TECH/INICAL REPORTS

JUNE 5, 1995 - AUGUST 11, 1995
NASA LANGLEY RESEARCH CENTER OFFICE OF EDUCATION
HAMPTON UNIVERSITY



DISCLAIMER

This document was prepared as an account of the
work sponsored by NASA Langley Research
Center. Neither Langley Research Center, Hampton
University, nor any of their employees makes any
warranty, implied, or assumes any legal liability or
responsibility for the accuracy, completeness of any
information. The Langley Aerospace Research
Summer Scholars (LARSS) Technical Reports are
the original Technical Reports submitted by the
LARSS participants. No changes have been make
by the Office of Education, or Hampton University.

Work performed under the auspices of NASA
Langley Research Center.

The use of trade names of manufacturers in this report does not constitute an official
endorsement of such products or manufacturers, either expressed or implied, by the
National Aeronautics and Space Administration.







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 aeronautical engineering, mechanical
engineering, electrical engineering, material science, computer science, atmospheric science,
astrophysics, physics, and chemistry.

Two primary elements of the LARSS Program are: (1) a research project to be completed by
each 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 earn 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,
and administration of human resource programs and procedures. 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, organization design, and
change dynamics.

OFFICE OF EXTERNAL AFFAIRS

The Office of External Affairs manages a broad range of programs designed to communicate
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 responsible for the centralized planning and analysis of all
Center resources and financial management activities. The office is the focal point for the
development and execution of financial and resource decisions. The Comptrolier has two
divisions: Financial Management Division and Programs and Resources Division.

AERONAUTICS PROGRAM GROUP

The Aeronautics Program Group (APG) is responsible for planning and guiding aeronautics
programs for the Center. The Group leads the Center’s aeronautics strategic planning and is
the single point of contact for committing the Center to aeronautics 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 (IOG) supports the Center'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,
structures, and grounds; all functions necessary to provide design, analysis, fabrication and
operation of complex aerospace 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 Systems, Advanced Sensor
Systems, Measurement Science and Instrument Technology, Advanced Computational
Capability, Engineering, Mechanical Systems Engineering, Facility Systems Engineering,
Materials 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 includes research activities 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 GROUP

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
Program, 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 patent 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
Small Business Technology Transfer Program (STTR). The Agency conceives and matures
innovative concepts and methodologies applicable to its focused research programs in
aeronautics 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 responsibilities. 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 aeronautics, 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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Abstract

The first Clouds and the Earth’s Radiant Energy System (CERES) instrument will be
launched in 1997 to collect data on the Earth’s radiation budget. The data retrieved from the sat-
ellite will be processed through twelve subsystems. The SSF (Single Satellite Footprint) Plot
Generator software was written to assist scientists in the early stages of CERES data analysis,
producing two-dimensional plots of the footprint radiation and cloud data generated by one of the
subsystems. Until the satellite is launched, however, software developers need verification tools
to check their code. This plot generator will aid programmers by geolocating algorithm results on
a global map.

Introduction

Interest in the radiation levels of the Earth’s atmosphere goes back to the 1960’s when the
first instruments aboard satellites measured Earth’s radiation budget. Recently, the greenhouse
effect and global warming has brought much attention to the way the atmosphere absorbs and
reflects visible and invisible wavelengths. In the 1980’s, the Earth Radiation Budget Experiment
(ERBE) was launched to better understand the radiation budget. In 1997, the first Clouds and the
Earth’s Radiant Energy System (CERES) will be launched to continue the ERBE data collecting,
but also expand to increase our knowledge of our atmosphere.

The purpose of this paper is to give the background behind the development of the SSF
Plot Generator, software created for CERES software developers and scientists.

The Earth Radiation Budget Experiment

The Earth Radiation Budget Experiment (ERBE) began observing the Earth in 1984. The
three satellites in the experiment each had aboard them two instruments, a scanner and a nonscan-
ner, to measure the monthly average radiation budget for regional, zonal and global scales; equa-
tor-to-pole transport gradient; and the monthly average diurnal variation in radiation budget on a
regional scale.

The scanner instrument has three detectors to measure different wavelengths: shortwave
(0.2 to 5um), longwave (5 to 200pm) and total waveband (0.2 to 200um). The scanner has a
sweeping motion, swinging side to side, recording data for the field of view at which the detectors
are pointed. The nonscanner produces one channel of solar data, and four channels of earth-view-
ing data. It has no moving parts, collecting data only in the field of view underneath it and con-
tinues to send back data today.

The ERBE data has been archived on magnetic tapes. The Processed Archival Tape S-8
consists of four files: the header, the test record, the scale factor and offset record, and the data
record. The header serves as an identifier, storing information regarding date, time, satellite, and
orbit number. The test record is included as a check for those using the data. S-8 data is stored in
a packed format of integer values which are unpacked using the scale factors and offsets. The
unpacked test record values are printed in ERBE S-8 User’s Guides to verify the unpacking algo-
rithm. For every S-8 variable, there is a unique scaling factor and offset. The data record contains
the actual integer values recorded by the instrument on the satellite.




The Clouds and the Earth’s Radiant Energy System

Planned for launch aboard the Tropical Rainfall Measuring Mission (TRMM) in August
1997 and the EOS-AM and EOS-PM in the following years, CERES plans to continue ERBE’s
mission of tracking the earth radiation budget. CERES will also provide estimates for surface
radiation, radiative fluxes within the atmosphere, and cloud properties. As of now, the role of
clouds within the atmosphere is unknown. CERES will be able to identify cloud amount, height,
optical depth and cloud particle size and phase. Learning more about clouds will help scientists in
determining how clouds affect earth’s radiation budget.

CERES is a scanner similar to the instrument on ERBE. Modifications were made to
improve the data, including smaller field of views, better electronics to reduce the offsets, and the
replacement of the longwave channel with a window channel (8 to 12um). CERES also has the
capability of operating in a rotating azimuth plane scan (RAPS); instead of collecting all parallel
scans, the scanner rotates, collecting data in an asterisk pattern, viewing a more diverse region of
the hemisphere.

Since the instrument has not been launched, no CERES data products exist yet. Eventu-
ally, the data will be stored in a number of different data products, each having its own use and
method of derivation. Subsystem 4, the subsystem of concern in this paper, produces a Single
Satellite Footprint (SSF) data product. One SSF footprint contains an array of surface fluxes, top
of the atmosphere fluxes and clouds property data. An SSF file stores one hour’s worth of foot-
prints, approximately 245,000 footprints, depending on the operational mode and the number of
earth viewing footprints with associated imager data.

The ERBE Plot Generator

In 1992, Joseph Henderson, a LARSS student, created software to plot the ERBE S-8 data
on a cylindrical world map. Used to visualize the data, it could plot various types of radiometric
data, particular orbits, and data from various times of the day. The plots served as a verification
tool for the scientists. Henderson’s Fortran 77 code used NCAR Graphics, plotting software
developed by the National Center for Atmospheric Research.

The original code, however, could only read ERBE data with separate header and data
files, one called ‘header’, the other named ‘erbe’. This program was modified so it would read
any S-8 file without separating the header and data.

The SSF Data File Generator

In developing software to plot an SSF data file, an SSF data file was necessary to test the
algorithm. Since both the ERBE and CERES missions have basic similarities, their data products
include much of the same information, merely in different formats. S-8 data could be used to sim-
ulate the SSF. Sandy Nolan, a NASA contractor at IESC, had written a program to stuff the test
record of a headerless S-8 into an SSF format. (Software is available to remove the header.)
However, the test record contains no scientific data and would not be useful to those wanting to
test code.

Modifications were made to Nolan’s algorithm so a useful product could be created. The
program converts a user specified headerless S-8 file into files of SSF format. One S-8 file can
produce a maximum of 24 SSF files; the user specifies how many hours to create.




The Obstacles

Fortran 90 is the preferred language on the CERES project; many commonly used routines
had already been written with F90, running on the machines nimbus, asdsun, and bobill. How-
ever, it still is a young language and the compiler had not been thoroughly tested. Linking a For-
tran 90 main program with NCAR functions written in Fortran 77 was a task nobody had
attempted before. Theoretically, there should not have been a problem; F90 should have been
able to handle the F77 code and calls. However, the loader failed because it could not link to the
appropriate libraries. Other flaws found were: the current compiler is not capable of making sys-
tem calls and it does not find standard libraries during compilation. The system administrators are
still working on a solution.

While Fortran 90 was being investigated, it was decided to work with C instead. Small
test programs were written to test parameter passing from C programs to Fortran 77 subroutines.
However, a sample program making two NCAR calls had linking problems also. After the link-
ing problem was solved, there was still a problem with the versions of C and Fortran. It was dis-
covered that the same versions of the compilers need to be running for the languages to be
compatible. Once bobill was upgraded to the newer C compiler, the Fortran and C could commu-
nicate.

Reverting back to Fortran 77 because of the linking problems, it was discovered that the
original S-8 Plot Generator would no longer compile. No changes had been made to this file; the
problem was unexpected. After searching through the original files, another NCAR directory was
found.

On nimbus, NCAR exists in three locations:

- Jopt/optional/ncar3.2/bin -The scripts in this directory, supposedly the latest version of
NCAR, do not call the appropriate libraries. Compiling Fortran 77 results in an unde-
fined symbol warning.

- Jopt/optional/ncar/bin - These scripts result in another list of undefined symbols,
although not as long. This is assumed to be NCAR 2.0 because it doesn’t support some
of the newly documented calls.

- Jopt/optional/nbin - The working version of NCAR. It is evidently version 3.2 because
of the calls it supports. Fortran 77 files compile and run.

On asdsun, NCAR is located in two places:

- Jopt/optional/ncar - The scripts call libraries in /usr/local/ncar/lib. The programs com-
pile and execute but crash because it is an old version of NCAR.

- Jopt/optional/nbin - The libraries it calls are in /usr/local/lib. Code will compile and exe-
cute, but again, the NCAR is an old version.

Using the /opt/optional/nbin/ncargf77 script on nimbus or any machine mounted to nim-
bus, both the S-8 Plot Generator and the modified SSF Plot Generator compiled and ran.

The C code looks as if it will run. The sample program making NCAR calls runs using
J/opt/optional/nbin/ncargcc but the main plotting code was never debugged enough to compile and
link.

Within the working NCAR directory, no Fortran 90 script exists. It should be possible to
modify the Fortran 77 script to include the necessary F90 libraries and F77 libraries.




The SSF Plot Generator

The current SSF Plot Generator prompts the user for:

- plot type - which SSF variable to plot

- cloud level - cloud data will have a level associated with it

- hours of data - the number of filenames the user will be inputting

- filenames of the SSF files - maximum of 24 since they come in hourly blocks and more
would result in overlapping data

- day/night preference - when the time of day is of concern

- output destination - write to screen, printer, or file.

After opening the one hour SSF file, the SSF Plot Generator reads the user-specified data
for one footprint, assigns a color to the pixel at that particular latitude and longitude, and repeats
the procedure for each footprint in the hour. The procedure repeats for any other hours given, and
places the final array on a cylindrical world map. The software was tested with SSFs created with
two different methods and with two hours at a time. Because an S-8 was used to produce the SSF,
the plots look identical using the S-8 plot generator and the SSF plot generator. Verification is
possible by merely comparing the S-8 and SSF plots.

A comparison of Figures 1 and 2 show the SSF is created correctly. The SSf and S-8 plots
are identical except for the amount of data shown. The S-8 Plot Generator plots orbits which are
about ninety minutes long; Figure 1 is three orbits. SSFs are developed in hourly products; Figure
2 is two hours long.

The SSF Plot Generator has the capability of plotting up to 24 SSFs as requested by the
user. The hours need not be consecutive but the data products must be entered sequentially for the
begin and end times on the plot header to be correct. Figure 2 illustrates two hours of data; Fig-
ures 3 and 4 are each one hour long.

The plot generator distinguishes between night and day by the solar zenith angle, the loca-
tion of the sun with respect to the satellite. The amount of sunlight affects the readings for short-
wave and longwave radiation; shortwave only occurs during the day. Figure 5 has noticeable
radiation data; Figure 6 has no radiation because of night wavelengths. By distinguishing
between night and day, scientists have a simple check on the data.

The S-8 contains no cloud data, an important aspect of the CERES project. Chuck
McKinley of SAIC created another SSF with only 140 footprints but containing cloud data.
Three Imager Radiation options were added to the plot generator and tested with this SSF. Figure
7 is the whole plot from the short SSF; Figure 8 shows the details of Figure 7. The 140 footprints
are located over the North Pacific.

The Applications

Currently, the software is being used as a verification tool. The other programmers on the
project need to be sure their code is working. The ability to view the plotted data helps them ana-
lyze what their programs may or may not be doing.

When the first CERES data products are produced from CERES, scientists will quickly
need to verify the data looks similar to the expected results. This plotting software will allow
them to immediately view the product.




The modified original program which reads any S-8 file is saved on bobill in jbarsi/
ceres_ssf/plot_s8/read_any_s8. The recompile command is ‘recompile_mod’ and the execute
command is ‘s8erbepl’. ‘

The software to remove the header of the S-8 is located on bobill in jbarsi/ceres_ssf/
make_ssf/removeheader. To compile, execute ‘write_s8.exe’ and supply the program with the
filename of an S-8 file. The headerless S-8 will be stored as the same filename, with the ‘new_
prefix added to the name.

