23666

July 20, 1995

This letter is in reference to the development of the Chin Mouse by
Marisol Romero, Bruce Little, and Nina Paynter. The Chin Mouse
will be utilized by our clients who possess extreme motor
impairments to access a computer, as well as small appliances. The
advent of affordable computer technology has created a multitude of
opportunities for persons with severe disabilities to interact with
their environment. However, there are numerous variables which
limit use and affect accuracy, such as range of motion and
positioning. These factors greatly influence motoric ability to

access. Commercially available devices did not address the need
for flexibility in positioning or range of motion for Jennifer.
Flexibility is the primary characteristic which differentiates the
Chin Mouse from other devices. It can be easily adjusted to adapt
its use for numerous individuals with severe motor disabilities.

The most difficult aspect of my work as a special educator for
individuals with severe and profound disabilities is
individualizing programming and equipment to best meet the nee.'s of
my clients. It is often the case commercially available products
are insufficient. Products designed such as the Chin mouse with
flexibility to adapt to changing needs are few and far in between.
Manufacturers Ar+ more apt to produce products which address the
needs of the w ority of disabilities, rather than a specific
impairment. This philosophy is understandable. Therefore, a
tremendous need exists for assistive technology which addresses the
needs of a few, but can be easily modified to be utilized by many.

Marisol Romero, Bruce Little, and Nina Paynter have accomplished
this.



Their professional expertise has improved the quality of Jennifer's
life by providing the opportunity for Jennifer to access a computer
independently.

On a personal level they acknowledged Jennifer with dignity and
respect. An aspect of their visits that truly impressed me was the
fact they spoke directly to Jennifer. They did not appear
intimidated by her disability. They were also aware of the need to
maintain confidentiality.

Please continue your community service program. The need for
technical expertise and collaboration among organizations is
overwhelming for our disabled population. Technical expertise is
imperative to further assist individuals to achieve their greatest
potential.

With Sincere Appreciation,

<<;goa¢o4v/ o/

Rosann Fox
Clinician II

pc: Carol Smith
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Abstract

This work provides the information for fabricating Fabry-Perot Interferometer
sensors and their performances. The Fabry-Perot Interferometer sensors developed here
will be used for the detection of flaws in aircraft structures. The sequel also contains
discrufssion of the experimental setups for the Ultrasonic technique and the Fabry-Perot
Interferometer.

Introduction

In order to ruake the ftlypc of fiber optic s=nsor in this work, a single mode fiber and
capillary ube were used. A fiber is a glass filament with a core having a slightly higher
index of refraction than the surrounding cladding and a buffer layer which surrounds the
cladding layer. A fiber is also used as i and output signals. The capillary tube is a
hollow core optical fiber tube where the fiber is inserted.

The purpose of this study is to fabricate fiber optic sensors in a cost effective way
to be able to detect damage such as corrosion and disbond in the walls of aircraft. In
choosing a specific fiber optic sensor the format in which the final output is available is an
important concept tc: consider. In this experiment, an extrinsic Fabry-Perot fiber optic
sensor was designed to develop a Fabry-Pemt Interferometer Sensor. The performance of
the Fabry-Perot sensor was characterized using a8 multimeter, and an optical microscope.
The 1300nm laser light source wa. used to observe the performance of the Fabry-Perot
Interferometer by showing the wrr linude changes, due to temperature variation as a
function of time.

This work provides aridicd~na! information for fabricating and characterizing the
performance of Fabry-Perot <ensois. Many research groups and individuals are cither
working on or have worksd i this same type of project, but in more detail or different
aspects. The fiber and electro-nptics Research Center in correlation with the Materials
Response Group of Virginia Tech have done an analysis of macro-model composites with
Fabry-Perot optic sensors [ :]. This particular experiment shows how useful macro-model
composites, ‘vith Fabry-Perot fiber optic sensors, are in measuring strain concentrations
introduced ty damage events. The department of mechanical engineering at the University
of Maryland did research on the phase-strain temperature model for structurally embedded
interferometric optical fiber strain sensors with applications [2]. The fiber and electro-optics
rescarch center and Bradley department of electrical engineering at Virginia Tech did
research on the Fabry-Perot fiber optic sensors in full scale fatigue testing on an F-15
aircraft [3]). This experiment deals with strain and temperature being applied! a
interferometric optical fiber sensor and the optical phase changes that occur.

Even though there are many groups and individuals working with f*er optic
sensors, in support of this particular work the sources mentioned above were used along
with help from my mentor and individuals in the fiber optics group at NASA.



~xperimental Procedure

The simplest configuration of the extrinsic Fabry-Perot Interferometer consists of
two plane, parallel, highly reflecting surfaces separated by some distance(aii gap), see
figure 1 [4]. In the construction of the Fabry-Perot fiber optic sensor a single mode fiber

(Ao=1300nm) was used as the input/output fiber and as a refle. .or to form an air gap. The
buffer layer , of two pieces of single mude fiber, was removed using a razor and a radio
solvent(a solve it rsed to remove and loosen cemented cones). The buffer layer was
removed hecause the diameter of the fiber was too large to fit into the cagillary twbe.
After the fiber was taken out of the solvent and wiped off, the ends v. the fiber were
cleaved with a cleaver. The cleaving had to be parallel in order for the enc gy reading to be
more accurate. The portable f:5er splicer(mode! pfs 330) was used to con™ - if the fiber
ends were cleaved correctly.

One end of each piece of fiber was put into the capillary tube. Since the capillary

tube has a 155um inner diameter and the fiber optic core aad cladding has a 125um

diameter, each piece of fiber must be 15um away from both edges of the tube. The other
two ends of the fiber were put into the splicemates. This setup is shown in figure 2. In
this setup the lLight coming from the laser through the fiber goes into the photodetector and
the output(energy reading) is obtained from the multimeter. When an acceptable energy
reading was obtained epoxy was applied to both ends of the capillary tube. After the epoxy
cured the sensor was characterized using the optical microscope. The opti- 21 microscope
captured images of the sensors on the computer, making sure an air gap was present, see
figures 3-5. The reflection and transmission methods were used to tzst the quality or
sserformance of the sensor. In the reflection method the coupler was used to help the signal
go back to the photodetector. In the transmission method a coupler was not used. Test
were ran on the Fabry-Perot sensors in effort to obtain changes in amplitude due to
temperature variations as a function of time. These results are shown in figures 6-10.
These test were run using the experiment-., application. Two sources of temperature were
used to determine the change in temperature, which led to the change in amplitude as
shown on the graphs, shown in figures 6-10. When here was a small fluctuation and then
a change in temperature occurred and the fluctuation became large, the variation of
temperature veie < time was acceptable. If the quality of the Fabry-Perot sensor was good,
the flaws in the aircraft structures were able to be measured using the ultrasonic technique
and the Fabry-Perot Interferometer sensor. The aluminum is held together by epoxy and if
any detachment wakes place or loosens the sensor or transducer can dete«t the damage. In
the ultrasonic technique two transducers were used to find the waveforiu propagated
ultrasonically through the aluininum, see figure 11. In the Fabry-Perot Interferometer
sensor setup, the sensor, placed between two transducers, was used to find the amplitude
changes within the aluminum, see figure 2.

581



582

Experimental Setup and Results

The experimental setup for this project consisted of a 1300nm laser used as a light
source, a photodetector used as a detector, 2 coupler used to help measure transmitted
opnalpouamnﬂecnm,mdaNodmded\ms,h\c splicemate used to connect the
sensor to the coupler(all of these devices are shown in figure 2) [S]. A Reicher Austria Nr.
362257 Optical Microscope was used 1o capture images of the fiber optic sensor revealing
the air gap, these images are shown in figures 1, 3.4, &5. A Hewlett Packard 3478A
multimeier was used 10 show the output amplitude reading obtained from the
seasor(readings are shown in figures 6-10). A solder iron was used as a source of
2 CT-03 Cleaver was used to form parallel cut fibers, and a Portable Fiber
Splicer model PFS 330 was used to confirm the parallelism of the cleaved fiber.
Experiments were performed using Fabry-Perot sensors. The Fabry-Perot fiber
optic sensors shown in figures 1 and 3 were used to obtain experimental results. If an
energy reading less than - Svolts occurred, the performance of a sensor was not acceptable.
Sensor number three contained a low energy reading of -.046millivolts. This could have
been caused by the size of the air gap. In an air gap the light is dissipate:i by the air, which
means the larger the air gap the smaller the intensity, and the smaller the air gap the more
light can pass through the two fibers. Another cause of low energy readings could have
been because of a misalignment between the two pieces of fiber in the capillary tube. The
problem occurred in sensor number three because of a large air gap, shown in figure 1.
Tests were run on sensor number three, despite the low energy reading, to further justify
the malfunction in performance of the sensor. Figures 6 and 7 show the amplitude changes
duc to temperature as a function of time for sensor number three. As meationed in the
, when a small fluctuation occurs and then there is a change in temperature and
the fluctuation becomes large, the variation of temperature versus ime is acceptable.
Shown in figure 6 there is really no type of amplitude change to make this test run
acceptable, and in figure 7 the amplitude decreases at a temperature change instead of
increasing. Sensor number four contained an initial energy reading of -1.28volts and a
final reading of -1.69volts. This sensor, shown in figure 3, was of good quality and
therefore could be further tested. In figures 8-10, amplitude changes due to temperature
variation as a function of time are shown for sensor number four. In figure 8, when a
temperature change occurred, the amplitude increased. In figure 9, the temperature did not
have any type of effect on the sensor, which caused a great amount of fluctuation. And
lastly in figure 10, a solder iron was used as a source of temperature to indicate amplirude
changes. The Fabry-Perot sensors shown in figures 4 and S are just two of the first
sensors fabricated during this project. Figure 4 shows a misalignment and figure 5 is a
good quality sensor but it was broken so it was not used for testing.
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Discussion

The testing of damage such as corrosion and disbond that occurs in aircraft
structures can not be accomplished without first fabricating and characterizing the
performance of the Fabry-Perot Interferometer sensor. This particular project indicated the
experimental nercedure used to complete fabrication and characterization of the Fabry-Perot
Ir-ciferomet:- : sor. The actual testing of damage in aluminum or aircraft structures was
nc» performed, out the setups for the ultrasonic technique and the Fabry-Perot
Inter{zrometer sensor were completed. Figure 11 shows the setup for the ultrasonic
tevanique. If 3 waveform is not shown on the Lecroy 9400A Dual Digital Oscilloscope,
there is indication that a crack or disbond has formed in the aluminum. Figure 2 shows the
sewp for the Fabry-Perot Intex rerometer sensor. If the voltage reading from the multimeter
changed or approached zero, there is indication of a crack or disbond in the aluminum. The
readings from the multimeter and the oscilloscope relate because when there is a waveform
on the oscilloscope there is a voltage reading on the multimeter and when there is not a
waveform, the reading on the multimeter is zero or very close to zero.
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Figure 3 Charactenzation of the Fabry Ferot Interferomater Lensor{sensor
fouir ) using the optical microscops,

Figure 4 Characterization of the Fabry-Perot interfecometsr Sensor{sensor pumber
anel usng the ootical micrscops




Flgure 5 Choracterization of the Fabry Pecot Intmferometor Sermor{sensor number
two) using the optical MiLroscope.
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‘ ABSTRACT

Two of the current and most popular implementations of the Message-Passing Standard,
MPI, were contrasted: MPICH by Argonne National Laboratory, and LAM by the Ohio
Supercompter Center at Ohio State University. A parallel skyline matrix solver was adapted to be
run in a heterogeneous environment using MPI. The Message-Passing Interface Forum was held in
May 1994 which lead to a specification of library functions that implement the message-passing
model of parallel communication. LAM, which creates it's own environment, is more robust in a
highly heterogeneous network. MPICH uses the environment native to the machine architecture.
While neither of these free-ware implementations provides the performance of native message-
passing or vendor's implementations, MPICH begins to approach that performance on the SP-2.
The machines used in this study were: IBM RS6000, 3 Sun4, SGI, and the IBM SP-2. Each
machine is unique and a few machines required specific modifications during the installation. When
installed correctly, both implementations worked well with only minor problems.

‘ INTRODUCTION

With the current downsizing and new philosophy of “faster, better, cheaper” companies can
no longer afford large powerful machines like the CRAY, yet they still require the computing power
provided by such systems. The current direction of the computational sciences is to utilize the
power of the machines already in use by engineers. Workstations have given engineers powerful
and accurate tools with which to which to design aircraft such as the Boeing 777. These same
machines are also giving engineers the ability to perform the large scale computations which were
previously done on large machines.

A single workstation could spend days slowly grinding though a large computation, but
with the use of parallel communications, many workstations can be linked together and provide the
power of a single large computer. This concept has lead to many types communication software
facilitating the production of massively parallel machines. The most common types of
communication are MPL, the message passing library for the IBM machines, and Parallel Virtual
Machine or PVM which was designed as a message passing library for heterogeneous networks.
PVM has recently been used in a parallelized Navier-Stokes CFD code at McDonnell Douglas. With
the success and development of such software, a decision was made to standardize the
communication protocol.

In May 1994, the first conference was held to create a new standard for message passing.
This forum produced the Message-Passing Interface Standard [Ref. 1] or MPI-1. The best
attributes of the existing message passing libraries were assessed and combined. MPI-1 is currently
a standard by which to create message passing libraries. It in itself is not software; it is left to the
implementors to write the code. While this standard currently contains message passing information
and control, I/O s being considered for MPI-2, and dynamic process control (e.g. MPI_Spawn) is
still under controversy. The beauty of the standard is that programs written in MPI can be used on
any architecture and with any implementation.

There are currently about five implementations of MPI freely available (see resnurce list).
The two most common and best supported are MPICH and LAM. These two implementations will
be profiled and contrasted in the following. The machines used in this study were:




IBM RS6000
(3)Sun4
SGI Indigo

e IBMSP-2
These machines were accessed from a Macintosh IIfx using MacX.

‘ IMPLEMENTATIONS

Both implementations require the use of the remote shell command, ‘rsh,’ and thus require

all machines in the available network, including the root machine, to appear in the .rhosts file of the
user.

¢ LAM VERSION 5.2

The Ohio Supercomputer Center’s implementation, Local Area Multicomputer or LAM
(which is a subset of the greater Trollius system), creates a similar environment to PVM. LAM is a
message passing library with it’s own environment. LAM’s implementation of MPI amounts to a
separate set of libraries that interact with LAM’s environment. To run an MPI program in LAM it
needs to be compiled with a FORTRAN/C compile script provided by Ohio State. The environment
must then be set up by “starting the engine” or running the LAM deamon on all the machines in the
desired network.

’ OPERATION

Once the engine is running LAM is fairly simple to use. However, for heterogeneous
networks the executable must lie in the user’s path. The program is run with a command line
execution that includes the script executable (mpirun), options, the nodes which it will be run on,
and the program executable. The program name is assumed to be the same on all machines. There
is no way to easily deal with different executable names or path: For a heterogeneous environment
any IO to the program must have a specified path name or be located in the directory from which
LAM was booted. (For the root computer this will be the directory from which ‘lamboot’ was
run. For other computers in the network, it is the user’s home directory.)

’ INSTALLATION

The installation is pretty straightforward as laid out in the Installation Guide [Ref. 2]. An
environment variable must be set up to define the location of the executables and this location must
then be placed in the user’s path. This location is different from the location of the source code,
since the source code may be eliminated once LAM is properly built. The last thing required before
running the ‘make’ is linking the ‘config’ file to the proper architecture configuration file.

The only problem encountered duri*g the installation was the necessary addition of the ‘-
Bstatic’ option to the C compiler (cc) and the FORTRAN compiler (f77) in the ‘config’ file on
‘sunny.larc.nasa.gov’ (Sun4) and ‘csmsun.larc.nasa.gov’ (Sun4). These machines require this
option as a result of a problem with their shared libraries.
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For a permanent network installation LAM should be installed in the path /usr/local/lam or
fustflocal/lam5.2 etc. In order to do this, the TROLLIUSHOME environment variable must be
set to this path as well as the home variable in the config file. Once set, run:

make install
and the source directory may be deleted.

¢ MPICH VERSION 1.0.10

MPICH uses an environment already installed on the machine which gives rice ., i's
chameleon nature and the CH in it's name. MPICH relies on the environment already ¢ -.wed on
various machines, such as p4 on workstation and MPL/EUI on IBM machines. Argonne National
Laboratory has created libraries to make MPI take advantage of the native message passing routines
already on the computers. To run a MP! program with MPICH an appended makefile (created by
MPICH) is required to initialize certain environment variables.

0 OPERATION

MPICH is alsc fairly easy to run. It also uses a script executable (mpirun) followed by
options and the program executable. MPICH does not require the listing of nodes/computers to be
run on in the command line, however it does require the ‘-np’ option at a minimum to specify the
number of processes. When enlisted, MPICH looks for all the machines with the same architecture
as the root computer (these are listed in a file in MPICH) and the processes are dispersed among
them. In order to run on a heterogene. 1s network, the process file or procgroup (PI#HHH#) needs to
be created by the user. This process file contains the computer’s network name, the number of
processes assigned to that computer and the full path name of the executable, as well as the user’s
login name on heterogeneous machines. Since the full path name of the program is specified, the
program names and paths may vary on other machines without being placed in the user’s path.

A generic procgroup file was created containing all of the machine names available; unused
machines were then commented out as necessary for each machine.

0 INSTALLATION

Installation of MPICH is also fairly simple; see the MPICH Installation Guide [Ref. 3].
MPICH supplies a configuration script, configure, that can be run with or without flags that
specify options such as the architecture, device and C compiler used. This configure script creates
the makefiles, which simply need to be built. The following variatior: were made for the
workstations used. The IBM RS6000, borg-07, is a stand alone workstation and does not contain
the MPL/EUI libraries, thus the device and communications protocol used were p4. On the SP-2,
the configure was unable to successfully use the mpCC or C++ compiler, so '1ie -CC=mpcC option
was used to specify the C compiler. This had no effect to subsequent programs since MPICH is
written in C and the sparse solver is written in FORTRAN. Finally, the two Sun4 workstations,
sunny and csmsun, required a modification to their configuration files. MPICH requires use of the
shared libraries on these Suns so the static or non-shared library option was not successful (i.e.
configure -cc="cc -Bstatic” -fc="f77 -Bstatic” ). An additional library reference is needed for
the shared libraries. There is no specific flag to specify the libraries for the configure file, therefore
the script was directly n.odified and the shared libraries were added to the primary list of parameters
(i.e. LIBS=-1c.1.8.1 and -Ic.1.9.1, respectively for sunny and csmsun). In addition, subsequent
makefiles required this option as well.



For a permanent network installation MPICH should be installed in the path /usr/local/mpi
or /fusrflocal/mpi-1.0.10 etc. This installation is performed by the following command:

make install PREFIX=/usr/local/mpi-1.0.10

In -s /usr/local/mpi-1.0.10 /usrfiocal/mpi

‘ THE SPARSE SOLVER

The matrix solver used for this study was a vectorized skyline sparse solver written by
Majdi A. Baddourah. This particular solver has been tested in various forms including PVM and
MPL on the SP-2. For pervious benchmarks and performance see the Computational Structures
Branch Web page (see resource list).

Since MPT’s subroutines are similar to existing parallel communicators, few change. had to
be made to the solver. For example, the standard send FORTRAN syntax is provided below for the
native message-passing library of the IBM machines (MPL), Parallel Virtual Machine (PVM), and
MPL

MP_SEND( outgoing_message, msg_length(bytes), destination, data_type )

PVMFINITSEND( encoding, error_code )

PVMFPACK( outgoing_message, first_element#, msg_length(items), stride, error_code )

PVMFSEND( task_identifier_of_destination_process, msg_tag, error_code)

MPI_SEND( outgoing_message, msg_length(items), data_type, destination, msg_tag,
comminucatior, error_code )

MPI is a combination and reordering of the other two, allowing the simplicity of MPL with the
heterogeneous capability of PVM. The main program was edited to reflect MPI's initialization and
finalize routines; MPI_Init()!, MPI_Comm_Rank()?, MPI_Comm_Size()’, and MPI_Finalize()*.
All other communication references were dealt with as subroutines. One other change was made to
the factorization and back solving subroutines. MPL requests the number of bytes being sent while
MPI requires the number of items, thus variables such as ‘nbyt’ were essentially divided by the
number of bytes per item to reflect the number of items oniy.

The send subroutine was modified to use the standard MPI send, MPI_Send()*. Other
options for different types of sending routines were considered, but deemed unnecessary. One of
these possibilities was a synchronous send, which will not complete until not only the message
buffer is safe to be reused but also the matching receive has been posted. The standard send is a
blocking send, where the send will not complete until the message buffer is able to be reused. This
standard send was also the fastest send, especially for large messages. This modification was a
little tricky since the send and receive subroutine were called for both integer and real data types.
MPL accepts a range of numbers to specify a certain data type, e.g. the integers 1 to 100000
represent real numbers and larger integers represent integers. The original data type was used as the
message tag and then changed to an MPI data type, e.g. MPI_Real® . Using this message tag will
also prevent mismatches in send and receive pairs.

! MPI Standard page 196 line 20  MPI_INIT( ierror )

2 MP1 Standard page 142 line 5  MPI_COMM_RANK( commincAtor, rank, ierror )

3 MPI Standard page 141 line 28 MPI_COMM_SIZE( commincator, size, ierror )

* M1 Standard page 196 line 3¢ MPI_FINALZE( ierror )

> MP1 Standard page 16line 26 ~ MPI_SEND( buffer, nelements, datatype, destination, tag, comunicator )
® MFi Standard page 17 line 12 Fortran: REAL
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The global sum subroutine was modified to make use of MPI_Alireduce()’, which not only
performs a user defined function but also sends the result to all of the machines in the network.
Here, the user defined function, vector addition, was slightly modified to the form expected by
MPI. This modification only involved reordering the arguments.

The two communication ring subruitines, integer and real data types, were initially modified
to use the MPI_Sendrecv()® routine. MPI_Sendrecv() will send and receive the same buffered
information in either direction, which should pre -«nt deadiock. Deadlock occurs when one machine
is attempting to send and the receiving machine 1s al<o attempting to send, thus not allowing the
completion of either send call. Unfortunately, this created problems and was abandoned.

Finally, the subroutine used for timing the program, or profiling, was changed from a C
subroutine using gettimeofday() to MPI_Wtime()’. MPI_Wtime!) returns wall-clock time in
seconds similar to gettimeofday().

The makefiles for the solver are generally straight forward, the header information for both
LAM and MPICH was either copied or generated by the software. Initially, the makefiles were not
finding the MPI library, this was temporary fixed by editing the environmental variable LYB_PATH
to reflect the location of libmpi.a. This is not ne: - :sary, however, if the makefiles are created with
the correct path for each MPI implementation. Also, LAM 5.2°s include file for FORTRAN,
mpif.h, was originally written in C, this facilitated the need for extra lines in the makefile, i.e. the
preprocessor Cpp was required of all files containing the include file. This was subsequently
changed after an inquiry to the implementors of LAM. This change may now be included as a patch
and will most likely appear in the next version to be released.

’ PERFORMANCE TESTING

There have been previous studies in the performance c.” MPI as compared to other parallel
libraries. “Performance Comparison of MPL, MPI, and PVMe” [Ref. 4] compared the performance
of PVMe, MPICH, MPI-F, and MPL. As ex MPL performed the best, but IBM’s vendor’s
version of MPI, MPI-F, practically matched performance. The free-ware version of MPI,
MPICH, was a close second followed by PVMe. Also, “Some early performance results with MPI
on the IBM SP1” [Ref. 5] found MPI-F to closely match MPL and MPICH followed closely
behind.

The solver was run for various combinations of processors using LAM and the p4
directories in MPICH. The SP-2 was used as the primary control machine, since it was the original
source of the solver’s progra. . with MPL. For each matrix tested, the solver was run on the SP-2
using, MPL, MPICH, and LAM for two to six processors or nodes. In addition various other
combina. - .is of machines were u:ed for each of the matrices up to the entire network of all six
machines available. The matrices ‘ested were a simple beam consisting of 24 equations, a test
mar ix of 840 equations, a plate with a hole in it with 1,802 equations and a model of the High
Speed Civil Transport with 16,152 equations.

As a basis for a comparison, all four matrices were run on the SP-2 and compared in Figure
1. The send time in the factorization is compared for the solver running with MPL, MPICH using
the native MPL, MPICH using p4, and LAM. The SP-2 was tested with p4 because, for this
particular network p4 interacted the mosi consistently with the other machines. Figure 1 shows
MPICH with MPL a close second to MPL itself.

T MPI Standa:d page 122 line 14  MPI_ALLREDUCE( sendbuffer, recvbuifer, nelelments, datatype, operation,
comunicator )

* MPI Standard page 57 line 4 MPI_SENDRECV( sendbuffer, sendnelements, sendtype, destination, sendtag,
recvbuffer, recvnelements, recvtype, source, recviag, comincator, status )

® MPI S-andard page 195 line 19  FUNCTION MPI_WTIME()



Figure 1. Send Times on Poseidon

i e

Please note the graph is not to scale and 15 a bit skewed. Figure 1 does not vet sugges: salability as
all graphs are citmbing through the increase in number of equations, however, it has been shown
that MPICH using native libranes will become as scaleable as the native libraiies themselves.

Figure 2 demonstrates the total factor time for the SP-2 as well as an average of many other
heterogencous configurations. This figure demonstrates the increase in communication time in the
heterogencous network  This 1s primarily due 1o the relative speeds and memory of each machine as
the time varies with the number of processors and not with the degree of heterogeneity.

Figure 2. Factor Times for 1802
Equations
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The largest peak stems form a largely heterogeneous network using MPICH and p4. This curve
drops off quickly because this network could not handle larger matrices thus, the last data points are
for the SP-2 alone and not an average of many networks.

As mentioned above, the tme 15 dependent on the mdividual machine and thus the over all
time can vary great depending on the machines in the network.  Figure 3 shows the send. . ceive,
and compute ume for the 840 cquations.  The general trends are for send time to decrease with an
increasing number of nodes which can be explained by the decreasing message size. The compute
time also decreases with increasing nedes, which was expected since the relauve work load s



decreasmg. Finally, the receive time increases dramatically. This is mostly likely due to down time
waiting for other machines in the network.

Figure 3. SEND/RECVYCOMP , Figure 4. SEND/RECV/COMP
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The large peaks represent very heterogeneous networks, 1.e. at least three different architectures,
and usually contain a Sun. It is also interesting to note that the order of networks configurations is
the same in both Figure 3 and 4. Figure 4 lacks the large peaks found in Figure 3, but the overall
time is much greater. The length of the send and receive umes was also dependent on the degree on
heterogeneity and the speed of the machine being sent to or receive from.  The compute tme
remained relatively constant per machine, differences resulting from load on the machine. For large
matrices, i.e. the high speed civil transport, LAM's performance begins to approach MPICH's
performance using pd4, however, neither approaches MPICH using native message-passing.

‘ CONCLUSIONS

The choice of implementation should be based on user preferences, 1.e. what type of control
the user is more comfortable with and the importance of time and performance. LAM is moic
robust in a heterogeneous environment than MPICH, however, MPICH provides much better
performance than LAM. ! AM may also allow dynamic process control in the future which is not
available with MPICH. For a semi-homogeneous environment, e.g. cluster of IBM RS6000's,
MPICH using the native message-passing would be the best choice. For a program developer on a
heterogeneous retwork. LAM offers the most ease of control and stability.

Further testing with larger matrices should be done. This, however, should not be done on
the local Suns, since they do not provide the hardware necessary to efficiently run them. A similar
performance to that of the SP-2 should be atainable on the IBM RS6000 cluster. In addition,
vptimization can be done to further increase the performance of the solver using MPL.  The X
windows interfaces, e.g. MPE and Xmpi. provide an aide to this task.
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Abstract

This paper investigates the relationship between open hole tensile
strength and distance between a hole and a stitch in a textile composite
material. Tension tests were completed on various specimens with
widths of 1 in., 2 in. or 3 in. and a constant width to hole diameter ratio
of 4. The composites tested were warp knits with AS4 fibers and 3501-6
resin. Test results show a small percent change of net strength with
stitch location. However, due to the large scatter in data, the small 6%
change in net strength is considered negligible.

Introduction and Background

There is strong interest in using composite materials for primary airplane components. The
chief advantage of composites over presently used metals is the low density of composites
compared to the high density of metals. The overall weight of an airplane would be reduced
thereby reducing fuel consumption. Another advantage of using composites is the stiffness of the
material. By using composites, future airplane wings will have a higher aspect ratio of length to
width because of the increased stiffness of the wings. This results in a more economical plane
because high aspect ratio wings reduce the drag on an aircraft. The third advantage of composites
over metals is that composite strength and stiffness can be tailored. Components of an aircraft will
need extra strength in certain directions depending on the design of the component. Anisotropic
composites can have increased strength and stiffness in different directions by laying extra fibers in
the directions of the needed extra strength.

Although there are many benefits in using composite materials, the present cost of
manufacturing composites is high compared to the costs of manufacturing metals. As a result, an
effort has been made to develop cheaper methods of fabricating composites without a large
decrease in strength or stiffness. One of these new methods being researched is mechanically
stitching dry textile preforms. Fibers in the dry fabric are oriented in different directions,
depending on where the most strength is needed, and then sewn together by machine. After being
stitched together, the material is cut to the desired size and shape. Resin is used to harden the
material, and bind the layers together. This was accomplished by resin transfer molding (RTM), in
which the material is impregnated with resin and cured. This new method has been proven to be
more cost effective than present manufacturing techniques. Stitching has also been found to reduce
delamination after impact.

Before stitched composites can be used regularly in commercial aircraft, the mechanical
properties of composites must be tested. Further tests are needed to determine the ability to
machine and fabricate final products from stitched composite parts. One concern about the
fabrication of the final components was the effect of hole placement near a stitch. The area
surrounding a stitch tends to have a pocket for resin which may make that area weaker than the rest
of the material. Since higher stress concentrations exist around a hole, there was concern over
whether the material would be weaker in this area if a hole was drilled in a resin enriched area near
a stitch. Therefore, the combination of high stresses between a hole and a stitch needed to be
examined. Open-hole tension tests determined if the distance between the edge of a hole and a
stitch affected the ultimate strength of a specimen.

Materials
All of the specimens tested were warp knit with 44% AS4 fibers in the +/- 45° and O°
directions and 12% AS4 fibers in the 90° direction. The A specimens had all seven layers stitched
at once, whereas the H1 specimens had the +/-45° and Oe layers stitched together as a group, and
then a layer of 90° was stitched between two groups of +/-45° and 0r.
Each row of stitches was sewn at 0.25 in. from the previous row in all three specimen
widths. Different stitch diameters were considered for testing. The diameter of the stitches for the



HI, Al, and A2 specimens was 0.0313 in. (1/32). This type of stitch was tested for the tl.ree
width sizes of 3 in., 2 in., and | in. However, for the A3 specimens a smaller stitch diameter of
0.156 in. (1/64) was tested. The reason for testing a small diameter stitch was a small diameter
might leave a smaller area or pocket than a large diameter stitch. Since resin tends to collect in
pockets near a stitch, a small area around a stitch was believed to collect less strength-reducing
resin than a large area around a stitch. However, this small diameter stitch was tested only in the 1
in. wide composites.

Different diameter holes were core drilled into the specimens. This type of drilling involves
a cylindrical-shaped drill-bit grinding a hole through the material. The ratio of the width to the hole
diameter of each specimen was kept constant at 4. The hole diameters were 0.25 in., 0.5 in., and
0.75 in for the width sizes of 1 in., 2 in., and 3 in. respectively. The edge of the holes were
located either touching a stitch, close to a stitch, or far from a stitch. For each specimen width, at
least 3 specimens were tested with each hole location. A sample specimen can be seen in Figure 1.

Procedures

Each specimen was measured, with a caliper, for width, thickness, diameter, and distance
of the longitudinal tangent of the hole from the nearest stitch. The width and thickness were
needed to calculate the cross sectional area of the specimen. The thickness of the =~ecimen was
measured on both sides of a hole, and the average of the two measurements were recorded as the
thickness. The diameter of the drilled hole was measured to check for consistency. The distance
of the longitudinal tangent of the hole from the stitch was measured in order to compare the hole
placements of each sample.

After each specimen was measured, the ends of the specimens were taped to protect the
grips of the tension machine. The specimen was placed squarely in the lower grip of the tension
machine and the upper grip was maneuvered around the upper portion of the specimen and closed.
The machine applied a load to the specimen at a rate of 0.05 in./min. until fracture. The ultimate
tensile load was recorded from each experiment for later comparison. Specimens were tested in
groups according the width, and then hole placement with the largest specimens tested first.

The tension testing machine for the largest specimens of 3 in. width was a Materials
Testing Machine (MTS) Hydraulic Fatigue Test System, with a 100 KIP capacity. The machine
was controled with a MTS 458.20 microconsole. For the two smaller widths of 2 in. and 1 in., a
MTS Hydraulic Fatigue Test System, with a 50 KIP capacity and MTS 458.20 microconsole was
used for testing. A computer was connected to the microconsoles to read the output signals. The
data acquisition software program plotted the load vs. the grip stroke.

Results
The net open-hole tensile strength of the each specimen versus the distance of the edge of
the hole from the stitch was graphed. The net strength allowed for specimens of different cross
sectional areas to be compared. Calculations of the net strength were made by the following

formula:

(hH Net Strength = Load / ((Width-Diameter) » Thickness)

The average net strength of all the specimens by type, by size, and by the location of the edge of
the hole can be seen in Table 1. The net strength was used to calculate the percent of scatter in the
data. The difference between the highest and lowest net strengths of specimens with the same size,
stitch diameter, and stitch technique were divided by the net strength of the highest specimen as in
the following equation:

(2) (Highest net strength - Lowest net strength) / Highest net strength
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For the largest width size of 3 in., both the H1 and the A2 specimens were graphed
together for comparison between malterials. As can be seen in Figure 2, the distance between the
edge of the hole and the stitch did not affect the ultimate strength of either material. The average
strength of the H1 material with the edge of the hole close to the stitch (HC), was compared with
the average of the H1 with the edge far from the stitch (HF). Although there was a slight 2.3%
decrease in the average strength of the H1 specimens from HC to HF, Figure 2 shows the scatter
of the data points was as high as 7.4%. With this high percentage of scatter, it can not be
concluded that the strength changed significantly when the distance between the edge of the hole
and the stitch decreased. The average net strength of the A2 specimens with the edge close to the
stitch (A2C) was 79.33 ki, and the average net strength of the specimens with the hole far from
the stitch (A2F) was 73.82 ksi. The A2 specimens simiiarly showed a decrease in average net
strength of 6.9%, but with as much as a 10.5% scatter of data. Since the scatter of data was higher
than the change from A2C to AZ2F, it was concluded that the change was negligible. Figure 2 also
shows that the oper-hole tension strength of the H1 and A2 Specimens are similar even though the
H1 has a different stitching technique

Results from the tests with the 2 in. wide H1 and A1 specimens are shown in Figure 3 and
Figure 4. In Figure 3, the average net strength of the H1 with the edge close to the stitch (HC)
was 78.24 ksi. This strength is 1.8% less then the average net strength of 79.65 ksi for the H1
with the edge far from the stitch (HF). The percent scatter of the points was 11.4%, which was
higher than the decrease in net strength of 1.8%. As a result, the change in strength was negligible
when compared to the higher percent scatter of data. As can be seen in Figure 4, the average net
strength of the Al specimens that had the edge close to the stitch (A1C) was 86.04 ksi. The
average net strength of the Al specimens that had the edge far from the stitch (A1F) was
86.28 ksi, which was less than 1% higher than the A1C specimens. This change in average net
strength was especially low when compared to the other tests. Since the 21.7% scatter of data was
significantly higher than the change of net strength, the change in net strength was considered to be
negligible. The average strengths of the H1 for the 2 in. wide specimens was lower than the A1
specimens even though the H1 had a different stitching techniq <.