The code to convert S-8s to SSFs is available on bobill in jbarsi/ceres_ssf/make_ssf. To
compile, execute the Makefile. The executable, ‘fill_ssf.exe’, will ask for the headerless S-8 file-
name and a filename for the initial SSF. The SSF filenames will each be appended with its hour
number.

The SSF Plot Generator software, on bobill, is in the directory jbarsi/ceres_ssf/plot_ssf.
There are two versions of the ssf_user file - ‘ssf_user.f” and ‘ssf_user2.f’. The file ‘ssf_user.f’ has
the data ranges for true SSF data, as specified by the SSF definition, while ‘ssf_user2.f” contains
the data ranges for the S-8 file. The compile line, ‘ssf_compile’, will need to be edited when
using a real SSF file. To execute, run ‘ssf_plot’.

?
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ABSTRACT

The central focus of my study for the summer of 1995 was to provide logistical
support to Margaret Hunt, the logistics manager of the OSHKOSH airshow. In this
capacity responsibilities included making arrangements for participants from NASA
centers and SBIR companies for their stay in Wisconsin,while visiting the airshow, and
managing staff for exhibits and the aerospace theater. A secondary purpose was to serve
in other public service capacities by writing news releases, fact sheets, announcements,
and articles for the .

BODY

The primary function of this internship was to provide logistical support to
Margaret Hunt, logistics manager of the OSHKOSH airshow. Secondary functions
included serving other public relations purposes such as preparing news releases, fact
sheets, announcements, and articles for the Researcher News. Various assignments were
given during this summer session and summaries of all activities will be provided below.
For a comprehensive overview see attached summer calendars.

OSHKOSH AIRSHOW

The Experimental Aircraft Association Fly-In Convention and Sport Aviation
Exhibition, also fondly known by many as the Oshkosh Airshow, provides a great
opportunity for NASA to present its work in aeronautics. This is where a logistics
manager becomes necessary. Approximately 120+ participants from NASA centers and
SBIR companies needed arrangements to be made for their participation in the airshow.
The efforts to coordinate these participants, and their numerous individual requests, was
facilitated by the logistics manager. As the assistant logistics manager, it was my duty to
keep a majority of these details in order. It was my responsibility to serve as a liaison to
participants and NASA Langley. I oversaw hotel reservations, rental car arrangements,
orders for NASA attire and other details regarding the time to be spent at Oshkosh. It
was also my responsibility to manipulate exhibit floor staffing and aerospace theater
staffing schedules for NASA exhibitors.

RESEARCHER NEWS

Submitting articles to the Researcher News was-a secondary function of this
internship position. Included in Volume 9, Issue 15, July 28, 1995, is an article about the
astronaut training selection process and training programs; and an announcement for the
Virginia Air and Space Center special promotion (see attached). In the upcoming edition,
articles about the Poquoson Odyssey of the Mind Team, the NACA Airfoil Report, and
the Space Flight Manifest are scheduled to appear. Articles still underway include pieces
on the 7- X 10- foot conference room, the availability of the Newsroom, the Grand
Opening of the Pearl 1. Young Theater, the 10th anniversary of the Childcare
Development Center, and a piece on the Transonic Dynamic Tunnel. Each article
requires research, interviews, and patience as rewrites are always a necessity.

EXCURSIONS

Another facet of this position was the opportunity to take excursions outside of
the office. One such opportunity was assisting the current astronaut candidate class when



they came to tour Langley. It was a great honor to meet with the astronauts and to speak
with them one on one. On another occasion, I was given the opportunity to shadow Jim
Schultz, the science and technology reporter for the Yirginian- Pilot. He showed us
around the newsroom and introduced us to numerous individuals who work within the
field of journalism. Following a news crew around the base as they performed a live
interview was yet another adventure. The highlight of my outside excursions was a trip
to Washington, D.C., to visit NASA headquarters. The department of Public Affairs, and
its many facets was a prime target for this visit. It was interesting to see the operations of
this major center and speak with the people working within the system. Ialso had a
chance to meet with personnel from the Education Department, who gave advice for
future career and educational plans.

WRITING FOR PUBLIC RELATIONS

As need arose, I also completed various pieces of public relations related writing.
These included but were not limited to, a fact sheet on the MEEP/Mir Shuttle Payload,
monthly story opportunities releases (see attached), announcements for the Virginia Air
and Space Center and the Pearl I. Young Theater opening (see attached). All gave me
practical experience in preparing and writing these necessary types of writing.

CONCLUSION

Time spent at Langley was very beneficial as it has aided in the creation of
numerous skills needed for the professional world. The opportunity to interface with
many individuals and heed the advice they provided was priceless. My work with the
Oshkosh logistics was challenging, yet very enjoyable as I love to manipulate details.
The opportunity to practice and polish my writing skills will be a benefit for a lifetime.
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Assignments/ Calendar for Danielle Beck

WEEK ONE/ June 19- 23
19- Lecture 10:00
OSHKOSH Logistics

WEEK TWO/ June 26-30
26- Lecture 10:00
29- AP Style Workshop
9:00-11:00
Article: NACA Airfoil Report
Announcement VASC promotion
OSHKOSH Logistics

WEEK THREE/ July 5-7 (Holiday)
5- RN Layout Training
OSHKOSH Logistics

WEEK FOUR!/ July 10-14
10- Lecture 10:00
11- Astronaut Tour
14- Career Seminar
Article: Astronaut Candidate Tour
- OSHKOSH Logistics

WEEK FIVE/July 17-21
18- RN Deadline Due: Astronaut Candidate Tour, NACA Airfoil
19- OSHKOSH Meeting
20- Headquarters Tour
OSHKOSH Logistics

WEEK SIX/ July 24-28 '
24- Lecture 10:00/ Group Photo
25- Story Opps Due
27- Banquet
OSHKOSH Logistics
Article: Odyssey of the Mind,. IaRC This Week
Announcement: Pearl 1. Young Theater Openmg/ LARC This Weeek

WEEK SEVENI July 31- Aug. 4 OSHKOSH AIR SHOW

31- Lecture 9:00

31- Tour of Virginia Pilot

31- Send Story Opps _

*1- RN Deadline Due: Odyssey of the Mind,
Space Flight Manifest
4- Experiment/ Career Seminar

Article: Space Flight Manifest

WEEK EIGHT/ Aug. 7-11
8- Report to Office of Education due
11- LARSS Check out
Fact Sheet/ Shuttle Payload



WEEK NINE/ Aug. 14-18
15- RN Deadline Due: Transonic Dynamic Tunnel, 7 -x 10- foot completed,
Childcare
16- Story Opps Due

WEEK TEN Aug. 21-25
22- Pearl 1. Young Theater Opening
25- RN Deadline Due: Pearl I. Young Theater
25- Last Day
26- Fly to Phoenix 9:00 AM
27- Fly home to Utah 6:47 am
28- Send Story Opps

AUGUST

1 RN Deadline Odyssey of the Mind, Space Flight Manifest
Work on Report
Make contact with Shuttle Payload
2 Make contact with Childcare/ Tour Wind Tunnel with Child Care
3 Work on Report/ Visit Exhibits
4 Experiment 10-11/ Career Seminar
Contact Keith re: Story Opps

7 Send Story Opps Reminder
Contact Keith re: Sept Story Opps
SS Fact Sheet
8 LARSS Report Due
Write Child Care
9 Write 7X10 Conference Room
10 Work on Story Opps
Aricraft Grant News Release
11 Send Story Opps Reminder
Write Transonic Dynamic Tunnel

14 Finish Articles
Contact Keith re: Sept Story Opps
15 RN Deadline Transonic Dynamic Tunnel, 7x10 Conference Room, Childcare
16 September Story Opps Due )
17 SS Fact Sheet
18 Write Newsroom Completed

21

22 Pearl I. Young Theater Grand Opening/ Write Article

23 :

24 Finish Payload Fact Sheet

25 RN Deadline Pearl L. Young Theater Opening, Newsroom Completed

15
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NASA News

National Aeronautics and
Space Administration’

Langley Research Center
Hampton, Virginia 23681-0001

. For Release: Immediately
Release No. 95-071

NASA Langl‘ey Story Opportunities-August

GENERAL AVIATION IS GIVEN NEW LIFE. A network of partnerships between
government, industries, universities and nonprofit organizations is breathing new life into
general aviation. The official signing ceremony of the AGATE (Advanced General
Aviation Transport Experiments) Consortium took place on July 29 in Oshkosh, Wis.,
home of the Experimental Aircraft Association (EAA) annual Fly-in Convention and
Sport Aviation Exhibition. AGATE is a multifaceted organization formed by NASA,
FAA and the general aviation industry aimed at increasing revenue and creating jobs.
PUBLIC AFFAIRS CONTACT: Keith Henry (804) 864-6124

10,000 PAGES ALL ON ONE LITTLE DISC. "Legacy," a joint project between the
NASA General Aviation Program Office and the NASA Langley Technical Library, is a
CD-ROM program for anyone with an interest in the NACA’s and NASA's contribution
to aviation. It is comprised of the agency's most requested historical and current technical
reports on general aviation. Hard copies would cost as much as $3,000, yet the CD-ROM
is available for $75 plus $6 for shipping and handling. The disc is available through the
National Technical Information Service (NTIS).

NTIS CONTACT: (703) 487-4650

NASA LANGLEY TECHNICAL LIBRARY CONTACT: Susan Adkins (804) 864-2390

*+3NASA/FAA CHALLENGE STUDENTS TO INNOVATE IN 1996. NASA and
the FAA are sponsoring a general aviation design competition for aeronautical and
engineering students. The competition challenges student teams to develop small aircraft
transportation system innovations in various technical areas. The purpose of the
competition is to encourage involvement of all members of the aviation community.
Design packages are due May 6, 1996, and the winners will be presented in July 1996.
Copies of competition guidelines can be obtained from the Virginia Space Grant
Consortium.

VIRGINIA SPACE GRANT CONSORTIUM: (804) 865-0726

PUBLIC AFFAIRS CONTACT: Keith Henry (804) 864-6124

*++DESIGN COMPETITION WINNERS ANNOUNCED. A student team from three
Kansas universities -- the University of Kansas, Kansas State and Wichita State --
introduced an operator-friendly aircraft design earning them first place in the first annual
NASA/FAA National General Aviation Design Competition. Embry-Riddle
Aeronautical University, Daytona, Fla., took second; Mississippi State University took
third; and a design group representing the University of Virginia, the Pratt Institute at
Brooklyn and Mallen Research Corp. of Charlottesville took an honorable mention.
PUBLIC AFFAIRS CONTACT: Keith Henry (804) 864-6124




AUGUST STORY OPPORTUNITIES/2

REMINDER: 'SEAFOOD FARMING' TALK AUG. 1. Michael J. Oesterling, an
aquaculture specialist, will speak Aug. 1 at NASA Langley on “Virginia Marine
Aquaculture: Research and Product Development.” He will trace the development of
Virginia’s marine aquaculture industry and methods of production. Media are invited to
the 2 p.m. talk and to a media briefing at 1:15 p.m. at the H.J.E. Reid Conference Center.
Will be repeated at Virginia Air & Space Center, Hampton, at 7:30 p.m.

PUBLIC AFFAIRS CONTACT: Catherine E. Watson (804) 864-6122/3

AERONAUTICS IN THE 21ST CENTURY. James A. Blackwell, the president of the
Aeronautics Sector of Lockheed Martin, will share his views of the future of aeronautics
with NASA Langley employees at 2 p.m., August 15 in the H.J.E. Reid Conference
Center. A media briefing will be held in the Wythe Room at 1:15. Blackwell will
discuss the effects of international competition on the aerospace industry and the
importance of a strong partnership between government and industry to maintain U.S.
technological leadership. Interviews available.

PUBLIC AFFAIRS CONTACT: Catherine E. Watson (804) 864-6122

MICROGRAVITY EFFECTS ON SPACE STRUCTURES. The Joint Dynamics
Experiment (JDX), a cooperative effort between NASA Langley and Utah State
University, will be flown aboard Endeavour (STS-69) in early August. The experiment is
designed to study how well joints on space structures dissipate vibrations. The data is
important for building the International Space Station. Interviews, photos available.
PUBLIC AFFAIRS CONTACT: Catherine E. Watson (804) 864-6122

STUDYING THE EFFECTS OF BIOMASS BURNING. Scientists from NASA
Langley will spend six weeks in central Brazil studying the atmospheric effects of
biomass burning. The field experiment, which begins Aug. 16, will involve coordinated
aircraft, surface and satellite measurements of smoke characteristics and the interaction of
the smoke with clouds. More than 80 researchers from four NASA centers, two U.S.
agencies, five U.S. universities, 12 Brazilian agencies and six Brazilian universities will
participate. The experiment, called SCAR-B (Smoke, Clouds, and Radiation - Brazil), is
managed by NASA Langley. Interviews, photos available.

PUBLIC AFFAIRS CONTACT: Catherine E. Watson (804) 864-6122

RESOURCE PHOTOGRAPHS:

REUSABLE LAUNCH VEHICLES. Color 8 x10 photos are available of two reusable
launch vehicle (RLV) models being tested in the 31-Inch Mach 10 Hypersonic Wind
Tunnel at NASA Langley. The RLYV program calls for development of one or more
launch vehicles that could deliver payloads and people to space, fly back to Earth, and be
used again. Marshall Space Flight Center in Huntsville, Ala., is host center for the
industry-led RLV effort.

PUBLIC AFFAIRS CONTACT: Michael Finneran (804) 864-8150.

LOOKING AHEAD:

NASA LANGLEY GOES TO THE FAIR. Look for NASA Langley's exhibit at the
Virginia State Fair, Richmond, from Sept. 21 to Oct. 1.

PUBLIC AFFAIRS CONTACT: Keith Henry (804) 864-6124

-End -
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Astronaut

Continsed from page 5

mission specialists includes
flying T-38 high-performance
jets, while others familiarize
themselves with other high-
performance jets. All candi-
dates learn to adept to the
weightlessness of space by
training in a “neutral buoy-
ancy” water tank, which
silows for a longer training’
session. The sensation of
weightlessness can also be

ing is designed to teach the
astronaut about what it is like
to live and work in space, yet
it is not mission-related. Phase
-related training provides the
astronauts with the necessary

accomplished by a modified skill for & specific mission.
KC-135 set on a parabolic
course, during which the Information
sircraft is able to create up to Consult the Johnson Space
30 seconds of weightlessness. Center Home Page on the
Flight simulators also allow Internet to investigate your
for a type of hands-on training ~ questions about the astronaut
in the ares of shuttie systems. program. For an application,

Following the full year of call the Astronaut Selection
training, the astronauts com- " Office at [ (713) 483-5907.
plete advanced training, both
system-related and phase- Danielle Beck is a 1995
related. System-related train- LARSS participant.

Pesrl L Young Theater Crand Open-

ngi-The Federal Women's Program Committee
would like to invite NASA employees and
contractors to the Pearl 1. Young Theater Ribbon
Cutting Ceremony and Open House, $30 -

10:00 e.m., August 22, 1995. The Center Director
will be joined by Hewitt and Viola Phillips, 2 close
friend and co-worker of Pearl Young, who will
speak sboul her time with Young at Langley.
FBllowing the ceremony, there will be refresh- -
ments and a showing of original NASA lootage
titled “Apoflo 13--Houston, We Have a Problem.”
The building will remain open until 3 p.m. for
employees to visit the theater. NASA employees
may charge time to JOAS267. 11 you have any
questions, please contact, Patsy Campbell, 43281.

sssSample Announcements

¢¢+Continuation of Astronaut Article

8 famil

The Virginia Air and Space Center, Langley’s Visitor
Center, is offering a special promotion for NASA active civil
service employees and on-site contractors with photo
® identification badges.

Throughout the summer months of July to September,
® free admission to exhibits will be given to civil service

e employees and contractors who present NASA photo

e identification badges.

Accompanying family members will be admitted to
exhibits at the discounted rate.

. In addition, the Virginia Air and Space Center is offering
a 2 special promotion on annual family memberships. From

: July 1995 1o June 1996, civil service employees and on-site
= contractors are entitled to receive a 20-percent discount on

y memberships which includes:

Virginie Alr snd Spese Contor

Free Admission

® Free exhibit admission ©
* IMAX discounts *
* 10-percent gifi-store discount ®
¢ Quarterly newsletter ®
¢ Invitations to exhibit
and film openings ®
*® Various discounts and coupons
provided by local merchasnts

Nampeon Resds Histery Center

sssSPECIAL BONUS FOR NEW MEMBERS®®®
As of July 1, free Apollo 13 gifts such as tee shirts,

caps and books will be available while supplies last.

For information and membership fees, call 727-0900.

and attractions®
* Discoun(s on camps
and other activities *

[y
2
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ABSTRACT:

Charge-Coupled Devices (CCDs) are used in a wide range of commercial, scientific, and
defense applications. They are primarily utilized for imaging and spectroscopic functions.
Compact, cost-effective technology to miniaturize the auxiliary electronics required to operate
the CCD is highly desirable. Because of the importance of reducing size and weight in
defense and space applications, emphasis must be placed on the reduction in size.

The purpose of this project is to minimize the CCD timing generator electronics for 3-phase
CCDs by replacing conventional ICs with a single programmable IC. This timing generator
will give the user the ability to vary the number of horizontal and vertical pixels and to chose
between integration and readout modes. This, in turn, will reduce the size and weight of CCD
focal plane assemblies as a whole.



Charge coupled devices are semiconductor devices which employ storage elements (pixels)
capable of transferring electric charge. For a 2 dimensional array, the charges stored in the pixel
elements are usually read out row by row. Once a row is transferred into the horizontal or serial
register, each pixel of that row is read out before another row is transferred. Ultimately, these
packets of electrical charge are converted to voltage levels, digitized, and stored in memory.
However, because there are various manufacturers of 3-phase CCDs, different types of auxiliary
electronics, ranging in size, are necessary to support the CCDs. The size of the supporting electronics
can pose a problem when limited space is available. My project is one proposed solution to this
problem.

The first step, which is still underway, in my approach was to survey commercially available
3-phase CCDs, determine how they function, and become familiar with the various engineering
software design tools on the CAEDE system. The design tools which will be needed for this project
are;

1. VHDL (hardware descriptive language) is an alternative to physically drawing
numerous logic gates in order to create a logic diagram. The types & functions of
logic gates can be represented linguistically rather than graphically. VHDL saves time
and makes it easier to understand the operability/function of the design being
described.

2. LEAPFROG is a design tool that detects errors in the VHDL program, simulates the
VHDL program, synthesizes, and converts the VHDL description into a diagram of
logic gates in simplest form.

3. XILINX is a type of programmable logic device which consists of Field
Programmable Gate Arrays. The VHDL program can be synthesized through the
Leapfrog simulator
into the final XILINX product (chip).

In order for the timing generator to successfully operate 3-phase CCDs, a study of timing diagrams
from the leading manufacturers had to be conducted in order to note any similarities or differences
in the phase relationships, pulse widths, delay times, and other timing parameters. The review of
timing diagrams for 1024 x 1024 CCDs manufactured by Loral, EG&G Reticon, and Scientific
Imaging Technologies is still in progress and the results of the review are not final at this time.
The second step in my approach will be to incorporate the results of the study of various
timing diagrams into a final timing generator recipe for either a XILINX product or an ASIC
fabricated at a foundry yet to be determined. The design will be produced through the use of the
design tools mentioned above using various logical elements such as shift registers and state
machines. The work on this design will be continued at North Carolina Agricultural & Technical
State University with access to NASA's CAEDE system enabling more efficient design work.
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Through discussion with my mentor and responsible engineers, this project was determined
to be too involved for a summer project. Therefore, it was concluded, in agreement with my
academic advisor Dr. Busaba, that the topic would be an excellent topic for a master's thesis.

- Provisions for the use of NASA's facilities, especially interaction with the CAEDE system, will be

made prior to the end of this summer's LARSS program. The thesis will be completed prior to
graduation (Summer of 1996).

In conclusion, the development of a single programmable IC (timing generator) which
miniaturizes CCD auxiliary electronics will result in a reduction of the size and weight of focal planes
based on CCDs. This will be very beneficial to a wide range of commercial, scientific, and defense
applications.




STRUCTURAL ANALYSIS OF
COMPOSITE TEST PANELS

Sean Berhan
LARSS student

Marshall Rouse
LARSS mentor

Structures Directorate
Structural Mechanics Division
Aircraft Structures Branch
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ABSTRACT

An analytical study was conducted for a 1/4 scale model skin-stringer compression
panel using STAGS (STructural Analysis of General Shells) code for finite element analy-
sis. This was a study to investigate scaling methods for composite structures using
reduced ply thicknesses for 1/2 and 1/4 scale models. A computer model for a curved
panel in a pressure-box was also constructed in order to simulate test conditions in the
pressure box test machine. The pressure box is a test facility at NASA Langley research
center used to simulate flight conditions in fuselage panels. This model will be used to
investigate modifications to the pressure-box for curved panels with different radii.



INTRODUCTION/BACKGROUND INFORMATION

Composites are materials in which non-woven fibers are oriented in a specific matrix
for the purpose of increasing structural efficiency, i.e. producing stronger, lighter struc-
tures. The composite materials are made up of several plies or laminae. Each lamina con-
sists of one row of parallel fibers or filaments. The lamina are stacked with various
orientations of the filament directions between leach layer, resulting in a laminate matrix
which has the desired strength or stiffness.

The use of polymeric composite materials in aircraft structural design can be a major
factor in cost and weight minimization. However, the testing of composite structures
using scale models have failed in the past to accurately predict the strength of full-scale
structures. In response to this, a new method of composite structure scaling has been
implemented using reduced laminate ply thicknesses corresponding to 1/2 and 1/4 scale
models. Reduction of the ply thicknesses allows for scaling the original structure without
changing the ply layups as was the case with previous scaling methods such as the ply-
level method. It is believed that this approach will allow for a more accurate modeling of
actual components.

Five test panels will be loaded to failure in the testing of this method ; one full scale,
two 1/2 scale and two 1/4 scale models. A finite element computer model of a 1/4 scale
panel was developed and analyzed in order to predict the structural response which could
be expected to be seen in the testing of the actual model.

The curved panel to be tested in the pressure-box test machine has a hybrid composite
skin consisting of a Hercules AS4 graphite fiber and Fibrite 938 epoxy material system
with intraplied S2-938 fiberglass-epoxy material straps. The pressure-box test machine is
designed to apply axial loads up to 7000 1b/in and internal pressure loads up to 20 psig.
Axial loads are applied to the test panel by two 225-kip hydraulic actuators connected to a
curved steel plate known as the axial load plate. Circumferential or hoop loads which
develop in the skin of the test panel are provided by an annular steel plate known as a hoop
load plate and two steel rods connected to the sides of the panel. The steel rods include
turnbuckles which are used to regulate the proper hoop loads in the panel for any given
load condition. Pressure is applied to the concave side of the test panel using a 100 psi air
supply source and a pneumatic control system.

Finite element analysis of the test panel is needed as an analytical tool to determine the
turnbuckle forces needed to create an appropriate stress state in the panel. It is also used
to compare analytical and experimental results when using different loading conditions.

27




28

SUMMARY

The panel design is a five-stringer composite stiffened compression panel. They are
made from Hercules AS4/3502 CFRP graphite epoxy material. They include aluminum
ribs with shear-ties to simulate how the fuselage panels would be fastened to the alumi-
num frame in an actual aircraft. The skin of the panel has a quasi-isotropic laminate with

0°,4+/-45°,90° plies.

A linear finite element analysis of the 1/4 scale model was conducted using STAGS
(STructural Analysis of General Shells) computer code developed at Lockheed Palo Alto
Research Laboratory. STAGS is a finite element code for general-purpose analysis of
shell structures. In order to perform the analysis the panel was broken down into rectan-
gular shell units which were individually specified as to their geometry, position, material
composition, etc. Each shell unit was designated with a specific number of rows and col-
umns, according to their size and shape, to create enough nodes for an accurate finite ele-
ment analysis.. The shell units were combined to form a shell structure of the panel. A
10,000 1b load was applied to simulate the conditions that the panel will be exposed to
during testing.

The finite element model was post-processed using PATRAN 3 computer code. First, a
model file was created from the STAGS code, along with a nodal displacement file and an
integrated element stress file. These files were imported into PATRAN 3 for the post-pro-
cessing. PATRAN 3 was used to generate a graphical representation of the model and
computer-enhanced images of the stresses and displacements caused by the applied load.
Figure shows the finite element model.

Figures 1 and 2 show the panel with strain contours in the X and Y directions, respec-
tively. Both plots clearly show the areas of greatest stress intensity surrounding the point
on the panel where the compressive load was applied parallel to the X-axis. Figure 3 is a
displacement plot, again showing the greatest deformation at the point of the applied load.

The same procedure utilizing STAGS and PATRAN 3 was used for a quarter model of
a curved panel in the pressure-box test machine described above. This model included a
hoop load plate, an axial load plate, test panel, turnbuckles, and an axial load actuator.
The computer simulation included an axial load of 1000 lbs applied through the actuator
and a 1000 1b load through the turnbuckle, as well as a uniform pressure of 18.2 psi
applied to the concave side of the curved test panel. The boundary conditions around the
straight edges of the model were fixed to permit radial displacements only. This was done
to more accurately simulate a cylindrical shell subjected to internal pressure. Figures 4
and 5 represent strain contour plots of the curved panel model in the X and Y directions,
respectively.
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Figure 3. Deformation plot of compression panel
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RESULTS/CONCLUSION

A finite element model has been developed to study the structural response and scaling
effect of stiffened compression panels. This model will serve as a basis for further analy-
sis to conclude these objectives. The finite element model of the curved panel in the pres-
sure-box will be used to develop modifications to the pressure-box test machine for panels
with different radii. Further refinement of the model will be carried out to serve this pur-
pose.



Geographic Information System Data Analysis
Internal Operations Group
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Adam H. Shay
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August 7, 1995
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ABSTRACT

Data was collected in order to further NASA Langley Research Center’s
Geographic Information System(GIS). Information on LaRC’s communication, electrical,
and facility configurations was collected. Existing data was corrected through
verification, resulting in more accurate databases. In addition, Global Positioning
System(GPS) points were used in order to accurately impose buildings on digitized
images. Overall, this project will help the Imaging and CADD Technology Team(ICTT)
prove GIS to be a valuable resource for LaRC.



INTRODUCTION

Geographic Information System(GIS) is an integrated system of computer
hardware, software, and trained personnel linking topographic, demographic, utility,
facility, image, and other resource data that is geographically referenced. In other words,
the data is being related to images, maps, or easily understood graphics. GIS can support
decision making in areas such as planning design, maintenance, and repair. It can allow
for increased efficiency and accuracy and also provide improved decision making tools.
The import and export of database, computer aided design, spreadsheet, word processing
applications, and electronic images make GIS a valuable resource for organizing and
displaying data.