The results of the 1 in. wide specimens can be seen in Figure 5, Figure 6, and Figure 7.
In Figure S, the H1 specimen with the tangent close to the stitch (HC) had an average net strength
of 90.65 ksi. This net strength was 5.7% lower than the net strength of 96.16 ksi for the HI with
the edge far from the stitch (HF). However, the scatter of data was 15.5% which was higher than
the percent change in the net strengths of the specimens. The change in strength from HC to HF
was considered to be negligible since the percent scatter of data was higher than the percent change
in strength. In Figure 6 it can be seen that the Al specimen with the edge close to the stitch (A1C)
had an average net strength of 93.97 ksi. The A1C net strength was 8.0% lower than the average
net strength of 102.17 ksi for the Al specimen with the edge far from the stitch (A1F). However,
since the scatter of data was 13.5%, the 8.0% change on net strength was considered negligible.

A third set of tensile tests was conducted with 1 in. wide A3 specimens These specimens had a
smaller stitch diameter of 0.0156 in. as compared to the stitch diameter of 0.0313 in. used in the
Al and H! specimens. As can be seen in Figure 7, the average net strength of the A3 specimens
with the edge close to the stitch (A3C) was 94.25 ksi. This net strength was 7.8% lower than the
average net strength of 102.17 ksi for the A3 specimen with the edge far from the hole (A3F).
The scatter in data was 12.4%, which was more than the change in net strength.

Conclusions

In conclusion, all the specimens had a percentage of scatter higher than the percent change
in net strength. As a result, there was no significant change in strength due to hole location near a
stitch. Future tests should focus more on why the percent scatter of data was so high, and more
tests with hybrid material. Hybrid material uses the same stitching technique as the H1 specimens
but has stronger IM7 fibers in the O° direction.
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Table 1

Material Width Ave. Net Material Width Ave. Net
(in.) Strength (ksi) ~(in.) Strength (ksi)
Hybrid Close 3 77.27 Hybrid Close 1 90.65
(HC) (HC)
Hybrid Far 3 75.45 Hybrid Far 1 90.16
(HF) (HF)
A2 Close 3 79.33 A1 Close 1 93.97
(A2C) (A1C)
A2 Far 3 73.82 A1l Far 1 102.17
(A2F) (A1F)
A3 Close 1 94.25
Hybrid Close 2 78.24 (A3C)
(HC) A3 Far 1 102.17
Hybrid Far 2 79.65 {A3F)
(HP)
A1 Close 2 86.04
(A1C)
A1l Far 2 86.28
(A1F)
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ABSTRACT

The purpose of this project was to produce a CD-ROM for the Technology Applications
Group. The CD was being developed to allow interested people, organizations, or
companies to view the technologies available to them that were developed by NASA
research. The CD's main audience however, is any small business. The CD will give the
small business an opportunity to sec what technologies are available in an inexpensive
manner. Most companies probably have a CD-ROM drive on their computers but may
not have access to the internet. By using only the internet to inform on the technologie ;,
NASA was not considering a large segment of the population. The CD-ROM can now
cover that group of the population.



INTRODUCTION

One of the main focuses of the Technology Applications Group (TAG) is to transfer
technology from NASA to industry. To aid in the transfer of technology, TAG decided
to inform the public of the available technologies through two means. The first is through
the intemnet and the second is by way of CD-ROM. Although a large portion of the
population does have access to the internet, many individuals and small companies cannot
afford to use it. On, the other hand, many people and companies have access to a CD-
ROM drive or are able to purchase one at an zffordable price. It is these people who we
want the CD-ROM to reach.

SUMMARY
APPROACH

I arrived in the TAG office two weeks early to develop a plan and ¢ *sign for our CD-
RCOM. We had initially intended on killing two birds with one stone by embedding the
Netscape or MOSAIC browser into the CD-ROM along with a translator. The translator
was to translate our data into HTML. So, the information which we obtained and the
screens which we made would have been viewable not only on the CD-ROM, but also on
the world wide web. We were unable to get Netscape to work with us, however after
several weeks of working with MOSAIC, they decided to work with us. Unfortunately,
by the time MOSAIC reached their decision, time had come for us to get started one way
or another and we started without MOSAIC. Next year however, the next group will be
able to embed the MOSAIC browser into their CD. This year, our work can only be
vic wed via CD-ROM.

EQUIPMENT

My group was chosen for this program as a result of our knowledge of HTML. We
however, could not apply what we already knew and had to start from scratch. We had
to learn how to use new software and hardware. The hardware included: Macintosh
computers, CD-ROM writer, and scanner. Our software included: MicroSoft Word,
FoxPro, Adobe Premiere, Adobe Illustrator, Colorlt, Impact, PageMaker, and Photoshop.

RESULTS

We have developed a CD-ROM which will be completed within the next two weeks. |
believe that it was a good first attempt. Teams that work on this project on the future

will hopefully be able to take this much further than we have taken it. Hopefully, they
will already have more knowledge on the use of the hardware and software and wiil not
have to spend as much time learning how to use the software before getting started.
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Also, the next team will probably have a better understanding of what is to be developed
because they have something on which they can already go on, our CD.
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Abstract

In the surfaces correlation study, several different volumetric
and drainage measurement techniques for classifying surface texture
were evaluated as part of a major study to develop and improve
methods for predicting tire friction performance on all types of
pavement. The objective of the evaluation was to seek relationships
between the different techniques, and to relate those results to
surface frictional characteristics. We needed to know how each of the
tests could be related to each other.

Another of my assigned projects was to make a tire behavior
math model for the High Speed Civil Transport (HSCT) using the same
methods used for the space shuttle a few years ago. A provided third
order equation with two variables was used. This model will also be
used for studies with the Boeing 777. Only a few changes will be
necessary to adapt it for this other aircraft, which is the newest
offered by Boeing.

In my final project I was involved with testing the tires for this
new aircraft using the Aircraft Landing Dynamics Facility (ALDF) test
carriage within the carriage house (Bldg. 1261) at LaRC. A 50 inch
diameter radial tire manufactured by Michelin Aircraft Tire
Corporation had to be tested to double overload of 114,000 pounds.
The rated load of each tire is 57,000 pounds, but Boeing required
tests assuming failure of a companion tire that could have cost
Michelin approximately $12 million to build a facility to provide the
required test capability. Here at LaRC, only minimum modifications
to the facility were required to perform this specific test.



Introduction of Correlations

It has long been recognized that the texture characteristics of a
pavement surface can directly influence the frictional forces which
pneumatic tires can develop for accelerating, steering, and braking.
Many different devices and techniques have been developed to
provide quantitative measurement of surface texture, and these
efforts have identified two texture classifications, micro- and
macrotexture. In general, microtexture consist of the fine, small-scale
surface features such as those found on individual stone particles,
whereas macrotexture encompasses the coarse, large-scale roughness
of a pavement surface-aggregate matrix. Results from stud:as to
evaluate the effects of speed on tire friction have indicated that the
slope of the friction-speed gradient curve is primarily a function of
the surface macrotexture. On that basis, it would appear that an
assessment of both surface micro- and macrotexture characteristics
is necessary to relate texture measurements with tire frictional
performance.

Explanation of Some Equipment and
Test Procedures

Comparative measurements were collected in this study using
several different pavement classification techniques which included
volumetric types, drainage devices, a skid resistance tester, and
another which uses light beam calibration procedures. Surface
preparations were followed during the operation of each technique
on sixteen different concrete and asphalt surfaces located at Langley
Research Center (NASA), Wallops Flight Center (NASA) and at
Cranfield University. For each technique, a stiff, wire-bristle brush
was applied vigorously to the surface test area prior to measuring to
remove all loose stones, debris, and other contaminants. A minimum
of six measurements were taken at different locations on a given
surface. Data was collected using all the techniques on the same test
area of a given surface. For each technique, an average value was
calculated from the individual measurements taken on each test
surface. A general description of some of the different equipment
and test procedures used for the various techniques follows.
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Volumetric Methods:

The volumetric methods involved spreading a known volume
of a given material on a pavement surface to fill all voids, measuring
the area covered, and computing values of the average texture depth
by dividing the material volume by the spread area. The dissimilar
material properties required different measurement procedures, as
well as different equipment.

The sand patch method was developed at the British Road
Research Laboratory, and is one of the first methods used tc
determinate surface texture. The technique used in this procedure
consists of pouring a known volume of fine, dry sand on the
pavement, spreading it over a circular area, and using a hard round
puck similar to that used in ice hockey, leveling the sand with the
tips of the asperities (peaks). A small, open-ended, wood frame
provided the test surface area with protection from the wind during
each sand patch application. The average surface texture depth is
obtained by dividing the volume of sand used by the area covered .

Another method used in this study is the grease patch method.
For this method a metal cylinder with an internal volume of about
16,000 mm3 (aprox. 1 cubic inch) is used. The actual volume is not
critical, provided it is accurately known. Suitable dimensions based
on an accurate 1 inch internal diameter pipe would be a diameter of
25.4 mm and a length of 32.3 mm. Other secondary requirements are
a putty knife, a tight fitting plunger, a rod to expel the grease from
the cylinder, a rubber faced aluminum or wooden squeegee some 30-
40 mm in width, and masking tape. In this method the test cylinder
is first packed with any general purpose grease using the putty knife
in such a way as to avoid entrapping air and the ends are squared off
using the putting knife. Two parallel lines of masking tape are placed
at right angles to and at one end of the test area and worked in the
voids in the surface to the levels of the peaks of the surfacing and in
a rectangular shape between the parallel masking tape. Care is to be
taken so that no grease is left on the masking tape or squeegee.
Measure the volume of the test cylinder and the dimensions of the
grease patch. The average surface depths of the voids is given by the
equation:

Volume, .of_Grease_(mm’)

Surface_Texture_ (mm ) = Area_Covered _ (mmz)

Two spreaders were available - NASA and Cranfield. The NASA
spreader consist of a flat picce of metal approximately 40 mm by



150 mm to which a strip of rubber has been stuck to act as the
squeegee. The Cranfield spreader is shaped like a shepherd's crook
with a wooden handle and metal head on to which the 40 mm wide
rubber squeegee has been stuck. As part of the objectives I tried to
determine the differences between both set of values.

Drainage Methods:

The basic static water drainage meter, commonly referred to as
an outflow meter, consists of a transparent plastic cylinder to
contain water and a brass base plate with a rubber ring attached to
the bottom face. The cylinder is placed on the pavement and loaded
so that the rubber ring will contact the surface aggregate particles in
a way similar to that expected of a tire tread element. Water is
poured into che cylinder, and a clock measures the time required for
a known volume of water to escape through the pores or grooves in
the pavement and between the rubber ring and the pavemerr
surface.

Skid Resistance Tester:

The British pendulum skid resistance tester is a dynamic
pendulum impact-type tester used to measure the energy lost when
a rubber slider edge is propelled over a test surface. The British
Pendulum Number (BPN) values measured for flat surfaces represent
the frictional properties obtained with the apparatus using
recommended procedures. Since pavement surface temperature
measurements were taken during all test, the average BPN values cn
each test surface were temperature-corrected by a nonlinear factor
established during a British Road Research Study.

Other:

The Texture Van, Jeveloped by Penn State University, is a test
where a computer collects data from a frame grabber that looks at a
3 mm by 51 mm rectangular beam of light that is flashed onto the
pavement. This produces a shadow effect on both edges which are
called Leading and Trailing edges. RMS (Root Mean Square) values
are calculated from these edges to be used in results.
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Another kind of test was the Texture Beam., It has two types of
measuring devices, an infrared laser and a LVDT for measuring
texture. The beam has a trolley that is motor powered and carries
the measuring devices. A computer collects the data and is displayed
in real time.

As part of my work, I did not actually conduct these types of
tests. Rather, I had to study and learn how each of these tests work
so as to make the best correlation between the different tests.

Results

From all the data collected 1 made different charts that
provided me with a visual meaning of the data and how the different
tests are related. With Tom Yager's (Senior Project Engineer) and
Robert H. Daugherty's (my mentor) help I could find some of the
outlying points and which tests are related or similar. Also, I had to
work with the equations for the best curve fit to each correlation.
One tries to obtain the nearest value of r to 1 (r=1 ==> the best curve
fit), but one must keep in mind the real meaning of the curve
obtained. I conducted comparisons between the different tests which
were made the last year on similar surfaces. Genera.ing more charts
showed the differences found between all the values.

The first of my other two projects involved an HSCT tire model
consisting of a worksheet made in MS-Excel to calculate a curve fit to
a set of bi-cubic test data. The worksheet could be modified for
different coefficients, yaw angles, and rated load factors. As soon as
the required data was obtained, MatLab was used to make two
different matrices (one for the positive side and one for the negative
side) using the sign conventions for the yaw angle and side forces
used in LaRC to plot the graphs requested. After this, John Tanner
(NASA Engineer) used another plotting software to make a 3D
surface using the data sets that the model provided.

My other project with the Michelin tires was slow. We had a
few problems with the adhesive used in the sand paper to increase
the friction on the surface. A new kind of adhesive used in France for
the same purpose was procured to continue the tests. As soon as we
obtained the adhesive we started again. Michelin needs three main
kinds of tests; a) Unyawed Relaxation Length - Zero yaw, pull side
load up to 47,000 pounds, roll tire forward slowly, b) Yawed
Relaxation Length - Yaw tire up to +18 degrees, no side pre-load, roll



tire forward slowly and  ¢) Breakaway Friction - Pull si e load
up to 80,000 pound with tire stationary required from Boeing.

As part of this project 1 was involved in taking data and
operating the track data system in the Instrument Room. The
procedures consisted of the Test Engineer (Robert H. Daugherty)
informing the technician what load to apply to the test article for
each test. He had to be 0i. the phone with me to advise me when to
commence and cease taking data.

I was learning about how the data system used works. A'so |
had the opportunity to see how can you make the plots needed and
how to extract the data that you need from the system. On one
occasion I had the opportunity to see a strange behavior on one of
the plots made by the computer. This behavior suggested there was a
problem in test wheel axle, and upon physically looking at the axle a
small metal spacer had failed.

This testing will continue for another manth.
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Abstract

For the past few years, innovation in the field of General Aviation (GA) has
declined. The reason for this decline has not been because of a lack of ideas, but rather a
lack of funds necessary to convert these ideas into reality. NASA implemented the Small
Business Innovative Research (SBIR) program in an effort to promote new technology in
General Aviation. Under this program, small business with good ideas present them to
NASA who reviews them and determines their value potential in the GA market. If the
company’s idea proves worthy, NASA subsidizes their research in three phases that
include the research, testing, development, and production of their product. The purpose
of my internship this summer was to use the Internet to promote the work of SBIR
companies globally to prospective investors.



My studies as an Aviation Professional major at Norfolk State University have
instilled in me a desire to follow the latest innovations being researched in General
Aviation equipment. As an active duty member of the U.S. Navy and an aspiring Naval
Aviator, secking ways to make flying safer by improving equipment and reducing pilot
workload are the primary focuses of my education. My internship at NASA Langley
Research Center (LaRC) offered me a chance to promote new aviation technology on the
Intemnet, an interactive global network of multimedia communications that is accessed
daily by thousands of individuals and businesses all over the world.

When I first arrived at NASA, I could not even define the word “Internet”. My
knowledge of it consisted of knowing it existed and that I knew nothing about it. My
new mentor and boss for the next ten weeks invited me to a class she was implementing at
NASA that taught the basics of the Internet, and how to use a World Wide Web browser.
I sat down at a MacIntosh (all I had ever used was a PC based computer) and jumped into
this electronic realm of no return. What I found was that the Internet had been
revolutionized; it was no longer just a text-based system of mumbo-jumbo but now there
were images, sound, video, and more information than I could want in a lifetime. This
was called the World Wide Web (WWW) and was a new way of searching the Internet.
Ne:dless to say, I got overwhelmed my first day and be::"me frustrated because I knew I
was going to be a useless piece of baggage on this project.

I chose to go for it anyway. I spent the next week staring at the 21” monitor of
my “personal” MacIntosh Centris 620 (which I still didn’t know how to operate yet),
and “surfing”, not sure of what I was looking for. I buried my face for hours in a
Maclintosh user manual and got myself familiar with my npew information platform. I also
spent countless hours trying to learn Hypertext Markup Language (HTML), the
programming language used to author home pages on the World Wide Web. Once the
basics were learned, I began to j roduce work.

The two SBIR companies Tonette Scott and I worked with were Vision Micro
Designs, Inc. and Innovative Aerodynamic Technologies. Our assignment was to produce
home pages promoting their aviation research and complete the pages prior to the annual
Experimental Aircraft Association (EAA) Fly-in Convention scheduled for July 27-Aug
2. For the first week or so, we struggled to get all the information necessary to produce
home pages for the companies. At the same time, we were given the assignment of
structuring and teaching a World Wide Web class to the faculty of NASA LaRC. Since
only three weeks had passed since my first surfing experience, this was going to be a
chore. Nevertheless, we tucked our shoulders and took on our assignments head-on.
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The WWW classes proved to be the most challenging part of the intemnship.
Tonette and I sat down and discussed the things that made leaming the Web difficult for
us and developed a class around this. Our classes for the most part consisted of
individuals with little to no Internet experience. Since the WWW is now the way NASA
transfers technology and information within and outside the base, it is essential that
NASA employees leam to use this tool. Over the course of eight weeks, Tonette and I
taught up to six ciass per week, up to ten students per class, and successfully educated
(some more than others) over 300 NASA faculty and visiting elementary school teachers
from all over the country. The very positive feedback we received from the forms filled
out by ecach of the students reassured me that my handicapped efforts were not in vain.

While continuing to teach the classes, Tonette and I continued to work on the Web
pages. Numerous hours were spent learning more HTML, typing and revising
information, scanning images on the color scanner in the Data Visualization Lab (I also
had to learn how to use a scanner and Adobe Photoshop), and loading the files and links
into a web server. One week before the airshow, we had co:inpleted the hom~ pages and
had become NASA Langley resources for World Wide Web information and instruction.

The final and most exciting experience of my internship came when I was awarded
travel funds and a flight line pass to the Oshkosh airshow. Tonette and I traveled on
Friday morning to Oshkosh and helped support the efforts of the NASA World Wide
Web team who displayed our home pages and presented NASA’s developments in
information technology transfer using the World Wide Web. Our booth was visited by a
majority of the estimated 1,000,000 pilots and airshow enthusiasts who attended,
including NASA Administrator Dan Goldin. Our presentation was extremely successful
and we received extremely positive feedback from Administrator Goldin, as well as from
Thayer Sheets, the director of the NASA SBIR program.

After returning from the airshow, the remainder of our internship was spent
improving the WWW class, teaching the class, and researching the various General
Aviation applications of the Internet.
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Objective: To promote the importance of aviation research, by use of the
Internet.

The Internet is a network of networks. It was originally funded by the Defense Advanced
Research Projects Agency or DOD/DARPA and evolved in part from the connection of
supercomputer sites across the United States. The National Science Foundation (NSF)
made the most of their supercomputers by connecting the sites to each other. This made the
supercomputers more efficient and now allows scientists, engineers and researchers 1o
access the supercomputers from their own labs and offices. high speed networks that
connect the NSF supercomputers furm the backbone of the Internet.

The World Wide Web (WWW) is a menu system. It gathers Intemet resources from all
over the world into a series of screens that appear on your computer. The WWW is also a
distributed. The distributed system stores data information on many computers (servers).
These servers can go out and get data when you ask for it.

Hypermedia is the base of the WWW. One can “click™ on a section and visit other
hypermedia (pages). Media, the type of data you would find on the Iaternet, can be ASCII
text, a postscript @ file, an audio file, a graphic image, or any other sort of data that can be
stored in a computer file.

Our approach to demonstrating the importance of aviation research through the Intemet
began with learning how to put pages on the Internet (on-line) ourselves. We were
assigned two aviation companies; Vision Micro Systems Inc. and Innovative Aerodynamic
Technologies (IAT). We developed home pages for these SBIR companies which can now
be seen on-line (http://beginning.larc.nasa gov/oshkosh/vin1000.html/ and
http://beginning.larc.nasa.gov/oshkosh/iat.html/).

The equipment used to create these pages were the UNIX and Macintosh machines.
HTML Supertext software was used to write the pages and the Sharp JX600S scanner to
scan the images.

As a result, with the use of the UNIX, Macintosh, Sun, PC, and AXIL machines, we were
able to present our home pages to over 800,000 visitors at the EAA Fly-in Convention in
Oshkosh, Wisconsin. Over half of the visitors were pilots. We were not only to display
our home pages, but gave them hands on experience on how to use the Internet to benefit
their needs in aviation research. We were able to locate weather information for any state,
Fixed Based Operators (FBO’s), Federal Air Regulations (FAR’s) and much more data that
would benefit pilots.

Before our research began, who would have ever thought of using the Internet as a tool for
aviation research? Now the question is, “How can you live without it™?



NEXT
DOCUMENT



Development of a Pressure Sensitive Paint System With Correction
For Temperature Variation

Student: Kantis A. Simmons

Mentor: Dr. Billy T. Upchurch

Internal Operation Group

Experimental Testing Technology Division
Acoustic, Optical, and Chemical Measurement Branch

643
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ABSTRACT:

Pressure Sensitive paint (PSP) is known to  Jvide a global ima;ie of pressure over a
model surface. However, improvements in its accuracy and reliability are needed. Several
factors contribute to the inaccuracy of PSP. One major factor is that luminescence is temperature
dependent. To correct the luminescence of the pressure sensing component for changes in
temperature, a temperature sensitive luminophore incorporated in the paint allows the user to
measure both pressure and temperature simultaneously on the surface of a model. Magnesium
Octaethylporphine (MgOEP) was used as a temperature sensing luminophore, with the pressure
sensing luminophore, Platinum Octaethylporphine (PtOEP), to correct for temperature variations
in model surface pressure measurements.

* Undergraduate Summer Research Student, Norfolk State University, Department of Chemistry,
Norfolk, VA 23450

* Research Professor, Department of Chemistry and Biochemistry, Old Dominion University,
Norfolk, VA 23539-0126

* Senior Research Scientist, Langley Research Center, MS 234, Hampton, VA 23861-0001



INTRODUCTION:

Measuring surface pressure on a wind-tunnel model is an important analytical tool in fluid
mechanics. The most common technique used to measure pressure is the use of pressure taps.
The use of pressure taps is a complex and expensive process. Efforts to find more effective ways
to measure model surface pressure have lead to the development of pressure sensitive paint
(PSP).

Pressure Sensitive Paint is a luminescent paint which consist of a luminophore
(fluorescent or “hosphorescence chemical) that is dissolved in a polymer/solvent matrix. The
luminophore is chosen from those which are quenched by oxygen. The paint mix is applied to
the surface of the model and allowed to cure. The paessure is then determined by measuring the
light emitted from the illuminated modzl. The intensity of the emitted light is inversely
proportional to the oxygen’s partial pressure, and may be represented by a modified form of the
classical Stern-Volmer eguation.

I

(1)
10f o
A + BP

The "L, is the emission intensity at some reference pressure. "I" equals the emission iniensity
at air pressure "P". "A" is the y-intercept and "B" represents the slope of the plot of L /I vs.
pressure.

When using a PSP in a wind tunnel, L., is experimentally measured and a calibration
curve is established by measuring "I" as a function "P", using pressure taps on the model to
measure the calibration pressures.

Peterson and Fitzgerald first reported the use of fluorescence quenching by oxygen for
flow visualization of oxygen and nitrogen gas streams, but did not extend their concept to air
pressure measurements (1). Russian researchers published the use of PSP for air flow
visualization and pressure measurement in wind tunnels (2). NASA-Ames in conjunction with
the University of Washington, used platinum octacthylporphine in a polydimethylsiloxane paint
matrix for luminescent barometry in a2 wind tunnel (3). Crites of McDonnell Douglas, presented
a thorough summary of measurement techniques based on the oxygen quenching of the
fluorescence - 2d phosphorescence luminophores (4).

Pressure Sensitive Paint has proven to be a valuable technique for measuring global
pressure, but the accuracy and reliability has not yet been established. Some of the deficiencies
that need to be remedied are: (1) PSP luminescence is temperature dependent. (2) All PSP’s
undergo some photodegradation, but there are some that are worse than others. (3) PSP
luminescence is illumination irtensity dependent, and an internal reference luminophore is needed
to correct for variations in illumination.

We have chosen to focus our research efforts on developing a pressure sensitive paint
system to correct for model surface temperature variations.

Research Plan. The conceptional approach of our research is to incorporate a luminophore
in the paint which responds only to temperature changes and thus enable the user to measure
temperature at any point on the model surface. By knowing the surface temperature and the
emission/temperaturt function for the pressure sensing luminophore, a correction may be made
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for the effect of temperature on the pressure sensing luminophore. Candidate temperature sensing
luminophores (TSL) that are compatible with proven pressure sensing luminophores (PSL) wili
be investigated.

There are certain requirements that a TSL must have for it to be considered a compatible
luminophore. First, the excitation wavelength of the TSL must be compatible with the excitation
wavelength of the PSL. The emission wavelength of i:e TSL must not overlap the emission
wavelength of the PSL. The emission peaxs should be separated by at least 50 nm. The TSL
must be chemically compatible with both the PSL and the paint matrix. Finally, a good TSL
must be spectroscopically compatible with the PSL. This means that one luminophore must not
excite the other luminophore.

EXPERIMENTAL:

Chemicals: Radelin 1807-Zinc Cadmium Sulfide } Zn,Cd)S:Ag:Ni] (Luxton Co.,Mountain View,
CA.) were used as supplied without further purification. The phosphors of Ruthenium (II)-(4,7-
diphenyl-1,10-Phenanthroline), Platinum octaethylporphine (PtOEP) and Magnesium
Octaethylporphine (MgOEP), (Porphyrin Products Inc., Logan, Utah) were used as supplied.
Polymers used in paints included Poly(2-ethylkexylmethacr late-co-isobutylmethacrylate)
(University of Washington, Seattle, WA), and silicone rubber (RTV-118, General Electric Co.).
Solvents (toluene and acetone) were analytical grade or better (Sigma Aldrich Co.).

The du~l luminophore paint was prepared as following: S00 ppm of PtOEP and 300 ppm

of MgOEP were dissolved in a 1 part [EMA (polyiner ) to 10 part woluene.
Method: Two proven pressure sensing luminophores, Ruthenium bathophenanthroiine (RuB) and
Platinum octaethylporphine (PtOEP), were considered in this study. Candidate temperature
serising luminophores were sclected from published spectral characteristics These published
properties were compared to spect =i characteristics of the two PSL’s as shown in Table I. Two
of the phosphors; Radelin 1&07-Zinc Cadmium Sulfide [(Zn,Cd)5:Ag:Ni), and the Magnesium
octacthylporphine [MgOEP] were chosen for study with either of the two pressure sensing
luminophores.

Candidate lumincphores were tested by studying each of them scparately. The
luminophore (either the TSL or PSL) was dissolved in a solvent/polymer matrix and sprayed on
a square piece of aluminum, the material of the model, and then allowed to cure. Spectral
analyses were run on a Perkin Elmer LSSOB spectrofluorimeter. The emission and exciation
spectra were determined for each sample. The degree of oxygen quenching was determined by
measuring, emission intensity as a function of air pressure in the sampl- cell. Emission intensity
as a function of air pressure was measured for 6,8,10, 12, and 14.7 psia at 25, 30, 35, 40, and
45°C.

RESULTS & DISCUSSION
The Radelin-1807 phosphor proved to have a poor temperature response (AE/AT =~ 2
unit®C). Also, this TSL was not compatible with either the Ruthenium bathophenanthrciine or
the Platinum octaethylporphine, due to unacceptable spectral overlap. The MgOFP phosphor
showed acceptable temperature sensitivity results
(AE/AT = 18.8 units/°C) (Figure 3). Preliminary measurements of temnerature response suggested
that MgOEP as a TSL would correct for temperature variation with the pressure sensing



luminophore PtOEP.

The MgOEP and PtOEP (dissolved in IEMA/Toluene) as dual luminophores were studied
on the LSSUB. MgOEP fluoresces at 580 nm and can be excited by light around 407 nm.
PtOEP can be excited at 382 nm and emit, at 644 nm, this is 60 nm away from MgOEP. The
emission and excitation spectra of the two are shown in Figures 1 and 2.

Oxygen Quenching. Oxygen quenching was measured by reading the emission intensity
output at 5 different air pressures. This enabled the creation of Stern-Volmer Plots (Figure 4)
at various temoeratures from 25°C to 45°C. From this data, the intercepts and the slopes of the
Stern-Vr'mer piots at each temperature were established (Figure 4).

As may be scen from Figure 4, both the slope and the intercept change with temperature
because [, at 25°C was used for all plots. Since both the intercept and slope change, it is
necessary to establish their temperature relationship. A plot of intercept vs. temperature and a
piot of siope vs terr- ~-ature are shown in Figures S and 6. Althoug the changes in these two
Stemn-Volmer paran...crs versus temperature are not exactly linear, to a first approximation a
linear function may be assumed.

Temperature Response. Emission intensity as a functicn of temperature for the MgOEP,
at different pressures is shown in Figure 3. The emission intensity from the paint at 580 nm was
read, and the surface temperature was - Iculated using the equation

I a
- - 2

where a = intercept and b = slope of the plot of average emission versus temperature. This plot
shows that MgOEP is independent of pressure, because of the similarity of each line (Figure 3).

To exemplify the improvement of accuracy by this dual luminophore, we compare a
system without correction to one using a temperature correction. Suppose there is an unknown
temperature increase during the experiment, but we are assuming that the temperature has
remained at 28°C. The emission intensity for PtOEP was read to be 155 units and that for
MgOEP to be 1287 units. Since we are operating off the Stern-Volmer calibration curve at 28°C
(Figure 4), we would calculate the pressure to be 16.1 psia using Equation 1. This would result
in 2 61% errcr in the calculated pressure, since the experimental pressure value was actually 10
psia. Usu.g the same emission intensity as above for both MgOEP (1287) and PtOEP(155) . We
apply temperature comrection (Equation 2) to the MgOEP emission; we calculate the corrected
temperature to be 36.4°C. From Figure 5 we use the corrected intercept equation to calculate a
new corrected intercept "A”, to be 0.596. We use the corrected slope equation (Fig. 6) and
calculate the new slope "B", to be 0.106. With the new intercept and the new slope, we
determine the new corrected pressure to be 10.8 psia. Since the experimental pressure was 10
psia,this represents an 8% eiror compared to an error of 61% without correction. This 8% error
is duc to a combiration of experimental error and our assumptions regarding linearity of the
data.

CONCLUSION
Although a dual luminophore, temperature/pressure sensing paint gives more accurate
measurements of pressvre at a model surface. This paint combination still has two deficiencies
that need further investigation. The photodegradation of MgOFP at 300 ppm and PtOEP at 500
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ppm needs to be improved. The photodegradation decay slope of this formulation is -2.18
intensitv units per minute. This might be improved by changing the ratio of the concentrations
of both luminophores without affecting the intensity output.

Due to the different excitation peaks of both the MgOEP (407 nm) and PtOEP (382 nm),
a broad band filter must be used for lamp illumination in a wind tunnel setting.

We have shown that the inclusion of a temperature sensitive luminophore in a PSP can
significantly improve accuracy when changes in temperature occur. This will enhance the
accuracy of global pressure measurements, and bring us closer to the goal of using PSP for
accurate, discrete pressure measurements, an essential step towards replacing pressure taps.
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PHOSPHOR

TABLE I

TEMPERATURE INDICATING PHOSPHORS

EXCITATION

WAVELENGTH

EMISSION

WAVELENGTH

> iterature Study **

PtOEP
Em= 644 nm
COMPATIBLE

Ru( phen )

’En= 600 nm
COMPATIBLE

nm nn maybe no
Mg,.(F)GeO,:Mn 290 nm 658 nm no yes
La,0,S:Eu 254 nn 514 nm yes yes
Radelin 365 nm 540 nm yes yes
1807,
(Zn,Cd)s
Sylvania 270 nm 460 nm no yes
243,
srzpzo-):sn
MgOEP 407 nm 580 nm yes maybe

Conducting
Poly-ers

440 - 490

630 - 670
nm

e e e

maybe
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ABSTRACT

The objective of this summer’s work was to attempt to enhance TAG's ability to
measure the outcomes of its efforts to transfer NASA technology. By reviewing existing
literature, by explaining the economic principles involved in evaluating the economic impact
of technology transfer, and by investigating the LaRC processes our William & Mary team
has been able to lead this important discussion.

In reviewing the existing literature, we identified many of the metrics that are currently
being used in the area of technology transfer. Leaming about the LaRC technology transfer
processes and the metrics currently used to track the transfer process enabled us to compare
other R&D facilities to LaRC.

In the working paper “Measuring the Economic Impact of Technology Transfer From a
National Laboratory: A Primer,” we discuss and diagram impacts of technology transfer in
the short run and the long run. Significantly, this paper serves as the basis for analysis and
provides guidance in thinking about what the measurement objectives ought to be.

By focusing on the SBIR Program, valuable information regarding the strengths and
weaknesses of this LaRC program are to be gained. A survey was developed to ask
probing questions regarding SBIR contractors’ experience with the program. Specifically
we are interested in finding out whether the SBIR Program is accomplishing its mission, if
the SBIR companies are providing the needed innovations specified by NASA and to what
exient those innovations have led to commercial success.

We also developed a survey to ask COTRs, who are NASA employees acting as
technical advisors to the SBIR contractors, the same type of questions, evaluating the
successes and problems with the SBIR Program as they see it. This survey was developed
to be implemented interactively on computer.

It is our hope that the statistical and econometric studies that can be done on the data
collected from all of these sources will provide insight regarding the direction to take in
developing systematic evaluations of programs like the SBIR Program so that they can
reach their maximum effectiveness.