In order to facilitate the implementation of NASA Langley Research Center’s GIS,
communication, electrical, and facility configuration information was collected.

PROCEDURE

The initial project for the Imaging and CADD Technology Team’s (ICTT) summer
students was the exterior verification of NASA Langley facilities. Original building
brochure drawings, obtained from AutoCAD files and aerial photography, were used in
recording outside measurements. Each building had specific measurements which needed
to be taken. These were labeled on a hard copy drawing and given to teams made up of
three people. A World Wide Web building locator, on ICTT’s homepage, was needed to
locate LaRC facilities. Far too often, buildings could not be found on a conventional map
and the locator proved to be a useful and time efficient source. Once actual verification
began, digital measuring devices were used. However, factors, such as low batteries and
noise, made these tools inaccurate and unpredictable; therefore measuring tapes were
ultimately used. The results were then recorded and were later transferred to the drawings
and compared to the original brochures for any discrepancies. Once the nearly two
hundred facilities associated with the NASA Langley Research Center were measured, the
next phase of the summer project began. This involved the use of the Global Positioning
System (GPS). The GPS, developed by the Department of Defense, is a system of 24
functional satellites operating in six orbital planes which can give exact positioning of any
object using X-Y coordinates and GPS points through a signal from a transmitter. Teams
used fluorescent paint to mark GPS points from where the signal would be transmitted.
By tracking the signal transmitted from the point, GPS uses time and known variables in
order to determine the coordinates of each points placed next to the building. The
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Standard Positioning Service (SPS), a subsidiary of GPS, allows for horizontal accuracy
of 100 meters, vertical accuracy of 140 meters, and timing accuracy of 340 nanoseconds.

Another vital part of the project dealt with interior verification of the Langley
facilities. This involved going to each room and noting whether a room was a conference
room or office, the type of flooring in the room, phone and video jack locations, and the
configuration of each room. In a few buildings, room configurations were wrong and
changes on the floorplans were made. A major part of the interior verification was the
locating of the IDF/BDF systems. These systems are the power source of each facility.
IDF (Intermediate Distribution Frames) deals with the phone jacks and the associated
currents. Similarly, BDF’s (Building Distribution Frames) involve the circuits and
electrical aspects of a facility.

Using original floorplans information was transferred onto “D” size floorplans to
indicate where the jacks should be located (Figure A). This verification process was not
difficult to complete. Problems arose only when rooms had been reconfigured or if
furniture, such as book shelves, file cabinets and desks covered the jacks.

Following the completion of both interior and exterior verification, video footage
was taken from each facility. Conference rooms, IDF/BDF systems and the exterior
characteristics of each facility were recorded. This would later be implemented into the
GIS. The possible additional use of this footage would be a multimedia tour of NASA
Langley Research Center facilities. .

Finally, having gathered all the information, the process of data entry began.
Several students trained in the use of Microsoft Access entered the information into a
custom form in the database (Figure B). The buildings and room numbers were entered
along with all information gathered for each room.




RESULTS

Many inconsistencies were found while trying to locate buildings using the current
NASA Langley facility maps. Some buildings indicated on the map were no longer there
due to removal or relocation. In other cases, new buildings had not yet been added to the
facility map.

Once the buildings were located and measured it was found that original building
measurements were not consistent with the actual building measurements. Many buildings
dimensions varied from a few inches to a few feet. As mentioned before, due to
construction, remodeling or relocation of personnel, results varied when gathering
IDF/BDF, phone and network jack information. While the IDF/BDF ‘s for the most part
were consistent with floor plans, many of the phone jacks were not and were reconfigured
on drawings giving an accurate account of where each jack was located.

There were also many structural changes in buildings. New rooms were added and
walls had been rearranged. These changes were noted on the plans. After all these
changes were made, the above information was entered into a database making this
information accurate and organized to make it possible to obtain in time of need. The final
result is a new updated database and drawing with all vital information needed to support
the implementation of the GIS.

CONCLUSION

The gathering of information and use of the GPS unit on facilities at LaRC was
used by the Imaging and CADD Technology Team (ICTT) in an effort to correct the
electronic Master Plan, Building Brochure, and associated databases. After exterior
verifications, interior details, and master plans have been digitized they will be translated
to the GIS, which allows the user to obtain information through a visual image of LaRC
and its facilities. ICTT also uses GIS for space utilization as well as emergency response.
The information gathered will eventually make the GIS an even more efficient and
accurate tool to be used at Langley.

Apart from the research oriented skills acquired this summer, the Imaging and
CADD Technology Team’s summer student learned three valuable lessons in the form of
teamwork, communication, and organization. From the onset of the data collection,
teamwork was implemented into the daily schedule. Teams measured buildings,
completed interior verification, and video taped the exterior of buildings.
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Communication was a vital part of each team’s success. Ideas and methods had to
be properly conveyed between team members and problem resolution was achievable only
through appropriate communication. Finally, organization was a high priority. It was
imperative to maintain the drawings, database, information, and floorplans in an orderly
fashion. Each of these aforementioned qualities has helped develop the overall, individual
character of each LARSS summer student.
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Polarization and Characterization of
Piezoelectric Polymers

Hollie N. Bodiford

LARSS Summer Research
NASA Langley Research Center
Composites and Polymers Branch
Materials Division

August 8,1995

Abstract:

Piezoelectric materials exhibit an electrical response,
such as voltage or charge, in reaction to a mechanical
stimuli. The mechanical stimuli can be force, pressure, light,
or heat. Therefore, these materials are excellent sensors for
various properties. The major disadvantage of state of the
art piezoelectric polymers is their lack of utility at elevated
temperatures. The objective of this research is to study the
feasibility of inducing piezoelectricity in high performance
polymer systems. The three aspects of the research include
experimental poling, characterization of the capacitance ,
and demonstration of the use of a piezoelectric polymer as a
speaker.

45




46

Introduction:

"Piezo" is the Greek word that represents "pressure."
Hence, piezoelectricity describes the relationship between
pressure and electricity. Piezoelectric materials are those
materials that transform mechanical force into an electrical
response. The mechanical response may be a force,
pressure, light, or heat. Conversely, a piezoelectric material
will transform an electrical signal into mechanical motion.
The direct and inverse piezoelectric effects are illustrated in
Figure 1.1. Piezoelectricity is utilized in a variety of
applications as sensors and actuators. One aspect of this
research project was to design an amplifier to demonstrate
the use of a piezoelectric RAINBOW ceramic wafer as a
speaker.

Direct Effect Inverse Effect
Applied Pressure Dimensional
Expaision
Voltage™ Applied P
Output ™ Voltage _.— il
Sensors ; Actuators '

FIGURE 1.1. The direct and inverse effects of
piezoelectricity.

Piezoelectricity occurs naturally in some materials or
can be induced in polymeric and ceramic materials. Some
known materials in which piezoelectricity occurs naturally
are quartz and barium titanate. The initiation of




piezoelectricity in polymers and ceramics is created
through a process called poling. In the poling process,
molecular dipoles in the materials are aligned by an
external force field. This field may either be mechanical,
magnetic, or electrical. In this research, strong electric
fields were utilized to pole polymer systems.

Pioneering work in the area of piezoelectric polymers
by Kawai [1] in 1969 led to the development of piezoelectric
activity in a polarized flouropolymer, polyvinylidene
fluoride (PVDF) [2]. Currently PVDF is the only
commercially available piezoelectric polymer. A major
problem with PVDF as a piezoelectric polymer is that it can
not be used at temperatures above 50 degrees Celsius. This
is because the dipole alignment induced in the poling
process is spontaneously reversed at temperatures
significantly above the glass transition temperature (T,) of
the polymer. The glass transition temperature is defined as
the temperature region through which the mechanical
properties change from those of a brittle glasslike material
to those of a flexible rubbery material.

This research proposes to develop and characterize a
novel class of high performance piezoelectric polymers that
have several distinct advantages over state of the art
materials. These advantages include high temperature
stability, high mechanical integrity and utility in the space
environment.

The aspect of the research targeted during the LARSS
program was to utilize the poling process for polyimide films.
This research also included characterizing the capacitance
as a function of temperature of unpoled, poled, and
poled/clamped polymers and demonstrating the use of a
piezoelectric polymer as a speaker.
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Poling Polymers:

The process that induces piezoelectricity in polymers is
known as poling and is illustrated in Figure 1.2. In the
poling process polymers are subjected to electric fields large
enough to preferentially orient electrical moments. The
normal poling procedure implemented in these experiments
consisted of several steps. First a gold electrode with leads
was evaporated on each side of the polymer film.

(a) Unpoled

(b) Poled

V Applied

Figure 1.2. Orientation of dipole moments in the polymer

during poling.

The electroded film was then attached to the high voltage
poling apparatus. The poling set-up is shown in Figure 1.3.
[t consists of a Trek Model 20/20 High Voltage Amplifier
from which a voltage of approximately 3,500 volts was
applied across the film. The setup consists of two Fluke
8842A multimeters which monitor the voltage and current

during poling.




—_—1 volt
Meter
Computey
Sample Cell
|;=:| -t Temperature
Controller
Current
Meter High Voltage
S — Amplifier

Figure 1.3. Poling sét-up

The film was heated at a temperature 10 degrees below the
specific polymers' glass transition temperature (Tj), to
increase the mobility of the molecular dipoles. Each
polymer was poled at a constant time, approximately 5
minutes. After 5 minutes the polymer was taken out of the
silicon oil bath and quenched with isopropyl alcohol. It was
necessary for cooling to take place with the electric field on
in order to freeze in the dipole orientation.

There were three conditions that remained constant
during the poling process, the electric field (E,),
temperature (Ty), and poling period (t,). As shown in Figure
1.4 the polymers were poled for approximately 5 minutes
at a constant temperature (approximately 210°C). The
voltage was ramped to 3,000V and held constant for the
duration of the experiment. The current increased to a
value of 1.8pA and leveled off. The large spikes in the
current are due to arcing in the polymer.

49




50

| Polymer Pologram
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Figure 1.4. Pologram for a polyimide

Characterization of Capacitance

Properties:

One method for characterizing materials is to evaluate

their capacitance as a function of temperature.

In this

research a technique called parallel plate capacitance was
used. Parallel plate capacitance measurements are taken by
applying an electric field across a dielectric medium to
measure its polarization. The polymer is the dielectric and
the electrodes are the parallel plates, as shown in Figure 1.5.




Parallel Plates

Dielectric

{1 ]
Voltage

Figure 1.5. Parallel Plate Capacitance

From the capacitance measurements the dielectric
constant, Kk, can be calculated using equation 1.1.

ks ———— —
ASO (1.])

where d = thickness between polymer plates
g = permittivity of free space and is equal to
8.854 x 10-12F/m
A = area of the parallel plates
C = capacitance of the polymer

Various steps were taken to compare capacitance as a
function of temperature of the polyimide shown below in
Figure 1.6.

{@3@)@@0{?

Figure 1.6. Chemical structure of JPCYANO polyimide.
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A Data Precision Capacitance meter model 938 was
used to measure capacitance in a Blue M mechanical
convection oven model OV-472A-3. Measurements were
taken at 10° C intervals starting at room temperature and
ending at 211°C for an unpoled sample. This sample was
poled at 210°C for approximately 6 minutes and quenched
with isopropyl alcohol. The capacitance of the unpoled
sample was then measured over the same temperature
range. The capacitance measurements of the unpoled and
poled samples were used to calculate the dielectric constant
as a funtion of temperature using equation 1.1.

Capacitance measurements as a function of
temperature were taken for the polyimide JPCYANO shown
in Figure 1.6. This polymer contains a highly polar cyano
group (CN) which should preferentially align with the
electric field during poling. In order to characterize the
difference poling makes in the dielectric properties of a
polymer, the capacitance was measured for both poled and
unpoled samples of JPCYANO. As shown in Figure 1.7, the
dielectric constant increases with increasing temperature
for both samples. This rise in dielectric constant is due to an
increase in molecular mobility which occurs as the viscosity
of the polymer decreases at increasingly higher
temperatures. The dielectric constant is a measure of the
polarizability of a material. The unpoled sample has a higher
dielectric constant at temperatures well below the glass
transition temperature than the poled sample because in
the poled sample all of the molecular dipoles are have
already been polarized in the poling process.




Effects of Poling on Dielectric Constant
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Figure 1.7. Dielectric constant as a function of temperature.

Demonstration of Piezoelectric Effect:

The final phase of the LARSS research project was to
demonstrate the use of a PLZT ceramic RAINBOW wafer, as a
speaker. In order for the speaker to amplify signals from
the piezoelectric ceramic, a step-gain amplifier was created.
The following materials were utilized in the assembly of the
amplifier: a printed circuit board which contained a 10 k
potentiometer, an LIM386 amplifier chip, capacitors with
values of 100 micro-F,250 micro-F, 10 micro-F, .05 micro-

F disk, and resistors with values of 1.2 kilo ohms, 600 ohms,
and 10 ohms. Additional parts included a 9 volt battery
holder, chasis (bud box), a four position wafer switch, and a
terminal switch.

The design was assembled in the following manner:
first the printed circuit board was configured using the
necessary components. The circuit diagram is shown in
Figure 1.6. The second step was to draw the layout of the
bud box, place screw holes where necessary, and cut out
necessary holes. All of the materials were then placed in
the bud box. The leads were then attached to the PLZT
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ceramic RAINBOW wafer and the ainplifier. The bud box
was closed and the leads from the headset were attached to
the screws on the outside of the bud box.