INTRODUCTION

The Technology Applications Group (TAG) is fairly new to LaRC, having only been
formed within the last two years. Our work this summer was geared toward enhancing
TAG’s ability to measure the outcor ..s of its efforts to transfer LaRC technology. Our
work began last semester as we reviewed the TAG mission statements and organizational
charts. During our first weeks at NASA, we extensively reviewed the existing literature
pertaining to the measurement of technology transfer and its impact on the economy and
throughout the summer we continuously attempted to broadened our understanding of the
TAG transfer process by observing and talking with the individuals involved in the transfer
activities.

Our paper *“Measuring the Economic Impact of Technology Transfer From a National
Laboratory: A Primer” laid the ground work for guiding our discussions regarding
technology transfer measures. The paper provides guidance in thinking about measurement
objectives and the associated metrics to use when attempting to measure the impact of
technology transfer on the economy, and it discusses many of the limitations and
difficulties in the measurement process.

Combining the economic theory with what we learned from our research and
observations, we outlined a potential list of metrics that are specific to TAG at L=I.C. This
list included ing-t, output and outcome measures and does not speak to the measurement
process, which is complex and dynamic as it requires the cooperation and coordination of
many people at all levels in an organization.

As an example of performance evaluation, we turned our focus toward a project to
investigate a specific program. The Small Business Innovation Research Program (SBIR)
was chosen. In this effort, we wrote, designed, and developed two surveys this summer
to gather data about the participants of the SBIR Program. By statistically analyzing the
data that we collect, it is our hope to provide information that will maximize the
effectiveness of the SBIR Program as well as shcw by example the advantages that
organizations can have in decision making when the relevant metrics are analyzed.

In each of the following sections of this paper we briefly discuss each element of our
work here at NASA this summer.

SECTION I

BRIEF DESCRIPTION OF SOME OF THE DISCOVERIES MADE IN REVIEWING
THE LITERATURE

In reviewing the existing literature, we identified many of the metrics that are
currently being used in the area of technology transfer. Researchers agree that basing
current policy on past studies is difficult because the average time lag between the
discovery, development , production and marketing of an innovation is 15-20 years. They
also agree that advances in technology have a positive effect on the economic growth of a
nation, but they disagree on how large the effect is.

Researchers agree that there are different facets of R&D that overlap. Applied science
research leads to more commercial production, pure science research may often lead to
“break through discoveries” that may take a long time to develop into commercial products.
“Push technologies” are usually less marketable than “pull technologies.” Pull technologies
refer to innovations that have been discovered as a result of consumer or producer demand,
push technologies refer to innovations that have not been fully developed and lack
production and/or marketing momentum.
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SECTION I
INVESTIGATION OF THE LaRC TECHNOLOGY TRANSFER PROCESS

The technology available to TAG for transfer requires a “push’ strategy and
therefore the objectives and relevant metrics must be designed to capture TAG's
effectiveness in assisting in the development of innovations into marketable products. The
diagram below summanizes the TAG transfer process At each stag, . of this diagram,
metrics can be developed to deermire whether specific objectives are being met
effectively.

LaRC TECHNOLOGY TRANSFER PROCESS DIAGRAM

Ch
&

~ Technology. Transfer

By tracking the activities n the transfer process and anal y2ing the data continuously
over ime, the most successful strategies can be identified and used to improve the overall
effectiveness of TAG




SECTION Il
METRICS DISCUSSION

The best metrics we associated with clearly stated objectives. If a progiam or a job
description is not precise in it’s expectation of what is to be accomplished, the reic:vant
metrics cannot be adequately identified. Clear objectives are a most important element of
evaluating success. Equally important are consistent, quantifiable measures that are
systematically collected , analyzed and that the resulting inforiation is used in determuning
future decisions.

METRICS THAT MAY BE USEFUL TO NASA LaRC

. Input Metrics

Number of spin-offs and spin-ons
Number of patents

Number of TOPS exhibits (patentable/non-patentable, patcnted/not patented,
licensed/not licensed)

Number of COOPPRs

Number of contacts (post technology transfer)
Number of contacts (pre tcchnology transfer)
Time spent on technology transfer

Usc of facilities

. Output Metrics

Number of MOAs/MOUs and number of MOAs/MOUs leading to
comunercialization

Number of university/industry partnerships

Technical bricfs/papers (published, requested, prescnted)

Technical problems solved

Number and dollar valuc of licenses and sublicenscs

Numnber of softwarc packages released

o Outcome Metrics

Number and dollar valuc of commercialization from TOPS, COOPPRs,
Cooperative Agreements, MOAs, MOUs, SAAs and SBIRs
Commercial salcs

Royaltics

Cost savings

Productivity gains

User satisfaction

Shor:-run ccononic impact on income and employment

This was a tentative grouping of metrics that were presented during the 10

weck summer session. Thoughts on these and other metrics are not complete. The
important discussion should include metrics like these, but as mentioned earlier, metrics are
only part of the process.
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SECTION 1V - THE PRIMER

Having identified the need for a discussion of the economic nplications of the
discussions that were taking place at NASA about the impact that technology has on the
economy, a primer was written. My contribution to this effort was in creating the graphical
representations of the concepts discussed in the paper. A full copy of the paper is enclosed
along with this final report. The executive summary follows.

MEASURING THE ECONOMIC BENEFITS OF TECIINOLOGY TRANSFER
FROM A NATIONAL LABORATORY: A PRIMER

Robert Archibald, Professor of Economics
David Finifter, Professor of Economics
and Director of the Thomas Jefferson Program in Public Policy
Nanette Smith, Graduate Student
Thomas Jefferson Program in Public Policy

- Executive Summary -

One measu: es the economic benefits of a particular event by comparing the
state of the economy after the event has happened to the state of the economy
assuming the event had not happened. Given this understanding of
economic benefits, in this paper we reach the following conclusions about the
economic benefits of technology transfer from national labs.

¢ In the long run, successful technology transfer increases the
productivity of the country. As a result the per capita income
generated by the U. S. economy will rise. Technology transfer from
national labs will spur economic growth.

¢ In the long run, the number of jobs in the economy is unaffected.
The characteristics of the jobs are different, however. On average,
the real compensation of jobs will increase, and therefore
technology transfer does create higher paying (better) jobs.

e In the long run, the economic competitiveness of U.S. firms will be
enhanced, i.c., the balance of trade will be improved.

¢ In the short run, outcomes are less clear. The results of increases in
technology transfer activity depend upon the stage of the business
cycle and in any case are only temporary.

These conclusions have clear "-.plications for the meisurement efforts being
undertaken at NASA labs. 7. . rrectly measure the benefits of technology
transfer, NASA labs need to rocus on the long run consequences of their
activities.



SECTION V
SURVEYS

By studying the SBIR Program information might be provided that could help to
maximize its effectiveness. This study can also be useful in demonstrating by example the
advantages that organizations can have in decision making when the relevant metrics are
analyzed. The SBIR Program awards contracts to small businesses who present a viable
case for doing research that NASA solicits. These contracts are awarded in two phases. A
Phase [ contract is awarded to begin the research, a Phase 11 contract is awarded after the
Phase | has been completed , it is the second step in the process and may result in a product
or process that can not only be used by NASA, but also may become commercially
successful. If a company is awarded a Phase 1 or Phase Il contract, a NASA employee is
assigned to the project as a COTR to provide technical assistance.

Our team developed and sent a survey to the companies who participated in the 382
SBIR contracts awarded Jorm 1985 to present. The objective of the survey is to collect data
from the SBIR firms regarding the success of their innovation that can be analyzed to gain
insight in answering the following questions. Did their solicitation result in an innovation
that was or could be used by NASA? Did their innovation result in a commercially viable
product? Did the SBIR award impact the economy?

Since COTRs can also provide valuable information about the SBIR Program, we
developed a second survey to be completed by COTRs. This survey was developed to be
implemented interactively on computer.

Enclosed are copies of the two surveys and a print out of the automated survey input
screens.

Ideas Generated From the Study:
Economic Impact of Technology Transfer
Idea 1

Counting the number of jobs that are generated by technology transfer is a political
argument for justifying the continued funding of federal labs, but it is a short run and
incomplete argument that does not reflect the long run benefits of increasing the nation’s
global competitiveness, g-oss domestic product per capita, and quality of life as Congress
determines how it will allocate shrinking federal resources. See “Measuring The Economic
Impact of Technology Transfer From a National V_aboratory: A Primer” which was
developed by the William & My team this sunune - to explain the economic theory behind
this claim.

Idea 2

By changing the contracting process to require that contractoss provide NASA with the
information needed to beiter estimate the potential economic benefit of the transfer,
communities could be better served. As firms forecast potential profit and report on actual
profit that results from NASA research, the NASA contribution becomes more tangible and
measurable. The information needed should include data that will indicate the potential
savings and/or pre fits that will and do result from the transferred technology. Other
questions to investigate are: Who benefits beyond the company receiving the innovation ,
what is the benefit, and how muuch is it? How long does/did each step in the process take?
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How do the benefits/costs vary over time? Are there losers, if so who are they and how
much do they lose? To capture the economic impact of technology transfer it will require
a long term informational commitment between NASA and the contracting firm. How can
NASA staff better maintain this information link?

Toward TAG Metrics
Idea 1

Assigning personnel to analyze the metrics being captured and to develop the evolution of
the performance measurement process could enhance TAG's ability to quantify the success
of its technology transfer efforts. The analyst(s) should be able to link metrics to
organizational objectives in order to evaluate the strengths and weaknesses of the
technology transfer processes. The analyst(s) should be able to identify additional
information requirements and be able to recommend and implement adaptations to the
measurement process. By being able to discern process patterns allows for discoveries to
be made that could lead to increased transfer activity.

Idea 2

When a NASA technology is being considered for licensing by more than one firm could a
bidding process increase the probability of its commercial success? By opening the
licensing for bidding, increased commitment toward commercialization may occur as an
outcome of the higher cost to the firm that wins the bid. The bidding process also permits
NASA to get a feel for the market value of the innovation being transferred, thus gaining
insightful information that could be used in future technology transfer efforts.

SBIR/STTR Programs
Idea 1

Could the SBIR/STTR Programs be improved to enhance commercialization of
technology? An analysis of the SBIR/STTR Programs might help to determine whether
solicitation topics written for SBIR/STTR contracts can or should be focused more toward
“applied” R&D, which may result in increased commercial activity.

Idea 2

Investigating the possibility of incorporating problem statements into SBIR/STTR
program might lead to increased commercial activity as R&D efforts are focused on
process or product improvermnent. This might be accomplished by matching SBIR/STTR
firms with problem statement firms through personal contact or through solicitation write-
ups.
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Abstract

The project is bascd upon rescarch of Tessler et al. (1994) on an improved vanational
formulation for post-processing stress predictions in Finite Element Analysis. The
methodology, called Smoothing Element Analysis (SEA), cmploys a three-node
smoothing finite element. The present effort focused on verifying the basic constant strain
criterion for the threc-node smoothing clement subject to a set of internal penalty
constraints. The convergence characteristics of the element are assessed by first deniving
the constrained forn of the assumed element stress and stress gradient ficlds, and then by
verifying the validity of thc constant strain criterion once the element penalty constraints
are explicitly imposed. The analytical investigation is carried out with the use of the
symbolic manipulation code Mathematica.

Introduction

An improved vanational formulation called Smoothing Element Analysis (SEA),
developed by Tessler et al., (1994), serves as a foundation for the enhancement of finite-
element obtained deformation and stress response. In the case of stress predictions, C' -
continuous stress field from a finite element solution is enforced into a C'-continuous
stress field with continuous stress gradients. These enhanced results are ideally suited for
error estimation since the stress gradients can be used to assess equilibrium satisfaction.
The approach is employed as a post-processing step in finitc ¢!~ .cnt analysis. The
variational statement combines the discrete-least squares, and penalty-constraint
functionals, thus enabling automated recovery of smooth stresses and stress gradients.

The practical issucs whose adcquate resolution is essential for a successful application
of the approach are:

(1) The SEA mesh and the number of the discrete stresses extracted from the Finite
Element Analysis (FEA) mesh should be properly interrelated in order to produce a
determined systcm of SEA cquations. To fulfill this requirement, Tessler et al. (1994)
proposed specific guidclines. An automated gencration of thc SEA mesh may also be
necessary to make the post-processing transparent to the user.

(2) The FEA stresscs need to be extracted at the discrete elemental locations that are
best suited for the recovery. Optimal (i.c., superconvergent) Barlow points and Gauss
integration points have been successfully used.

(3) The smoothing element should not exhibit locking — a pathological stiffening
phenomenon commonly exhibited in penalty-constrained clements. In this connection, a
judicious choice of the clement shape functions is kcy to avoiding locking.

The purpose of this effort is investigate the influence of penalty constraints on the
characteristics of the smoothing element used in Tessler et al. (1994). Particularly, the
convergence characteristics of Tessler’s smoothing clement are assessed by way of
deriving the constrained form of the assumed element stress and stress gradient fields, and
by verifying the validity of the constant strain criterion oncc the clement pcnalty
constraints arc explicitly imposed. This analytical investigation is facilitated by the usc of
the symbolic manipulation codec Mathcmatica.



Error Functional

In this scction an error functional proposed by Tessler et al. (1994) for a two-
dimensional plane formulation is reviewcd. It is assumed that within a two-dimensional
region = {x€ R}, where x={x,}, i=1,2, represents a position vector in Cartesian
coordinatcs, a finite clement-derived stress ficld 6*(x) has been obtained by means of a
discretization of Q with characteristic clement size 4. The smoothed stress ficld, o*(x),
is to bc constructed from ¢*(x) via a variational formulation. The variational statement
involves scalar quantities only, and so each component of ¢*(x) is smoothed
independently. Hence, in the following refercace is madc only to components ¢*and ¢°.
The finite element stress field is sampled at x;, q = I, 2, ..., N, o obtain the set of
stresses {0)}, i.c., 6} =6%(x,). The sampled stresses arc those extracted at the Gauss

integration points, Barlow points, or other element locations in the finitc clement
analysis. To minimize the error functional, we adopt the finite element methodology and
therefore discretize Q with n,, “recovery” or “smoothing” finite clements such that
Q=07 Q°, where € is the domain of smoothing element e Within our recovery clement
model, we use C%-continuous interpolation functions for the stress, o, and the
independent quantities 8', /=1, 2, whose mathematical interpretation will be readily

established. The error functional to be minimized can be written as

®= %iw,[a: —o'(x )| + li | (GRG0 B O

q=l e=l ¢

where w, and p(x) are the appropriate weight functions; y is a normalization factor; 4 is
a dimensionlcss paramcter; and a comma dcnotes partial differcntiation. Because the
highest partial derivative in equation (1) is of order one, the field variables nced only be
approximated with C%-continuous shape functions.

The first term in equation (1) represents a discrete least-squares functional in which
the squared ‘error’ between the smoothed stress ficld and the sample data is computed for
all sampled stresses. The term can be normalized in scveral different ways; presently, the
normalization factor equals the total number of thc sampled stresses, ic., Y=N. The
discretc weights w, are introduced so that samplc data known to be of higher accuracy

can be assigned more weight than less accurate data.
The second term in cquation (1) reprcsents a penalty functional which, for A
sufficicntly large, enforces the derivatives of the smoothed stress ficld o”, to approach the

corresponding & variable pointwise, i.e.,

0, 6 (=xy)in Q' )
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Thceoretically, the greater the valuc of 4, the closer the corrclation between o and €,
where C' continuity of @* is achicved as A — oo. In practice, A needs to be sufficiently
large in order to enforce conditions (2), yet it should not be excessively large to cause ill-
conditioning of thc smooth solution. Because € are interpolated with continuous
functions, the smoothed stress field, for all practical purposes, is C' continuous. The
weight function p(x) is introduced in the functional to allow the enforcement of C'
continuity to be somewtl 1t relaxed in certain regions of Q and more strictly enforced in
others, if so desired. Also note that by specifying the weights w_ and p(x) to vanish in
regions outside a given domain of intcrest, a local or patch analysis is admitted. Presently,
we only consider the special case where w, = 1 and p(x) = |, that is all stress data are

treated equally and the C' continuity is enforced throughout the 2 domain.
Assumed Element Fields

Although the functional (1) admits C%continuous shape functions for the ficld
variables 0°, 6;, and @,, the constraints (2) impose certain restrictions on the suitable
choice of shape functions. In a similar plate theory formulation, constraints of this type
are known to cause locking (i.e., severe stiffening) when conventional isoparametric
interpolations are used. (In the present context, locking would manifest itself in 2
smoothed stress field, 0, that grossly underestimates the ‘true’ stress distributi' n.}
When 0° is it -polated with a polynomial onc degree higher than thosc for the 8 and
@ variables, using anisoparametric interpolations, the locking effect is alleviated or
completely eliminated (Tessler, 1985).

Another important consideration is the nodal configuration that is best suited for the
smoothing element. It turns out that a three-node triangle is well-suited for this purposc
because (a) from a modeling standpoint, it represents the most versatile element topology,
and (b) it permits a one-to-one linear mapping between the global and element local (area-
parametric) coordinates, thus allowing a straightforward identification of the sampled
stress data within the smoothing element.

The anisoparametric interpolations for a three-node clement involve quadratic
approximation of 0° and lincar approximations of & and & which can be expressed in

matrix form as
¢’ =z0"+ml; +10;, 0’ =20 (i=1,2) 3)

where 0¢, & are 3x1 vectors of nodal degrees-of-frcedom (dof), z is selected as a row-
vector of a lincar shape function, and m and 1 are sclected as row-vectors of quadratic
shape functions. Their explicit forms given in terms of area-parametric coordinates arc

z2={z,.2,.2,}, m={m,m,.m}. 1={.1,,1) (3.1
where



Zl =ﬁ(cl +b‘X+a‘}'). m: =%(alzlz/ -alztzk )' ll =%(bjzlz‘ -blzl:'))

a,=x,-x, b=y -v, ¢=xy,-xy (=123 j=231 k=312)

and A denotes the arca of a triangular elcment.

Note that these interpolations are consistent with a three-node clement which has only
threc dof pcr node, cven though G is quadratic and @' arc linear functions. Moreover,
cquations (3) ensurc that the gradient of the smoothed stress, o, is the same degree
polynomial as that representing &, i.¢., they are both linearly distributed across €. This

naturally leads to a rcasonable expectation that penalty constraints (2) can be adequately
fulfilled without over constraining (locking) the element.

Edge Penalty Constraints

A straightforward manipulation of the two constraint equations in (2), in which
equations (3) are introdu .ed, produces threc edge-wisc constraints per element. For the
element edge defined by nodes i and j, the edge constraint equation has a simple form in
terms of the nodal dof corresponding to the edge (Pomeranz, 1995; Tessler, 1985):

0 -0 3 3(x, - x, X0, +6,)+1(y, -y, N6, +8,) “)

where x, and y, (k =1, ) arc the nodal coordinates.

The three edge constraint equations ensure that there are only six independent dof per
clement, thus properly describing the complete parabolic field of 6°. They also facilitate a
simple calculation of the total number of indcpendent dof in the mesh. The key aspect of
thesc constraints is that they control the mechanisms of locking. Their assessment in the
context of assembly of elements can provide proper insight into preferable discretization
patterns for such elements. For example, a fully non-locking behavior is achieved by
producing SEA mcshes made of quadrilateral macro-elements that are formed with four
triangles in a cross-diagonal pattern.

Constant Strain Criterion

Let us consider an arbitrary triangular clement as shown in the diagram below.

3 (x3,y3)

i (xl'YI)
2 (XZ!YZ)
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The satisfaction of the constant strain criterion in the finitc element mcthod ensures
convergence of the method as the mesh is refined. In this case, it is expected that cach
individual finite clement accommodates constant strains. Mathematically, the criterion is
verificd by summing up on all shape functions for each ficld that is approximated, and the
resulting sum should add up to unity. This can be rcadily verified for the unconstrained
clement fields in (3).

The constraint equations for the edges of this elcment can be written as follows.

Edge 1-2
o, -0, =-§-((Jcl -x, )0, +6,,)+(y -y, {8, +8,, ))
Edge 2-3
0,-0, =-§-((x2 ~x,8,. +6,,)+(y, _y3X9v2 +9v3))
Edge 3-1
6,-0, = -}((x, -x, X0,,+6,)+(y; -y )(8,3 +0,, ))
%

Using Mathematica, the three constraint equations are solved for o, 7., and 6,,.
When these solutions are substituted into the original definitions for o°, 8;, and 8., the
following expressions of the three element fields arc denived

0’ =80, +£.(x)0,, +2.(x)8,, +8,(x,5)8,, +g,(x,y)8,, +8,(x.y)0,,
0, =d,(x)0,, +d,(x)8,, +d,(x,¥)8,, +d,(x,¥)8,, +d(x,y)8,, (6)
0, =e,(x,y)8, +€,(x,y)0,, +e,(x,y)0,,

where g, d, and e are shapc functions whose expressions are summarized in the Appendix.

To verify the constant strain criterion for the resulting element fields, the summation of
the g, d, and e shape functions is camed out with the usc of Mathematica. The resulting
cquations are as follows

gsig,=l+x—x3+y-y,, dEid‘=]‘ egie’_—_l (7)

=] 1] s=}

Note that both 8. and 6 fulfill the constant strain criterion for a finite size element since d

=] and e=1. On the other hand, g only approaches unity in the limit as the clement size

diminishes to zero, i.c.,
XX, YO (8)



giving rise to g — 1. Thus, thc clement convergence is ensured as the smoothing mesh is
refined.

Conclusions

The project has been a continuation of the research of Tessler ct al. (1994) on an
improved variational formulation for post-processing stress predictions in Finitc Element
Analysis. The effort focused on verifying the basic constant strain criterion for the three-
nodc smoothing clement subjcct to a sct of intcrnal penalty constraints. The convergence
characteristics of the element were assessed by first deriving the constrained form of the
assumed element stress and stress gradient ficlds through a process of simplifications
using Mathematica. The clement penalty constraints were explicitly imposed using the
formulas sct out by Tessler et al. (1994). Then the validity of the constant strain criterion
for the element was verified. As the smoothing mesh is refined, the constant strain
criterion is satisfied.
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Appendix

The following arc the shape functions in (6) as solved by Mathematica™.
g=1

2= ((-x + x3)*(x - 2*x2 + x3))/(2*(-x1 + x2))

£5= ((x - x3)*(-x + 2*x1 - x3))/(2*(x] - x2))

4= (X1*x2%y"2 - x272%y"2 - x1*x3%y"2 + x2¥x3*y"2 - 2*x*x1*y*y2 + 2*x*x2%y*y2 +
2*x1*x3*y*y2 - 2*x2*x3*y*y2 + x"2%yl*y2 - 2*x*x2*yl*y2 + 2*x2*x3°yl*y2 -
x312%y1*y2 - x"2%y2"2 + 2*x*x1*y2"2 - 2*x1*x3%y2"2 + x3"2%y2"2 + 2*x*x]1 *y*y3 -
2%x*x2%y*y3 - 2*x1*x2%y*y3 + 2*x272*%y*y3 - x"2%yl*y3 + ?*x*x2%yl*y3 -
2*x2*x3%yl*y3 + x372*yl*y3 + x"2%y2*y3 - 2*x*x1*y2*y3 + 2*x1*x3*y2*y3 -
3A2*y2*y3 + x1*x2%y372 - x2°2%y3*2 - x1*x3*y372 + x2*x3*y3°2)/(2*(-x1 + x2)*(-
(x2%y1) + x3*yl + x1*y2 - x3*y2 - x1*y3 + x2*y3))

gs=(-(x1"2*y"2) + x1*x2%y*2 + x1*x3%y"2 - x2*x3*y"2 + 2*x*x1*y-yl - 2*x*x2*y*y]
- 2*x1*x3*y*yl + 2*x2*x3*y*yl - x"2%y1"2 + 2*x*x2%yl1"2 - 2%x2*x3%yi"2 +
x3/2%y172 + x"2%y1*y2 - 2*x*x1*yl*y2 + 2°x1*x3*yl*y2 - x3"2*yl*y2 -
2*x*x1*y*y3 + 2*x172%y*y3 + 2*x*x2%y*y3 - 2*x1*x2*y*y3l + x"2*yl*y3 -
2%x*x2*%yl*y3 + 2*x2*x3*yl*y3 - x3"2%yl*y3 - x"2%y2*y3 + 2*x*x|*y2*y3 -
2*x1%x3*y2%y3 + x372%y2%y3 - xI”2%y372 + x1*x2%y3”"2 + x1*x3*y3~2 -
x2*x3*y372)/(2*(-x1 + x2)*(-(x2*yl) + x3*yl + x1*y2 - x3*y2 - x1*y3 + x2*y3))

g6= (-(x1*y) + x3*y + x*yl - x3*yl - x*y3 + x| *y3)/(2*(x] + x2)) + (x2*y - x3*y -
x*y2 + x3*y2 + x*y3 - x2*y3)/(2*(-x1 + x2)) + ((-x + x3)*(yl - y2)*(-(x1*y) + x2*y +
x*yl - x2%yl - x*y2 + x1*y2))/(2*(-x1 + x2)*(x2*y] - x3*yl - x1*y2 + x3*y2 + x1*y3 -
x2%y3)) + ((x1*y - x2*y - x*y] + x2*yl + x*y2 - x1*v2)*(y - yI)/(2*(x2*y] - x3*yl -
x1*y2 + x3*y2 + x1*y3 - x2*y3))

di= (x - x2)/(x1 - x2)

dr=(x - x1)/(x1 + x2)

dy= ((-(x1*y) + x2*y + x*yl - x2*yl - x*y2 + x1*y2)*(y2 - y3)A((-x] + x2)*(-(x2*y]) +
x3*yl + x1%y2 - x3*y2 - x1*y3 + x2*y3))

de= ((x1*y - x2%y - x*yl + x2*yl + x*y2 - x1*y2)*(-yl + y3)/((-x] + x2)*(x2*y!] -
x3*yl - x1*y2 + x3*y2 + x1*y3 - x2*y3))
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ds ((yl -y2)*(-(x1*y) + x2*y + x*yl - x2*yl - x*y2 + x1*y2))/((-x] + <2)*(-(x2*yl) +
x3*yl + x1*y2 - x3%y2 - x1*y3 + x2*y3))

= (x2%y - x3*y - x*y2 + x3*y2 + x*y3 - x2*y3)(x2*yl - x3*yl - x1*y2 + x3*y2 +
x1*y3 - x2*y3)

€= (x1%y - x3*y - x*y| + x3*yl + x*y3 - x}*y3)/(-(x2*y1) + x3*yl + x1*y2 - x3*y2 -
x1*y3 + x2*y3)

3= (~(x1*y) + x2*y + x*yl - x2*yl - x*y2 + x1*y2)/(-(x2*yl) + x3*yl + x1*y2 - x3*y2
- x1*y3 + x2*y3)
Notation

In thc above expressions, xl=x,, yl=y,, x1°2=x;?, and the asterisk (*) dcnotes
multiplication.
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Abstract

This report s about my LARSS experiences at NASA Langley Research Center. My experiences
entailed er perimenting and developing uses for the new thermal plastic developed by Dr. Robert
Bryant called the “Langley Research Center - Soluble Imide” (LaRC-SI). The three developments
that I worked on are the use of the LaRC-SI as a dielectric for thin film sensors, as an adhesive to
place diamonds on surfaces to increasc thermal conductivity, and as an intermediate layer to
allow the placement of metal on aluminum nitride.

Introduction

The LaRC-SI was deve oped by Dr. Robert G. Bryant, a chemical engineer at NASA Langley
Research Center This new multi-purpose, self-bonding thermonlastic material has won the
R&D 100 award for being one of the 100 most significant new technical products of 1994 The
R&D 100 award is presented annually by Research and Development magazine to those who
have contributed the most significant products for advancing science and technology during the
year

The unique properties of this material is that it is an amorphous thermoplastic This means that
it can be reformed at elevated temperature and pressures. It can be applied in the form of a
spray, spin, dip coaung, paint, or spread with a doctors blade The LaRC-SI has excellent
adhesive and dielectric properties. It can also be recycled. Potential applications for this
matenal are resin for mechanical parts such as gears, bearings and valves, advanced composites
hike carbon fiber, high strength adhesives, thin film circuits, and as a dielectric film for placing
electrical components on conductive materials.

My stay as a LARSS student at Langley Research Center was involved in helping develop
applications for the LaRC-S1 There were three areas of concentration The first was the
application of using the *.aRC-SI as a dielectric to place thin film sensors on models for use in
wind tunnels The second area of concentration was to use the LaRC-SI to apply diamonds to a
surface in order to transmit heat energy away from the heat source The last experiment was the
use of LaRC-SI as an intermediate layer to allow metal to be placed on aluminum nitride

Thin Film Sensors

Thin film sensors are used on models to measure air speed while in a wind tunnel. This
measurement is used to find out when laminar air flow changes to turbulent air flow on a model
The sensor consist of a thin conductive film with a constant current passing though it. With a
tflow of air across it, the thin conductive film cools and the resistance goes down This results in
a smaller voltage across the film When the air flow is reduced, * e thin conductive film



heats up and the resistance goes up resulting in a larger voltage drop The voltage drop is
therefore an indication of the air speed

The best way to put thin film sensors on a model is to deposit the metal sensors directly onto
the model The idea is to make the sensors as thin and smooth as possible so that it is not
intrusive to the flow of air In order to deposit metal on the model, a layer of dielectric matenal
needs to be placed on the model to prevent the thin film sensors from shorting out on the model.
The current material used for a dielectric is a polyimide made by DuPont. It works but it causes
some problems because it cures at SO0°F (Solder meits at =450°F and some model matenals melt
at < S00°F) My project consisted of determining if the LaRC-SI could be used as a dielectnc for
thin film sensors and then finding the lowest curing temperature.

Most of the time spen' on this project was consumed by polishing small aluminum coupon
plates by hand. There is definitely an art to polishing aluminum so that it has small uniform
scratches that all go the same way Also a large number of coupons were polished because every
failed attempt of fabricating the thin film sensors resulted in re-polishing the coupon. The reason
for the coupon surface needing to be so smooth and flat was due to the small size of the sensors

The next problem was spraying the LaRC-SI in a humid environment. The LaRC-SI was
dissolved in a solvent called NMP (1-Methyl-2-pyrrolidinone). In a humid environment, the
NMP would react with the moisture in the air and would glob up resulting in clogging the air gun
nozzle or depositing on the coupon. This was undesirable since a smooth even layer of LaRC-SI
was needed on the coupon Different ratios of LaRC-SI and NMP were tried Also experiments
of mixing NMP and Xylene was tried. The recipe that resulted was to mix the LaRC-SI and
NMP in a 1 9 ratio by weight. This solution was mixed until all of the LaRC-SI was dissolved
This mixture was diluted by mixing 2.1 solution and NMP by volume. Finally, 10 drops of
Xylene was added for every 10 mL of solution This mixture was also sprayed early in the
morning when the air conditioner was not tasked beyond its ability to minimize the moisture in
the air

Another problem was the forced air convection ovens in which the coupons were placed to cure
the LaRC-SI The forced air caused two problem~ First it would make ripples in the LaRC-SI as
it was Jrying due to the air currents. Second, it would circulate dust around in the oven which
would eventually deposit on the LaRC-SI as it was drying The first attemp: was to cover the
coupons with aluminum shelves to minimize the air flow on the coupons. This solved the npple
problem, but dust was still being deposited on the coupons Next, large petri dishes were used in
which the coupon could be placed in the dish. The first attempt did .10t work because the petn
dish cover did not allow enough air flow to allow the NMP to escape as it was evaporating.

After some thought, cardboard spacers were added to the petri dish to raise the cover up to allow
the NMP to escape, but not to far up to allow a large amount of air flow (and thus dust) into the
dish This modification worked when the baking temperature and time were raised from 125°F

for 30 minutes to 140°F for 45 minutes betw cen each layer of LaRC-SI applied
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In my final batch of coupons, the LaRC-SI mixture was prepared as described above. Four
layers of LaRC-SI were applied to four polished coupons with each layer consisting of two coats
each Each layer was dried at 140°F for 45 minutes in a large petni dish After the four layers
were applied, each coupon was baked for two hours at 150°F, 200°F, 300°F, and 400°F
respectfully The coupons were placed in an E-Beam evaporator. 3,000 Angstroms of nickel and
then 10,000 Angstroms of copper were evaporated onto the coupons while simultaneously using
the ion beam gun. The thin film sensors were then patterned using standard photolithography
procedures. The sensors where checked for quality control with a Reichert microscope and an
ohmmeter. Hard wire leads were then soldered onto the copper sensor leads. This allowed the
sensors to be hooked up to an anemometer. The anemometer stresses the sensor electrically.

The results from the anemometer test are shown in tables 1 through 4.