St
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Figure 1.7. Circuit diagram for printed circuit board.

The frequency signals from the headset were sent
through the amplifier to the PLZT ceramic rainbow. The
amplifier buffed or made the sound clear. The sound then
traveled to the ceramic where the vibrations caused the
ceramic to pulsate producing music. The piezoelectric
ceramic also acted as a microphone when the cycle was
reversed. External noise was input directly into the ceramic
and sent through the amplifier. The external noise traveled
to the headset where the sound was recorded. The overall
quality of the speaker was excellent.

Conclusions:

The process of using parallel plate capacitance was
successfully completed by applying an electric field of
approximately 10°C below the glass transition temperature
across the polymers. From the graph of capacitance as a




function of temperature, it was observed that the
capacitance increased with an increase in temperature due
to increase in molecular mobility. The final aspect of the
summer research was to use a piezoelectric RAINBOW
ceramic as a speaker. A step-gain amplifier was created in
order to construct a circuit that would use the piezoelectric
RAINBOW ceramic, PLZT, as a speaker.
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ABSTRACT

The development and application of new technologies in the United States has
always been important to the economic well being of the country. The National Aeronautics
and Space Administration (NASA) has been an important source of these new technologies
for almost four decades. Recently, increasing global competition has emphasized the
importance of fully utilizing federally funded technologies. Today NASA must meet its
mission goals while at the same time, conduct research and development that contributes to
securing US economic growth. NASA technologies must be quickly and effectively
transferred into commercial products. In order to accomplish this task, NASA has
formulated a new way of doing business with the private sector. Emphasis is placed on
forming mutually beneficial partnerships between NASA and US Industry. New standards
have been set in response to the process that increase effectiveness, efficiency, and timely
customer response.

This summer I have identified potential markets for two NASA inventions:
including the Radially Focused Eddy Current Sensor for Characterization of Flaws in
Metallic Tubing and the Radiographic Moiré. I have also worked to establish a cooperative
program with TAG, private industry, and a university known as the
TAG/Industry/Academia Program.




Technology Trahsfer

The development and application of new technologies in the United States has
always been important to the economic well being of the country. The National Aeronautics
and Space Administration (NASA) has been an important source of these new technologies
for almost four decades. Recently, increasing global competition has emphasized the
importance of fully utilizing federally funded technologies. Today NASA must meet its
mission goals while at the same time, conduct research and development that contributes to
securing US economic growth. NASA technologies must be quickly and effectively
transferred into commercial products. In order to accomplish this task, NASA has
formulated a new way of doing business with the private sector. Emphasis is placed on
forming mutually beneficial partnerships between NASA and US Industry. New standards
have been set in response to the process that increase effectiveness, efficiency, and timely
customer response.

The Technology Applications Group (TAG) at Langley Research Center has
developed a process to effectively transfer NASA-developed technologies and expertise to
the private sector. This summer I worked under the mentorship of Rosemary Baize and
Cheryl Allen, both of whom are part of the Medical/Instrument/Sensors/Environment and
Energy (MISEE) team of TAG. I have had several tasks throughout the ten week period
and I have worked with many people in TAG.

My first task was to search for a potential market for a patented invention that was
developed in the Non-Destructive Evaluation (NDE) Sciences Branch. NDE technologies
are used to remotely inspect an object without having to destroy the subject. I started off
by obtaining a list of NASA researchers from Ms. Baize. I then utilized the LaRC patent
office by getting a list of all patents and invention disclosures by each researcher. After
reviewing, the list, we were able to narrow it down to a shorter list of inventions that may
be used for some type of NDE. I then pulled each patent/invention disclosure file and read
through each one. 1divided the files up into different types of NDE. The categories were
eddy current/electromagnetic flaw detector, ultrasound, x-ray, and acoustic emission. I
then decided that I was most interested in pursuing an invention that could inspect pipelines
in a non-destructive manner.

The oil refinery industry uses thousands of miles of steel and stainless steel
pipelines. The weld joints between them are 3 to 4 inches thick and are wrapped with an
aluminum layer. Corrosive materials that flow through the pipes in time cause the pipes to
rupture due to wall thinning . The oil leak can cause extreme environmental damage and it
can also cause the company to lose money. Since access to the welded joints is often
limited, a device is needed that can remotely inspect weldments and critical pressure vessel
joints in the pipes. The problem is that many current methods have high sensitivity to small
changes in the conductivity and permeability of the test piece which is known to vary at the
weldments.

I chose a patented eddy current invention by Buzz Wincheski called Radially
Focused Eddy Current Sensor for Characterization of Flaws in Metallic Tubing. This
invention is a modification of the already patented NASA invention called the “Simpson
Probe” and it helps to alleviate the high sensitivity of current eddy current methods. This
modified probe can be placed into a tube to detect longitudinal fatigue cracks and flaws.
The probe then induces eddy currents into the tube walls. The magnetic flux is such that in
the absence of damage, there is no link between the coil so no signal is produced. If there
is a flaw, the induced eddy currents in the tube walls are forced to flow around the flaw.
The magnetic field associated with the currents links the pickup coil and an emf is generated
across the pickup coil leads. The induced voltage indicates the presence of a flaw.

After thoroughly reading the invention disclosure to understand the invention, I
proceeded to search for commercial partners that might be interested in liscencing the
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technology. Thanks to a report from the Research Triangle Institute, I was able to obtain a
list of Market Share Estimates for Manufactures of Eddy Current Testing Equipment.
Upon locating a company, we came to the realization that the invention had only been
disclosed and that it wouldn’t be filed with the US Patent and Trademark Office until mid-
September. We were unable to begin working with a commercial partner on this particular
invention because the case had not been filed and we were concerned about protecting
NASA'’s intellectual property.

Since I was unable to complete the process for the eddy current, I moved on to -
another category of NDE. This time I chose x-ray inspection. The “Radiographic Moiré”
was invented by LaRC researcher Eric Madaras. Originally, this invention was designed to
remotely detect stresses and strains in the free wall of space shuttle tires. The radiographic
moiré or X-ray moiré is accomplished by attaching a fine grid of radio opaque lines to the
surface of the area to be inspected. The pattern can also be embedded within the material or
the pattern already existing in the material may be used. X-rays are passed through the test
specimen and detected on photographic film. The compilation of the two sets of lines
produces the moiré effect which is used to locate strains in a particular area. In this case the
area would be the cords and belts in radial tires.

We felt this invention could be of great use to the commercial tire and retread
industry. I familiarized myself with CD-ROM in the library to access business directories.
I obtained a list of only American tire companies since the patent does not have foreign
protection. I also made contacts with the International Tire Association and the American
Retreader’s Association. These two associations helped me to get an idea of what tire
companies controlled the new tire and retread market in the US for manufacturing. (see
Fig. 1-A, 1-B) Rosemary, Cheryl, and I then met with Eric Madaras, the inventor, to
discuss our plan with him and to get some feed back from him. The meeting went very
well and Mr.Madaras was interested in finding some commercial use for the technology.
Also to better understand how retreads are manufactured, we took a plant tour of Bandag,
Inc. in Newport News, VA. The trip was beneficial in that we were able to see the current
methods used in detecting flaws in tires and how those flaws are repaired. Interestingly,
several x-ray manufacturing companies submitted request about the new technology rather
than tire companies. I believe this may have been because tire companies are looking for
technologies they can buy off the market rather than potential license agreements.
Hopefully, one of the x-ray companies will be interested in forming a partnership with
NASA to further develop the radiographic moiré.

My second major tasks this summer has been to develop a TAG, industry, and
university cooperative program. Bob Yang in the Technology Applications Group has
developed the TAG/Industry/Academia Exchange Program. (see Fig. 2) Since
government funding for many programs is in decline, this new program would solicit
funds from private industry to be donated to the university for further development of a
NASA technology. Cooperation between NASA, academia, and the private sector will
help to better solve market needs. Together TAG and North Carolina A&T State
University are searching for the appropriate industry partners. Once this is accomplished,
the University will be able to make contact with NASA researchers and facilities through
the Virtual Tech Transfer Center or Picture Tel. Students and faculty will have the funding
to develop the product for the interested commercial partner who will in turn have their
need or want satisfied. The long-term outlook of this process is to have a
COmmercialization OPportunity PRogram (COOPR) that will allow universities to
compete for the chance to further develop a technology.

Some other minor tasks I have completed this summer include answering
information requests on thermographics and heat flux microsensors. I have also pursued
my interest in patent law by working with members of the LaRC patent counsel team.
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Abstract

The work conducted during the Summer of 1995 for the Langley Aerospace Research
Summer Scholars, or LARSS, Program was a continuation of Master’s Degree work
being conducted for the Mechanical Engineering Department at Old Dominion University.
Since this work is not yet complete, an update of progress is provided here along with a
generalized background. The main emphasis of this research is to find predicted
correlations in the database generated by the SHIP3D code, which modeled different
scramjet combustor configurations.




Introduction

The next step in the evolution of aerospace propulsion is the bridging of the gap between
today’s high performance jet engines, known as ramjets (Mach 3-6), and rockets (Mach
25 +). The engine which fills this gap is the supersonic combustion ramjet. Ramjets are
essentially self-propelling engines except that they need to be brought to an initial speed of
approximately Mach 2.0 before they can operate. This engine is comprised of an inlet, a
subsonic diffuser, a combustion section, and an exit nozzle. Air entering the engine is
initially slowed in the inlet causing its static pressure to increase by use of oblique shocks.
The air then passes through the subsonic diffuser where it is compressed further. This
compressed air is subsequently heated in the combustor and then expanded through the
exit nozzle at a velocity exceeding the inlet velocity. This increase in the speed of the
working fluid is what provides thrust in the direction of flight. Ramjets require the
velocity of the incoming air to be decreased in the supersonic and subsonic diffusers in
order to prevent the combustor flame from blowing out.

At speeds greater than Mach 6, ramjets become inefficient due to the incoming air being
slowed down to subsonic speeds. These inefficiencies manifest themselves as pressures
too high for the combustor structure, excessive wall heat transfer rates, high total pressure
losses from strong shocks, and energy losses to chemical dissociation '. To overcome
these limitations, it is desired to induce combustion while the engine internal velocities are
supersonic. Hence the need for a supersonic combustion ramjet, or scramjet. In order to
bridge the gap between ramjets and rockets, it is desired that vehicles propelled by
scramjets are able to obtain orbital velocity (*Mach 25). Studies have shown that in order
to propel a vehicle to Mach 25, internal flowrates through the scramjet will need to be
between Mach 2 and Mach 8 >,

When low earth orbit is desired, hypersonic airbreathing propulsion (Mach 5+) is an
economically viable alternative to rocket propelled vehicles. The table below shows a
takeoff weight breakdown of a typical aircraft and a conventional rocket launcher.

Typical takeoff weight breakdowns. From Heiser et al.* p.16

Takeoff Weight Fraction Aircraft Rocket
Payload 15% 4%
Empty 55% 7%
Fuel 30% 24 %
Oxygen 0% 65 %

Note that the largest fraction of a rocket’s takeoff weight is oxygen and that this large
investment of weight takes away from the vehicle’s empty and payload weights. It is
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important to note that ‘empty weight’ includes items such as life-support, fuel tanks,
power, controls, and engines.

A hypersonic airbreathing vehicle, on the other hand, acquires it’s oxygen from the
medium through which it traverses. This allows more takeoff weight to be invested in the
payload as well as the vehicle empty weight. It has been proposed to reduce the fuel
weight by using cryogenic hydrogen as the fuel, thus allowing for further reduction in
takeoff weight as well as providing vital cooling potential for the internal engine
components. Another important advantage to using hypersonic airbreathing vehicles
based upon conventional aircraft design is the ability to use existing conventional runways,
thereby not requiring any special launch facilities.

In order to obtain escape velocity, an airbreathing hypersonic vehicle will have to spend a
majority of its acceleration time under power of scramjets. Therefore, the design
optimization of this engine system is of greatest importance. The key to this optimization
is the efficiency with which the fuel is mixed with the air passing through the engine.
Work is currently underway at NASA Langley Research Center in Hampton, VA on the
theoretical, as well as experimental, development of fuel mixing in scramjet engines.

Due to the cost of physical experimentation for these high-speed conditions,
computational modeling is an attractive option. The use of Computational Fluid
Dynamics (CFD) has been a great boon to hypersonic research. One code used to model
the three dimensional physical processes inside a scramjet combustor is the Supersonic
Hydrogen Injection Program, or SHIP3D. This code uses a four species combustion
model in conjunction with the parabolized, mass-averaged equations for the conservation
of mass, momentum, total energy, total fuel, and turbulence fields. The governing
algorithm is the SIMPLE (Semi-Implicit Method for Pressure-Linked Equations)
algorithm created by Patankar and Spalding. For a more in depth discussion of SIMPLE
the reader should refer to reference 4. SHIP3D was run modeling three different types of
fuel injector (ramp, flush wall, and strut) with various parameters (i.e., fuel/air ratio,
combustor length, injection angle, etc.) being changed. The objective of this Master’s
thesis is to look at various physical processes occurring around the injectors themselves
and create a computationally derived database of these processes.




Summary

The following is a summary of work done as of August 8, 1995.