Coupon cured at 400°F.
¥ Seaser Re [Rp [ | Ry [Rpa (s;:) Ry, (Set) v(‘:)\ Rp,(Afer) | Ry | Comments
(0] Q@ Q| Q) Q) {9))
Il >20M J 118185 {33 110481120 ] 1182 ? 14.50 4.1
1450 ] 130 16.74 569 blown open
2 >20M [ 122199 [ 23 11097112 12.70 63 blown open
3 >20M | 116 ] 99 1.7 11175} 120 13.76 93 11.75 0.00
1175 | 130 | 1477 109 | 1175 0.00
1175 1 140 15.77 121 11.70 005
11.70 { 150 16.70 130 | 11 64 0.06
11.64 | 160 17.60 13.7 | 1163 0.01
4 5.6M 118198 20 11181112 13.77 11.8 | 1181 0.00
11811130 14.75 13.7 1 11.85 0.04
1ss |40 f1579 153 | 1186 001
1186 | 150 {1679 156 | 1197 0.11
1197 | 160 17.90 81 12.01 004
K >20M [ 111199 1.2 110951120 12.90 96 10,95 0.00
1095 ] 130 13.88 11.1 096 001
1096 | 140 14 .86 124 { 1094 0.02
1094 | 150 1581 124 § 1089 005
10.89 | 160 16 70 142 { 1084 0.05
6 >20M | 94 98 20 11036 {120 12.30 106 | 1034 0.02
1034 | 130 13.23 123 | 10.35 0.0]
1035 | 140 | 1421 137 | 1036 001
1036 | 150 15.19 147 | 1037 0.01
10.37 | 160 16.17 85 10.35 0.02
Table 1
Coupon cured at 300°F
Seasor | R Ry |Rg [Ry [Rypy | Set [ Ry A(Stem VA | Ry, (After) [Rp Commests
@ |lolaolale |* |« ™ |« @
1 >20M [ 112} 86 26 111021} 120 12.70 93 11.03 0.01
11.03 | 130 | 13.56 108 ] 1104 0.01
—==3< | 140 14.42 12011101 0.03
l 1101 ] 150 15.22 13011101 001
1101} 160 16.06 139 § 1298 197 Unstable




2 Not measured
3 >20M J108]90 |18 J1062] 120 | 1238 92 1063 0.01
1063 ] 130 | 13.56 108 111063 0.00
1063 | 140 | 14.16 120 | 1061 0.02
1061} 150 } 15.02 13.0 { 10.56 0.05
1056 | 160 | 1582 139 ] 1048 0.08
4 >20M | 107]101]06 1046 120 | 1243 98 | 1046 0.00
1046 | 130 | 13.42 11.5 | 10.46 0.00
1046 | 140 | 14.40 126 | 10.46 0.00
1046 | 150 } 15.39 136 ] 1046 0.00
4 1046 | 160 | 16.38 87 10.45 001
s >20M {111 {99 (12 ]1n01]12 }|1297 83 |11.01 000
1101|130 | 1395 97 1102 0.01
1102 ]| 140 | 1495 108 | 11.02 0.00
1102] 150 | 1593 1.7  11.07 0.05
1107 ] 160 | 1699 126 111.13 0.06
6 >20M | 110} 10208 ]1091] 120 | 1293 80 |1089 0.02
1089} 130 | 1392 93 ]1095 0.06
1095} 140 | 1501 104 | 1094 0.01
1094 | 150 | 1601 11.1 | 10.83 0.11
1083 | 160 | 1685 - ope - - 844Q
Table 2
Coupon cured at 200°F
Semsor Ilc R.r Rs RL RTA S.e( R.rA(Sa) VA R.I.A(Aher) Rl) Commeats
@ |l@|leolajla |™ | ™ @ @
1 >20M [ 11795 [22]1:50] 120 | 1336 76 | 1151 0.01
1.s1] 13 {1430 89 [1152 0.0}
1152} 140 | 1525 98 | 1151 0.01
115115 J16.17 106 ] 11.48 0.03
1148 ] 160 | 17.05 1141148 c.00
2 >20M 119101 }J18 f1177] 120 | 13.76 694 { 1177 0.00
1177 ] 130 ] 14.76 g0 1177 0.00
1177 ] 140 | 15.76 90 |119 0.19
1196 | 150 | 1704 98 |17.18 5.22 | Unstable
3 >20M [ 117|101 {16 [1171] 120 | 1373 64 |11.71 0.00
1171 ] 130 | 1474 75 [ 11N 0.00
1171 ] 140 | 1575 82 ]1194 0.23
1194115 ] 1711 9.0 16.46 452 Unstable
4 >20M [ 115l 141131120 | 1329 6.7 | 1131 0.00
1131 ] 130 | 1428 7.7 1131 0.00
1131 ] 140 | 15.27 86 |11.57 0.26
1157 ] 150 | 16.66 93 | 1182 025
1182 160 | 1708 89 |1157 015
s >20M (118|108 )10 }115] 120 | 1371 54 [1166 007
1166 ] 130 | 1486 624 | 1163 0.03
1163] 140 | 1588 37 1228 0.65
12281 15 | 1792 blown-1kQ2
6 >20M [108 1100 ] 08 11058 120 | 1254 6.3 10.58 000
1058 | 130 | 1351 73 ]10.58 0.00
10.58 | 14C | 14.49 74 ] 1348 2.9 Unstable
Table 3
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Coupon cured at 150°F

Seasor |[Rc [Ry |Rg | Ry [ Ry, Set nn‘iSa) VA ll.rA(Aha') Rp | Comments
@ o |lolajla |™ |« ™ @ @)
1 >0M | 12197 |24 J1192]120 [1382 77 [1326 1.34
1326 |1 130 ] 16.52 43 14.15 0.89
14.15 | 140 | 1885 open
>20MQ
2 not measured
3 >20M 11191101118 1191 120 13.99 56 13.75 1.79
13751 130 117.34 97 26.7 12.9 Unstable
4 >20M 118110315 )1170f 120 | 13.74 38 16.30 46
] >20M 111 J 10O 11 1096 120 | 12.93 72 12.20 1.24
1220 ] 130 1 15.53 380 | 1261 0.4]
1261 | 140 | 17.21 ozen
>20MQ
6 >20M | 10.1 J 93 08 |]99% 120 { 11.71? 6.6 10.96 1.02
1096 | 130 | 1401 8.7 13.20 2.24 Unstable
Table 4
Notes:
RG: Resistance from sensor %0 aluminum coupon
R,r: Total resistance
Rs: Sensor resistance
R’l‘A: Total resistance as measured from ancmometer

£

: Rating at which anemometer is set to cause overheating in sensor
VA: Voltage measuwrement from anemometer
RD Change in resistance afier overheating setting by anemometer

The 160% set on the anemometer is a severe test. Taking this into consideration, the coupons
-hat where cured at 400°F and 300°F were successful. The coupon cured at 200°F had 4 of the 6
sensors go bad when tested at 150%. More tests can be conducted later to determine a more exact
temperature at which the LaRC-SI can be cured. This should be in the range of 200°F to 300°F

Electrically, the LaRC-SI material has allowed the placement of thin film sensors on aluminum at
curing temperatures as low as 300°F. Two other items need to be taken into consideration: one,

how well the LaRC-SI adheres to the mode!. and two, the smoothness of the finish of the LaRC-
SI

The LaRC-SI needs to adhere well io the moJel It should not flake off. In the 150°F coupon,
the LaRC-SI flaked off in large chunks wher using an instrument to scrape it off. Although not
as severe, the LaRC-SI also flaked off on all >f the other coupons in smaller pieces.

The surface of the LaRC-SI also needs to be smooth so that it does not disrupt the flow of air
over the model All of the coupons tested hai ripples due to the LaRC-SI shrinking when it was
dryi: - The coupon baked at 150°F was the worst while the others had ripples that were not as
severe




Thermal Properties

The idea for this project came from the Fall 1994 issue of UAB Scientist It stated that diamonds
are the best known thermal conductors, but it is difficult to adhere to metals, ceramic, and
plastics. The heat transfer capability of diamond is >1200 W/mK and recently it has been
manufactured with a heat transfer capability of >2000W/mK. This is compared to 326W/mK of
copper which is an electrical conductor - a problem in some applications. An improvement in
thermal heat transfer and dissipation is needed in the electronics community. After being handed
some diamond dust by Dr Robert Bryant, I wrote a proposal to investigate the heat transfer
properties of diamond dust adhered to a surface with LaRC-SI. The experiment was to show
that diamonds could be applied to a surface to transfer heat energy from a heat source to a heat
sink

An obstacle to this experiment is that the LaRC-SI is a thermal insulator. Since it is used as an
adhesive, it will exist as a thin boundary between the diamonds. This thin layer will minimize the
undesirable thermal properties of the LaRC-SI. Also, the thermal heat transfer capability of
diamonds is so large that if the number is reduced by a factor of five, the heat transfer capability
will still be large

The experiment was conducted as follows. 600 Grit and 1200 Grit diamonds were placed on 2" x
2" 60 mil alumina ceramic plates by using LaRC-SI. Thermal measurements were taken after
using the following methods of placing the diamonds on the ceramic plates

1) Sprayed LaRC-SI and then sprayed the 600 or 1200 grit diamonds Cured
at 125°F for 30 minutes between layers. Placed three layers of LaRC-SI
and diamonds onto the ceramic plates.

2) Followed the procedure in step 1 but also baked at S00°F for 2 hours after
the third layer was placed on the ceramic plate.

3) Followed the procedure in step 1 but then baked at S00°F for 2 hours in a
vacuum The surrounding air pressed the diamonds while the LaRC-SI
was curing so that the diamonds are closer together.

4) Sprayed the LaRC-SI on the ceramic plate but then sprinkled the diamonds
on. Used the baking methods in steps 1 and 3.

5) Mixed the 600 grit and 1200 grit diamonds together. Sprayed the LaRC-SI
on the ceramic plate but then placed the diamonds on by using forced air to
agitate the diamonds onto the ceramic plaies. Used baking methods
described in steps * «nd 3.

6) Mixed the LaRC  and diamond mix together and painted the mixture
onto the ceramic plates. Followed the curing methods as described in
steps 1 and 3.

The thermal properties were measured by using the following setup. A 10€2 power resistor was
mounted on the test plate using a silver paint (Dynalot 340) Three thermocouples were usead to
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take measurements at various locations at 1 cm apart. Two versions of the placement of
thermocouplas were used They are shown in figure 1. Measurement were taken every 20
secon-'s fc, 20 minutes. The power resistor was operated at 5.0 Volts which resulted in a hea
source o: 2.5 watts. A box was placed over the plate to minimize the effects of thermal
variations due to drafts.

The temperature differences between the thermocouples was used for comparing the rate of heat
transfer. The results were compared to a plain alumina plate and to a alumina plate with three
layers of LaRC-SI that was cured at 500°F

This method of measuring heat transfer is crude, but it does give an indication of heat transfer and
can be later sent to VMI which has the proper equipment setup to measure the heat transfer
coefficient.

Ceramic plate Ceramic plate
10QQ power 10Q power
resister resistor

| -
\ // \ 1/

Thermocouples Thermocouples

Figure 1. Thermocouple placement on ceramic plates.

Due to a limited amount of diamond dust and time, a more thorough experiment was not
performed. Results were positive but not as good as expected The heat transfer increased when
the sample was heated to S00°F aiid was the best when baked with a vacrilum. A graphical result
of the increase in heat transfer is shown in Figure 2. The best size diamonds to use was
inconclusive. One of the problems was that ..o much diamond dust was deposited on some
samples. The key for best heat transfer is going to be when there is just enough diamonds so that
they are all touching with just enough LaRC-SI to pull them all together. Too much diamond
dust and the LaRC-SI does not pull all the diamond dust together and leaves air pockets Too
much LaRC-S81 and the heat does not get transferred by the diamonds.
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Figure 2. A Graphical Representation of Increased Heat Transfer

Applying Metal to Aluminum Nitride

Aluminum nitride is a ceramic that metal traditionally does not adhere. It is also a good heat
conductor. Because of its thermal properties, it has been considered as a substrate for
microelectronics. My experiment was to see if LaRC-SI could be used as an intermediate
boundary to place metal on aluminum nitride.

Three layers of LaRC-SI was sprayed onto aluminum nitride plates. The mixture that was used
was the same as used for the thin film sensors. Between each layer, the sample was dried at
125°F for 30 minutes. The ceramic plates were then baked at 500°F for two hours. 3,000
Angstroms of nickel and 10,000 Angstroms of copper were then evapor..;ed onto the plates

As a check to see that the LaRC-SI really held the metal to the aluminum nitride, a tape pull test

was performed. Also a more severe test was done by performing a tape pull test after the test
plates were submerged in liquid nitrogen. Both test resulted positively. No metal was pulled off.

Conclusion
The LaRC-S1 is an exciting new thermal plastic that has many potential applications. My stay at

Langley Research Center involved exploring three of these applications. Due to the time limit of
10 weeks, all of the possibilities on these applications could not be explored.
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This is also the first time that | have researched anything that is this complex and time
consuming. Thanks to my Mentor, Carl Voglewede, he allowed me a great amount of freedom
that I have not experience before in the workplace. I was allowed to make the decision on what
equipment was needed and how an experiment was to be performed. This has definitely has been
a |learning experience.
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ABSTRACT

Previously, high pressure transducers that were used on the Space Shuttles Main
Engine (SSME) exhibited a severe drift after being tested on the SSME. The
Experimental Testing Technology Division (ETTD) designed some new transducers that
would not exhibit a severe drift over a short period of time These transducers were
calibrated at the Test Bed at Marshal Space Flight Center (MSFC). After the high
pressure transducers were calibrated, the transducers were placed on the SSME and fired
The transducers were then seat to the NASA LaP” to be recalibrated. The main
objectives of the recalibrations was to make sure that the transducers possessed the same
qualities s they did before they were fired on the SSME. Other objectives of the project
were to d.ermine the stability of the transducers and to determine whether the
transducers exhibited a severe dnft.



INTRODUCTION

A multichannel high pressure transducer using miniature piezoresistive silicna
pressure sensors has been designed and developed in tt ETTD. It was developed to
measure fuel and oxidizer pressure of SSME. The transducer is able 'o accurately
measure pressure to within 0.25% full scale up to 30 :4Pa for LH»/GH and LOX/GOX
in NASA Launch Vehicles The pressure sensor unit consists of four silicon piezoresistive
pressure sensor dice bonded to two aluminum nitride substrates with Indium or Au/Sn
Three of these high pressure transducers were tested last year on a shuttle engine at Test
Bed (MSFC). After four runs these transducers were taken off and are being recalibrated
at L.angley Research Center

PROCEDURE

Part }:
In Part I of my project, one of the high pressure transducers were mounted on the

cold head in Cryogenic chamber. A Platinum Resistance Thermometer (PRT) was also
placed inside the Cryogenic chamber along with the transducer. I brought the pressure
from Opsi to 1,000psi and back down to Opsi in 1,000psi increments During this time, |
measured and recorded the output voltages of the 4 pressure sensors and the PRT at each
1,000psi increment A constant current source was sent through the PRT to obtain an
output voltage from it as well The output voltage from the PRT could be used to
determine the exact temperature in the Cryogenic chamber

Part Il :

In Part Il of my project, The high pressure transducer remained mounted on the
cold head inside the Cryogenic chamber. First, I raised the temperature to 1,000psi and let
it stabihze Next, | lowered the temperature from 295k (Room Temperature) to 10k in
10k increments 1 measured and recorded the output voliages from the PRT and the 4
pressure sensors individually at each increment
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PRESSURE SENSOR CALIBRATION SHEET

Date : June 26, 1995
Sr. No.: SSME #5
Die : After Testing at MSFC
Medium : R.T. (3rd Run)
Input : S volts
File : Sensor #1
BFSL --—---Run #1----- --——-Run #2-----
Tcs. Rm Temp Rm Temp Emmor Rm Temp Error
Pressure  Outputs  Outpuls %FSO  Outputs %FSO
0 -6.279  -5.9985 0.1144 -6.0329 0.1003
1000 42777 427590 -0.0073 426810  -0.0391
2000 91.832 916520 -0.0734 915430 -0.1178
3000 140.888 1407300 -0.0644 140.6090 -0.1137
4000 189.944 190.0890 0.0591 189.9500 0.0024
5000 238999 239.3700 0.1513 239.2270 0.0930
4000 189.944 190.0310 0.0355 190.0690 0.0510
3000 140.888 140.7630 -0.0510 140.6730  -0.0877
2000 91.832 915790 -0.1031 91.6280 -0.0832
1000 42777 427180  -0.0241  42.6810 -0.0391
0 -6.279  -6.0329 0.1003 -6.0413 0.0969
Max Static Error : '0.1513 %FSO TCO(%F/C
Std Dev of Error : 0.0596 TCS(%F/PC)
Avg Static Error : 0.0456 %FSO
Max Nonrepeatab'ty : -0.0583 %FSO
Sensitivity : 0.0098 mV/psi/V S(mV/P/V):
Thermal Span 1.7906 %FSO/C
Remarks
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Pressure =2000 psi

PRT (Volts)

1.0487
1.003
0.97258
0.94757
0.89432
0.88192
0.86723
0.85126
0.83784
0.81728
0.77001
0.76305
0.75223
0.72154
0.70378
0.66879
0.65784
0.63160
0.60171
0.53720
0.50971
0.44180
0.39173
0.35815
0.31458
0.28190
0.27898

PRESSURE SENSOR CALIBRATIAN

Output (m-V)

87.250

89.957

91.782

93.336

96.788

97.677

98.761

99.945

100.976
102.571
106.440
107.090
108.032
110.822
112.508
115.857
116.994
119.798
123.208
131.177
134.852
144.110
151.243
156.052
162.156
166.404
166.780



(syoA) LHd
L | 60 80 L0 90 S0 ¥0 €0

1Isd 0002 = @inssald
NOLLYHAITvO HOSN3S FHNSSIH

00¢

703



704

EQUIPMENT and FACILITIES

Equipment:

Positive-Shutoff Pressure Controller/Calibrator (PPCK) - a self-contained
pneumatic pressure seting system intended for use in calibrating and testing all
sorts of pressure measuring devic 3s.

Multimeter (5) - a high performance 5-1/2 digital instrument designed for general
purposes or systems applications.

Digital Temperature Controller (Model 9650) - a device used in calibrations to
control the temperature in a Cryogenic chamber.

Compressor Module (Model HC-4 MK1) - The HC-4 MK1 compressor module is
a single-stage, water-cooled rotary compressor designed to deliver high-pressure,
oil-free helium gas to Cryogenic refrigerators.

Facilities:

The high pressure transducers were calibrated in the Component's Venification
Building (1248B)

FUTURE WORKS

Future development involves the advanced engineering design to incorporate
diagnostic and signal conditioning electronics into a Cryogenic pressure sensor for
applications at the MSFC's Space Shuttle Main Engine (SSME) Test Facility. The new
"Smart" Sensor requirements are required to integrate Cryogenic pressure sensor into the
data system at the test facility.



CONCLUSION

After | completed my project, 1 was very pleased with my results. Although
previous high pressure transducers exhibited a severe drift, the new LaRC developed
transducers exhibited only a limited finite drift. All 12 of the pressure sensors in the three
transducers followed the earlier calibrations profile very closely. We were able to observe
a long term stability of less than 0.5% of full scale output for six months. During the
calibration experiment, I was able to conclude that the pressure and output voltage of the
pressure sensors were directly proportional. I was also able to conclude that the
temperature inside the Cryogenic chamber and the output voltage were inversely
proportional.
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ABSTRACT

Composite IM7-K3B was subjected to a simulated high speed aircraft thermal
environment to determine the effects of microcracking on the change in CTE . IM7-K3B
is a graphite fiber reinforced polyimide laminate, manufactured by Dupont. The lay-up
for the material was [0,90]35. The specimens were placed in a laser-interferometric
dilatometer to obtain thermal expansion measurements and were then repeatedly cycled
between -65°F and 350°F up to 1000 cycles. After cycling they were scanned for
microcracks at a magnification of 400x . The material was expected not to crack and to
have a near zero CTE. Some microcracking did occur in all specimens and extensive
microcracking occurred in one specimen. Further testing is required to determine how
closely the CTE and microcracking are related.



INTRODUCTION

Researchers are currently investigating polymer matrix composites as a material for use
in the narrow dimensional confines of supersonic aircraft. These composites show many
desirable traits such as high stiffness and small changes in the coefficient of thermal
expansion.

This study reports thermal expansion data for a graphite fiber reiforced polyimide (IM7-
K3B) and examines the dependence of the change in CTE of the composite on
microcracking. This microcracking is due to thermal cycling and has been shown to
significantly alter physical properties of a composite, sometimes seriously affecting its
dimensional stability [1].

EXPERIMENTAL PROCEDURE

Eight specimens of IM7-K3B, produced and manufactured by Dupont, were selected for
thermal expansion testing: 1 [0]12, 1 [90]12, 1 [0]24, 1 [90]}24 and 4 [0/90)3s lay-ups.
This report covers data from the initial testing of the four 12-ply [0/90]3s symmetric
crossplies.

The specimens were 7.5cm(3 in.) x 2.5cm(1 in.) with one polished edge. Each specimen
had twelve 0.0127cm (0.00S in) plies. Each specimen was roughly 0.1524 cm(0.06 in)
thick. A 2.54 cm(1 in.) section in the middle of the polished side of each specimen was
examined for microcracking using an optical microscope at a magnification of 400x at 0,
25, 100, 500 and 1000 thermal cycles. The specimens were measured for the axial CTE
at the same intervals.

The thermal expansion measurements were obtained using a laser-interferometric
dilatometer at NASA Langley Research Center. This setup has a 1 microstrain resolution
and measures the expansion of the specimen with respect to a NIST quartz standard [2].
The temperature range that the IM7/K3B specimens were exposed to was  -54 °C (-65
°F) to 121 °C (250 °F).

A small scale thermal cycling chamber at NASA Langley Research Center was used to
simulate the high speed aircraft thermal environment. One thermal cycle consisted of
three steps. The first step started at 27 °C (80 °F) and rose to 177 °C (350 °F). The
second dropped from 177 °C (350 °F) to -54 °C(-65 °F) and the final step brought the
temperature back up to 27°C (80 °F.) The specimens were in direct contact with liquid
Nitrogen during the cooling step.

RESULTS

Although testing is incomplete, initial data shows recognizable trends. Figures 1 through
4 display the CTE verses the number of cycles for each specimen. In each case the slope
appears to be slightly negative, which indicates that the material shrinks as the number of
thermal cycles increases. Specimen #2 is currently the only specimen of the four that has
been tested for CTE after 1000 cycles, so the upward turn after 500 cycles showr in
Figure 2 may be characteristic of the material. Comparison with CTE data from the other
three specimens will reveal more conclusive results.
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CTE data at 1000 cycles is currently unavailable for specimens 2,3 and 4.

—o— #1 -65°F
CTE for [0/90], Sample #1 —;_ - :113755(;’3;

CTE ppm/°F

4 | J L e |
0 100 200 300 400 500 600
# CYCLES

Figure 1 High temperature CTE data this specimen at 500 cycles was extrapolated.
This may account for the deviation of the CTE at 350°F

—o— #2 -65°F
CTE for [0/90], Sample #2 —o -#275°F
— W - #2 350°F

CTE ppmv°F

-24 4 4 . 4 4 4
0 200 400 €0 800 1000 1200
# CYCLES

Figure 2 Notice upward turn after 500 cycles.
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Figures 5 and 6 show the development of mi~ cracks with increasing numbers of
thermal cycles. Only data from the 90° plies is reported because microcracking occurs
parallel to the 0° plies and cannot be seen by scanning the side of a specimen. The
microcracking behavior of specimens 2, 3 and 4 is fairly uniform and appears to reach a
limit of approximately 15 cracks/in. At this time only samples 2 and 4 have completed
1000 thermal cycles. Sample 3 is expected to behave similarly, but sample 1 shows
radical differences in both the number of microcracks and the rate of microcracking.
Possible explanations for this unexpected behavior include damage during fabrication,
nonuniform thickness, and possible temperature surges during testing. All of these can
contribute to microcracking.
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Figure 5 Sample #1 shows a large deviation from the behavior of the other specimens.
Possible explanatior- for the behavior are damage during manufacturing and nonuniform
specimen thickness.



With a few exceptic..», Figures 7 and 8 show that the average CTE appears to fluctuate
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around 0.9 ppm/°F.
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Dependence of CTE on Microcracking
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CONCLUSIONS

The thermal expansion of four specimens of IM7-K3B up to 500 thermal cycles has been
measured and compared. Additional tests are needed to acquire microcracking and CTE

data for 1000 cycles.

In each of the four specimens, the CTE decreased initially as the number of thermal
cycles increased. Specimen #2 showed and upward turn after 500 cycles, but no

information is currently available for specimens 1,3 and 4.

All specimens began with no visible microcracking, hcwever microcracking did occur in
all specimens at some point. The particularly high rate of cracking in specimen #4 should
be investigated further at some point. Possible areas to investigate are the manufacturing
and cutting process, the location of the specimen in the original panel and the uniformity

of the ply thickness.

ave 2
ave 3
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Abstract

The Federal Aviation Administration (FAA) and NASA have initiated a joint study in the
development of reliable means of tracking. detecting, measuring, and predicting trdiling wake-vortices
of ccmmercial aircraft  Being sought is an accurate model of the wake-vortex hazard, sufficient to
increase airport capacity by reducing minimum safe spacings between planes. Several means of
measurement are being evaluated for application to wake-vortex detection and tracking, including
Doppler RADAR (Radio Detection and Ranging) systems, 2-micron Doppler LIDAR (Light
Detection And Ranging) systems, and SODAR (SOund Detection And Ranging) systems. Of
specific interest here is the lidar system, which has demonstrated numerous valuable capabilities as
a vortex sensor Aerosols entrained in the vortex flow make the wake velocity signature visible to
the lidar; (the observable lidar signal is essentially a measurement of the line-of-sight velocity of the
aerosols) Measurement of the occurrence of a wake vortex requires effective reception and
monitoring of the beat signal which results fiom the frequency-offset between the transmitted pulse
and the backscattered radiation. This paper discusses the mounting, analysis, troubleshooting, and
possible use of an analog processing assembly designed for such an applicati- 1.
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Background

LIDAR As an Operational Vortex Sensor

CO: lidars have been used to study wake vortices since the early ‘705 The basic Doppler fidar
consists of a very stable single frequency laser, interferometer, transmit-receive optics. infrared
detector, range-angle scanner, velocity-frequency analyzer, data-algorithm processor/display, and
recotders  Aerosol particles scatter the transmitted radiation in all directions. and their motion with
the atmosphere Doppler shifts the frequency from that of the transmitted pulse  The backscattered
radiation is collected by optics and mixed with a small portion of the original transmitted beam The
total radiation resulting from this mix Puctuates at a beat frequency  This heat frequency is a measure
of the wind velocity at that point  The Doppler lidar measures wind velocity components in the
sensor fine-of-sight (along the laser beam) A family of such velocity measurements produces what
is cafled a signature of that vortex  From that signature, researchers can acquire vortex characteristics
such 2« position and strength

The current wake vortex lidar being developed is a pulsed solid state 2 micrometer system
tn a pulsed fidar range information is provided by the two-way time of flight of light  Thus the range
of the measurement is c/(21} where ¢ is the speed of light and 1 is the time from pulse initiation  The
range resohttion is dependent on the pulse length  The challenge of the analog processor is to
measure a series of stream of data  The length of the streams is a milliseconds and the rate of the
streams is dependent on the pulse rate of the lidar, typically 100 - 200 pps.

Lidar provides high-resolution velocity field measurement. and recent successful vortex
w.2asurements (Memphis & Denver, Stapleton) have demonstrated numerous other capabilities,
inchiding real-time tracking and display The pictures below depict an example of the trailing wake
vortices of a landing aircrafl, the measurement geometry of a pulsed lidar system, and the spectrum
signature produced from the data acquired
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Research / Analysis

For my summer internship project, I investigated an analog processing assembly that is the RF section
of the data acquisition system. This as' :mbly receives the hetrodyne lidar echo output from the lidar
detector/preamp and conditions the signal for input to the A/D converter. The signal occupies a
bandwidth from DC to 180 MHz centered at 105 MHz with an amplitude of a few microvolts. The
analog sig~~l must be amplified, filtered, and gain-controlled using distributed stages prior to digital
processing. A block diagram of the signal processor is shown on the following page. Each element
is individually packaged in a small box with SMA coax signal connectors and power terminals. My
first task was to mount and interconnect the individual components in a compartment, then analyze
the performance of the various stages and test a signal through both the individual elements and the
entire circuit. The summer research/analysis was thus divided intc the following three phases: (/)
Mounting of Circuit, (2) Analysis & Troubleshooting, and (3) Run Sample Data Acquisitions Using
LabVIEW.

Circuit Description

The analog processing assembly (schematic on following page) is an RF (Radio Frequency)
circuit. It generatesa 117 dB output of 200 megahertz and consists of the following elements (listed
with brief function description and input impedance):

(4) 24 dB broadband linear low-noise amplifiers
«signal amplification; 502

(4) 3 dB fixed attenuators ("pads")
spower level & noise reduction; S0Q2

(1) 10 dB directional coupler
sprovides 2 output signals from one input, 50Q

(1) 1dB, 5 MHz passive highpass filter
+passes high frequencies & attenuates low frequencies;

(1) 1dB, 163 MHz lowpass filter
spasses low frequencies & attenuatce high frequencies;,

(1) 3 dB, 4-quadrant voltage output analog multiplier
sgenerates linear product of 2 voltage inputs; 100 k|2 pf
(schematic pictured on following page)
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Twelve elements make for twelve stages in the circuit The amplifiers and multiplier are DC voltage
controlled and each power line includes a capacitor to separate the ground from any DC voltage. The
analog multiplier functions as a wideband amplifier; its gain/loss depends on the DC voltage, which
ranges ftom O to | volt The attenuators, or pads, reduce noise/power levels before and after each
stage of filtration

This circuit's RI" response makes it susceptible to problems such as stray oscillations and
noise, mainly because it deals more with amplitude modulation than frequency modulation An
amplitude-modulated signal is more prone to be disrupted by sources of random efectromagnetic
waves (ie. electrical machinery and electrical storms)

Phase | Mounting

The schematic was designed prior to the beginning of my internship. The circuit that 1
mounted and analyzed this summer receives and monitors the echo pulse It processes the echo pulse
through various stages of amplification, attenuation, and filtering; the result is a signal which can be
directed to an analog/digital converter or directed as input to an oscilloscope for test measurement
and analysis. A 17" x 10" aluminum chassis was used for mounting the components. The initial
challenge was to mount the circuit within this limited space while still leaving rcom for adjustment
and possible modification. Every step in this phase (as with the entite project) required care and
deliberation. The holes drilled in the chassis could not be misplaced, and the various elements needed
to be secured to the chassis without damage. SMA cables were assembled in the Iab, as were the
input/output wires and connectors  All needed to be checked for impedance mismatches that might
distort the signal. Care had to be taken to insure that each element, connector, and wire was
grounded to the chassis and/or the power source

After Iaying out the circuit within the chassis, | marked and sized the holes for securing the
elements, the input, output, monitor leads, and the front panel The holes were cut out using a drill
press in the machine shop. All of the screws and washers used are brass rather than steel to insure
that good contact was made with the circuit elements and the chassis A power source filter was
mounted on a smaller circuit board between the power connector and each component for the
ground, +15v, +Sv, and -5v sources from outside the chassis. Each wire running from the power
source was "pigtailed” with a groundwire and soldered to the appropriate amplifier or the multiplier.
The pigtails were crimped and the wires grounded to the chassis with internal-teeth washers under
various screws An additional input was added for the DC-gain source; this and the signal
inputs/outputs were also pigtailed and grounded. For the time being, capacitors #11 and #12 were
left out of the circuit until necessary; #3 - #6 may provide enough of what capacitance the circuit
requires

Finally, the. entire circuit (now secbifed to the chassis) had to be ohmed to make certain
elements were grounded to the chassis, power could reach the amps without hindrance, and
impedance hadn't been added by any of the methods used to secure the circuit elements in their
places The coax cables were connected between the elements to insure there was sufficient space,
and then the cover was drilled & fitted to make sure nothing prevented it fiom mating the chassis
easily

Phase 2 Analysis & Troubleshooting

For my analysis, I used a Hewlett Packard Function Generator and a Tektronix 4-Channel
Digital Oscilloscope, as well as 3 separate power sources to power the +1Sv, -Sv & +5v, and the DC
level for the multiplier. In order to check for impedances in the circuit, 1 used the Fast Fourier
Transform function of the oscilloscope. FFTs allow you to transform a waveform from a display of



its amplitude vs time to one that plots the magnitude or phase angle of the various frequencies the
waveform contains with respect to those frequencies. Put simply, FFTs display the amount of signal
or noise as a function of frequency within a signal..

This phase required the most investigation. 1 tested the circuit stage-by-stage to see hc v
cleanly the signats went through and met with a bit of success The signals were going through, but
there were numerous artifacts and impedances that needed to be explored [ completed the stage-by-
stage testing and prepared to test a signal's passage through the entire circuit. The following is a brief
listing and descrip*’an of the problems that were exposed and are currently being investigated :

*Stray Oscillatinne *Too much Noise
*Mysterious Artifacts eInsufficient Shielding
*Damaged Elements «Insufficient Attenuation

The first problem observed was a lack of constant impedance in the highpass filter, indicated
by a tiny rift (1 5 dB) in the FFT waveform. Further study called for the ordering of a new filter; for
the impedance change could not be compensated. Stray oscillations, noise, mysterious artifacts, and
shielding came next There were approximately 10 db of excess noise indicated by the FFT duve tc
low level spot oscillations alone A possible source explored was signal radiation coupliny ‘e COax
pigtail groundwires on the chassis mount SMA connectors; their length may have adde« ‘ance
1 shortened these, but some oscillations remained. Another possibility was that the some > ables
were used cables, and we are building new ones. Other possibilities are insufficient shieldiny petween
input & output connectors or a damaged element.

Another problem arose when testing the multiplier for gain control  Again, there were sevc. .|
decibels of extra noise indicated by the FFT. In addition, the DC voltage seemed to have no effect
on the noise level of the signal. The integrated circuit multiplier was found to be defective and has
been replaced Seversa! variations of the circuit are also being investigated (ex. minus an amplifier,
6 dB pads instead of 3 dB).

There are numerous factors that could affect the complete circuit and/or the individual
elements in various ways. These are to be expected in high frequency work; therefore, extreme care
must be taken in design and layout. Based on my analysis, the assembly is now being modified to
correct the problems detected

Phase 3- LabVIEW

The first phases of circuit testing were done by manually controlling the signal sources and
recording iYe measurements by hand To automate this process, | explored using a computer based
instrument control & data acquisition program called LabVIEW. The time required to explore the
signal artifacts discussed previously limited my time to apply LabVIEW to the testing; however, since
part of the purpose was exposure to automated testing, I worked *vith the program.

LabVIEW, much like C, BASIC, or National Instruments LabWindows, is a program
development application. However, while those programming sy: ems use text-based languages to
create lines of code, LabVIEW uses a graphical programming Ianguage called G to create nrograms
in block diagram form 1t relies on symbols rather than language to describe programming actions;
its programs are called virtual instruments (17s) because their appearance and operation imitate actual
instruments (examples on following page) 1 sbVIEW contains application-specific libraries for data-
acquisition, GPIB and serial instrument control, data analysis, data presentation, and data storage
This is perhaps its most valuable feature - its ability to acquire data from almost any source Various
plug-in boards are available with combinations of analog, digital, and timing inputs/outputs The
hardware line also includes a wide variety of signal conditioning modules for thermocouples,
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resistance temperature detectors, voltage and current inputs, and high current digital inputs/outputs
With its many featurcs, LabVIEW adheres to the concept of modular programming  Users can divide
an application into a series of tasks and continue subdividing until a complicated application becomes
a series of simple subtasks A V1 can be written to accomplish each subtask and then combined with
another block diagram to sccomplish the larger task The firal top-lavel V1 is a colleciion of subVis
representing application functions, each of which can be run separately Debugging is easy In
essence, LabVIEW is much the conventional language, iv~* vith pictures

The LabVIEW programming system allows resem. .rs to sit at a termiral and communicate
with a_function generator and an oscilloscope  From a computer, they are able to tell the generator
what signal to send out and ask the oscilloscope what signal came back This wi . ~duce the number
of instruments that have to be read from 3 to {. The LabVIEW front panel .plays any and all
information regarding the input and output signals From there programs can be wrilten to
manipulate the acquired data in whatever way the researchers desire LabVIEW make« it possible
to do all of this from one computer terminal

<.+ Front Panct Displey

Ninck Mingram Dieplay --.>

Conclusion

The circuit was breadboarded and anelyzed with indicated miodifications currently being
implemented This analog processing assembly will become part of the Wake Vortex Lidar data
acquisition system which will be used in field tests to measure wake vortices  Presently, researchers
nre developing a trailer to house various transportable “test-bed” lidar systems Field experimentation
will be run from this trailer
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Parallel Processing with Digital Signal
Processing Hardware and Software

Abstract

The assembling and testing of a parallel processing system is described which will allow a user
to move a DSP application from the design stage to the execution/analysis stage through the u-e
of several software tools and hardware devices. The system will be used to demonstrate the
Jeasibility of the Algorithm To Architecture Mapping Model (ATAMM) dataflow paradigm for
static multiprocessor solutions of DSP applications. The i:dividual components comprising the
system are described followed by the installation procedure, research topics, and initial program
development.

1.0 Introduction / Background Information

1.1 Multiprocessing of Digital Signal Processing Algorithms

Digital Signal Processing (DSP) systems are used to realize digital filters, compute Fourier
transforms, execute data compression algorithms, and many other compute-intensive algorithms.
The recent explosion of DSP products on the market reflects the advancements made in DSP tech-
nology. The increasing complexity of this DSP technology, especially in real-time systems, has
increased computational requirements and created a need for faster, more powerful systems. As a
result, government and industry are turning to multiprocessor solutions to meet these needs. In
order to take advantage of multiprocessor architectures, the processes of a DSP application must
b= effectively mapped onto multiple processors. Such mapping procedurss are currently in the
design stage and are not yet perfected. One mapping procedure, the dataflow paradigm, has been
implemented in the Dataflow Design Tool, created by my mentor Robert L. Jones II1.

1.2 Dataflow Design Tool

The Dataflow Design Tool for multiprocessor scheduling was developed to facilitate the
design of multiprocessor solutions to a number of computational problems, including DSP algo-
rithms and control law. The tool analyzes the computational probiem, represented as a datafiow
Zraph, and determines the performance bounds, scheduling cor ~*raints, and resource requirements
for solving the problem. The tool utilizes the dataflow paradigm to model computational prob-
lems. This model uses graphical nodes to represent schedulable computations, direct edges to



(edge) ‘/(token)

Figure 1. Dataflow Graph

describe the dataflow between nodes, and tokens to indicate the presence of data. A dataflow
graph is shown in Figure 1.

1.3 Process Scheduling

After an applications algorithm has been modeled, there are two methods for scheduling
tasks in a multiprocessor system: static and dynamic. The dynamic scheduling svstem, shown in
the dotted region of Figure 2, has already been implemented and tested with the ATAMM and
Dataflow Design Tool on a Generic VHSIC (very high speed integrated circuit) Spacebome Com-
puter (GVSC). In dynamic scheduling, the tasks to be performed are assigned to a specific pro-
cessor at run-time. Therefore, the system is not dependent on any individual processor, giving ita
high degree of fault tolerance. If one processor fails, the algorithin will still execute predictably,
only at a degraded level of performance. Dynamic scheduling also gives the system more fiexi-
bility. The drawback of dynamic scheduling is it’s high overhead. Since it is not known at com-
pile time which processor will be producing a token or which processor wil! be receiving it, more
communication is needed between processors, causing delays and a larger overhead.

The static scheduling system, shown in the solid outline in Figure 2, is the system to be con-
structed and tested as my LARSS project. In static scheduling, the tasks to be performed are
assigned to specific processors at compile-time, allowing the programmer to decide which proces-
sors perform which tasks. For deterministic DSP algorithms, a priori knowledge can be gathered
from the model to make costly decisions about scheduling, communication, and sy:ichronization
at compile-time. Thus, making these costly decisions at compile-time minimizes the run-time
overhead, allowing more time to be spent doing useful work. However, this system is more rigid
and unfiexible. It is also less fault-tolerant than dynamic scheduling since the failure of a single
processor results in the inability of the system to complete the execution of the algorithm.

The ultimate goal in building and testing these two systems is to thoroughly understand all
aspects of each, and through innovative design, create a system which implements a combination
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of static and dynamic scheduling. The resulting system will have a high degree of fault-tolerance
and flexibility as well as minimal overhead.

2.0 Summary of Study

2,1 Approach

The multiprocessor system was to utilize in-house models/tools in combination with com-
mercial-over-the-shelf (COTS) software and hardware to realize a suitable testbed. Part of the
testbed construction included the selection, installation, setup, and integration of suitable COTS
components with state-of-the-art and versatile features that lend themselves to modeling by
ATAMM. The in-house models/tools consist of the ATAMM (model) and the Dataflow Design

Tool. The COTS tools consist of Hypersignal' model capture, automatic code generation, and
real-time display; the SPOX? operating system'’s real-time and multiprocessing functions; and
Pentek’s? state-of-the-art digital signal processing boards and debugging software.

When the in-house and COTS components are integrated, the system can be viewed as layers

stacked on top of one another to form the system as shown in Figure 3. The application is first
created using the Hypersignal graphical software Block Diagram and the code is created with the

1. copyright by Hyperception, Inc. 9550 Skillman, LB 125 Dallas, TX 75243
2. copyright by SPECTRON Microsystems, Inc. 320 Storke Road, Santa Barbara, CA 93117
3. Pentek, Inc. 55 Walnut Street Norwood, NJ 07648
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Application
Hypersignal- Block Diagram / C Code Generator ,
ATAMM - Dataflow Design Tool '
Pentek SwiftTools
SPOX Operating Systemn
Pentek ‘C40 Processor Boards

Tigure 3. Layered System

C Code Generator. Working with the Block Diagram graphical representation and the dataflow
paradigm, the Dataflow Design Tool determines the performance bounds, scheduling constraints,
and resource requirements of the application. Using this information, the C code is modified to
execute efficiently on the optimal number of processors using Pentek’s SwiftTools software.
Also, SPOX Operating System (OS) functions may be added to the code to optimize multiproces-
sor performance. Finally, the code is compiled using the Texas Instruments (TT) optimizing C
compiler, downloaded to the Pentek ‘C40 boards, and executed.

2.2 Equipment

2.2.1 Hardware Components

Gateway 2000 PC. The Gateway PC contains the software Hypersigral. Through this
software the user can create a DSP application, simulate the execution, and see the output. The
user can also download the DSP algorithm to a DSP PC/C31 board inside the computer where it is
executed. The output may be sent back to the PC and displayed in real-time with the Hypersignal
software. The PC can also send an analog signal out or receive an analog signal in via the DSP
card. In this way, the PC can receive and display the signal that is processed by a separate com-
puter or computers.

PC/C31 Board. The Loughborough Sound Images’ LSI PC/C31 board with A/D D/A
daughter module contains a Texas Instruments TMS320C31 processor onto which algorithms can
be downloaded via Hypersignal software. The board is also an interface between the Hypersignal
software and an external analog signal source. Analog signals come into the PC via the PC/C31
board and are displayed with the RT-2 software.

RadiSys Embedded PC. The RadiSys EPC-5 is a PC/AT compatible embedded CPU
module which rests in a card cage along with three Pentek boards. The embedded PC (EPC) has
a 66 MHz Intel486 DX2 processor and a VMEDbus interface to communicate with the Pentek
boards. The EPC contains the SPOX OS and SwiftTools software which allows the user to com-
municate with the Pentek boards as well as modify and debug C code.

Pentek Model 4202 MIX Baseboard. The 4202 MIX Baseboard is one of the three
Pentek boards in the card cage with the RadiSys EPC. The VMEbus, which is part of the card
cage, runs along the back of the card cage. The MIXbus runs through the middie of the Pentek
boards and is not part of the card cage but part of the Pentek boards. The 4202 converts all of
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Pentek's MIX modules into standard VMEbus boards. The 4202 allows communication between
the EPC and MIX modules, which are not necessarily connected to the VMEbus.

Pentek Model 4249 Fiitered A/D-D/IA Converter. The 4249 A/D-DVA converter is
the second of the three Pentek boards in the card cage and can support sampling rates of up to 1
MHz. An analog input signal is filtered, sampled by the 12-bit D/A converter, and stored in the
1024 sample FIFO, ready for transfer along the MIXbus to another module. A digital signal
received from the MIXbus is put into another 1024 sample FIFO, ready for transfer through the
12-bit D/A converter and low pass filter to the analog output.

Pentek Model 4270 Quad TMS320C40 Digital Signal Processor Board. The 4270
board is the last Pentek board in the card cage. The 4270 contains four Texas Instruments
TMS320C40 processors, 4 MBytes of Local SRAM, and 4 MBytes of Global SRAM. Algo-
rithms are downloaded from the EPC onto one or any number of processors on the 4270. The
4270 can send/receive data to/from the 4249 A/D-D/A in it’s execution of the algorithm.

Hewlett Packard 3312A Function Generator. The HP Function Generator creates
the original signals (sinewaves, squarewaves, etc.) to be used by the system. The Function Gener-
ator and other hardware subsystems transmit signals through coaxial cable.

22.2 Software Components

Hypersignal for Windows. Hypersignal is a collection of software applications which
address many scientific and engineering problems involved in signal processing. This software
allows the user of the system to graphically design and simulate an application as well as analyze
the results in real-time.

Block Diagram.  Block Diagram allows the user to design an application by connecting any
number of predefined software building blocks. The user can then compile and run the project,
simulating the execution of a real system. Block Diagram also allows the user to build a project
using real-time building blocks. These blocks can read in a signal from the outside world, process
the signal, then send the signal back out. Many software building blocks are included with the
software, but custom blocks may be designed by the user.

Block Wizard.  The Block Wizard software simplifies the task of creating new user-defined
blocks for use in Block Diagram. The user defines the parameters for the new block and Block
Wizard generates the text files necessary for compilation. The user then writes the code to per-
form the desired task, inserts it into one of the generated files, and compiles the files. The new
block function is now ready for use.

C Code Generator.  The C Code Generator creates the C source code that represents the algo-
rithm designed with Block Diagram. This code can then be cross-compiled for a particular DSP
chip and executed.

RT-2.  The RT-2 software provides tools for storing and analyzing real-time signals. The Digi-
tal Scopes are used to view an input signal in real time. The displays and controls look identical
to an actual oscilloscope. The Spectrum Analyzer displays an input signal in the frequency



domain in real time. The Digital Recorder allows the user to store a real-time signal continuously
and then regenerate the signal in real-time at their convenience. Also, the stored waveform can be
loaded and viewed by the Graph Analysis software which allows detailed analysis of the signal.

Pentek SwiftTools. SwiftTools is a software development environment for Pentek
devices. Through this software, the user can debug and edit C source code. The user can step
through the source code, executing one line at a time, while setting breakpoints, viewiny register
contents, and viewing symbol addresses and values. Through these actions, the user can " nd
design errors within the code. The software also serves as an interface between the EPC and the
Pentek boards. This enables the user to download the executable code onto the DSP chips after
compilation. The user can stop and start the execution of the program on the DSP ciiips through
the SwiftTools software.

SPOX 0S. SPOX is a DSP operating system designed to meet the needs of high-end
DSP microprocessors by allowing developers to work with objects relating to signal processing
and through general purpose features such as device-independent /O, interrupt management, and
multi-tasking support. SPOX enables the use of the high level C language in real-time signal pro-
cessing, releasing the full potential of the latest DSP hardware through sophisticated applications.

2.3 System Construction

2.3.1 Installation and Testing

The following Hypersignal software was installed on the Gateway PC:
-Block Diagram
-Block Wizard
-C Code Generator
-RT-2
After installation, Block Diagram examples included with the software were executed on
the PC. Several block worksheets were designed and executed using various block functions to
ensure the software was loaded properly. Execution of real-time block functions on the "C31
board required proper configuration, after which real-time block examples were tested.

The following software was installed on the Radisys EPC:
-SwiftTools
-SPOX OS
~T1 Optimizing C Compiler
-DSPTools
Prior to running SwiftTools, a configuration program called PNCFG was used to relay infor-
mation to SwiftTools concerning the Pentek boards used in the system. After configuration, a
program was compiled, downloaded to the ‘C40 boards, and executed, showing that SwiftTools,
the TI Compiler, and the DSPTools were all installed properly. The SwiftTools debugger was
used to find errors in a test program for the 4249 A/D-D/A board, which was also shown to be
installed correctly. The SPOX software included a sanity check program to test it's installation.
Upon execution, the program displayed a message on the screen confirming proper installation.
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2.3.2 Installation Delays

Several problems and delays were incurred during installation of the software. For instance,
the Unix version of the SPOX manual was received rather than the DOS version, delaying it’s
installation. Upon receiving the correct SPOX manual, it was realized that the wrong SPOX soft-
ware version was received as well. A new version was sent but still had the wrong executable
files. After receiving new files, the test program finally worked properly. The Hypersignal soft-
ware has a security button attached to the printer port which was not recognized by the C Code
Generator. A new button was sent along with new versions of the C Code Generator and Block
Diagram. The new C Code Generator could recognize the new button, but was incompatible with
the new Block Generator. A third version of the C Code Generator was sent and worked properly,
but the new Block Diagram did not include any real-time block functions to run on the ‘C31
board. The SwiftTools PNCFG program was difficult to configure. The Pentek boards had to be
removed from the card cage to double check hardware jumper settings. The Pentek representative
was contacted several times to find a number of bugs in the setup. Finally, one of the 4270 boards
were removed while the other one was configured, allowing the board to be recognized. The
other board was inserted but could not be configured, a hardware problem on the board was
assumed.

2.3.3 Research

In parallel with the installation and testing of the system components, research of multipro-
cessing topics was performed to give a better understanding of the system and the purpose of
designing it. The topics included the advantages of a multiprocessor system, the classes of archi-
tecture, memory configurations, applications, anticipated difficulties, and process scheduling.

2.3.4 4249 and Communication Port Drivers

After installing and successfully testing the 4270 and 4249 boards, drivers were created
from the already proven test programs. The test programs contained information regarding regis-
ters and initialization needed in any program using the A/D-D/A converter or communication
ports. The 4249 driver consists of a routine which takes data from the input FIFO and a routine
which sends data to the output FIFO. The com port driver consists of routines which synchronize
the sending and receiving of data over cora ports. A program was written to implement the two
drivers for testing purposes. The first processor receives data from a functio.: generator through
the 4249 board, the data is sent sequentially through each processor, the last of which sends the
data out through the 4249 board and into the Gateway PC to be displayed by Hypersignal.
Although simple, the drivers form the foundations for data transmission and communication
between processors.

2.3.5 Final Projects

There are two projects which are expected to be completed in the final week of the program.
One project is to create a custom block function using the Hypersignal Block Wizard software
which will represent the 4249 driver program This will enable the user to select the 4249 block



from the function list of Block Diagram, implement it in a block worksheet, and create C code
which can be compiled and downloaded to a *C40 processor without modification in SwiftTools.

The second project consists of moving an application from the design stage to the execution/
analysis stage. After designing the application in Block Diagram and creating the corresponding
C code, the application will initially be executed on one processor. By using the Dataflow Design
Tool to determine the performance parameters on multiple processors, the C code will be modi-
fied to execute on several processors.

3.0 Results

Although no numerical results were obtained from the project, the advantages of construct-
ing the system can be easily seen. After finding all system components to be working properly,
example applications can now be created and tested in a very short time. With the 4249 driver
program, applications involving the input and output of real signals can be created and executed
quickly. The com port driver allows the user to easily synchronize communication between pro-
cessors, a fundamantal aspect of paral'lel processing. With the completion of the 4249 driver
function block in Block Diagram, the user will be able to represent the input and output of the
4249 in graphical form and create C code for applications with the 4249 driver already incorpo-
rated.

4.0 Conclusion

The demand for effective mapping procedures for multiprocessor systems was explained
with reference to DSP applications and real-time processing. One of these mapping procedures,
the dataflow paradigm, has been implemented in the Dataflow Design Tool. The testing of this
tool in a dynamic scheduling system was described along with the assembling of a system to test
the tool using static scheduling. The individual components comprising this system were listed
and their functionality explained. The software/hardware installation was shown to be correct
through numerous test programs and the difficulties in integrating the components were
recounted. The research of multiprocessing systems performed to gain a better understanding of
the system was briefly summarized. Drivers which controlled the communication between pro-
cessors and signal transmission through the A/D-D/A converter were explained and, finally, the
projects still to be completed during the last week of the program were presented.
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ABSTRACT

The globalization of the economy and the end of the Cold War have triggered
many changes in the traditional practices of U.S. industry. To effectively apply the
resources available to the United States, the federal government has firmly advocated a
policy of technology transfer betw.sn private industry ard government labs, in this case
the National Aeronautics and Space Administration (NASA). NASA Adminisirator
Daniel Goldin is a strong “roponent of this policy and has organized technotoysy transfer
or commercislization programs at each of the NASA field centers. Her: at Langley
Researcii Center, the Technology Applications Group (TAG) is responsible for
facilitating the transfer of Langley developed research and technology to U.S. industry.

Entering the program, | had many objectives for my summer research with TAG.
Certainly, I wanted 1o gain a more thorough understanding of the concept of technology
transfer and Langley’s implementation of a system to promote it to both the Langley
community and the community at large. Also, I hoped to become more familiar with
Langley’s research capabilities and technology inventory available to the public. More
specifically, I wanted to leamn about the technology transfer process at Langley. Because
my mentor is 8 member of Materials and Manufacturing marketing secior of the
Technology Transfer Team, another overriding objective for my research was to take
advantage of his work and experience in materials research to ieam about the Advanced
Materials Research sgency wide and help market these developments to private industry.

Through the various projects I have been assigned to work on in TAG, | have
successfully satisfied the majority of these objectives. Work on the Prohlem Statement
Process for TAG as well as the development of the Advanced Materials Research
Brochure have provided me with the opportunity to leam about the technology transfer
process from the outside looking in and the inside looking out. Because TAG covers all
of the research efforts conducted at Langley, my studies with TAG were able to provide
me an excellent overview of Langley’s contribution to the acrons::tics industy.



INTRODUCTION

The globalization of economic competition coupled with the end of the Cold War
necessitated several quick and drastic changes to the international marketplace. To remain
competitive, U.S. industry has responded by changing its traditional bu-iness practices, and the
federal government has followed along Administrator of the National Aeronautics and Space
Administration (NASA) Daniel Goldin writes, “to effectively use the technological, human,
financial and other assets of NASA and the US. industrial base and to capitalize on the
opportunities offered by an ever expanding technology base, we must carefully consider the
marketplace and form partnerships with the private sector,” (1:1). This new broader role focuses
on transferring NASA developed technology to the private industry “to increase US. industrial
competitiveness, to create US. jobs, and to improve the balance of trade” (2:3]. The national
technology transfer policy aims to convert NASA research and development (R&D) efforts into
marketable, innovative products.

Currently, there are three forces driving NASA’s evolution: President Clinton’s
technology policy, Vice President Gore’s National Performance Review recommendation for
NASA, and the growth of the Information Superhighway (1:3). These forces affect «ne
technology push and pull in the United States differently. The President’s policy challenges
NASA to increase the effectiveness of NASA programs, thereby increasing the industry’s
economic competitiveness. By emphasizing a cooperative effort between private industry and
NASA, the policy views technology as a force of change, an impetus for economic growth
Moreover, the National Performance Review recommends an implementation for technology
transfer. The plan makes such suggesiions as setting aside 10 to 20% of the research and
development budget for partnerships with industry and promoting small business opportunities.
Most importantly, the recommendation amends the agency’s Vision-Mission-Values statement
to include technology transfer as a major mission.

TECHNOLOGY TRANSFER AT LANGLEY RESEARCH CENTER

The Techr.ology Applications Group (TAG) at Langley Research Center was established
in February 1994 to “encourage broader utilization of NASA Langley developed technologies in
the American industrial community” (3:1). The document “Transferring Langley Research
Center Technology™ outliies TAG's responsibilities as the following:

o Leading the Center’s processes for early identification oi’ technologies of high commercial
potential;

o Promoting the expedient transfer of new technologies to the commercial sector,

¢ Achieving the non-aerospace uses of Langley technology by identifying potential
technology applications and creating teams of non-aerospace customers and Langley
technoiogists to accomplish the transfer process;

s Coordinating the Langley program with appropriate NASA Headquarters Offices, other
NASA Centers, and other Government Agencies; and

» Supporting the technology transfer processes for acrospace customers.

Furthermore, members of TAG are also charged with leading Langley’s Small Business
Innovation R.esearch Program and the Small Business Technology Transfer Pilot Program, which
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reach out to small businesses for collaborative research and development efforts. The group
includes members of the Technology Transfer Team (TTT), who facilitate the transfer of Langley
developed technology to private industry, the Patent Counsel Team, as well as Small Business
Partnership Team. The TTT is further organized into the following four market sectors:
Information Technology, Materials and Manufacturing, Transportation, and Medical, Seasors,
Instrumentation, Environment, and Energy (MISEE).

APPROACH

The approach to leaming about the Technology Transfer program at Langley was two-
fold. While the first project addressed Langley’s reach-out to private industry for research
ventures, the second project focused on industry’s approach to Langley. The first project
developed from a Headquarters’ initiative to catalog the Advanced Materials research being
conducted at the various NASA field centers. With this information, 8 document was to be
created as a marketing tool for NASA's materials developments and distributed to the automobile
industry. The second project involved TAG's problem statement process and the elimination of
the backiog of Problem Statement Definitions (PSD) collected over the past year.

ADVANCED MATERIALS BROCHURE

The Advanced Materials Inter-Center Initiative involved working with members of the
TTT, the Headquarters office, and the Regional Technology Transfer Centers (RTTC), in
particular the Rhode Island Technology Transfer Center. Initially the majority of the work
involved making contacts at cach of the participating centers and determining the format as well
as the type of information to be included in the brochure. The field centers which agreed to
participate in the effort were Ames Research Center, Jet Propulsion Laboratory, Marshall Space
Flight Center, Lewis Research Center, Goddard Space Flight Center, Johnson Space Center,
Kennedy Space Center, and Langley Research Center. The next few weeks after making the
initia! contacts were spent waiting for the centers to collect and send the’r information. Once a
substantial amount of information ammived at Langley, 1 met with some researchers in the
Materials Division for guidance in consolidating and categorizing the research initiatives across
the agency. Although the final versicn of the brochure will not be completed before the ten
weeks are completed, all of the preliminary work has been completed. The materials resear-h for
each of the centers has been organized and the unique facilities and research have been identified.
The first draft has been sent to each center for further review and we are now waiting for the
suggested modifications. Once these changes are made, we will send the information to
Headquarters for the graphics layout. The facilities and resources which proved to be the most
helpful for this project were the NASA Technical Library, the researchers from the Langiey
Materials Division, and the World Wide Web.

This assignment provided an abundance of information about the extensive amount of
research NASA conducts in the Materials research area, especially at Langley. With most of
NASA’s research conducted in the aeronautical field, it’s focus on materials for engines and flight
structures is highly marketable to the private sector, specifically the automotive and aeronautics
industries. However, the difficulties in coordinating such an effort among the various NASA
installations revealed another aspect of technology transfer. While marketing NASA research



increases the U.S. industrial international power base, effective technology transfer also requires a
new way of thinking.

PROBLEM STATEMENT PROCESS

The Problem Statement Process (Appendix A) is the means through which industry
approaches Langley with a problem or an inquiry to find a solution using Langley technologies or
facilities. The process attempts to identify an optimum match between a customer’s needs and
Langley’s capabilities, providing a mutual benefit to both the private sector and Langley. Within
the last few months, TAG has centralized the process and created a position within the group to
oversee its implementation and administration. The initial work was focused on eliminating the
backlog of problem statements. This first step of this process was to centralize the problem
statements into a database. Because this was not done in the past, PSDs were scattered among
all of the members of the TTT. Once we were able to collect all of the statements, we entered
them into the backiog database and assigned market sectors for each one. At that point, the
sectors became responsible for deciding whether they wanted to pursue further action with the
companies based on the technological match with Langley’s resources. If the sector decided that
the PSD was something that Langley should pursue, then we responded to the company
notifying them of our decision. Likewise, if the sector decided that it was not in Langley’s best
interest to work a PSD, then we responded to the company telling them that we were unable to
match their needs with Langley’s resources. Within a month of beginning work on the process,
the Data Systems Team for TAG completed work on the new TAG database Management
Analysis of Scientific Knowledge "MASK), which tracks the majority of TAG’s activities,
including the problem statements. Thus, the incoming p.nblem statements were tracked in
MASK while the existing ones were left in the backlog.

Likc the Advanced Matenals Brochure, working wiil: the Problem Statement Process
broadened my knowledge of the technology transfer process. The sheer number of PSDs that are
processed by the system indicates that numerous opportunities exist for cooperative efforts
between private industry and NASA. However, limited resources such as funding, facilities, and
personnel necessitate NASA’s selectivity with whom and in what areas NASA pursues
technoiogy transfer. While much of my work on the Problem Statement Process was limited to
administrative duties, I was given the freedom to make decisions on issues regarding the
procedure. For example, I was responsible for working with the RTTCs and some of the
companies on certain PSDs. I was also responsible for corresponding with the market sectors
and organizing the comrespondence. Finally, my work in this area of the Technology
Applications Group revealed the significance of new programs, such as the onec at Langley, to
proceed with a strong sense of direction. As programs develop goals and solidify procedures, it
is important that they build credibility to facilitate long lasting business partnerships.
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ARNTRACY

My propect s designing a tlight control program otilizing €
language B conssis ot paths made up of fixed radius ares and suoaghi
Hines. Ares sl be detined by a center, a radius and turn angle.

Straghi Lines vl be defined by an end way puint and an inboond o,
Wiy pornis sl be presdefined such that the location of the end ol cich ke
avcuttch matches the heginning of the next keg. The simulation paths will
chosely match paths normally llown by the TSRV, but will aot necessanly
e detined alenucatly in werms of type and number of way poinis.



OPEN LLOOP AIRCRAFT SIMULATION

My progect tor this summer was (o write software to implement
upen loop arciatt simulations for onboard testing and troubleshootung
purposes. s program, written in C language, Calculates way points los
an inbound course using a list of given data such as pitch, roll, indwated
airspecd, magnene heading, tatitude, longitude, cte. This data o then used
T calvutated successive points on # three dimensieiad coordinate plang.
These points ultimately result to a flight path. § was also given other tasks
working with « High-Speed Rescarch (HSR).

The apprusch used for this project was an analytical process. had o break my
project inlo component pars of constituent clements. | also learncd o atilize the "CY

compuier languape o compleie this project.

NASA'S Boving 737 Transport Systems Rescarch Vehicle (TSRV)
was acquircd by the Langlev Research Center in 1974 to conduct rosearch
into advance transport aircraft weehnologics. TSRV has played a critical
Crode indevelopiag and gaining acceplance for aumerows significant
~transport wehnologies, including "glass cockpits,” airborne windshear
dotection systems, data link for air traltic control communications. the
microwane Findimg system, and the satellite-basad global positioniny
system.

Thorosugh preflight wsting ol Transport Systems Rescarch and
Vehicle fignt controls reguires that the sysiem be exercised through an
approach and amtontatic fanding. At prescnt, there is a limited capability
K sccomphish the usage of Microwave Landing System (MLS) signals
simulated onboard.  The increasing use of Global Positioning System
(GPS) and incvitable demise of MLS require that this capability be
provided ton GPS as well. The availability of smaller and more
sophisticated computers provides an opportunity to improve simulaition
fidelity

‘The hardware cyuipment used is a VME chassis containing @ 68010
processan cand vith Random Access Memory (RAM), Read Only Memon
(ROM . RS 252 sensal port, an ARINC 429 interface card and other
interlace cands as required. The software cquipment is pSOS real-ume
kernal i ROAL This program will eventually be used on the 737 arplane
dunng preiiht

In .widhtion 10 my project, | was able 1o work with the High-Speed
Rescarch Program (HSR). High-Speed Program is the cornerstone ol
NASA Acronauties lor the 1990s. It addresses the challenges of cnussions
clicets on the atmosphere, airport noise and sonic boom. I solved it could
support and mdustry decision to build a supersonic transport. A
supersonic tnsport tying through the atmosphere at more than twice the
speed of sound s extremely sensitive 0 acridynamic "drag” genctated by
air tnction. One way to reduce drag and increase an aircralt's fucl
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clticieney s ocduce tbulent airflow over the wings, leaving smaooth o
"Tammar” How Phe mostimportant technology work in HSR provram
tocuses o nanced combustor (combustion chamber) coneepts that could
sigmlicanthy cut NOx emuissions,

The 1 hizhe beck Systems (FDS) techaology arca is conductng the
it i ascres al thght wests designed o develop and light validate a
cockpit display system that will eliminate the necessity of a droop-nose
contiguration ot i High Speed Civil Transport (HSCT). the lack ol a nose
droop caputnhiny on the HSCT will require that the pilot's forward
visihility be tuncionally replaced by an Externat Visibility Sysiem(XVS).
Additionally . the XVS will cnable all-weather, suitable-siwe operations,

Fenpevad working with HSR. | was able w0 atiend weekly mectings
and wiite work arders for the hardware pertaining o HSR. This part of my
mtern gave Mo an opportunity o interact with the employees in a basiness
manmi.
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Abstract

Many modem economic theories place great importance upon entrepreneurship in
the economy. Some see the entrepreneur a. the indivi dual who bears risk of operating a
business in the face of uncertainty about future conditions and who is rewarded through
profits and losses. The 20th century ezonomist Joseph Schumpeter saw the entreprencu;
as the medium by which advancing technology is incorporated into society as businesses
seek competitive advantages through more efficient product development processes.

Due to the importance that capitalistic systems place upon entrepencurship, it
has become a well studied subject with many texts to discuss how entrepreneurs can
succeed in modemn society. Many entrepreneuring and business management courses go
so far as to discuss the characteristic phases and prominent challenges that fledgling
companies face in their efforts to bring a new product into a competitive market.
However, even with all of these aids, start-up companies fail at an enormous rate. Indeed,
the odds of shepherding a new company through the travails ¢.'becoming a well-
established company (as measured by the ability to reach initial public offering (IPO))
have been estimated to be six in 1,000,000.

Each niche industry has characteristic challeages which act as barriers ic entry ot
new products into that industry. Thus, the applicability of broad generalizations is
subject to limitations within niche markets. This paper will discuss entrepreneurship as it
relates to general aviation. Tt.- goals of this paper will be to:

o Introduce general aviation.

o Discuss the details of marrying entrepreneurship with general aviation.

¢ Present a sample business plan which would characterize a possible entrepreneurial
venture.



Many modem economic theories place great importance upon entrepreneurship in the
economy. Some see the entrepreneur as the individual who bears risk of operating a business in
the face of uncertainty about future conditions and who is rewarded through profits and losses.
The 20th century economist Joseph Schumpeter saw the entrepreneur as the medium by which
advancing technology is incorporated into society as businesses seek competitive advantages
through more efficient product devzlopment processes.'

Due to the importance that capitalistic systems place upon entrepeneurship, it has
become a well studied subject with many texts to discuss how entrepreneurs can succeed in
modem society. Many entreprencuring and business management courses go so far as to discuss
the characteristic phases and prominent challenges that fledgling corpanies face in their cfforts to
tring a new produ- ° to a competitive market. However, even with . il of these aids, start-up
compaenies fail at an c:ormous rate. Indeed, the odds of shepherding a new company through the
travails of becoming a well-established company (as measured by the ability to reach initial
public offering (IPO)) have been estimated to be six in 1,000,000.2 It is important to recognize
that this measure of company success is somewhat artificial as many companies are successful
start-ups which ecither:

¢ Do not participate in an IPO but stay privately owned and operated instead.
¢ Do not participate in an IPO because they are bought by another company.

Each niche industry has characteristic challenges which act as barriers to entry for new
products into that industry. Thus, the applicability of broad gencralizations is subject to
limitations within niche markets. This paper will discuss entrepencurship as it relates to general
aviation. The goals of this paper will be (0:

¢ Introduce general aviation.

 Discuss the details of marrying entrepencurship with general aviation.

o Present a sample business plan which would characterize a possible entreprencurial
venture.

General Aviation

General aviation is all air travel save the scheduled air carriers. This definition includes air
taxi, recreational flying, agricultural spraying, instructional flying, and business transportation.
The general aviation (GA) fleet represents 96 percent of all civil aircraft registered in the United

! Encyclopedia Britannica + Macropedia - Knowledge in Depth, 15th Edition, Encyclopedia
Britannica, Inc.: Chicago, 1981.

? High Tech Ventures . The Guide for Entrepreneuring Success, C. Gordon Bell, Addison-Wesley
Publishing Company, Inc.: Reading, Massachusetts, 1991.
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States. These aircraft accumulate approximately 80 percent of all of the total hours flown and
carry one in three intercity passengers.’

Despite these impressive statistics, GA is in decline. It operated in a cyclical manner
where it closely mirrored the performance of the GNP and slowly built more capacity with each
economic upturn until 1978, where it delivered at 17,811 new aircraft deliverics. Since that peak,
it has atrophicd to a level where a mere 964 units are shipped per year. Export of GA sircraft
declined from 3,995 aircraft in 1979 to 336 in 1984 -- which c2n be seen to closely paraliel the
decline in domestic sales.

It is a well-established fact that there was a correlation between the rate of new GA
aircraft production and the gross national product of the United States of America prior to 1978 -
- i.c. as GNP increased so did GA new aircraft shipments. However, two metrics have become
uncoupled since 1978 — i.c. the GA industry failed to recover from the economic slump of the
carly 1980s and has continued to decline despite overall economic recovery.

Much analysis of the market has been made of the loss of correlation between GNP and
new GA aircraft shipments. Possible causes include:

¢ Increasing costs of owning and operating a GA aircraft.

o Increasing costs and risks of manufacturing GA aircraft due to product liability concems.

¢ Increasing value of the dollar caused foreign exports to decline due to higher prices in the
foreign currency’.

e Changes in the tax code which made owning GA aircraft less attractive financially.

e Increasing competitiveness of airline transportation due to th= Airline Deregulation Act of

1978*.

It is the view of the author that the primary reason for the downtum in GA is primarily
related to the increases in direct acquisition and operating costs. It can be seen in Figure | that
the direct acquisition, operating, and maintenance costs increased dramatically in the years 1978-
1982 - the precise years which saw a precipitous decline in GA production. From 1978 through
1984, . . . single-engine piston aircraft prices increased at a yearly rate of close to 12 percent . . .
[which] adjusted for inflation, grew at approximately five percent per year .

3 General Aviation Marketing and Management. Wells, Alexander and Chadbourne, Bruce, Krieger
Publishing Company: Malabar Florida, 1994.

¢ FAA Statistical Handbook of Aviation, 1992.
5 General Aviation Marketing, Chadbourne, Bruce D. and Wells, Alexander, T., Krieger Publishing
Company: Florida, 1987.
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Figure 1: Correlation between Singie Engine Piston Prices and Aircraft Shipments
(Cepied frem Reference 69

Since 1978, much effort has been invested to attempt to revive the GA industry.
Companies have downsized, left the market, or gone out of business. However, until recently,
there has been a steady decline in the production of GA aircraft since 1978 — reaching five
perceat of the 1978 levels in 1994.