At the present time, a complete and thorough literature search is underway as well as
developing plots of mixing efficiency vs. combustor length. Upon receiving the output
from one of the flush wall injector cases, as well as a copy of SHIP3D, the first task was
to see what the total stagnation enthalpy, total pressure, and the temperature were doing
as the flow progressed through the computational combustor. After determining that mass
conservation was being maintained by the code, it was desired to see what the individual
species stagnation enthalpies were doing. This had a two fold effect. It allowed for a
microscopic understanding of the combustion reactions taking place, but more
importantly, it allowed for an in depth understanding of just what exactly the code is
calculating and how it is calculating it.

One of the biggest difficulties in this project has been figuring out just how SHIP3D
computationally recreates the various physical processes occurring within the combustor.
This code has been modified for well over 15 years and was called HISS (Hydrogen
Injection of a Supersonic Stream) as far back as 1977. Due to the years of modification
by numerous individuals, as well as a lack of a concise cataloging document listing these
changes, it has become difficult to have questions concerning the inner workings of the
code answered quickly. This has led to a heavy investment of time in deciphering just how
SHIP3D operates.

After determining the stagnation enthalpies for the individual species, it was decided to
look at the pressure and viscous drags across the fuel injector. This was when some
problems began to arise. In order to determine the pressure drag across the injector itself]
the code had to be rerun so that the output would contain information for the desired
locations in the combustor. After rerunning the code, it was found that the momentum
losses were not adding up to equal the change in integral stream thrust. This is currently
assumed to be due to mass loss inherent in the code itself as a result of the grid patching’.
It was also found that when the code was rerun, the values for pressure drag began to
diverge from previously calculated values (i.e., the database currently under study). The
reasons for this have yet to be determined. It was assumed that the same input file was
being used as in previous runs, so in order to maintain any consistency, the previously
calculated values are going to be assumed to be the correct values.
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ABSTRACT

The topic of stress tunable laser crystals is addressed in this study with the purpose of
determining the piezo-optic coefficients of a new laser material. This data was collected using a
quadruple pass birefringence technique because of its high degree of sensitivity relative to the
other methods examined including fringe shift analysis using a Mach-Zender interferometer. A
green He-Ne laser was passed through a light chopper and Glan-Thompson prism before entering
a crystal of Erbium doped Yttrium Aluminum Garnet (Er:YAG) (used in order to validate the
experimental technique). The Er:YAG crystal is mounted in a press mechanism and the laser is
quadruple passed through test specimen before being returned through the prism and the
orthogonally polarized portion of the beam measured with a optical sensor. At a later stage, the
Er:YAG crystal was replaced with a new crystal in order to determine the piezo-optic coefficients
of this uncharacterized material. The applied load was monitored with the use of a 50 Ib. load cell
placed in line with the press. Light transmission readings were taken using a lock-in amplifier
while load cell measurements were taken with a voltmeter from a 5 volt, 0.5 amp power supply.
Despite the fact that an effective crystal press damping system was developed, size limitations
precluded the use of the complete system. For this reason, data points were taken only once per
full 'turn’ so as to minimize the effect of non uniform load application on the collected data.

Good correlation was found in the transmission data between the experimentally
determined Er:YAG and the previously known peizo-optic constants of non-doped crystal with
which it was compared. The variation which was found between the two could be accounted for
by the aforementioned presence of Erbium in the experimental sample (for which exact empirical
data was not known).

The same test procedure was then carried out on a Yttrium Gallium Aluminum garnet
(YGAG ) for the purpose of establishing values of its unknown piezo-optic constant tensor using
experimentally collected transmission data. Significant variation between the piezo-optic
constants of YAG and YGAG crystals was found however, the excellent data correlation of
separate experimental runs carried out on the YGAG sample demonstrates the validity of these
results. The data collected during the stressing of the YGAG was of high quality, however the
amount of data collected was somewhat limited by a fracture of YGAG specimen which
undoubted altered the crystalline lattice structure and hence precluded any further testing.




| Introduction

A solid state laser is typically thought to operate at a particular wave length (such as the
Helium Neon laser). In the case of those using lanthanide series atoms, however, the lasers have
a slight tunability around the line center. Different wave lengths of light are employed in various
applications because of the optical properties ( such as absorption or transmission) which a given
applications requires. Light is transmitted and absorbed by different media at various wavelengths
and often, a given laser will not operate at an ideal wavelength for a desired application. As one
solution to this problem a laser my be essentially tuned using a variety of photoelastic methods.
As a stress is applied, the predominant effect is a proportional change in the element overall
dimensions, mainly a compression in the direction of the applied stress and an expansion
perpendicular to it. Other such techniques have been employed which, as a second order effect,
change the refractive index of the laser through direct manipulation of the laser crystal itself. One
manifestation of this photoelastic effect involves the heating of the laser crystal in order to bring
about thermal expansion to introduce a strain, which yields a change in the optical path length and
hence the resulting change in the material through the thermo-optic constant. The topic of this
report, however, involves the application of mechanical rather than a thermal stress (through the
use of a screw press) which compresses and eventually strains the material, altering its refractive
index, and consequently changing the values of the piezo-optic constants used to theoretically
predict the effect of stress on the refractive index .

The experimental intention is to first establish an accurate method of incrementally
stressing an erbium doped yttrium aluminum garnet and to replicate the previously determined
values of the piezo-optic constants of the sample for validation purposes. Next, the same
experimental procedure is carried out a second time on a material for which the piezo-optic
constants are not known. Utilizing the validated photoelastic technique, a value of the
transmission through the laser material per incremental load applied is obtained and evaluated
with the use of a theoretically in order to 'back-calculate' the values of the piezo-optic constants
of this unknown material.
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THEORY

The purpose of the experimental research addressed in this report is to facilitate the tuning
of the wavelength of a laser through the application of a direct mechanical stress in order to alter
the crystalline lattice structure and hence, the performance characteristics of the laser itself.
Theoretically, this change in the lasing material's optical properties is evident in a fourth rank
tensor composed of the piezo - optic constants (denoted qj;1). The below relationship relates
these piezo-optic coefficients , the applied stress tensor and the relative dielectric tensor 'K'
where repeated indices indicate summation:

AKD); = gkt * ojjk1

The piezo-optic constants describe the effect of stress on the index of refraction of the
material and it is the index of refraction which dictates many of the optical properties which a
given material exhibits. In carrying out calculations on the photo elastic effect, the inverse of the
relative dielectric tensor (called the relative dielectric impermeability tensor and expressed as 'B')
is used in defining equations. The components of this 'B' tensor are the coefficients of the
'indicatrix’; a graphical representation of optical properties expressed as an ellipsoid of wave
normals. The value of the semi-axis of these wave normals are the square roots of the dielectric
constants which compose the 'B' tensor and coincide in orientation with the principal dielectric
axis of the laser material as well. The unstressed material has an index ellipsoid equation similar
to that of a sphere, however after a stress is applied, this 'indicatrix' equation changes significantly
and correspondingly, alters the values of the refractive indices as well. Nevertheless, if shear
stresses are minimal, the local material axes will remain oriented with the principle axes.

The elasto-optic constant (expressed as 'p') relates changes in the refractive index to strain
and also yields information pertaining to the aforementioned piezo-optic constants of the material
strain as well via the following relationship:

Pijkl = Qijrs * Crskl

The materials to be tested are of a crystalline atomic structure therefore, in their least
symmetric form can have up to 36 independent piezo-optic constants and 21 independent elastic
constants. Due to the benefits of symmetrical lattice structure however, many of these values go
to zero. A cubic material will typically possess only three such independent, non-zero constants
and in the case of the isotropic materials, only two. Because the dielectric impermeability tensor,
stress and strain tensors are all symmetric, a more simplified notation for these expressions is
typically adopted as follows where 'c' is a component of the elastic stiffness tensor:

A(Bm) = AK D = qmn * op
9mn = Pmr * Sm

Pmn=9mr * ¢m




The theoretical basis for the experiment is the relationship which expresses the difference
in optical path length between the two components of a beam of light incident on a crystalline
specimen. The beam exits the crystal, having split into two components parallel and perpendicular
to the optical axis and differing in optical path length as follows :

A=d*(ng-ne)

The length of the crystal is 'd’ and ny & n, are the differing indexes of refraction of the two
components. Expressed in terms of phase shift the above expression becomes:

ADP=Q2rn/A)*[1*(ng-ng)]
Recall prior mention of the form of the refractive index ellipsoid and its sensitivity to the photo-

optic effect. Assuming a cubic material, the equation of the 'indicatrix' ,which had been that of a
sphere, is now of the following form as a result of the applied stress:

(1/n2+qua*o) *x2F (1/n2+qpax o) *y2 T (1/n2 +qipx0p) * 22~ ]
Solving this equation for the index of refraction in the x and y directions :
n, = n*(1 + n2 * q2 * 02)'1/2 and ny = n*(1 + n2 * Q0 * 02)‘1/2

If these values are inserted into the previous expression of phase difference through the
specimen:

A®=((r*n3*D)/N)*(q11-912) * 02

With an expression for the phase difference, the transmission of a polarizer plus wave plate plus
analyzer assembly on a quadruple pass is expressed as:

T=S/Sy=sin2(d/2)=AD2/4
T=8/So= {[(4n*n3 *)/A)* (q11-q12) * (F/A)}2 /4

It is this expression which is used to validate the expérimental method by matching the
theoretically determined transmission of a material with known optical properties to that obtained
by examining the coefficients of the curves fitted to the experimental data. In addition, this
expression is then used to 'back-calculate' the piezo-optic coefficients of a new material using
experimentally determined transmission values.
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Experimental Apparatus

Throughout the course of the experiment three different optical assemblies were utilized; a
Mach-Zender interferometer as well as both a single and double pass variations of birefringence
analyzers in order to obtain improved sensitivity and resolution. Throughout this series of
experimentation however, several of the experimental components have remained constant.

The light source used for all three cases was a green Helium-Neon laser operating at a
wavelength of 543 nanometers. In addition, the specimen stressing apparatus was a spring
loaded crystal press. The base and threaded screw head are constructed of a stainless steel,
however the frame was made of a plastic. The screw shaft itself was also constructed of steel
with a spring loaded tip capable of applying approximately fifty pounds of force over 9-10 full
turns. The screw shaft originally contacted a precision machined stainless steel piston with
provisions for a sub-surface mounted thermocouple.

Over the early portion of the experiment it became evident that it would be necessary to
characterize the performance of the press in order to draw some correlation between the number
of turns and the actual load being applied as well as to establish what degree of uniform loading
could be obtained using the basic assembly. In order to determine the load/turns relationship in
effect, it was necessary to measure the compressive stress being applied at specified radial
positions. A 50 pound load cell was enlisted for this task which used a four strain gauge
arrangement in a Wheatstone bridge circuit measure load. The strain gauge measures change in
dimension of a specimen (a load cell in this case) by passing a small current through a fine
conducting wire which is attached securely to the surface of the loaded specimen. Half an amp of
current from a five volt power source is put across two legs of the bridge (that is through the
strain gauges) and is ultimately measured across the other two legs by a voltmeter. As a load is
applied, the gauge and the specimen are deformed, resulting in a change in the resistance since
the resistance of a conductor is a factor of , among other things, its cross-sectional area. The
change in the circuit resistance is reflected in a voltage reading which may be converted directly
into a load value, so long as the value of the shunted bridge is known as well. This value is used
in the calibration of the load cell , in conjunction with additional manufacturer supplied calibration
constants to account for changes which have occurred in the bridge circuit due to temperature
variation, variation in electrical connection quality and so on. It is obtained by inserting a
calibration resistor in parallel into the Wheatstone bridge circuit to obtain a shunt calibration
value, from which the circuit sensitivity is found and, when multlphed by the transducer (load cell)
output, is the applied load in pounds.

Early data readings lead to a suspicion that loading conditions were strongly dependent
upon the azimuthal position of the screw shaft and readings obtained from the load cell confirmed
this suspicion. The applied load, although linear in its overall trend, is oscillatory in nature about
a linear mean value which strongly suggests non-uniform loading conditions. In order to remedy
this situation, several damping mechanisms were introduced to the system. In order to eliminate
variation in the load application point (suggested by the small circular pattern etched into the top
piston face) a two piece piston / shaft assembly was fabricated with a ball spacer between them
was utilized and a clear damping effect was observed in the resulting data. In addition, a hard
rubber disc was also placed on the bottom face of the piston (which contacts the test specimen)
which proved to have a substantial additional damping effect when used in conjunction with the
two piece piston. Satisfactory data was obtained with this experimental assembly however for the
actual experiment, the load cell was placed in line with the test specimen. This experimental




setup eliminated the need for a load / turns correlation but also precluded the use of the complete
damping assembly as there was not enough room in the screw shaft to accommodate both the
load cell and the shaft portion of the piston /shaft assembly. The shortened piston along with the
rubber padding and the ball-bearing were used in all the experimental runs.

The Mach-Zender interferometer allows the projection of light interference fringes
which, when a load is applied are caused to move. This shift in the interference fringes with
applied load results in a series of nulls in output intensity which can be expressed in fringe shift
per unit load with the below equation and hence, yield the desired piezo-optic constants. In the
Mach-Zender the laser is passed through a beam splitter, resulting in two beams of like
characteristics. One of the beams is then passed through the test specimen and the two beams are
then made to interfere. Destructive interference fringes occur essentially when the 'peak’ and a
'trough' of a two photon waves interact and produce a null. Since the two beams travels different
path lengths, they are out of phase when they do interfere, the fringes are visible. As a load is
applied a fringe shift occurs (a phase difference of 2 pi corresponds to one whole fringe) but it is
often difficult to apply a sufficient load to cause a shift of even one fringe without fracturing the
test material. This proved to be true in our case and the Mach-Zender approach to interferometry
had to be abandoned in favor of a system with greater sensitivity.

The second experimental arrangement employed light polarization as the measurement
tool with which the birefringence was observed. The same He-Ne laser and crystal press were
used, but this time in conjunction with a Glan-Thompson prism in order to facilitate examination
of photoelastic effects using a birefringence measurement. The Glan-Thompson prism illustrated
in figure #5 is made by diagonally cutting a single rectangular calcite crystal, grinding and
polishing the cut inner faces and then bonding the calcite wedges together with a small gap.
Calcite crystal is an anisotropic crystal which has the property of double refraction when struck by
an incident beam A single laser beam which enters the crystal will then leave it as two beams, not
only separated, but also orthogonally polarized. The crystal essentially resolves the incident beam
into two perpendicular plane polarized rays due to the crystals birefringent properties. The effect
of the Glan-Thompson arrangement of two such prisms is to essentially eliminate one of two
incident waves which pass through it. Since the air spacer which separates the two prisms has and
index of refraction lower than that of the two emerging beams, the essentially undeflected beam of
higher refractive index is removed by total internal reflection at the interface while the beam of
lower index of refraction is transmitted.

The now polarized beam is passed through the specimen which if it is unstressed, does not
alter the optical path length. The specimen itself acts as a waveplate, breaking the plane polarized
light again up into two components. That component with vibrations parallel to the specimen
optic axis moves faster through the specimen than that which vibrates perpendicular to it, thus
resulting in a difference in optical paths as well as corresponding phase difference. The stressed
specimen's optic axis has a single axis of symmetry with respect to crystal form, atomic structure
and in this case, the applied stress as well.

The beam passed through the specimen, is reflected, and is passed through a second time.
The benefit of this 'double pass' setup. (or the 'quadruple pass' used in third and eventually final
experimental set up) is to effectively double (or quadruple) the magnitude of the change in optical
path length due to the application of the load to the specimen and hence affect a corresponding
magnification in phase shift and optical sensor signal intensity. The beam is then directed back
into the Glan-Thompson prism where the orthogonally polarized portion of the beam is reflected
into an optical sensor with which the return beam intensity is measured. This sensor effectively
converts the photon signal of the light into an electrical signal which is expressed as a voltage.
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When used in conjunction with a light chopper and a lock-in amplifier, the beam of interest may
be modulated at a given frequency by the chopper, and only that frequency signal received by the
sensor will be reported by the amplifier.

EXPERIMENT

In order to validate the experimental method, an Er:YAG laser crystal was tested initially.
Incremental data readings were taken from zero to approximately fifty pounds - the maximum
load of the press and the design limit of the load cell. Next, 'Zero' readings were then subtracted
from both the transmission and applied load data and the load data was the converted from a
millivolt reading into pounds of force using the procedure outlined in appendix A. Using this data,
transmission verses load graphs were generated and a theoretically predicted curve fitted to it. As
described in the previous section, the transmission of the experimental system being used
( polarizer plus waveplate plus analyzer ) is given by a sinusoid squared relationship which may be
mathematically modeled as a Taylor polynomial. Neglecting higher order terms and fitting the
resulting fourth degree polynomial to the data set we are able to obtain an experimentally
determined value of transmission, expressed in terms of the independent 'force' variable. The
system has been predicted to be behave as sine squared and so we expect a very small constant,
linear and cubic terms and very large quadratic and quartic terms. Squaring the applied load data
values allows us to this fit the data to a simple quadratic and by dividing through by the
experimentally determined maximum signal intensity (S,) and the load cell sensitivity, we obtain a
result in terms of force squared.

The experimental procedure used in testing the Yttrium Gallium Aluminum Garnet
(YGAG) crystal was the same as the used in the previous case however, the data reduction
procedure was altered slightly. The overall specimen size was reduced by 75% while the overall
length remained the same resulting in greater applied force per unit area. It is then reasonable to
expect the resulting data to extend further into the quartic portion of the sine squared curve ( the
'peak’ of the sinusoid curve if you will ) and the resulting curve fit to be dominated by the higher
order quartic terms . For this reason the transmission data was first linearized by taking the
arcsine of the square root of the transmission and then fitted directly rather than linearly (i.e. y =
b x rather than y = a + bx ). In addition, once the value of transmission has been found it is
necessary to determine the YGAG material's refractive index as well. One may then solve for the
piezo-optic constants of the YGAG crystal using the aforementioned theoretical determined
equation for transmission and the experimentally determined data values.




RESULTS

The following set of result are of the Er:YAG crystal which was tested for the purpose of
validating the experimental method and compared with theoretical calculations. The percentage
difference between the two results is most likely due to the fact that experimental analysis was
performed on an Erbium doped YAG crystal while the theoretical calculations were carried out
using the piezo-optic constants of a non-doped conventional YAG crystal.

EXPERIMENTAL LASER TRANSMISSION : 35.8542x10-6 F2 (%)

THEORETICAL LASER TRANSMISSION : 30.38x10°6 F2(#)

PERCENTAGE DIFFERENCE : 15.27%

Listed below is the experimentally determined 'b' coefficient of the applied force over two
separate runs) obtained in directly curve fitting the experimental data ( y = bx ), along with the
percentage difference between them. Also listed are the experimental YGAG piezo-optic
constants (q11-q12) calculated using the data from these two runs along with their percentage
difference as well. Finally, the percentage difference is given of the average value of the
experimentally determined YGAG piezo-optic constants and that of the YAG crystal which was
used previously in the validation of the experimental method.

DIRECT FIT 'b' COEFFICIENT - RUN#1: 9.33x 10-3
DIRECT FIT 'b' COEFFICIENT - RUN#2 : 9.43 x 10-3

PERCENTAGE DIFFERENCE : 1.06%

EXPERIMENTAL (q11-q12) #1:  0.1313x10°12 pa-l
EXPERIMENTAL (qq1-q12) #2:  0.1328 x 10-12 pa-1

PERCENTAGE DIFFERENCE : 1.13%

(q11-912) YGAG / YAG PERCENT DIFFERENCE - 23.18%
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CONCLUSION

The transmission data collected during the experimental test validation showed good
agreement between the experimentally determined Er:YAG and the peizo-optic constants of non-
doped YAG crystal with which it was compared. As stated previously, the presence of Erbium in
the experimental sample is clearly a potential cause of the variation in results which was found
between the two. A non-doped YAG was not available at the time.

The same test procedure was then carried out on a Yttrium Gallium Aluminum Garnet
(YGAG ) in order to establish its piezo-optic constant tensor. Significant variation of 23.2%
between the piezo-optic constants of YAG and YGAG crystals was found however, the excellent
data correlation of separate experimental runs carried out on the YGAG sample - a 1.13% percent
difference- certainly bolsters the degree of confidence which can be place in the validity of these
results. Unfortunately, during later experimental runs a crack formed in the YGAG specimen and
thus the amount of data collected for this particular specimen was somewhat limited.
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ABSTRACT

The Emergency Operation Center (EOC) is a site from which NASA LaRC Emergency
Preparedness Officials exercise control and direction in an emergency. Research was conducted in
order to determine what makes an effective EOC. Specifically information concerning the various
types of equipment and communication capability that an efficient EQC should contain (i.e.,
computers, software, telephone systems, radio systems, etc.) was documented. With this information
a Requirements Document was written stating a brief description of the equipment and required
quantity t0 be used in an EOC and then compared to current capabilities at the NASA Langley
Research Center.

INTRODUCTION

Emergencies occur everywhere and can strike anyone. In case of an emergency the
response is of vital importance in order to control the situation and preserve the lives of the
people involved. To do this in a coordinated manner, guidance, control, and equipment are
needed. Here at NASA Langley Research Center emergencies such as natural disasters
(hurricanes, tornados, floods, etc.) or manmade disasters (fires, spills, etc.) must be managed in
a fast and accurate way to ensure the continuous operation of the center. For this to occur, an
Emergency Operations Center (EOC) must be established. In this Center, personnel will need
access to the most recent and reliable information when an emergency occurs, so they can
dispatch the appropriate personnel and equipment to the site of the emergency. Also from the
EOC, all other actions will be directed and controlled in order to proceed in a coordinated way
and thereby respond in an efficient and effective form.

The LaRC EOC is located in building 1248, Room 114 and it contains some equipment
but the EOC is not totally operational at this point. Some equipment is being bought and other
has to be ordered. The EOC will be activated in case an emergency occurs on the center and will
remain operational until normal operations are restored.

One of the most important aspects in achieving the objectives of the EOC is its equipment.
In order to operate under any circumstances, it has to be well equipped with all the tools
necessary to access accurate and on-time information and to communicate with the site of the
emergency and off-center. Research was conducted to determine what communication
capabilities the EOC should contain in terms of equipment in order to provide it's personnel with
the proper tools to ensure the operations at this NASA center.




RESEARCH SUMMARY

The search for information on what makes an EOC effective was not an easy task. There
were hardly any written sources of information available when search was performed at the LaRC
Library. So the approach taken was to compare LaRC 's EOC to EOC 's at other NASA centers.
Several centers were contacted: Kennedy Space Center, Johnson Space Center and Ames
Research Center. Wayne Kee, Emergency Preparedness Planning Officer at Kennedy Space
Center, mailed some information about their EOC procedures, a brief summary of their equipment
and a layout of their EOC. Robert Gaffney, from JSC, electronically sent their Requirement
Document and detailed information on their visit to the Los Angeles County EOC and
Consolidated Fire Protection District EOC. John Woods, Ames Research Center, is sending
some information on their EOC but it has not yet armived. In addition to contacting these centers,
efforts were made to contact the Federal Emergency Management Agency (FEMA), regional
agency. Besides all this, research was done on the Internet-Netscape where general information
on Greater Houston Transportation & Emergency Management Center, NACEC (North
American Center for Emergency Communications Inc.) Disaster Support Services and
Minneapolis Emergency Communications Center was obtained. The fire department at LaRC and
the Newport News Emergency Response Team were also visited as part of the research . A main
source of information was Doug Smith (LaRC Fire Chief), who is currently working on
improving the EOC capabilities.

Because Langley Research Center is located on a high risk area for hurricanes and floods
it is very important to have equipment that can give real time information on weather prediction
and hurricanes or storms tracking. Additional research was done to determine what would be
the best system for LaRC needs. The Kavouras company and the Weather Channel were
contacted to obtain information on their equipment and services.

In addition, the Security and Fire department dispatch facilities were joined and will now
be located in building 1248. To perform this consolidated function, a console was needed. The
AMCO company was contacted and a sales representative came to the Center to recommend the
most suitable console for this purpose. Several layouts were submitted by the company and one
which met the requirements was bought. s

After organizing the obtained information, a Requirements Document was written
explaining some general requirements that the EOC must satisfy and the type of equipment it
should contain in order to meet these requirements. The approach taken to do this Requirements
Document was to consider what the EOC personnel need to do in a specific emergency and then
state the equipment that will be required to accomplish this. The Requirements Document for the
LaRC Emergency Operations Center is as follows:
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REQUIREMENT DOCUMENT
EMERGENCY OPERATIONS CENTER

General Requirements:

1. Building construction should be resistive to natural hazards (earthquake and storms) and
should be located on a high lying area.

2. The EOC must be able to access the most recent and reliable information dealing with weather
conditions, building information, hazardous materials (quantity and storage place), pressure
isolation valves, electrical disconnect switches or switch gear and fire alarm sensors.

3. EOC 's personnel must be able to communicate with the people at the site of the emergency.
4. The EOC must be capable of communicating with the City of Hampton or the City fire stations.
5. EOC 's personnel shall be able to send emergency messages throughout the center and activate
the sirens from the EOC.

6. To ensure reliable operations of the center, backup power systems and redundancy of
communication systems are required.

7. Books, references, and all important telephone numbers should be readily accessible to the
EOC personnel.

8. The Center should include mark-up boards and maps of the Center (buildings, roads), to be
posted on the Center walls.

9. Personnel assigned to the EOC should be knowledgeable and competent when using the
equipment.

10. Drills should be conducted to verify the operation of the center and maintenance and
inspection of the equipment should be done periodically.

11. EOQC should have a storage stocked with food, fuel and water for personnel remaining
without outside contact or should have some sort of agreement with the cafeteria in order to be
provided with supplies.

In order to satisfy these general requirements, equipment requirements must be specified and they
are as follows:

Equipment Requirements:
I. Telephone Systems:

This is the major system used in receiving emergency calls, communicating off-center and
can be used to communicate with personnel at the site of the emergency.

This system includes telephones, cellular phones, a fax machine, a paging system and a
dedicated telephone line.

The EOC should contain at least one telephone unit, one Telecommunication Device for
the Deaf (TDD) unit and an emergency phone-dedicated line used in case of telephone failure.
This dedicated line is a separate phone line that can be used to call off-center. In addition the




EOC must have at least one fax machine and one paging system to contact key personnel. Also,
a minimum of five cellular phones should be provided for LaRC operations: Fire Chief,
Emergency Preparedness Officer, Office of Environmental Engineering, Head of OSEMA, and
Head of Security. Besides all this, being a NASA Center, government telecommunications
service, the GETS is available, a system which gives phone call priority service.

Currently there is a telephone unit, a paging system, a dedicated telephone line and two
cellular phones in the LaRC EOC.

I1. Computer System:

This system includes computers, scanners and printers.

Computers are needed on the EOC in order to have access to the most recent and reliable
information dealing with building information, hazardous materials (quantity and storage place),
pressure isolation valves, electric disconnect switches or switch gears and fire alarm sensors.
Computers should be open architecture which allows linkage to other computers at the center.