Entrepenéurship and General Aviation

Currently, it can be seen that GA represents a significant portion of the air transportation
system of the U.S. However, the erosion of the GA fleet, ground-based infrastructure, and pilot
community (with associated political constituency), all hold dire consequences for GA. If
allowed to continue, the market will become antiquated, uncompetitive with other modes of
wansportation such as the car, and eventually shunted aside from within the airspace system.

¢ FAA Aviation Forecasts - Fiscal Year 1991-2002, U.S. DOT - FAA, FAA-APO-91-1, February,
1991.
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The economically sound application of technology to increase the attractiveness and
competitiveness of GA is seen to be the only alternative to make GA more competitive. As
discussed in the introduction, the entrepreneur is seen to be the medium for the introduction of
this technical innovation. An important caveat must be made. It can be scen that corporations
play a large part in the current entreprencurial model. They innovate and compete on a continual
basis and largely assume most of the characteristics of the individual entrepreneur. Thus, it can
be seen that the individual and the corporation play a role in introducing new technologics to the
marketplace.

However, the entreprencurial aspects of the start-up GA company will be analyzed in
this section as the barriers of entry to the GA marketplace are most formidable to this company
instead of the well established company which has considerable resources at hand.

The primary barriers to entry into the GA market are:

¢ Sufficient capital.

e Management competency to organize teams (often multi-disciplinary) to produce complex
new products economically.

o Inadequate time to correctly design and produce a quality product which is certifiable.’

There are a variety of initiatives which will overcome these barriers to entry and no

unique strategic plan is necessary to navigate the difficulties. However, some primary
considerations must be addressed in each issue. These considerations include:

Capital

More than any other aspect, capital determines the corporate structure of the start-up
company. Sufficient capital allows for greater flexibility (c.g. by waiting with a mature product
until the market becomes mature) and increased performance (e.g. by rapidly developing products
by hiring a large team of designers). These additional capabilities can often mean the life and
death of a fragile fledgling company.

There are several sources to raise the requisite capital for becoming & successful start-up
company. Some of these sources are:

¢ The founders’ savings -- including borrowing on assets.

¢ Family and friends.

¢ Formal investment groups, including venture capital concerns and companies that
specialize in the private placement of stock.

! “Entrepreneurial Spirit Combines with Hard-Headed Business Sense,” Olone, Richard, Commercial Space, Fall,
1985.



¢ Foundations.

o Grants and small-business loans from various government agencies (¢.g. SBIR loans (Small
Business Innovative Research) from NSF, DoD, or NASA).

o Having the company’s employeces buy equipment and lend it to the firm.

o Obtaining the firm’s capital equipment through bank loans and leasing companies.

o Forming research and developmer:t partnerships with investment companies to do
incremental development.

o University endowments.

o Strategic partners that are potential customers and want carly access to the start-up’s
product.

e Large companies and pension furds that enter into a venture-investment phase.

o Strategic partners that are manufacturers whose products would be enhanced by the start-
up's product.

¢ Bankn g institutions that invest working capital based on firm orders.

¢ Equipment suppliers and vendors that may help a new company get started.

o Customess, including other start-ups, that may pay in advance for product or for a
development contract (i.c. use someone clse’s venture capital).

e Going public or being acquired by a larger, more cash-rich company

Obtaining adequate capital is a continual challenge of all fledgling companies and is the
primary cause of the cessation of business.

Management of Large, Highly Technical Preducts

Users of acrospace products have high expectations of products. These products are
expected to perform at a high level of performance and reliability. Thus, the technical complexity
of products is relatively high (when compared to other transportation industries).

Due to the technical complexity of general aviation products, managers must be adept at
the management of new technologies, personnel, and personalities. This requirement is a difficult
one which may result in the failure of the start-up company or the dismissal of the manager if he
or she is not capable of marrying the two diverse requirements into a functioning whole.

Some manufacturers choose to “push the edge of the technological envelope™ by moving
to exotic materials and technologies while others manufacture components using well-established
procedures and materials. The decision between these two production techniques directly
influences the challenges that will be encountered in this aspect of the fledg!ing company.
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Inadequate Time

Many start-up companics do not allow enough time to completely develop a product
before entry into the market. This complication is generally closely tied with the lack of capital
(i.c. an immature product often is rushed to marke. because there is simply no capital to allow for
continued development and/or the capital from sales is needed immediately). Indeed, many
business decisions are related to trading capital for time and vice versa. Thus, while it might scem
that a fledgling company failed due to a lack of time, it might actually be that the company had
too little capital to produce a quality product and so rushed delivery of a new product which
simply wasa’t complete.

Sample Business Plan

The following business plan is & hypothetical summary of the merits of a proposed new
GA airframe company. It is important to note that this plan is preliminary and must be fleshed
out with significant quantitative analysis of the market and justification for key decisions within
the plan. In the end, although it is important to have a complete plan, it should only be ten pages
in length to allow potential investors to read it quickly and to allow important points to be made
quickly and efficiently.

This business plan would be used to recruit venture capital to allow for the formation of a
fledgling company and is not intended to provide a description of the internal operations of the
fledgling. The following additions should be included in the final business plan:

o The market analysis which presents the analysis, justification, and results of a market analysis
with the primary purpose of predicting the number of airplanes that will be sold during
the initial phases of the company and the return on investment for investors.

o A detailed cost survey of the industry which establishes the cost to which the airplane should
be designed and a detailed breakdown of the costs of the company to allow the cost goals
to be achieved

e A prediction of the capital that would be required in cach phase of the development of the
fledgling company.

In all, the business plan is recommended to contain the following broad pieces of
information:

o Statement of the proposed company’s vision, mission, and business.
¢ Product concept (what the product is).
¢ Technological uniqueness that will sustain the firm beyond the initial product.



e Rationale (why people will buy).

o Gross estimates of the target market (who will buy).

o Simple “market map” (how the product will be sold).

o Plan for reaching the seed stage [the stage of development of a company followiny conceptual
definition], with objectives and milestones.

® Outline of a financial plan.

o Resources, in terms of dollars and people.

This business plan will follow the following format:

o Summary

o Market Brief
¢ Product Brief
e People

Summary

The summary concerning the plight of the GA industry is presented in the introduction of
this paper. However, all of the misery within the GA industry will likely induce the response of,
“Why in th> world would I want to get involved in that mess?” fron. the prospective investor.

It should be emphasized that each problem brings opportunity with it. It is indisputable
that GA is currently an anemic industry. However, this lack of size allows an agile manufacturer
to dominate the industry quicki 7 with a well-placed product cntry and therefore gain the benefits
of industry dominance rapidly. Some examples of the be ~efits from this dominance include:

o The ability to dictate the type of infrastructure support
o The ability to attract significant interest from the media and the market with each product

development
o The ability to establish significant political attention from sub-contractors - thus enabling a

working partnership.

There is significant evidence of a resurgence of interest in GA airplanes. New aircraft
companies are entering the market and established manufacturers are beginning production anew.
Approximately 30,000 used GA aircraft are bought and sold annually. In addition, the continual
increase of used aircraft prices over the past several years is a strong indicator that there is
significant pent-up demand for cost-cffective new aircraft.

788



756

Market Brief

It can be seen that approximately 60 percent of the current prospective buyers of GA
airplanes are receptive to a price of a new aircraft at $100,000 or below®. This product would
likely be used for trips of 450-600 statute miles in length. Longer trips are likely to be conducted
via airline and shorter trips are likely to be conducted by car. (Please note that this assumption
must be validated.)

Product Survey

A preliminary design analysis of this airplane shows that the following characteristics are
possible:

® Wempry Weons = 0.54 o Passengers: 680 #

¢ Baggage: 100# e Fuel: 360#

e Useful Load: 1,140# e Wing Area: 147 f2

e Aspect Ratio: 8 e Wing Span: 343 f

L Cnp..... 0.0200 ® D70000: 0.00193 Slllg/ﬁ3

e Wing Efficiency (e): 0.80 ¢ Propeller Efficiency: 0.80

e Cruise Speed: 197 MPH e Thrust HP Required: 138 HP
¢ Brake HP Required: 172 HP e Rated HP: 230

e Range: 824 Miles

It is important to note that these calculations do allow for induced drag’. It can be seen
that the weight fraction is attainable, but difficult to attain, from the following weight fractions of
airplanes in production today:

Weight Fraction (Weape/ Wese
}_st Cruiser 0.522
Glastar 0.579

The GlaStar is a metal/ composite hybrid airplane, the RV-4 is a metal airplane , and the
KIS Cruiser is a composite airplane. All of these airplanes are fixed gear airplanes.

The other primary constraint on the feasibility of this design is the amount of drag that
will be produced by this airplane. It can be seen that the following airplane is feasible from the
following data on production airplanes:

¥ Conversation with Mr. Barry Bond, Utah Dej .. tment of Transportation, July 6, 1995.
* Study Conducted by Wilmer R. Ullmann, July 27, 1995 Reprinted by permission.



Airplane ' Parasite Drag Coefficient (Cp,) |
1. Piper Arrow _ o 1e027 '
3. Mooney 201 0.017

It is important to note that all of these airplanes are retractable gear designs. Thus, the
primary challenge of this prospective airplane design will be to couple low drag with a low
weight fraction.

People

It is important to emphasize just how important people are to a business plan and the
viability of a fledgling company. Indeed, veteran venture capitalists have stated that having a
sound management team is the key component of start-up companies for which they look when
they decide whether to invest in a proposed company’.

At the preliminary stage, it is impossible to determine who specifically may be involved
in the design and production of this airplane. However, it is possible to describe the title and
responsibilities of the key members of the core team:

e The CEO: Responsible fo» managing the company, setting standards, hiring people (although
generully not all of them), and keeping and updating the vision of the company.

o Engineering: Responsible for technical ana'-i.. ! ~*gn. and fabrication of hardware.

¢ Marketing: Responsible for determining «  at uew performance capabilities, prices, and
features should be incorporated into new products.

» Research and Development: Resporsible for development of technologies to allow for
increases in utility of future products.

¢ Finances: Responsible for mzintaining the books and providing cost control to the company.

e Law: Responsible for ir -..r.1g that the company remains within the spirit and the letter of the
law =nc defending against product liability suits.

¢ Tooling and Masufacture: Responsible for producing the hardware, quality control, and
Jetermining; ways to streamline manufacturing (works closely with Engineering).

o Advan-ed Design: Responsible for creating the products of the future (including derivative
airpianes) {works closely with Research and Development).

o Flight Test: Responsible for testing new prototypes and insuring that airplanes are
functioning properly prior to being shipped.

It is impc.1ant to note that not all of these positions need be filled from witain the
company. Indeed, it is advisable that a company examine which of these features can best be
filled internally and those that can be outsourced. The features of thuse that can best be filled
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internally are that they are essential to the company’s vision for the future or incorporate unique,
proprictary technologies. Alternatively, outsourcing provides an avenue to tap sub-contractor
expertise in areas which are not core to the business plans of the company while allowing for
continuing improvement through close communication with the sub-contractor.

Conclusion

In summary, it can be seen that both GA and entrepencurship contain many exciting
aspects for the adventurous individual. By being wary of the pitfalls specific to GA and
following the sound principles of entrepencurship, onc may beat the odds, capitalize upon a
specific niche which is currently unfilled, and create benefits for both the individual and the
general market.
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Abstract

The use of aluminum-lithium alloys for aerospace applications is cu..1ently being studied at
NASA Langley Research Center's Metaulic Materials Branch. The alloys in question will operate
under stress in a corrosive environment. These conditions are ideal for the phenomena of stress-
corrosion cracking (SCC) to occur. The test procedure for SCC calls for alternate immersion and
breaking load tests. These tests were optimized for the lab equipment and materials available in
the Light Alloy lab. Al-Li alloy ML377 specimens were then subjected to alternate immersion
and breaking load tests to determine residual strength and resistance to SCC. Corrosion
morphology and microstructure were examined under magnification. Data shows that ML377 is
highly resistant to stress-corrosion cracking.



Background

The High Speed Research program, or HSR, is a joint program between NASA and
industry, concerned with developing the next generation of supersonic civil aircraft. Many
factors must be studied, including structures, materials, design, commercial feasibilit'., noise, and
pollution. The development of these technologies is necessary to the success of a high speed
civil transport. The purposes of this study are to collect corrosion data on candidate alloys for
the HSR program and to evaluate the breaking load test method for stress-corrosion cracking.
The material tested in this study is aluminum-lithium alloy MIL377 in the T8 (near peak aged)
condition. This is the most corrosion resistant temper for Al-Li alloys, and is the first of several
alloys to be tested.

The phenomena of stress-corrosion cracking (SCC) can lead to catastrophic engineering
failures. Many parts in an aircraft frame are subjected to conditions that could lead to SCC. In
order for SCC to occur high levels of stress must act in conjunction with a corrosive
environment. The breaking load method can be used to determine a threshold stress level for the
initiation of SCC. Material below this stress level would be safe from the possibility of SCC.

The breaking load test method determines the residual strength of an alloy after exposure
to SCC conditions. Specimens are fixed in stress by static load frames. The specimens are
subject to corrosion by alternating immersion and drying cycles in a sodium chloride solution.
They are then stressed to failure in tension. By using a test matrix of varying stress levels and
exposure times, an alloy's resistance .0 SCC can be determined. The breaking load method can
determine the SCC initiation threshold with fewer specimens and shorter times than traditional
pass-fail tests, and can detect differences in highly resisiant alloys.

Procedure
Test Procedure
The test procedure involves two major phases. Specimens are exposed to a corrosive
environment for a range of stress levels and times in alternate immersion, then they are subject to

tensile failure. The specimens are transverse dog bone coupons of Al-Li alloy ML377 in the T8
temper (Figure 1). The gage length has been polished to meet ASTM standards.

Bolt Hole

\ 25"

NG % 09"
O O thick
/Te J\____

Figure 1 - ML.377 Dog Bone Specimen
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Fhe static load frame (Freure 2a) 1s made of steel and protected w h a special coating, in
order to prevent any rust ¢ - gal.anic cell formation. The spring has 4 spning constant of
approximately 2200 Ibs/in. When loaded. the spring applies pressure to a stainless stee! threaded
rod, which is connected to the specirien via bolts . A nut on the rod allows adjustmient of the
stress placed on the allov The elongation of the specimen is monitored by an extensometer
altached to the specimen. The stress is caleulated from the extension and modulus of the
specimen. Once the specimen connecors have been protected with wax and the gage length has
had all extensometer marks removed, 1t s placed in the immersion tank.

al

Figure 2 - «)Static Load Frame b)Specimens in Alternate Immersion Tank

The cliernate immersion test (Figure 2b subjects the specimen to ten minutes of exposure
i« a corrosive solution and Gty minutes drving time. The solution used was 3.5% by weight
sodium chloride in fistlled water. The environmental conditions of the test lab are maintained at
80 F 22 and 40% humidity =6% . A timer s used 1o raise and lower the water level in the main
testtans. The umer s connected to a pump. which moves water from a reservoir tank to the main
tank. and a solenoid. which dreing from the main tank to the reservorr. Water levels are
monitored 1o assure a proper solution concentration,

Once alternate immersion exposure is compizte, the specimen is removed, unloaded. and
examined for any anomaiwes It 1s then subjected 1o the breaking load test. The specimen 1s
pulled in tension until fadure in o hydranlie load machine. The load at failure tultimate tensile
strengthi and the load vs elongation curve are recorded,

In addition, the corrosion mormho  + and tracture surfaces were exanuned visually
ander Migh mugnilicanon. Miucrograps oo taken of some surfaces o assist examination.
Surlaces were then etched 1o relate corrosion morphology to microstructure.




Test Optimization

Before the testing could begin, it was necessary to study the testing procedure itseif. The
best ways to protect the frames from corrosion, load the frames, and maintain the test conditions
were recvaluated.

Man; different coating techniques were studied for their protection and longevity
characteristics. The load frame must be protected from exposure to salt water when it is
submerged. However, the gage length of the specimen in test must come in contact with the
water. Wax, latex, heat shrinkable plastic, and a polymer paint known as Plasti-Dip were
examined as coating materials. After extensive testing, a system of coating was chosen that
combines wax and Plasti-Dip. The steel frame is coated in Plasti-Dip because it adheres well and
has excellent waterproofing properties. The connections between the load bolt and the specimen
are coated with wax because u is easily removed and conforms to the contouss of the region.

In order for the tests to be as accurate as possible, the load frames must pull the specimen
in tension. Any added bending moments or twisting forces can affect test results. Due to the
design of the frame, it is easy to induce these forces when loading. Therefore, it was necessary
to develop a rig for securing the frame at all points except the point of spring compression. The
design of the rig uses gravity to help line the frame vertically. The top and bottom are secured
and the spring is ioaded by use of a wrench.

The test solution was monitored to maintain conditions. Water evaporated from solution
and had to be replenished every two days. The entire tank needed to be emptied and refilled
every three weeks to prevent build up of excessive metal ions in solution. A syste.n for changing
the solution was developed utilizing an extra tank system in the lab.

Results

Breaking Load Data

The data for this study was collected as the residual ultimate tensile strength of the
specimen. The experimental parameters were the time of exposure and the stress level during
exposure, given as a percent of the yield strength of the material. Figure 4 shows the number of
specimens tested for each combinatiun of exposure and 'ress.

Exposure 0% stress 50% stress 65% stress 80% stress
0 days 2 0 0 0
10 days 3 0 3 3
15 days 3 3 3 3
30 days K] 3 3 3

Figure 4 - Test Matrix for ML377 SCC specimens




Residual strength 1s measured as the load at fracture. or the breaking load. divided by the
original cross-sectional area of the specimen. As a specimen corrodes. its cross-sectional area is
reduced. By using the onginal area as a standard, the residual strength can be used to gauge the
amount of corrosion which has occurred.

Each data point is given as an average of the residual strength of all the specimens
subjected to those particular conditions, in most cases three specimens (see Figure 4). Study of
the data obtained (Figures 5.6) reveals that ML.377 is resistant to stress-corrosion cracking. No
specimens failed while in test. Loss of strength appears to be due to general corrosion, aided by

slress.
Residual Strength vs. Exposure Stress
for Varying Exposure Times
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Figure § - Residual Strength vs. Exposure Stress

The plot of residual strength versus exposure stress (Figure 5) shows that increasing the
exposure 3tress results in a loss of strength. There is a downward trend in residual strength with
increasing exposure stress for each exposure time. The effect of stress 1s greater for the longer

tposure times.
Figure 6 shows the same data plotted as residual strength versus exposure time for
varying stress levels. For each exposure stress. ;esidual strength decreases with exposure time.
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For example, each point at 15 days is less than or equal to its partner stress level at 10 days.

Residual Strength vs. Exposure Time
for Varying Exposure Stress
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Figure 6 - Residual Strength vs. Exposure Time
For both stressed and unstressed specimens, an additional reduction in resic  -‘rength occurs

after 30 days exposure. The data indicates a combined effect between stress .. vel and exposure

time. The reduction in strength of the unstressed specimen is due to pitting corrosion. The

longer the exposure, the more pitting can occur, and thus a greater reduction in area results in a

greater loss of strength.

After 30 days, an unstressed specimen has lost 6.7% of its original strength, while an

80% stress specimen has lost 12.7%. The reduction in strength of the highest stressed specimens

is approximately double that of the unstressed specimens. This may be due to either stress
corrosion cracking or stress assisted pitting.
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Corrosion Morphology and Microstructure

Figure 7 shows the grain structure of the alloy, viewed in the T-8 plane. Since these are
transverse specimens, the rolling direction of the grains goes into the page. The grans are
ejongated in the rolling direction and flattened to the left and nght, as expected for rolled sheet.
All micrographs shown are prepared in the T-8 orientation.

Figure 8 shows polished sections through corrosion pits. No stress corrosion cracks were
present in any of the spectinens viewed. Pitting was the only corrosion observed on the
specimens. The crack propagating from the base of the pit in Figure 8a was caused by tensile
fracture rather than stress corrosion because no stress was present on this specimen. Many
different corrosion pits were exarmined from specimens exposed at the various test conditions.
The pit propagation in both stressed and unstressed specimens, in general, follows the transverse
direction. However, in the stressed specimens, corrosion propagation seems to be influenced by
stress, causing a sharper undercutting of the surface metal. as illustrated in Figure 8b by the
narrow pit opening. More material has been dissolved at the surface in the unstressed specimen
{Figure 8a} The corrosion mechanism does not seem to prefer a particular grain type and
proceeds through grain boundaries, illustrated n the polished and etched cross section shown in
Figure 9.

For the exposure stresses and durations conducted, ML377 is resistant to stress-corrosion
cracking. Any loss of strength can be contributed to a reduction in arca due (o pitting corrosion.

Figure 7 - Grain Structure of ML377-T8 (100X




Figure 8 - a) 30day, 0% stress specimen pit b) 30day, 65% stress specimen pit ( 100X)




Figure 9 - Corrosion Pit and Microstructure of 30 day, 65% stress specimen (100X)

Conclusion

Aluminum light alioy ML377 in the T8 temper is resistant to stress-corrosion cracking
for the parameters used in this study. A combined effect of exposure stress and exposure time is
evident, however corrosion was due to stress assisted pitting rather than stress corrosion
cracking. There is a difference in the corrosion morphology between stressed and unstressed
specimens.

‘The breaking load method is showing promise as an effective method for the study of
initiation of stress-corrosion cracking in resistani alloys. However, much more testing is needed
betore this method proves itself.




NEXT
DCCUMENT




’ i //t‘;ﬁ

por gy

AMATLAB/Simulink based GUI for
The CERES Simulator

Luis H. Valencia
University of Puerto Rico, Mayaguez Campus

1995 Langley Aerospace Research Summer Scholars Program

Under the Direction of
Calvin Mackey and
John Chapman

Data Management Office
Space and Atmospheric Sciences Program Group

Atmospheric Sciences Division

769



Abstract

The Clouds and The Earth’s Radiant Energy System (CERES) simulator will allow flight
operational familiarity with the CERES instrument prior to launch. It will provide a CERES
instrument simulation facility for NASA Langley Research Center. NASA Goddard Space Flight
Center. and TRW. One of the objectives of building this simulator would be for use as a testbed for
functionality checking of atypical memory uploads and for anomaly investigation. For instance.
instrument malfunction due to memory damage requires troubleshooting on a simulator to determine
the nature of the problem and to find a solution.
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Introduction

The purpose of this overview is to provide a brief summary of the Clouds and The Earth’s Radiant
Energy System (CERES) simulator. objectives. perspective, advantages. and its relationship to other
Earth Observing System (EOS) instruments. An important theoretical background concemning the
CERES project will be given as a guide for introducing the CERES concepts.

The CERES instrument. as shown in Figure 1. is a key pant of NASA's Earth Observing System. It
is designed for use in Tropical Rainfall Measurements Mission (TRMM) and EOS satellites that will
be measuring radiant energy reflected from Earth’s clouds starting in 1997. The CERES data is
critical for advancing the understanding of cloud-radiation interactions; in particular. clouds’
feedback effects on the Earth’s radiation balance. CERES data is fundamental to our ability to
understand and detect global climate change. CERES results are also important for studying regional
climate changes associated with deforestation. desertification. anthropogenic aerosols, and El Nino
events. The CERES simulator is being built at NASA Langley Rescarch Center to be used as a
ground testbed for anomaly investigations and to test software uploads. that control the instrument,
prior to transmitting them to the satellite.

Figure 1. CERES Instrument

CERES Background

The CERES data is intended to substantially improve our understanding of cloud’s energy flows.
The CERES investigation concentrates on four primary areas: Earth radiation budget and cloud
radiative forcing. cloud properties. surface radiation budget, and radiative components of the
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atmosphere’s energy budget. Therefore. due to the importance of the CERES instrument for TRMM
and EOS. the design and implementation of a CERES simulator was proposed.

CERES Simulator Description

The CERES simulator consists of circuit cards functionally identical to the flight items. though
fited with low cost commercial specification microcircnits and components. Two host personal
computers (PC’s) will support the electronics ensemble. One PC will contain a 1553 interface card
which will function as the telemetry path for commands and memory uploads, while the second PC
will provide a representation of the mechanical components such as the azimuth and elevation drive
components and covers.

DADS/Plant software incorporating a Graphical User Interface (GUI) which will be driven by /O
interface cards via MATL AB/Simulink is currently being developed. The mechanical control system
simulation will be accomplished by using the MATLAB/Simulink software pactage with real-time
executable files to call I/O card drivers. The mechanical components of the instrument must be
represented by dedicated VO ports linked with the host PC software to respond to processor
commands simulating the physical hardware they represent in a realistic fashion.

The CADSI DADS/Plant software provides for animation of CAD/CAM drawings in real-time. as
shown in Figure 2. The DADS/Plant program when linked with Simulink will display interactive
visualization of 3D geometry of the controls software.

Tte MATLAB package is available for SUN. PC-486/Pentium. and SGI platforms. among others
etc. The task is to seamlessly integrate PC I/O cards to read the CERES processor control lines. input
this signal to the MATLAB/Simulink software. and then output a virtual position back to the CERES
processor in a manner that mimics the actual hardware.

The obvious solution would be to use MATLAB on a 120MHz Pentium-based PC and do the /O
on one inexpensive. dedicated platform. with the GUI on the same PC. Likewise. an interesting
alternative would be to use the PC to drive command lines to a SUN (or SGI) GUL. MATLAB can
do this when linked to DADS/Plant as a recent demonstration has shown (see Figure 2).

The CERES simulator consists of CERES circuit cards (identical to those designed by TRW).
populated with socketed DIP and SMT chips. It will use low cost. although identical commercial
grade chips. as well as some mil-spec chips. A PC-486 host computer with a 1553 B interface card
will be dedicatec for TRW developed GSE code and cots. Similarly. a 120MHz Pentium with
MATLAB/Simulink software will be used for elevation an¢ azimuth drive simulation. The system
will also incorporate multifunction I/O cards: a 16-bit parallel digital I/O card. a time code generator
card. a graphics accelerator card. and a DT2811 A/D converter.
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Figure 2. Demo sample of DADS/Plant. Step by step animation of landing gear  sechanism.

Method

To accomplish the stated task. Simulink software has hzen used for simulating the dynamic system.
As an extension to MATLAB. which is the controlling platform. Simulink adds many features
specific o dynamic systems. while retaining MATLAR s general purpose functionahty.

Simulink consists of two phases: model defininon and model analysis. A typical session starts by
cither defining a model or recalling a previously detined model. and then proceeding with an analysis
of that model In practice. £ *se two “teps are often pertormed iteratively as the model designer
creates and modities a mode! to achies¢ e desired behavior,

To facilitate model definition. Simutink adds a new class of windows called block diagram
windows. In these windows. models are ¢reated and edited principaily by mouse driven commands.
It is imperative that the user becomes familiar with the manipulation of model components within
these windows.

After the user defines a model. one can analvze it either by choosing options from the Simulink
menus or by entering commands in MATLAB s command window. Built-in analy sis tonls include
various simulation algorithms, such as “linmod . a tool for extracung linear models of systems, and
“trim L a tool for Oinding equilibrium points,

The progress of a sirulation can be viewed while the simulation is running. and the final results can
be made availahle in th: MATLAB workspace when the simulation is complete.

Simulink uses the metaphor of a block diagram to represent dvnamic svstems, Deliing a wostem 18
similar to drawing a block diagram. instead of drawing the individual blocks, blecks are copied from




libraries of blocks: either the standard block library supplied with Simulink. or block libraries the user
creates.

The standard block library is organized i1."o several subsystems. grouping blocks according to their
behavior. Blocks can be copied from these or any other libraries or moccls into a current model. By
placing the blocks it most commonly uses into one syswem and setting your piefercnces for default
values. the sc ":ware can set up a personal block library.

The CERES elevation and azimuth drive simulation is shown in Figure 3. The equations of motion
describing the translation and rotation for each articulation of the CERES instrument. and all
associated physical parameters were obtained trom TRW, see reference 1. The appropiated equations
and paraineters were extracted and used in designing the MATLAB/Simulink software program input
block diagrams to simulate the control system of the azimuth and elevation drives. Each equation of
motion defines a particular parumeer such as friction. torque. or scanning mode (see Figuis 4
through 7) within the azimuth or elevation drive control system. Each module parameter contains a
unique simulation which will be governed and connected by the main module shown in Figure 3. The
entire simulation requires a CERES voltage command which. for this particular case. is generated by
a signal generator.

A TRW scan head mechanical model would be simulated as the diagram depicted in Figure 7
validated for open loop gains. From the diagram. the Kdeg gain converts any input from radians to
degrees. After obtaining the input in degree format. integration will yield the velocity of the motor:
while a second integration produces the position aad elevation. This apprrach was used for all of the
mechanical parameters within the CERES simulator.

Results

Figure 8 presents the results for a simple open loop control system confiruration. The entire
simulation has been succesfullv executed for non real-time data. However, uic results obtained
should vary with real-time input data driven by I/O ca.ds. To study the system behavior in the
presence of noise. gains and amplitudes were varied. A given input corresponds to a certain cutput,
which yields a variation for each input parameter. As mentioned earlier. a typical periodic sinusoidal
signal gener=tor was used as an input generator rath=- than real-time data. However. the CERES
simulator will require real-time input driven by /O cards in order to obtain accurate results.

The simulator was also tested for the azimuth drives. The results were similar to those of the
elevation drives. Although the azimuth simulation appeared to be noiser in some cases. the scanning
position was accurated. As previously mentioned. Figure 8 shows the preliminary results from the
control system of the CERES simulator. The effects visibly changed through time. as computing time
increases from 1 to 5 seconds.

At this point. the control system simulations show the tehavior of the TRW’s CERES scanner sc. -
model. Applying a computer aided design (CAIJ) tori such as DADS/Plant software would enabie
complete visualization of the CERES simulator.
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Figure 8. Results

Conclusion

At this point the CERES simulator s still being assembled. and circuit cards ure being nopulated
and wired. It 1s scheduied o be completed well betore the launch of the CERES instrument. Recent
work has focused upon the completion of the el vaton and azimuth drivers in the MATLAB/
Simulink simulation. Most of the VO cards and some other hardware parts are ready for integration
into the system. Work will conunue under the directuon ot John Chapman.

The MATLAB input tiiz<. describing the coetficients and equations of motion. the hlock diagrams
depicung the mechamcal components. and parameters for the elevation and azimuth scanner have
heen produced for MATLAB on 2 SUN workstauon. MATLAB claims tile portability between IBM
PC. SUN. and SGI putterms. A funcuonal demonstrauon of MATLAB/Simulink linked with
CADSI DADS/Plant has been performed to verity this claim.

The DADS/Plant soriware climinates the time-consuming. error-prone process of dernving .« ad
manipulating equaunons 2t moton tor tre plant model in simuiation programs. It provides interactive.
graphical and visualizauon  construction of the plant mechamism model as well. The svstem
stmuiation is pertormed under the conuol of the simulation program  Data transter between DADS/
Plant and the simulauon pragram 1s compietely automatic and transparent. “I‘he goal 18 1o simulate the
hehavior of the CERES mechamical svsiem in order to vaiidate and improce designs from concepts of
sting. Both the MATLAB/ Simulink and DADS/Plant sofvvare are av aﬂahla tor asther Unix or SGI

platiorms.




Langley Research Center Equipment and Facilities Employed

The project involved the use of several different computer platforms at Langley. Code
development and control system simulations were performed on a SUN workstation. Simulations
were performed using MATLAB/Simulink software. The DADS/Plant software is intended io be use
as a visualization tool. which combines its features of mechanism modeling with the systems and
control modeling features available in MATLAB/Simulink. This integrated solution provides an
accurate. easily manipulated simulation of simple mechanisms and highly complex controlled
mechanical systems.
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Abstract
Carbon fiber reinforced Silicon Carbide (C-SiC) composites offer high strength at high
tempe. 2 >s and good oxidation resistance. However, these composites present some matrix
microcracks which allow the path of oxygen to the fiber. The aim of this research was to study the
effectiveness of a new Silicon Carbide (SiC) coating developed by DUPONT-LANXIDE to
enchance the oxidation resistance of C-SiC composites. A thermogravimetric analysis was used to
determine the oxiaation rate of the samples at different temperatures and pressures.

The Dupont coat proved to be a good protection for the SiC matrix at temperatures lower
than 1240°C at low and high pressures . On the other hand, at temperatures above 1340°C the
Dupont coat did not seem to give good protection to the composite fiber and matrix . Even though
some resuits of the tests have been discussed, because of time restraints, only a sniall portion of
the desired tests could be completed. Therefore, no major conclusions or results about the
effectiveness of the coat are available at this time.
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Introduction

Carbon-Carbon (C-C) composites are a generic class of composites similar to the graphic/

epoxy family of polymer matrix composites. These materials were originally developed for the
space program in 1958 by the NASA administration and the U.S. Air Force.! These composites
offer many desirable characteristics such as tailorable properties, strength and modulus retention at
high temperatures, thermal shock resistance, fatigue resistance, low density, good frictional
characteristics, low coefficient of thermal expansion, and immunity to natural space radiation.
Nevertheless, C-C composites have also proven to be an excellent material not only for advanced
aircraft and aerospace applications, but also for numerous common life applications, such as
automotive pistons, clutch assembly and brakes for racing cars and even parabolic RF antennas.
As previously mentioned, this material offers high strength and stiffness at high temperatures in an
inert atmosphere; however C-C composites are easily oxidized in temperatures over 500°C.

Different coats and techniques have been developed to protect the fiber and matrix of
C-C composites from oxidizing environments. The most common coats used today are SiC, and
Si3N4. The most useful techniques used to apply these coats are chemical vapor depocition (CVD)
and chemical vapor infiltration (CVI)l. Although some material has been published on these
techniques many companies are secretive about their manufacturing process. Other published
methods that can be found are sputtering, Ion plating, electroplating, and liquid metal transfer
which uses TiB, TiC, TiN, Al, Co, and Cu as coats, among others. | Even though many reparts
have been published in this area, it is difficult to compare the results of these investigations due to
the difference of their testing environments. In an effort to improve the oxidation resistance of C-
C composites Dupont-Lanxide licer:sed the C-SiC technology from the Société Européenne de
Propuision. This technique combines the high strength of carbon fibers and the good oxidation
resistance of the silicon carbide matrix. However, the protection of the matrix is diminished
because of the presence of some microcracks in the matrix of the C-SiC composites. These
microcracks are a result of the thermomechanical cycles the composites are exposed to during
service or manufacturing and they allow the path of oxygen to come into contact with the

reinforcement fiber. 2
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The purpose of this research is to study the effectiveness of a Silicon Carbide coat
developed by DUPONT-LANXIDE to protect the C-SiC composite in an oxidizing environment.
This material (C-SiC composite with the Dupont coating) might be used to pretect the lead wing
edge and nose cap of the reusable launch vehicle (RLV) under research by McDcennell Douglas,
Boeing and NASA. The lead wing edge and nose cap of this vehicle will encounter temperatures
ranging from 840°C to 1540°C and pressures between 1 torr and 40 torr.

In order to prove the effectiveness of the coated C-SiC composite, some samples of the
material will be exposed to the same temperatures and pressures that the RLV might encounter
during entry to earth. A thermogravimetric analysis machine (TGA) will be used to setup an
oxidizing environment at the desired pressures and temperatures. The data acquired by the TGA
will be used to determine the oxidation behavior of the composites.



Research Project

The composites were developed and manufactured by DUPONT-LANXIDE industries.
Three panels were manufactured:
1. 041-02-001 : Uncoated, heat treated.

2. 347-02-197 : Dupont-Lanxide Coated (CVIP) , heat reated as fabric
3.765-02-014 : Dupont-Lanxide Coated (CVIP), nor aeat treated

The same panels were cut in small squares with surface areas that ranged betweea 6 cm2 and
7 cm2, and weighed between 1 gram and 2 grams. The oxidation behavior of the samples were
measured by a STA-409 Nezsch TGA/DTA with a computer based data acquisition system.

The flow rate of air was kept constant at 100 sccm. Pressure and temperature were also
kept constant during each test. However, different combinations of pressure and temperature
were chosen for each test. The combinations were selected to match the entry profile of a future
reusable launch vehicle lead wing edge and nose cap (Fig. 1).

A maximum mass loss per surface area of 75 g/m2 was established for the samples. The
C-SiC composites were left to oxidize at the desired pressures and temperatures until they reached

a maximum mass loss (target mass loss ,TML) or for a maximum ti.1e of 22 hours.

TML (mg) = Initial Mass (mg.) - 75 (g/m2) * Surface Area (cir.)

10

A graph of mass versus time was drawn in order to look at the oxidation behavior of the
samples (Fig 2 and 3). The oxidation rate and mass loss per time per surface area (g /m? min)
were calculated. The objective was to verify that the samples would have a maximum oxidation
rate of -0.001 g/m? min, which would give a service time of 75,000 hrs.
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Results & Conclusion

The Dupont coat proved to be a good protection for the SiC matrix at temperatures lower than
1240°C at low and high pressures (Table 1). On the other hand, at temperatures over 1340°C the
Dupont coat did not seem to give good protection to the composite fiber and matrix

(Table 1).

Sample Temperature Pressure Areal Mass
(°C) (Tom) Change Rate
(gm2 min)
AL 840 1 00008
765HA1E 840 186 0.0004
TEHHAZ1 1040 1 0.0002
TE5HAZ23 1240 1 £.0012
T65#A25 1240 4 0.0007
7T65#A1 1340 1 0.0674
7654A6 1340 4 0.0162
TE5HA20 1440 4 04267
765#A18 1540 4 3.5397
Table 1

The thickness of the Silicon Carbide coating might have been reduced during the heat up
preparation process of the sample in an inert atmosphere. Because of the low pressures and high
temperatures the Silicon Carbide may have encountered its phase change point from solid to gas.
The heating process of the sample is not part of the desired environment to test the coat. Because
the Silicon Carbide coating may have been lost before starting the test. these results may not be too
reliable. It was suggested to repeat the tests at high temperatures by heating up the sample in an
oxidizing environment to verify the abovc mentioned results. Even though some results of the
tests have been discussed, because of time restraints, only a small portion of the desired tests could
be completed. Therefore, no major conclusions or results about the effectiveness of the coat are

available at this tume.
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Abstract

The objective of my NASA summer research project was to create a homepage to
describe and present results from the NAS A Global Tropospheric Experiment (GTE). The GTE
is a major component of NASA's Tropospheric Chemistry Program and is managed in the
Atmospheric Studies Branch, Atmospheric Sciences Division at the NASA Langley Research
Center.
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In 1984, the National Academy of Sciences recommended initiation of a Global
Tropospheric Chemistry Program (GTCP) in recognition of the central role of tropospheric
chemistry in global change. Envisioned as the U.>. national component of an ultimately
international research effort, the GTCP calls for the systematic study , supported by numerical
modeling, of (1) biological sources of atmospheric chemicals, (2) global distributions and long-
range transport of chemicals species, and (3) teactions in the troposphere that lead to the
conversion, redistribution, and removal of atmospheric chemicals.

These research challenges demand a broadly-based program to address them The
resources required are distributed among several federal agencies, scores of universities, and a
variety of scientific disciplines -- including atmospheric science, biology, land processes, and
oceanography. [t was already clear in 1984 that the National Aeronautics and Space
Administration (NASA) would play a leading role in such a program. Some GTCP objectives
require large-scale field studies and the most advanced instrumentation. NASA brings together
unique research facilities, strength in atmospheric science, and technical expertise needed to
achieve those objectives.

NASA'’s contribution to GTCP is the Global Tropospheric Experiment (GTE), which
utilizes large, extensively instrumented aircraft -- ideal platforms for many atmospheric chemistry
experiments -- as primary research tools. However, GTE has also drawn heavily upon satellite
observations of meteorology, land use, and atmospheric chemical species to aid experiment design
and in the scientific analysis of results obtained from aircraft and ground-based measurements

Understanding the chemical processes in the troposphere on a global scale is critical if we
are to predict, and potentially ameliorate, harmful man-made changes to the global environment
The GTE was initiated as a series of global airborne measurement campaigns to address these
issues A series of rigorous airborne intercomparisons called the Chemical Instrumentation Test
and Evaluation (CITE) experiments have evaluated our ability to measure cntical tropospheric
species, field studies known as Atmospheric Boundary Layer Experiment (ABLE) have studied
major ecosystems that are known to exert a major influence on global chemistry and, in :ome
cases, are undergoing profound changes, and the impact of long range transport of conunental
emissions, natural and anthropogenic, have been studied through focused missions such a; the
Transport and Chemistry near the Equator in the Adantic (TRACE-A) experiments and Pacific
Exploratory Missions (PEM) A and B

The GTE group previously had a homepage located under the Atmospheric Sciences
Division (ASD) of the NASA Langley homepage My project for this summer was to revised the
homepage into a more user-friendly homepage that directly addresses the importance of the
experiment and perhaps more importantly provides direct access to results from the GTE
missions

The first step in my project was to design a preliminary outline of the homepage The
outline of the homepage consisted of the following the main page. the three subpages and what
each subpage would address, and the graphics that would go on each page The first subpage on
the homepage deals with the most frequently asked questions about GTE “What is it”", “Why is
it important””. “Where is it heading in the future?”, etc The second homepage addresses the
origin and direction of the mission, as well as a brief overview of some of the misstons, such as
TRACE-A and PEM The last subpage gives a more in-depth description of the GTE, along with
a map that not only displays all of the past missions of the experiment, but also allows the user to
link to other pages where data about the missions can be found The user will be able to extract
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the date from the files.

The GTE homepage will be online and available worldwide -- It is anticipated that there
will be periodic updates to the homepage to include new missions as well as additional data from
completed and future missions.
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GTE’s Frequently Asked Questions

Here are some of the most frequently asked questions by our users Hopefully. vou will be able to find
the answers 1o all of your questons.

® Whatis GTE?
The Global Tropospheric Experiment (GTE) is a research program initiated by the National
Aeronautics and Space Administration (NASA) designed to reveal the causes of atmospheric
chemical change and to forecast their effects.

Why is GTE important?
The GTE 15 cnucal in that it helps scientists develop an understanding of the chemical cycies that
control the composition of the oposphere, mainly, the air we breathe.

What effects in the atmosphere are the GTE monitoring?

There are three main effects that are being monitoref by the GTE. They are:

{1)The biological sources of atmosphric chemicals,

{2)The global distribution and long-rancge transport of chemical species, and,

{3)The reactions in the roposhpere that lead to the conversion, redistribution, and removal of
atmosphenc chemicals.

Where is the GTE heading in the future”?
NASA is currently in the process of planning two new missions in the GTE.

How can one learn more about the GTE?
If vou want to learn more about the GTE, feel free 1o click onto the e-mail address below,

Back to . GTE's Home Page

Mail Questions Comments to Dennis Owen td w owen@ lare nava vov)
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The GTE 15 a large, mulu-disciplinary program which 1s NASA s contribution to the Natonal Academy
of Sciences Global Troposhperic Chemistry Program. It is part of a comprehensive international
research effort coordinated through the International Global Atmospheric Chemistry Program, which is
a core project of the International Geospheric-Bioshperic Program. The GTE program utilizes large,
extensively instrumented aircraft as its primary research 1ools. However, the program also draws heavily
upon of satellite observations. meteorology, land use, and atmospheric chemical species to aid in
experiment design and in the scientific analysis of results obtained from aircraft and ground-based
measurements.

The greenhouse effect, acid rain, degradanion of global air quality, and the ropospheric ozone depletion
have all heigntened worldwide awareness of the need for better understanding of the global troposphere,
Projects carried ous though GTE are responding to that need.

Such programs include CITE. ABLE, PEM, and TRACE.

The Chemical Instrumentation Test and Evaluation (CITE) proje. s were designed 1o foster the
development of sensitive new tnsiruments and techniquess to detect and amp concentrations of
tropospheric frace gases in the parts-per-tmilhion range and below

The Ammosphenic Boundary Laver Experiments (ABLE) employed instrumentation on ground, air and
space platforms to more fully undersiand the chemistry and dynamics of the troposhere, in particular the
interactions between the blosphere and the atmoshpere.

The Pacific Explatory Mission (PEM) West projects investigated the atmosphenc chemistry of ozone
and 1ts precursors (NOx, CO. methane, NMHC) over the wesiern Pacific and the natural budgets of
these species.

The Transport and Atmospheric Chemistry near the Equator - Atlantic {(TRACE-A) expedition focussed
on understanding the seasonal enhancement in tropospheric ozone observed over the tropical south
Atlantic Ocean.




Global
Tropospheric
Experiment

Established in 1984

<

. Wouldn't it be nice if every dav the sky . .ked iik.
L the one in this picture. It looks very trusting, us if
othing were wrong. However, something s wrong
i*h our atmosphere. The Global Tropospheri:
xperiment (GTE) was established 10 make sure
hat the air we breathe i« still fit 1o live in. Read on
for more details

In 1984, the National Academy of Sciences recommended initiation of a Global
Tropospheric Chemstry Program (GTCP) in recognition of the central role of
troposheric chemistry in global change. Envisioned as the U.S. national component
of an ultimately internationalrescarch effort, GTCP calis for the systematic study,
supported by numerical modeling, of (1) biological sources of atmospheric
chemicals; (2) global distributionsand long-range transport of chemical species; and
(3) reactions in the troposphere that lead to the conversion, redistribution, and
removal of atmospheric chemicals. NASA’s contribution to the GTCP is the Global
Tropospheric Experiment (GTE), which utilizes large, extensively instrumented
aircraft-ideal platforms for many atmospheric chemistry experiments-as primary
research tools.

¢ History
e Map of Missions and Mission’s Data

Backto ™ Cope Home Page
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ABSTRACT

Bragg gratings are used to measure strain in optical fibers. To measure strain they
are sometimes used as a smart structure. They must be characterized after they are written
to determine their spectral response. This paper deals with the test setup to characterize
Bragg grating spectral responses.

INTRODUCTION

Bragg gratings are a photo-induced phenomena in optical fibers. The gratings can
be used to measure strain by measuring the shift in wavelength. These gratings have real
world applications as shown by R. M. Mcasures et al., 1993. They placed the fibers into a
smnart structure 0 measure the stress and strain produced on support columns placed in
bridges. As the cable is subjected to strain the grating causes a shift to a longer wavelength
if the fiber is stretched and a shift to a shorter wavelength shift if the fiber is compacted.
Our applications involve using the fibers to measure stress and strain on airbomne systems.

There are many ways to write Bragg gratings into optical fibers. Our focus is on
side writing the grating. Our capabilities are limited in the production rate of the gratings.
C. G. Askins et al., 1994, was able to side write fibers using an on-line fil.or draw, but we
have to write the fiber onc grating at a tim= since we do not have drawing capabilities. We
arc writing Bragg gratings into AT&T’s “Accutcther” 9% germania-doped optical fiber
using the “Phase Mask” Method as described in Morey et al., 1994. When the Bragg
grating is written into a fiber it becomes a permanent fixture. We are writing the grating to
be centered at 1300 nm because that is the standard phase mask wavelength. The opti
wavelength for writing the fiber is at 240 nm. Since our laser has a wavelength of 266 nm,
which is the fourth harmonic of a ND:Yag, we are loading the fiber with hydrogen to
produce the effect necessary to write the grating

EXPERIMENTAL

The grating is written by passing an UV beam through a phase mask, which
produces an interferymetric pattern. Care must be taken to ensure complete stability of the
fiber during the writing proczss. The writing of the grating is energy dependent. The laser
we are writing with has an output of 10 mJ/pulse @ 10 Hz. (This correlates to 100 mW.)
After the grating is written it must be characterized before use in a smart structure.

1 developed software to interface with a Hewleit Packard 70951A Optical Spectrum
Analyzer. [ wrote programs in the ”C” computer language to control the sampling rate and
store the data in a user named file for further data presentation. I connected all the
equipment together and built a cable for serial port communication from the Apple
computers. Qudus Olaniran was my technical advisor for problems I had with program
development and Mark Froggatt was my direct research supervisor.

The programs written transferred data back and forth over a serial port, through a
National Instruments RS-232 - GPIB converter and to the spectrum analyzer. ihe serial
port communication code was already written by Qudus for another purpose and needed
minor changes. The main development of the software was in the controlling of the
spectrum analyzer and the storage of the received data.



The first code written was a complete measurement response data collection
package. This code was written in “C” language using a development package named
“Think C v5.0” by Symantec. These prograins were developed using a PowerBook 520c
as the controlling device to give the spectrum analyzer complete portability. After that was
accomplished I offered the ability of controlling the sampling rate, thereby speeding up the
data collection process.

The next batch of programs controlled the output of a National Instruments Digital
10 Analog converter card to0 drive a laser thermally. This application also measured the
response of a fiber and stored the data in a user named file. This code was also written in
“C” language, but the development package was changed to “Code Warrior” and the
computer was changed to a PowerMac 8100 AV model.

EQUIPMENT SETUP
National Instruments GPIB - 232CV

The National Instruments GPIB - 232CV is a device that allows connection of a device
with a RS-232 port to a GPIB bus. It allows “transparent” conversion of data between the
two ports - meaning that control codes aren’t necessary to inform the converter to do what
it was designed to do. The set up codes for the National Instruments converter are sct
internally using dip switches. The switches are set up for the following data transfer.

Internal settings of the dip switches

l1=on 0=off

U22 10110111 - € mode, CR termination, address 23

U20 01001101 - Xon/Xoff protocol disabled, 8 bits/character, 1 stop bit,
parity checking disabled, 9600 baud

In C mode operation the GPIB - 232CV operates as a controller. It asserts an *IFC

(interface clear) for S00usec when the device is powered up. This initializes the bus and
makes the converter the controller. It is important that all equipment connected to the bus is
on and initialized before the converter is powered up, otherwise it will interfere with the
initializatdon proceduras.

The information sent to the GPIB - 232CV from the serial port is buffered until the
device on the GPIB is ready to receive data. After the device on the GPIB has completed
the instructions it sends a data ready signal back to the converter. The converter receives
the data and transmits the data back to the computer, the information isn’t buffered before
being sent to the device on the serial port.

Qur converter is set up to terminate in carmiage return . This allows us to send the
character ‘\n", in “C”, to tell the converter it needs to change from listzn mode to talk mode
so information can be transferred from the device on the GPIB to the serial port. The
converter will stay in the talk mode until a character is received on the serial port from the
computer. At this time the converter changes to listen so instructions can be sent to the
receiving device.

The address is set to 23 because that is the address of the Hewlett Packard Optical
Spectrum Analyzer.
The converter transmits data in 8 bit words with ! stop bit, at 9600 baud.
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National Instruments NB-MIO-16XH Interface Board
pn 180675-11 Rev.C

The National Instruments NB-MIO-16X Interface Board is a multifunction control
board. It can be used to control analog, digital, and timing input/output operations.
Analog to digital conversions, control of test equipment, and analysis of incoming signals
are also possible. We used it to drive the laser temperature set-point control to +/- v,
and to +/- 750mV and to control the timing of the data accumulation.
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SO0mYV Thermal Set Point

1.3108E-
1.310SE-06~
E 1.3103E-06+ ——a—— wavelength {m)
5
5 ———  wavelength2 [m)
o
& 13100E-06- vevmeres  wavelength? (m]
1.3098E-06~
1.3095E-06

0.0000E+00
2.0000E+01
§4.00005+01 “
6.0000E+01
8.0000E+01

U]

Calibration curve for the determination that a two second data accumulation tiiae will be
used using a SO0mYV thermal set point.

803
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ABSTRACT

A thin-layer Navier-Stokes code, CFL3D, was utilized to compute the flow over a high-lift
multi-element airfoil. This study was conducted to improve the prediction of high-lift flowfields
using various turbulence models and improved gridding techniques. An overset Chimera grid
system is used to model the three element airfoil geometry. The effects of wind tunnel wall
modeling, changes to the grid density and distribution, and embedded grids are discussed.

Computed pressure and lift coefficients using Spalart-Allmaras, Baldwin-Barth, and Menter’s -
SST turbulence models are compared with experimental data. The ability of CFL3D to predict the
effects on lift coefficient due to changes in Reynolds number changes is also discussed.



INTRODUCTION

Improving the cruise and high-lift efficiency of commercial subsonic transports has received
increased attention in recent years. Current wing designs produce higher cruise lift coefficients
than those of years past. The higher lift coefficients reduce the wing area required at cruise
conditions. At the present time however, takeoff and landing requirements dictate the wing area of
a commercial aircraft. This is in part due to inefficiencies in the high-lift systems. More efficient
high-lift system designs will allow trade studies to be performed to improve the overall aircraft
system. One such tradeoff is to reduce the size of the wing (and possibly reduce the cost of the
aircraft).

Researchers are currently investigating ways to use computational fluid dynamics (CFD) to
improve the aerodynamic performance of three dimensional (3D) high-lift systems. This task is
very complicated, largely due to complex flow physics and grid generation issues. Many of the
issues in 3D grid generation also exist in 2D. The time required to create a 2D grid and perform
multiple analyses, however, is much less than that for a 3D grid. Many researchers, therefore, are
studying 2D geometries to gain insight into the complex fluid physics of high-lift flowfields that
will in turn help the understanding of 3D high-lift systems.

The geometry used for this study is a three element airfoil (slat, main element, and flap) that
was designed by Douglas Aircraft. The geometry was sent to several universities, aerospace
corporations, and NASA centers as part of the NASA High-Lift CFD Challenge Workshop in
1993. The purpose of the CFD Challenge was to define the state-of-the-art in 2D multi-element
airfoil prediction codes. This optimized airfoil and its extensive experimental aerodynamic
database is currently being used throughout the aerospace industry as a means of calibrating CFD
codes. The experimental database includes forces, skin friction distributions, and velocity and total
pressure profiles for two geometries at Reynolds numbers of 5 and 9 million. The task assigned
for the summer was to investigate methods to improve the correlation between the experimental
data and computational results. These methods include wind tunnel wall modeling, selection of
turbulence models, and improving the grids which define the airfoil geometry.

APPROACH

Several key issues were investigated in an attempt to more accurately predict the flow over the
Douglas airfoil. Building on the work of Ken Jones and others at the CFD Challenge, three key
issues were investigated to improve the flow solution for the Douglas airfoil. Research conducted

by H.V. Cao', et al., of the Boeing Company indicates that the wind runnel walls have to be
modeled in order to make an accurate comparizon between the computational results and the
experimental data. One task for the summer was improve the wind tunnel wall modeling and to
correct the implementation of the tunnel boundary conditions. A second task for the summer was
to improve on the existing grid that was used during last summer’s analysis. This study
investigated improvements in the Chimera grid cutouts, embedded grids, and the effect of grid
density on the flow solution. A third task was to investigate the effects of turbulence models on

the flow solution. The Spalart-Allmaras, Baldwin-Barth, and Menter’s x-® SST turbulence models
were used for this investigation. Finally, CFL3D’s ability to predict changes ia lift coefficient due
to Reynolds number changes was investigated.

The high-lift geometry was modeled using a gridding technique known as overlapped or
Chimera gridding. For the Chimera gridding scheme, the overlapped grids are each created
independently. MAGGIE cuts holes in the individual grids along user defined boundaries so that
no grids overlap the airfoil surfaces. The final grids used for this analysis are shown in Figure 1
(for clarity only every other grid point is shown). A total of six grids were used: a tunnel grid,
main element grid, slat grid, flap grid, flap trailing edge grid, and cove grid. MAGGIE then
creates interpolation stencils which the flow solver, CFL3D, uses to pass information between
grids. One benefit of the Chimera gridding is that the individual grid blocks are created
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independently, so a change in flap location or rotation for example will not effct the design of the
individual grid blocks. It will only effect the hole cutout and interpolation stencils. These grids are
then analyzed using the Reynolds-averaged Navier-Stokes code, CFL3D. CFL3D solves the 3D,
compressible Navier-Stokes equations using thin-layer approximations. = To accelerate
convergence, the code uses multi-gridding and local time-stepping techniques.

The approach used for this research involved first determining what improvements could be
made in the flow solutions in light of work presented at the 13th AIAA Applied Aerodynamics

Conference. > The procedure used involved first making modifications to the grids used or flow
solver input files, and then running these grids through the flow solver CFL3D. Unless otherwise

specified, all runs in this study were computed at the following conditions: o = 16.02°, Re = 9 x

106, Mo = 0.2. Also, unless stated otherwise, all solutions were obtained using the Spalart-

Allmaras turbulence model. Only one change was made to the grids at a time. This allowed the
results to be compared to past solutions and determine what the effect of each change was. This

proach allowed a better understanding of the effects of different grids and of the fluid physics
around the airfoil.

LANGLEY RESEARCH CENTER EQUIPMENT AND FACILITIES USED

This project required the use of several computer systems at Langley. Grid generation and
post-processing was done on a Silicon Graphics IRIS 4D25 workstation. Complex calculations,
including running the flow solver and grid adaptation, were performed on Sabre, a Cray YMP
located at the NASA Langley Research Center. Storage of the input files and flow solutions were
made possible through the Mass Storage Subsystemn on Sabre. All experimental results were
provided by a wind tunnel test conducted in Langley's Low Turbulence Pressure Tunnel (LTPT).

RESULTS
Wind Tunnel Walls

It is believed that the wind tunnel wall corrections currently used in the LTPT may become
inaccurate at high lift coefficients, particularly near maximum lift. Therefore, the best way to
calibrate a code with this dataset is to use experimental data which has not been corrected for wall
interference or tunnel blockage effects and model the wind tunnel walls. Care must be taken when
modeling the wind tunnel, however, to properly set the tunnel boundary conditions to those used
in the LTPT. Two changes were made to the tunnel modeling from last summer. First, the tunnel
inlet plane was extended further upstream. And second, the tunnel back pressure was adjusted to
more accurately match LTPT reference conditions.

The first change made on last summer’s tunnel grid was to extend the inlet plane further
upstream. The inlet from last summer’s grid was approximately fouwr chords upstream of the

model leading edge'. Cao demonstrated that the inlet for the tunnel is best if extended at least five
chords upstream of the leading edge. If the inlet is closer to the leading edge, the constant Mach
number boundary conditions set on the inlet plane will over-constrain the solution. To correct this
problem, two grid changes were made. The first extended the tunnel out to six chords upstream of
the leading edge (Figure 1d), and the second to eight chords. It was found that by extending the
inlet t~ six chords dropped the lift coefficient by approximately 0.013. Extending the inlet to eight
chords produced only negligible changes in the lift coefficient. This seems to confirm Cao’s
results and indicates that the tunnel inlet should be at least five chords upstream of the model
leading edge for accurate computations. The remainder of this study was completed with the six
chord tunnel grid.



The second change made in modeling the wind tunnel was a change in the tunnel exit boundary
condition. Last summer the back pressure was computed using the isentropic flow equations and
assuming an isentropic expansion through the diffuser. It was found, however, that this is not the
method used to set the LTPT reference conditions. The LTPT flow conditions are set usin, static
and total p-essures at tunnel station -64.0 (which is approximately 53 inches upstream of the slat).
The tunnel conditions are adjusted until the pressures at this tunnel station match those from an
empty tunnel calibration. It was found that the back pressure calculated from the isentropic
expansion did not yield pressures at station -64.0 which match the calibration curve. Thus, the
tunne] back press e was increased until the static and dynamic pressures matched the reference
conditions used for the LTPT data. It is still unclear why the back pressure calculated by the
isentropic expansion formul~< did not match the back pressure required to match the reference
conditions at station -64.0 Using the correct back-pressure, however, resulted in a decrease in the
lift coefficient of nearly 0.03.

Grid Improvements

The second task was to make improvements to the grids used to mode! the multi-element wirfoil
geometry. Five studies were completed in an attempt to more accurately match the experimental
data. The first study resulted in an improved flap grid. Second, the main element ar~* cove grids
were modified to better resolve the flow over the flap. A grid resolution study w: formed on
this new grid. Finally, an embedded grid was used in an attempt to better resol + off-body
flowfield above the flap.

The first improvement made to the grid from last summer was on the flap grid. iue flap gril

used last summer extended approximately one flap chord in all directions from the flap surface.’
The grid spacing near the flap grid boundary was very sparse. Not only were the spar.- grid
points far from the surface of the grid a waste of points, but the grid may have added a form of
dissipation to the flap flowfield. To remedy the situation, the flap grid was cut to approximately
0.2 flap chords from the surface of the flap (Figure 1b). Cutting the outer boundary of the flap
grid resulted in a negligible change in forces or pressure distributions on the airfoil.

The second major change made to the grid was to add more grid points above the flap on the

main element and cove grids. Work by Rogers’ demonstrated how very complex the flowfield
above the flap can be, especially at high angles of attack. There was concern that the gri.i used last
summer was too sparse in the streamwise direction on the main element to resolve this complex
flowfield. To remedy this situation, approximately twenty points were added in the streamwise
direction to the main element grid. Due to temporary problems with the patching routines in
CFL3D. the cove grid had to have an equal number of poinis added in the streamwise direc:ion to
maintain a one-to-one ™atching along the grid boundary. Adding these points to the main element
and cove grids increased the time required to obtain a converged solution. More importantly,
however. a comparison of surface pressures demonstrated that the new grids improved the ability
of the co.e to capture the flow physics.

In an attempt to decrease the time required to generate a flow solution, a normal direction grid
resolution study was performed on the main element and slat. Last summer the main element and
slat grids were doubled in points in the normal direction to beiter resolve the slat wake over the
main element. It was believed that after a solution adaptation was done to the main element grid in
the slat region this grid doubling became unnecessary. Thur to increase convergence rates the
main element was reduced from 161 points in the normal direction to 117 points. The points were
removed from near the surface of the airfoi! while maintaining y+ values of less than 1.0.
Removing these points resulted in only minimal change to the flow solution. Similarly, every
other point in the normal direction of the slat was removed, reducing the size of the slat grid from
145 to 73 normal points with an even smaller change in the flow solution. By reducing the grid
sizes in the normal direction about 30,000 grid points were removed resulting in decreased
computer resource requirements with minimal changes in the flow solution. A plot of the pressure
distributions over the airfoil is shown in Figure 2. Note that there is excellent agreement between
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the experimental and computationai pressure profiles over the main element and slat. The flap,
however, shows a leveling off of the pressure profile indicative of separation which the
experimental data does not support. It is not known wheiker this separati~n on the flap is due to
the grids or turbulence model.

The experimental flowfield data for the Douglas airfoil indicates that near the maximum lift

coefficient there is a region of off-body separation above the flap.* The new main element grid
greatly improved the ability of CFL3D to resolve this flowfield but as shown in Figure 2, the flap
pressures do not closely match the experimental values. . embeddea grid was placed above the
flap to try and correct the flap pressure distributions. Foi the 16° and 21° angle of attack cases the
embedded grid made very minor changes to the pressure distributions over the airfoils. A
successful solution was not obtained with the embedded grid on the airfoil # »*° angle of attack.

Turbulence Models

High-lift, multi-element flowfields are dominated by viscous phenom :+.. Computational
studies have shown that the choice of turbulence model can have a large <tfect on pressure

contours, velocity profiles, and overall forces. Studies completed by Rogers®® and others have

shown t«e Baldwin-Barth (BB) and Menter’s x-w SST (SST) turbulence models often are more
accurate at modeling the turbulence found in high-lift flowfields than the Spalast-Allmaras (SA)
turbulence nmi.del. To determine the effect of turbulence models on lift coefficient a turbulence
mode¢ ' study was performed using the SA, BB, and SST turbulence models at Reynolds numbers
of § and 9 million. Figure 3 shows the lift coefficient versus angle of attack for the three
turbulence models at these Reynolds numbers. Note that the Spalart-Allmar=s turbulence model
yields a iift coefficient which is significantly higher than the experimental values at all angles of
attack. The Baldwin-Barth and SST turbulence models produces lift coefficients which agree very
well with experimental values at 16° and 21° angle of attack. The BB and SST models, however,
do not agree well with experimental values at 8° angle of attack. One possible explanation for this
can lie in the fact that the experimental data shows the trailing edge of the flap to be separated at 8
angle of attack. If the grid or the turbulence model do not allow separation to be accurately
predicted, then this could result in the overpredicted lift values. This has not yet been looked at
and should be investigated further.

Reynolds Numbe: Effects

One goal of the CFD Challenge was to be able to predict changes in lift coefficient due to
changes in Reynolds nuraber. The experimental database contained results at Reynolds nux bers

of 5 and 9 million‘. Fi~ure 4 shows the increment in lift coefficient caused by changing from a
Reynolds number of 5 1n.ulion to a Reynolds number of 9 million Note that CFL3D matches the
data fairly well at 8° and 16° angle of attack, but not at 21° angle of attack. At 21° angle of ~ttack,
the experimental data suggest that there is off-boay separation above the flap. This separauon is
stronger at a Reynolds number of 5 million. One possible cause of the poor Reynolds number
predictive capability at 21° then could be that the grids or solver do not allow the off-body
separation to be modeled accurately. This should be investigated further to improve the predictive
capability of CFL3D.

CONCLUSIONS

A computational study was per’ rmed to improve the predictive capability »f a Navier-Stokes
code for high-lift flowfields. It was determined that the wind tunnel wall should extend at least



five chords upstream of the model for accurate computations. Furthermore, the exit back pressure
must be set to match the tunnel reference conditions at station -64.0, as is done in the LTPT. As
shown in this study. for situations where standard wind tunnel wall corrections are inaccurate, it is
important to correctly model the wind tunnel walls when analyzing the configuration.

Several improvements were made to the gridding system. The flap grid outer becundary was
moved closer to the flap surface. Additional points were added in the streamwise direction to the
main element above the flap and improved the ability to capture the complex flow physics. Tne
main element and slat grids were reduced in points in the normal direction. This decreased the
required computer resources with little effect on the flow solution. An embedded grid was added
above the flap but produced little change in the surface

The choice of turbulence model was alsc found to have a large effect on the final flow solution.

This study indicated that overall the Baldwin-Barth and Menter's x-® SST turbulence models are
more accurate than Spalart-Allmaras for the high-lift flowfield investigated. CFL3D was able to
closely predict the effect of a change in Reynolds number on lift cocfficient at low angles of attack.
Near maximum lift, this predictive capabiiity diminished.
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Abstract

The National Aeronautics and Space Administration (NASA) is conducting research to
improve airport capacity by reducing the scparation distance between aircraft. The limiting
factor in reducing separation distances and improving airport capacity is the wake vortex hazard.
The ability to accurately mode! wake vortices and predict the outcome of a vortex encounter is
critical in developing a system to safely improve airport capacity. This is the focus of the wake
vortex research being done at NASA Langley Rescarch Center (LaRC). This paper will
concentrate on two topics. The first topic is the control system developed for the Boeing 737
freeflight model in support of vortex encounter tests to be conducted in the 30- by 60- foot tunnel
at NASA Langley Rescarch Center later this year. The second topic discussed is the limited
degree of freedom (DOF) trajectory generation study that is being conducted to determine the
relative severity of a multitude of paths through a wake vortex.

Introduction

While the number of aircraft in the world fleet is projected to more than double by the
year 2015, many of the world's major airports are already capacity limited.(1) The National
Acronautics and Space Administration (NASA) is currently conducting research to enable safe
improvements in the capacity of the nation's air transportation system. One part of the NASA
research program is the Terminal Area Productivity (TAP) Program. This program is responsible
for conducting the necessary research to support the Federal Aviation Administration (FAA) and
the aviation industry in safely achieving fair weather airport capacity in instrument
meteorological conditions. The TAP Program is subdivided into four elements: Air Traffic
Management, Aircraft-Air Traffic Control Systems Integration, Low-Visibility Landing, and
Reduced Spacing Operations.

The Reduced Spacing Operations element is responsible for conducting research on
reducing the in-trail spacing distance between airplanes. Improvements in landing frequency b{
reducing in-trail spacing distances have the potential to increase system capacity by 10-15%.(2
The limiting factor in reducing the spacing distances is the wake turbulence phenomena. The
wake of an aircraft is characterized by two counter-rotating vortices that are spaced at a distance
of slightly less than the aircraft span. Anotier aircraft encountering one of these vortices could
cither be mildly perturbed or catastrophically upset. The degree of upset is dependent on a
number of factors including relative sizes of the aircraft.

The current aim of the wake vortex research program at NASA Langley Research Center
(LaRC) is to create a methodology that will allow researchers to accurately mode! wake vortices
and characterize the hazard posed by them. The purpose of this hazard characterization research
is to relate the potential vortex hazard to sensor observable quantities. A sensor based system
designated as Aircraft Vortex Spacing System (AVOSS) will then be developed to predict,
detect, track, and quantify wake vortices.(3) Hazard analyses will be applied to determine if an
aircraft could safely penetrate a vortex that has been detected in the approach corridor. This
report will discuss the development of a freeflight model control system and the trajectory
generation study conducted at LaRC as part of the wake vortex research program.



Freeflight Model Control System

As part of the wake vortex research program, tests will be conducted to determine the
dynamic effects of flying a Boeing 737 within the wake of another aircraft. In one test » ccale
model of the Boeing 737 aircraft will be flown behind a simulated second aircraft witi...1 the test
section of the 30- by 60- foot tunnel at LaRC. Control laws were developed for the Boeing 737
freeflight model based on the control system for the Boeing 737-100 at LaRC. The con ol laws
represent the Boeing 737 for eight candidate approach flight conditions in which the flap settings
and airspeed vary. Aerodynamic data for each of the cight flight conditions were obtained for
the state-space matrices from a Boeing 737 simulation database. Actuator models, maximum
control surface deflections, and yaw damper models were obtained from Boeing documentation.
A SIMULINK file was then created to analyze the dynamics of the full scale aircraft. The
control laws for the full scale aircraft were scaled down to the model size using Froude number
scaling as explained by Wolowicz, et al.(4) The model control system was then analyzed to
ensure dynamic similarity existed between the model and the actual aircraft.

Trajectory Generation Study

The purposes of the trajectory generation study were twofold. The first objective was to
determine the validity of using simple and approximate planform and mass characteristics to
predict the severity of vortex encounters. The primary advantage of using such relatively simple
techniques is the ease of which the study could be applied as a means of hazard prediction for the
entire commercial fleet. The second nbjective of the study was to obtain a database about the
severity of a vortex-induced upset fo: a multitude of paths through a wake for several follower-
generator aircraft pairs.

For this study, a MATLAB simulation was developed based on simplified math models
of aircraft. Generator aircraft were assumed to have elliptic spanwise lift distributions. Using
the known characteristics of vortices shed from aircraft with ellipitic spanwise lift distributions,
the wake vortices of the generator aircraft were then modeled by an accepted vortex velocity-
distribution. Strip theory was used to calculate the acrodynamic forces and moments induced on
the follower aircraft by the vortices. Explicit solutions for the induced lift and rollin§ moment
coefficients were obtained from Tatnall by integration of the strip theory equations.() Using the
induced lift and rolling moment coefficients, Bowles determined the equations of motion of the
follower aircraft in the wake of the generator aircraft.(6) With these equations, the simulation
could be altered to allow the follower aircraft either one degree of freedom (DOF), roll, or three
DOF, roll and wranslation along the Y and Z axes.

To simulate the decay of actual vortices with time in the atmosphere, the wake vortices
in the vortex encounter simulation were decayed linearly with non-dimensional time. This
vortex decay model is based on worst case situation of tower fly-by data in research conducted

by Greene. {7

In the simulation runs completed for this report, the Boeing 737 was used as the follower
aircraft. In previous vortex encounte: simulations, the follower-generator span ratio was
determined to be a key parameter in predicting the severity of a vortex encounter. Accordingly,
generator aircraft were selected to represent a range of follower to generator span ratios. The
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selected ratios were 0.5 (Boeing 747 as the generator aircraft), 1.0 (Boeing 737), and 2.0
(Learjet 60). An additional aircraft pair with a span ratio of 0.7 was analyzed. This span ratio
represents the Lockheed C-130 as the generator aircraft and was selected since the C-130is a
candidate vehicle for flight experiments.

Each simulation run consisted of 99 passes through the generator wake in which each
pass differed in the lateral and vertical approach angles. The lateral approach angles selected
were -20° to 20° in 5° increments. The vertical approach angles used were -10° to 10° in 2°
increments. The Boeing 737 began each pass two generator spans away from the location of
maximum induced rolling moment in the wake and aimed for this location. The pass ended
when the follower aircraft was once again two generator spans away from the location of
maximum rolling moment. Simulation runs will be completed for cases in which the follower
aircraft will have no roll control power and full roll control power.

After the data is collected, a sensitivity analysis will be conducted for a nominal
approach condition. The objective of the analysis is to evaluate the relative importance of
certain parameters in determining the outcome of a vortex encounter. This information will be
useful in hazard prediction.

Trajectory Generation Study Results

The trajectory generation study was not completed at the time this report was written.
Sample 1 and 3 DOF results of a Boeing 737 encountering the wake of a Boeing 747 are
available and will be discussed presently. These results are for the follower aircraft with no roll
control inputs.

Figure 1 is a series of plots which contain the results of a 1 DOF penetration of the
location of maximum rolling moment. The penetration occurs at the FAA specified separation
distance of 5 nautical miles for this aircraft combination. The encounter shown in Figure 1
occurs when the Boeing 737 is on a 4° glideslope in the approach flight condition. The plot in
the upper right comer indicates the follower aircraft reaches a maximum bank angle of -243°.
The plot on the middle right shows that the maximum induced roll rate is -58 */sec. These results
are unrealistic but are explained by the fact that since the penetration occurs a such a slow rate,
the aircraft is allowed to remain inside the vortex for a considerable period of time. Furthermore,
the follower aircraft is constrained to only roll. As will be seen in Figure 2, if the aircraft would
have had additional degrees of freedom, the magnitudes of the vortex induced perturbations
would have been smaller.

Figure 2 contains the 3 DOF results for the same initial trajectory as in Figure 1. As can
be seen in the plot in the upper left corner, the follower aircraft is removed from the intended
path and is driven over 200 feet off course. It is apparent from the plot in the lower left that the
aircraft is also accelerated downward. Jf this dangerous situation had occurred, the follower
aircraft could have potentially crashed. At the very least, the aircraft would have been forced out
of the approach corridor and would have had to execute a 'go-around’. It should also be noted
that the bank angle and roll rate perturbations are smaller that the 1 DOF values but nonetheless
result in unacceptable passenger comfort levels.

. Once the trajectory generation study is completed, the data will be analyzed to determine
a criteria for the estimating the potential of a wake vortex upset on a given trajectory. A worst
case trajectory for a vortex encounter will then be determined.
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Modifying the Active Digital Controller for Use in Two Tests

The Active Digital Controller (ADC) was modified for use in the Actively
Controlled Response of Buffet Affected Tails (ACROBAT) tests and for side-wall pressure
data acquisition. The changes included general maintenance and updating of the controller
as well setting up special modes of operation. The ACROBAT tests required that two sets
of output signals be available. The pressure data acquisition needed a sampling rate of four
hundred hertz, twice the standard ADC rate. These modifications were carried out and the
ADC was used during the ACROBAT wind tunnel entry.

The Active Digital Controller 1s a system used to control the various functions of wind
tunnel model. It has the capability of digitizing and saving of up to sixty-four channels of analog
data. It can output up to 16 channels of analog command signals. In addition to its use a general
controller, it can run up to two distinct control laws. All of this is done at a regulated speed of two
hundred hertz.

The ADC
Main Computer

The base computer in the Active Digital Controller (ADC) is a SUN 3/160 Workstation
usir:? the UNIX operating system. This system provides the user interface for the ADC. It is also

used to store and move the data collected. The SUN runs the information display and storage
program as well as the user interface program.

Within the base coruputer there are three additional processor boards. The integer digital
signal processor that is used to run the real time data acquisition and control program. Next is a
floating point digital signal processor. This board is used to execute the active control laws and
calculate the desired commands based upon the current sensor readings. The last board is an array
processor. This was previously used as a back-up board but is now used for memory only. These
three boards compose the real-time part of the ADC.

Along with the three processor boards within the SUN there are also four interface boards.
The first two of these are analog to digital boards. In total this translates '1p to sixty-four analog
input signals into 12 bit digital values. The second set are digital to analog boards, which provide
up to sixteen analog outputs to the model.

The hardware rack used with the ADC contained three major components. The filter box
provides for analog signal filtering and antialiasing. Along with the filter box was a patch box to
allow the raw unfiltered signals to go to the ADC. The second component is the status display
panel. It provided a visible confirmation of various control parameters. Lastly the rack contained an
oscilloscope for use in diagnostics.

Programs

There are four main programs that run the ADC, the user interface, the information display
and data saving p-ogram, the real-time controller, and the control law processor. These programs
communicate using shared memory space but are generally independent of each other.

The user interface program is one of two programs which run concurrently of the SUN
CPU. All interaction with the ADC is from this program. It starts and stops the real time system
and the : formation display program, and allows the user to interact with the operation of the other
CPU boards and their programs. The operator uses this program to change the operating modes of
the ADC, operating and changing the parameters of the excitations and control laws, and starting
and stopping a data save.



This information display and data saving program provides two functions. It allows the
ADC user to quickly and easily see the signals being received. Second it saves the data taken to a
file on the SUN computer. The information display window is run by the SUN computer and has
an update rate of one to three times per second. The {~fonmation window is used to get a rough
view of the data and its speed is not important.

Operating on the primary real time board, the ,cal-time program controls most aspects of
the ADC. It controls the analog-to-digital and digital-to-analog boards to provide input from and
output to the model. The program sends the excitations out and collects the incoming data to be
saved by the information display and saving program. In addition to this, it also controls the status
display board mounted in the rack.

The control law processor runs on the two nodes of the floating point digital signal
processor. Its task is to execute the control laws given to it. By using both nodes, multiple control
laws can be run at the same time.

Together, all of these programs compromise the software element of the ADC. The real
time system can perform all of its tasks namely, acquiring the previous control law and excitation
outputs, sending these outputs to the model, reading in new sensor signals, computing the control
inputs, running the control laws, storing data, and other housckeeping tasks within a five
millisecond time frame. This allows the real time components to achieve a two hundred hertz
sampling rate that is adequate for most control needs.

Overview of the ACROBAT Tests

The ADC's most recent use has been in the Actively Controlled Response Of Buffet
Affected Tails (ACROBAT) test runs. The test deals with the tail buffet problems of the F-18
during Ligh angle of attack maneuvers. During these maneuvers, vortices from the wing-fuselage
interface cover the two tails on the plane. By using active controls on the rudder, one of four other
smaller control surfaces, or piezoelectric actuators on an internally warped tail, it was hoped that
the buffet could be alleviated.

The ACROBAT tests ran using a one sixth scale F-i8 drop model. The model was sting
mounted tc orovide an angle of attack range of seven to tiirty-seven degrees. An internally
mounted hyd -aulic actuator provided actuation of the rudder and other control surfaces. A serve
control rack was used to provide position and hydraulic pressure feedback to the hydraulic servo
actuator. After calibration, this control system provided excellent correlation between the
commanded and the actual movement of the actuator. The piezo-electric packs were activated from
a piezoelectric control box designed for that purpose.

The test was run in NASA Langley's Transonic Dynamics Tunnel from July 10 to July 28.
The mode! was flutter tested up to a maximum dynamic pressure of 18 pounds per square foot and
0.1 mach. Standard test runs were conducted at 14 psf. and 0.1 mach.

Changes in the ADC

There were three major types of changes made in the ADC and its programming. First,
some changes were of the general maintenance and upgrading variety. Second, the ADC was
configured to run during the ACROBAT tests. Third, a special mode was set up to acquire data for
an ongoing project. This project was to take data from eight side-wall pressurc transducers in the
Transonic Dynamics Tunr.e2l.

General Changes

To upgrade the ADC program a few features were added. First the number of output
signals could be changed at will. Outputting signals is a very time consuming process and in order
to keep the real time processor at 200 Hertz in all modes, the number of outputs needed to be
selectable. The code was changed so that all excitations sent started at the beginning of the
excitation. A new information display was set up that would display thirty-two channels of
information at one time. There were many more small maintenance changes made. These changes

835



include better command names, cleaner looking displays and other beautifications. Also the code
was cleaned up in places to allow for faster running.

ACROBAT changes

The ACROBAT tests demanded a few changes be made in the ADC. First two sets of
output actuators were needed. One set was for the control surfaces. The second was for the
piczoelectric tail. This was accomplished by using two data files and an option to switch the two.
Many of the changes in the upgrade area were prompted by ACROBAT needs, such as changing
the number of actuators. Finally different data scaling files were set up to scale the input and output
signals correctly.

Pressure Data Acquisition Changes

The data from the pressure transducers was needed at at least 400 Hertz. This required
work to streamline the code for this mode of data acquisition. The number of input signals in one
mode was lowered to allow for faster running. In the same mode the output options were disabled.
Also for this project a remote triggering mechanism was set up. This required setting up an input
trigger signal as well as an output to provide voltage for such a signal. Upon receiving a voltage in
the input signal a data save was executed and the ADC readied for another similar data save. An
additional new feature was also added for this test. A monitor system was installed that would send
an alarm if the tunnel was at the desired conditions to collect pressure data.

Actual Use of the ADC

During the test run the Active Digital Controlier worked very well. Few problems were
encountered. Most of the errors during the test were caused by human error. This improved as the
operator gained experience. There were few other problems and these were quickly fixed.

Overall the test went well in terms of the ADC's involvement. Besides taking general data
about the functioning of the model, a few control laws were implemented during the final third of
the test. These control laws will provide a basis for which the next ACROBAT entry can be
planned.

An initial set of data has been taken for the side-wall pressure data. This data came from the
wind tunnel entry prior to the ACROBAT test. This data has gone through basic analysis and more
data will be taken in the future.

Future of the ADC

The ADC has at least two more projects left in its operating life. First is the second wind
tunnel entry of ACROBAT. This test is scheduled for late November and is to concentrate on more
control law testing. Also the pressure data acquisition has not stopped and the ADC will continue
to take data for that project.
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Abstract

As the future of the general aviation industry scems to be improving, a cultural paradigm
shift may be imminent with the implcmentation of an advanced. revolutionary transportation
system within the United States. By obscrving the support of govemment and industry for this
idea, near and long term effects must be addressed if this change is going to occur. The high
certification costs associaied with general aviation aircraft must be reduced without compromising
safety if a new transportation system is to be devcloped in the future. With the advent of ncw,
streamlined rules recently issued for the certification of small aircraft, it seems as though new
opportunities are now available to the general aviation industry. Not only will immediate benefits
bc realized with increased sales of certified small aircraft, but therc would now be a way of
introducing the advanced concepts of future aircraft at varying degrees of technology and cost as
options to the customer.

1. _Introduction

General aviation (GA) is usually defined as all of aviation except the military, air freight
operators and commercial airlines. With this definition, general aviation industry provides more
than 540,000 jobs, $40 billion in economic contributions, and serves 120 million people every
year. There are currently 212,000 general aviation aircraft in domestic service, providing 62
percent of all flight hours, 37 percent of all flight miles, and 78 percent of all flight departures
wfnhm lhrc United States.' This is obviously a large market with many different missions and types
of aircraft

In the mid- to latc- sevenUes the GA market flourished with an all time record high sales of
over 17,000 aircraft in 1978." These airplanes were equipped with relatively unscliable navigation
cquipment, and the flying of these aircraft was generally considered a *“hobby™ to aviation
enthusiasts. With the steadily increasing number of aircraft sales, the GA industry seemed to have
a very bright future.

Unfortunately, this was not the case. Over the past 15 years, GA sales have plummeted to
an all time low of just over 800 aircraft delivered last year. This is a 95% decline in sales over a 15
year period. This incredible drop in what seemed to be a thriving industry is usually credited to
two very important issues.

As aircraft became more and more prevalent in the skics, the accident rate of the gencral
aviation population began to incrcase as well. Although the Federal Aviation Administration
(FAA) imposed numerous safety rules and regulations on the aircraft manufacturers, the victims of
aircraft accidents sued the aircraft manufacturers with liability claims. As more court cascs were
brought against the manufacturers, insurance costs protecting against liability suits became
increasingly expensive. Eventually, the insurance costs alone contributed 10 over 30% of the total
airplane cost.

Although liability insurance was a problem, it is only half of the story. In today’'s faster
paced society, the time and cost required to obtain and maintain a private pilot's license contributed
even further to the decline in general aviation aircraft sales. As the basic cost of the aircraft became
more expensive, so did the operational costs associated with flying the aircraft. General aviation
aircraft were no longer affordable to the recreational aviation cnthusiast.



To combat these problems, the government has set into motion a new revitalization effort
for the general aviation industry. Last year, congress put into law the General Aviation
Revitalization Act of 1994, limiting aircraft manufacturer liability to 18 years after the sale of an
aivcraft.> This was a tremendous achievement for the GA induslry, as insurance costs began to
drop to a more affordable level.

Although this first step was important, the technologies used in the general aviation field
consist of technology dated over 20 years. Not only does the current aircraft fleet utilize old
technology, but the Air Traffic Control (ATC) system has not had much improvement over the
same number of years.

Today, we have seen a resurgence in the demand for a gencral aviation transportation
system. Although not aimed at the recreational pilot, this new transportation system will enable a
multitude of users to operate an aircraft at minimal cost, with improved safety, and at a high level
of automation. This in tum will reduce the pilot workload and time required to maintain a current
private pilots license. Leading this revolution is the Advanced General Aviation Transpon
Experiments (AGATE) Consortium, a partnership of govemment, industry, the FAA, and
universities formed to improve and implement the technologies of today into the general aviation
marketplace. With the combined effects of the tort reform and the AGATE program, the general
aviation industry seems once again to have a very promising future.

2. __A Revolutionary Transportation System

The word to emphasize in this tide is transportation. As we have already seen, aircraft
costs have become t0o high for the recreational aviator. Unless one is independently wealthy,
purchasing an aircraft for fun becomes too large a financial burdcn for most people. There are then
three main goals of this new ransportation system:

e Capability
e Reliability
e Affordability

The key concept here is the user-friendly capability of this new aircraft. Much of the redundant
burden placer on a pilot can be automated with today’s technologies and computer systems. With
thesc advanced systems, the ease of operating an aircraft will mimic as closely as possible the ease
of operating an automobile. Although now the vehicle is in three dimensions, the pilot will
eventually develop into a “flight systems manager”, or some other derivative. This will enable the
owner to operate the aircraft with a minimum amount of training and reduce by a great degree the
workload during a flight operation.

Although this new automated aircraft would be in grcat demand if offering the capabilities
aforcmentioned, the aircraft must also be safe to fly. The answer to most safety issues is
redundancy. For instance. if one computer gocs down, there is a backup to take its place. If the
backup goes down, the backup to the backup takes its place. This redundancy ensures that should
*“any unforsceable” event occur, there is a minimum safety factor to account for a failure.

However, as more and more back-up systems are placed in the aircraft, the increase in cost
associated with the redundant systems reaches a critical level. This is where the affordability issue
is encountered. Therc must be a trade-off between safety and affordability, and this is known as
the "accePted failure rate.” In commercial and military applications, this number is 1 fatal accident
in 1 x 10° flying hours. Although there are not set standards in general aviation, it has been found
that this number is around 1 x 10° flying hours.'! Because of the litigation problems, an effort
should be made to increase this number closer to the acceptable rate of commercial and military
operations, which would reduce the costs associated with liability insurance. Though more
concentrated effort is needed early on in the critical design and testing phase, costs associated with
the implementation of redundant systems should also be reduced without compromising safety and
capability for this new future aircraft.
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3. How Wijll This Work?2

Many studies have been conducted by the human factors discipline on the interaction of the
“pilot” and the aircraft cockpit for this new automated system. The envisioned concept is one with
complete removal of the analog instruments used in current cockpits, all being replaced by two flat
panel displays and possibly a Heads-Up Display (HUD) for navigational aid. The touch screen
concept has also been considered, but turbulence effects on pilot interaction create problems that
have yet to be resolved.

Another main difference in this new cockpit will be the opcration of the controls. In
today’s aircraft, the yoke, throttle, and rudder pedals must be manipulated together to coordinatc a
mancuver, This is a difficult process to izam, and is not intuitive to the user. The envisioned new
system will automatc by computer the control inputs to command rates as opposcd to hcadings,
(i.c., arate of turn as opposed to a bank angle), which will be more like driving a car. With the
technology available today, this system would not be difficult to .Jesign. However, we once again
face the redundancy issue, and must take into account safcty and affordability.

To implement this new system, an air and ground infrastructure, termed “‘free-flight”, will
enable the aircraft operator to more easily navigate their aircraft and ensure collision avoidance with
other aircraft. The Radio Technical Commission for Aeronautics (RTCA), an organization that is
working with the FAA and recommends standards for aeronautical electronics and
telccommunications, defines the concept as one that would allow pilots “to operate the flight
without specific route, speed or altitude clcarances.”’ Although still in the preliminary stage, the
FAA already recognizes the importance of developing this infrastructure, “Even if we don’t know
where free {light will be in 2010, we know enough to tell which direction to go in 1995."*

Specifically, this new system would accept electronically transmitted flight plans, re-route
aircraft to avoid collision and/or imposing weather conditions, and submit real-time weather and
position data via satellite-based data-links and the Global Positioning System (GPS). Of course,
this new infrastructure must also be proven reliable and not require the purchase of unaffordable
cquipment from the aircraft owner.

4. The Problems

As previously mentioned, one of the main problems with the dcvelopment of this new
transportation system is cost. The aircraft alone can be a major investment for some people, and
with the addition of new avionics and hardware requirements, we may be “‘shooting ourselves in
the foot.” The main goal of this new renaissance is the revitalization of the general aviation
industry. Therefore, the market to be targeted for these aircraft must be defined before a cost
standard can be set. One of the most probable markets would be for relatively small corporations
($1M to $100M annual income) or traveling businessmen. This type of transportation would scve
the owner the cost of hiring a pilot and/or reduce the cost and time assnciated with his/her own
training. Thus, the market must be defined to ensure that an achievable cost standard is me:.

There must also be a shift in the cultural paradigm for this system to be successful. The
general population is either comfortable with travel via commercial airlines or piloting their own
aircraft. To implement such a radical change in the way people travel might not be readily accepted
by the community. The FAA and ATC systems must also improve current procedures to meet the
future needs of this system. Furthermore, experienced pilots are concerned with the ability of the
“untrained” pilots to safely manage emergency situations. People’s minds must be put to rest that
the future GA aircraft will be safe and beneficial to the overall community. Although seemingly an
insignificant problem, I believe this will be one of the hardest to overcome.

One final problem would be the issue of centification. The FAA has set strict standards on
the design and testing of all types of aircraft. Particularly, the Federal Aviation Regulation's
(FAR’s) were created as a guideline for aircraft manufacturers to follow for aircraft centification.
Although necessary for safety, these guidelines have proven to add the greatest overhead cost to
the aircraft sale price. First, the aircratt design must be certified as flight worthy through
numerous testing procedures, then the manufacturing facilities must be certified to ensure that the



evcry aircraft produced will meet the standards achieved by the prototype aircraft. As flight testing
is onc of the major contributors to the certification cost, F'ﬁurc 1 shows the increasing trend of
flight hours required for certification over the past 30 years.

The fact that only three new airplanes have been certified to FAR 23 rules over the past 10
years shows the tremendous problems with this certification process.” Furthermore, for modificd
aircraft there is an increase in the total program cost and enginecring cost per pound of new wcight
duc to the centification requircments. These cost trends have been rising substantially over the
years, and can be seen in Figures 2 & 3.°

3. _The Solutions

By implementing the “free-flight” mode, it has been found that a 2-3% savings in fucl
efficicncy can be achieved on an average flight of 500 nm.” Furthermore, domestic airlincs could
save an average of two minutes on en route flights.® Not only is there a time and workload savings
involved with this new system, but it is evident there is a cost savings as well.  Concerning the
avionics issue, there is a tendency for hardware t0 remain at a fixed price over time with increased
capabilities. The best example of this would be the home computer. Every ycar new models are
introduced to the market, and these computers gencrally stay the samc price as computers
introduced the ycar before. It would therefore seem that avionics costs associated with the
implementation of this new system would be rclatively insignificant. As long as the target market
and net worth of this new aircraft is identified, a fixed allowable cost to the manufacturer could
then be set.

The AGATE program is the driving force in developing the tcchnologies for the
revitalization of the gencral aviation industry. As industry continues to bccome more awarc and
involved in the AGATE program, the attitude of the aviation industry is also starting to shift. New
products arc being developed, future problems are being addressed, and public access to useful
information is becoming more readily available. This fact in itself will help to achieve public
acceptance of the new general aviation transportation system idea simply through education. Once
pcople understand the system, they are more apt to listen to the pros and cons thereof and make an
informed decision on the validity of the idea. Through this program, and perhaps by implementing
the transportation system in “steps”, people will become morc encouraged by the advantages than
discouraged by the challenges.

As has been scen, the cost issue tends to dominate the problem area of creating the new
automated aircraft. Directly related to this problem is the tremendous cost and frustration involved
in the certification process. Furthermore, some vehicle for first implementation of these new
technologics must be identificd. In the past, the centification requirements for any aircraft under
12,500 pounds were the same. This basically mcans the certification process of a large twin
engine aircraft (usually quite extensive and expensive) would be the same for a small homebuilt
aircraft. Fortunately, in the last couple of years, the FAA has established new guidelines for
certifying smaller aircraft. These new certification rulcs open the door for a vast number of aircraft
companies to certify their aircraft at a greatly reduced cost. Hence, with the certification of new
airplanes, there is now an opportunity to implement a new integrated transportation system.

6. The New Certification Rules

On December 31, 1992, the Primary Aircraft rule became effective as Advisory Circular
(AC) 21-37.° This rule supplied new centification options to the small aircraft industry. In
general, the Primary Category allows a multitude of different certification procedures to be used to
certify small aircraft, providing that the procedures are accepted by the FAA. There have alrcady
been four different methods observed as adequate by the FAA:
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L) 'I‘Pl(;lﬁ-c}ol Transport Canada’s ultralight design standards for certification of “sportplane”
aircraft.

AC 21.17-3: Type centification of Very Light Airplanes (VLA) under FAR 21.17(b).®

¢ AC23-11: Type certification of Very Light Airplanes (VLA) with powerplants and propellers
certified to FAR parts 33 and 35, respectively."

e Traditional certification standards under FAR part 23 and FAR pant 27 for aircraft and
rotorcraft, respectively. '

The Primary Category limits aircraft to being a single engine, naturally aspirated,
unpressurized, four seat, 2,700 pound, 61 knot stall speed airplane operated only for personal use.
These provisions can be deemed a “shell” with which to work. Any aircraft exceeding these limits
are not allowed to de certified with the simplified procedures outlined in AC 21-37.

The Sportplane Category is the most streamlined option available, and the limits for
certification are the same as above except for the weight being limited to 1,058 pounds and the stall
speed to 39 knots. These standards are reduced in complexity, and can greatly reduce the cost of
certification if the aircraft limits are met.

AC 21.17-3 allows the use of the Joint Aviation Requirements for Very Light Aeroplanes
(JAR-VLA) as issued by the Joint Aviation Authorities (JAA) of Europe as an acceptable means of
certifying aircraft under the Primary Aircraft rule. This new category simplifies the certification
process and sets new limits on the aircraft to be certified to a single engine, naturally aspirated, two
seat, 1654 pound, 45 knot stall speed airplane operated only for personal use. There are four
different ways this rule can be applied for certification of VLA:

¢ May obtain a “Primary” category type certificate, provided the manufacturing of the aircraft is
supervised or manufactured by a Production Certificate holder.

¢ May obtain an experimental kit-built airworthiness certificate provided the kit components were
manufactured under an FAA approved quality assurance system.

¢ May be applied to obtain a “VLA-Special Class” certification, which restricts use to day/VFR
operations.

s May be used in conjunction with other FAR part 23 requirements (AC 23-11, which is
described below) to certify the aircraft in the “normal” category.

The first two applications basically state that the aircraft may be sold as a kit, without
limitation on assembly or fabrication proportion to the builder, or the assembly of the kit by the
customer may be supervised to allow the obtainment of a Primary airworthiness certificatz. The
third application allows the actual certification of the aircraft under this rule, but restricts the use
thereof to day or Visual Flight Rules (VFR) operation. Finally, the last application gives the
manufacturer an opportunity to certify the aircraft to the FAR part 23 “normal” category when
incorporating the use of additional certification rules. The normal category of aircraft allows
greater flexibility of operation, including night or Instrument Flight Rules (IFR) when applied.
The additional certification requirements to achieve this category are oudined in AC 23-11.

AC 23-11 was formed as a supplement to the JAR-VLA rules outlined above. After
examination by the FAA, it was found that 225 of the sections in the FAR part 23 certification
procedures (tl:: traditional aircraft standards) were applicable to the new Primary Aircraft rule.
Upon further examination of the JAR-VLA rules, it was found that 204 of the sections in the FAR
part 23 regulations were addressed in these new rules. Therefore, AC 23-11 was formed to allow
aircraft manufacturers to use the JAR-VLA rules along with the AC 23-11 rules to certify an
aircraft to the normal category of airplanes. This category differs from the Primary category in that
it allows greater flexibility of use of the airplane.
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Of course, if an aircraft manufacturer chooses to utilize the original FAR pant 23
requirements to certify the aircraft, they would be eligible to obtain the Primary Category flight
certification as well.

Although somewhat confusing, these rules basically do two things: reduce the level of
FAA involvement and reduce the cost of certification. With the increased number of very light
aircraft in the United States, it would seem that we now have a method by which to certify these
aircraft and achieve a near term benefit by increasing their marketing potential.

1. Very Light Aircraft (VLA)

As the general aviation industry as a whole has been decluung over the past 15 years, the
demand for aircraft in this category has not. These aircraft are usually unconventional in design
and make wider use of composite materials than either the GA aircraft of the past or the current
larger commercial aircraft. o by-pass the high insurance costs associated with the liability issue
discussed earlier, these airplanes are not sold as a completed unit. Instead, up to 49% of the
aircraft is manufactured by the company selling the kit, and the remaining majority of the
manufacturing is left to the purchaser.

When the aircraft owner builds the 51% of the aircraft, he essentially becomes the “aircraft
manufacturer”. Therefore, if an accideat should occur while in operation, the only person liable is
the one who is flying the aircraft.” Currenty, there are around 17,000 homebuilt aircraft in
operation, with over twice this amount still in the building stage.”’ Furthermore, there are around
1,000 homebuilts aircraft sold and around 1,500 aircraft experimentally certified each year Itis
interesting to note the adaptation of industry when a demand is pt sent but the supply is not by the
success of the homebuilt industry. These aircraft are affordable to the customer, mainly because of
the reduction in cost of manufacturing and certification to the designing company. There are mary
different kinds of homebuilts: monoplane low-wing, high-wing, biplanes, amphibians, acrobatic,
etc., which all vary in cost and time required for fabrication.

As society continues to become more time conscious, the hours associated with building
these aircraft are becoming more of an issue to the aircraft owner. It is for this reason that a
majority of the “homebuilt” aircraft will no longer be built in the home. With the new certification
rules available, it could be more cost effective for the manufacturer to build these aircraft. One
other possibility is that aircraft could be certified under the new expenmental rules, which allows
any portion of the kit to be assembled by the purchaser of the aircraft.® This would enable the
company to compromise with the ¢ omer on what portion he/she is willing to buy already
assembled.

As the GA industry is predicted to grow well into the year 2000, the homebuilt market
needs to capture a significant percentage of this GA growth. Without centifying these airplanes, the
homebuilt market will probably lose a significant saare of sales once production of the larger
certified GA aircraft begins. Another option the new certification rules make available is the level
of certification of the aircraft. For instance, if a customer does not require near all-weather
operation, a lower level of certification may be issued. and hence the customer is given the option
of a lower cost aircraft. On the other hand, if the customer wants the same airplane, but also wants
near-all weather operation, a higher level of certification can be issued at a proportionately higher
cost to the customer. This would help the marketing possibility of the smaller companies.

Figures 4 and 5 show the percentage of a sample database of existing aircraft that would be
able to achieve certification under the new rules by meeting the weight and stall speed limits. It can
be seen that 90% of the current homebuilt aircraft would be certifiable under the new Primary
Category rules. Keep in mind, however, that this graph represents only a small portion of the total

* These aircraft are also required to prominenty display the words “experimental™ in plain view of anyone who may
be operating the vehicle.
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homebuilt aircraft types available, but is representative of the overall homebuilt market. It is
therefore evident that the certification rules available to the kit aircraft manufacturers are a possible
means of increasing market at lower cost to the majority of these companies. Furthermore, the
variety of aircraft available to the general aviation customer would increase tremendously, with the
addition of 509 different homebuilt manufacturers currently producing kit aircraft.®

As was discussed earlier, the technology for a new transpcrtation system requires some
testing and vehicle integration before large scale implementation can occur. It would seem, with
the certification of a low cost, small aircraft, the new technologies for this arena might be a viable
option to the customer. Relating to the cultural paradigm shift problem, a step such as this might
be the answer to getting public acceptance of such a system as well. With the available options of
day/VFR and night/IFR operations, why not make it an option for “near-all weather, minimal
training ¢ erations”? Although the near-term issues may make the certification issue important to
the homebuilt manufacturers, the long-term benefits, which may prove more beneficial than the
short term, must be taken into account as well.

2._Example Applications

As a result o7 the FAA issuing the new Primary Centification rules and the derivatives
thereof, three different homebuilt a.u‘cra%t have been certified. In July of 1993, the Quicksilver GT-
500 became the first aircraft certified under the Sportplane Category. Then, in May of 1995, this
same aircraft received the first Production Certificate under the Primary Category regulations."
The certification of this aircraft was done at a fraction of the usual $25 to $30 million associated
with centification costs. Although some changes were necessary to the original design, the final
ready-to-fly selling price of these airplanes is $30,000." This was a great first step fcr the
certification of homebuilt aircraft.

As of July 1995, the CH-2000 of Zenair Aircraft became the second homebuilt aircraft to
be certified.'® This aircraft was certified utilizing the JAR-VLA regulations and the additional AC
23-11, because of the higher aircraft weight and stall speed. Also certified under these rules is the
Katana Diamond, which utilized composite structures as opposed t0 aluminum.

It is evident that with the certification of these aircraft, the majority of homebuilts currendy
in production could be certified in a similar fashion. Although different aircraft will have specific
configuration modifications necessary for certification, the overall process of certification has been
shown to werk and be cost effective.

10, Other 2 { VLA Certification Needine Examinati

As more and more small aircraft become certified, there will be a need for improved
certification processes. For one, the noise constraints associated with any aircraft in the FAR pan
23 category are the same, and there have been no reductions or streamlining of the certification
process - VLA. Secondly, there should be an analysis done on the cost and time associated with
certification of aircraft at various weights, perhaps in a cost per pound versus certification method
used. Also, specific VLA centification rules for composite aircraft must be examined in greater
detail. Finally, a new certification method must be developed for the implementation of the new
transportation system discussed earlier. By examining tFose needs now, the future distribution of
this new automnated aircraft may be realized in a more timely fashion.

1l.__Conclusions

After examining the plight of the general aviation industry and the revitalization attempts
thereof, it seems as though a new general aviation transportation system will inevitably be
incorporated into the way people travel in the future. Furthermore, the FAA has established new
certification rules that make it easier to certify the small aircraft that inake up a majority of the
Unitzd State’s homebuilt market today. By implementing these new certification procedures, the
Very Light Aircraft of today might not only dramatically increase their market share with the
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current aircraft configurations, hut might also be the first to implament the new automated aircraft
system into the market. This would not only help the small aircraft market, but would also help to
revolutionize the entire general aviation industry as well. Although further examination of the
noise and cost issues associated with certification are needed, the homebuilt manufacturer’s of
today should take betier advantage of the new rules tht have benn made available. Possibly, by
c¢=veloping a certificaticn methodology for small aircraft that i+ relatively inexpensive and time
effective more small aircraft comypanies will attempt to certify theie aircraft.
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Figure 1. Flight Hours Required for Certification
(Copied From Reference 5)
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Figure 5. Very Light Aircraft Stall Speeds

Figure 3. Total Engincering Cost
per Pound for Certification