The EOC should contain at least three computers, (1) FIRST access-graphic interface
with the fire department (2) an INDIGO workstation and (3) a PC. In case of a fire alarm, the
FIRST access interface will show the building and room where the alarm was generated on a
graphic map. In addition, the interface will tell the number of handicapped persons assigned to
a building and any chemicals located there. The INDIGO workstation will be tied to FATBOY.
Here the GIS and all the building information may be found. This information includes the master
plan of building brochure, online high voltages, gas and water, and the information about safety
coordinators and safety heads. Approximate measurements of required monitors are 15", 17",and
21". In addition to the computers; the EOC should have at least one color scanner and two
printers.

Currently, on the EOC there is one computer, a PC with the software to simulate the other
two, but it is very slow and cannot run at the same time. The EOC also includes one black/white
scanner and two HP laser jet printers. Also the following networks and software are currently
available or accessible on the computer of the EOC.

Networks:

* larcnet-main system

* fatboy-GIS, building information

* harvie-material tracking system, Bionetics server will show the hazardous material
and chemicals on the center.

* DOD material tracking system

* clairborne-OSEMA sun workstation

* longstreet-network server tied to nas

* nas-lessons learned, IEEE parts and world wide interface

* gidep(Government-Industry Data Exchange Program)-very similar to nas
* neonet

Software:
* ARCINFO-imaging language, building brochure it is similar to CAD but better.
* EXCEED-workstation simulator, turn PC into Sun workstation
* VGAS-fire alarm graphical display, language for the FIRST access
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* PROLAB-material tracking system used for harvie

* GIDEP(Government-Industry Data Exchange Program) -own software

* AUTOCAD
The EOC should contain it's own license for ARCINFO, the latest version of AUTOCAD and
software for the INDIGO workstation if needed.

II1. Mobile Communication System:

During an emergency, personnel should respond and arrive at the site as quickly as
possible. Emergency personnel must be equipped with the necessary equipment to communicate
with the EOC or outside the Center if needed. People at the site must be able to have access to
the information on the computers in the EOC and send back information to the main computers.

This system should include a portable computer, fax machine, printer, telephone and a
scanner (smart case). Also required for this system are cellular phones and a radio system.

Currently there is one "smart case" available on the center but it is only functioning
partially, there is access to the main computer but cannot execute programs yet.

The radio system is important for communications with the emergency site and off-center
in the event of telephone failure.

This system includes handheld radios, base unit and dedicated handheld radios. The
dedicated handheld radios are to be used only by the EOC personnel during an emergency, they
serve as a backup system for the regular handheld units.

The EOC should contain at least one base unit, four dedicated handheld radios and
approximately 20 units of handheld radios. The radio system should also include a repeater radio
system. This allows the user to not to have to go through the base unit in order to communicate
to another user, with a 35 miles radius.

Currently there are available the 20 units of handheld radios and a base unit but these are
of an older type that have a 10 miles radius and need to go through the base unit to contact
another user.

I'V. Power Backup System:

In case of an emergency the EOC should be able to operate under any circumstances.

Diesel power generators are required in order to provide power for the EOC 's equipment.
Because diesel generators have a three-second lag time, battery backup is also needed. An
unlimited power supply, for computers and other equipment without battery backup should be
included.

Currently everything in the EOC and fire department has backup from diesel generators
which are located behind the fire station in building 1248. These diesel generators will last for
hours and once running out of power a fuel truck will supply fuel that will last for weeks.

V. Weather Station:
The LaRC center is located in a high risk area for hurricanes, floods and tornadoes and

therefore these natural disasters are more likely to strike this center. Because of this, it is very
important for the EOC to have some equipment that can help its personnel have access to the




most recent information on weather conditions; in order to alert the NASA community working
here and to take the necessary steps to prevent any fatal outcome that may occur.

The EOC should have equipment that can give real time information on weather
prediction and hurricanes or storms tracking. The Kavouras company offers some equipment
to meet these needs. Probably the two that can best suit our needs are the RADAC 2100 or
VISTA 1500. The RADAC 2100 is a multitasking , on duty, 24 hours a day weather workstation
that gives nationwide real time access to weather information and the VISTA is a weather briefing
station, quick one touch that gives rapid reviews in real time.

Currently the Weather Channel is available on the center and information can be obtained
from the Internet.

VI. Other Equipment:

This includes some other specifications or equipment that is not available now at the EOC.
EOC 's personnel should have access to an emergency broadcast system (EBS) as a way
of alerting the people throughout the center and giving them directions in case of an emergency.
The EOC should also contain the following:
TV and VCR
AM/FM radio, batteries
At least four units of rechargeable flashlights

CONCLUSION

Because of lack of time, this project was not totally finished. The research or search for
information took longer than expected so the project was delayed. Once finished with the
Requirements Document, layouts have-to be made of the EOC in order to distribute the
equipment in the most favorable way. :

Through the research conducted a good deal was leared on emergency response. The
EOC plays an important role in this and if properly equipped, can help minimize the loss of
human life and property damage. In conclusion, although we are now in the process of updating
the EOC, once finished, it will contain state of the art equipment that will help it's personnel
control any emergency on the Center.
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ABSTRACT

The NASA Langley Research Center’s Educational Programs Officer, Marchelle D.
Canright, gave me two main assignments to be completed by the end of the ten-week LARSS
Program. These assignments were to redesign the NASA Langley Teacher Research Center (TRC)
brochure and create new home page templates for the TRC and Office of Education. I worked with
NASA Education Specialist, Jane George and the TRC director Nick Koltun for instruction in
copmleting these assignments. The main objective of my assigned projects was to create designs
that reflected NASA’s educational goals, related to the TRC, and the Office of Education’s desire
for high aesthetics in their multimedia materials. The Office of Education did not just want their
current TRC brochure and home page to be reworked, but; they wanted these items to be strong
visual representations of the TRC’s purpose.




1995 LARSS TECHNICAL REPORT

The NASA Langley Teacher Resource Center (TRC) was established to provide educators
immediate access to information generated by NASA'’s programs, technologies and discoveries.
Any design for a TRC brochure or home page will have to represent this purpose. NASA Langley
Research Center’s Education Programs Officer chose me to complete assignments of redesigning
these items based on my field of study, graphic design, and the creativeness of portfolio work. As
a designer, I have the desire to present ideas that meet the client’s expectations using my personal
design style. I like to think of this desire as the designer’s desire.

I approached redesigning the TRC brochure as if it were a puzzle. All the pieces were laid
out for me; I just had to put them together. The pieces I had to work with were the NASA logo,
the TRC logo, the Virginia Air and Space Center logo and a wealth of information about the TRC’s
purpose and services. Simplicity was my goal. I wanted to make the pieces fit perfectly without
many useless graphics and jargon. I spent a week at the TRC to get a feel for its system of
operation and how the director carried out NASA'’s purpose for Teacher Resource Centers into an
everyday procedure.

I developed three ideas for the new brochure’s design. The first idea used the same apple
from the original TRC logo and the Virginia Air and Space Center logo, which were linked
together, along with the NASA logo, by an airplane. The airplane flies around each logo and
symbolizes learning about sciences, math and engineering. The second idea still involved an
apple, but this apple was created from the intertwining silhouettes of childern’s faces. The apple
still symbolized educators and the children symbolized learning. The other logos were separated
from this new logo and placed in areas where their importance could still be understood. The last
idea was to use the logos simply as small graphic elements and illustrate the purpose and services
of the TRC using cartoon-like pictures. These pictures involved a teacher visiting the TRC and
learning how she could use its materials in the classroom.

The first idea was approved for the brochure design because it truly brings all the pieces
together in a way that symbolizes the purpose of the TRC. At the Virginia Air and Space Center,
the TRC provides educators the opportunity to use NASA print and multimedia materials related to
science, math and engineering for the enhancement of their students learning. The design says all
this with visual words.

My approach to designing the home page was creative than precise. A home page design is
more visual than verbal. It does not have to say anything, but needs to capture the eye of the
viewer. So if someone happens upon the TRC home page, they will be drawn in by the visual.
Once you have a viewer's interest on a home page they will more than likely stay to read the
information.

I spent the first week of the program surfing the Net to research the basic elements and
styles of home pages. The home pages that caught my eye were not necessarily the ones dealing
with information I was interested in. I was attracted to their design. The differences in these home
pages are plenty of bright color, complex clickable graphics and interesting headings with icons. I
new my design would need to incorporate all these things to be successful. I was advised as to the
basic layout of the TRC home page, and from this guide I began creating. The result of this
creating is a home page with a series of airplanes in the background, a clickable graphic at the top
that introduces the TRC and several smaller clickable icons that provide visual links to other
information.

The designs for the TRC brochure and home page were computer generated. For the
brochure, I used the computer illustrating software Illustrator 5.5 that allows a designer to create
images and layout type within the same program. I created the images for the home page using
Photoshop 3.0 and Illustrator 5.5. Photoshop allows you to manipulate photographic images
using photographic and illustrating techniques. I made a comp of each final design to show how
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each should look when actually produced. The printer will use a comp as a guide in printing the
brochure, and the home page programer will use a comp as a guide to putting the home page
together.

I am very appreciative that I was set up in Graphics with a computer, printer, and other
materials to complete my assignments. Working in such an atmosphere with advanced equipment
and graphic design experts for guidance enhanced my creativity and total LARSS Program
experience.

I believe the designs I created for my assignments are successful in representing the NASA
Langley Teacher Resource Center’s purpose and services. Ms.Canright and Dr. Massenburg are
pleased with the outcome of my assignments and their pleasure satisfies my designer’s desire.




Precollege Science Education:
Development of Distant Learning Laboratory
and Creation of Educational Materials

Student: Michelle Considine

Mentor: Marchelle Canright

Office of Education
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Abstract

The Office of Education’s fundamental goal is to disseminate information, mostly that
which relates to science and technology. In this attempt, as I have observed, the Office has many
programs bringing both students and teachers to NASA Langley to expose them to the facilities
and to teach them some about the scientific theory and about available modern technology. As a
way of expanding the audience that can be reached, as the expense of bringing people in is limiting,
Marchelle Canright has proposed establishing a center dedicated to researching and producing
distant learning videos.

Although distant learning through telecommunications is not a new concept, as many
universities, colleges, and precollege level schools offer televised courses, the research in this field
has been limited. Many of the standing distant learning broadcasts are simply recordings of
teachers in classrooms giving lectures to their own students; they are not aimed at the television
audience. In some cases the videos are produced without a Live-lecture atmosphere, but are still
only classroom lectures. In either case, however, the full range of capabilities of video production
are not being fully utilized. Methods for best relaying educational material have not been explored.
Possibilities for including computerized images and video clips for the purpose of showing
diagrams and processes, as well as examples in fitting cases, may add considerably to the
educational value of these videos. - Also, through Internet and satellite links, it is possible for
remote students to interact with the teachers during televised sessions. These possibilities might,
also, add to the effectiveness of distant learning programs. Ms. Canright’s proposed center will be
dedicated to researching these possibilities and eventually spreading the results to distant learning

program managers.

This is the project I was involved in over the summer. As implied, the center is still at the
foundation stages. Ms. Canright has proposed four or five possible series that could be developed,
each one aimed at a specific age group of students, or group of teachers. I was involved in the
design of the series aimed at the youngest children, the Picture Book Science series. My
involvement included proposing and researching topics, writing a lesson for the first show, writing
the latter portion of the picture book story (the part including the scientific lesson), and illustrating
the story. I also designed and collected the materials for the Learning Center’s television studio set
as well as finished the painting of the main backdrop panels.




LARSS Report

Allowing the abstract to be an integral portion of this report, I will not redescribe Ms.
Canright’s proposed distant learning center, but will instead, lead directly into my involvement
with the center as a LARSS intern. My range of involvement covered several areas. To explain
these, I will first list them, and then expand each one:

Design, collection of materials for, and construction of TV studio set.
Picture Book Science development:

- Propose topics that will align with NASA’s research emphases along with the National
Science Educational Standards curriculum guidelines.

- Create the first lesson- including the fundamental scientific concepts to be covered, a
general lesson on the subject, as well as a list of activities demonstrating the

principles.

- Integrate the scientific concepts into the children’s story by writing the latter portion of the
story.

- Visually create the nine characters in the story which Kenneth wrote.

- Ilustrate 33 pictures for the children’s story.

Studio Set Design and Construction:

The studio set design and construction involved several steps. The first step was
establishing what the possible purposes of the set would be; the intended use would dictate the
desired features as well as the constraints. The video equipment is currently being assembled in a
studio located in the Office of Education’s building. The capabilities will include being able to
video a large television screen which can be fed by both video clips and computer images. Both
prerecorded and live broadcasts will be developed. As part of my set design proposal I included
this report:

Learning Laboratory Set Design Proposal July 5, 1995

The following video studio set design was created with the goal of meeting the Office of
Education’s diverse needs. By presenting a strong visual background that can easily be altered In both
Imagery and mood, the set will be useful for situations ranging from formal lectures on educational theory,
to active demonsirations of sclentlfic principles, to recorded conversations between two experis on a
certain topic.

- Bold design adds a sense of sculpted space.

A backdrop should serve the purpose of defining a space for the lecturer, or group of people being recorded. It
is important that the set reflect the content and purpose of the program, but that it not distract the audience
from the information being presented. For this reason, | have designed a bold, interesting set of lines and
spaces, but kept the overall picture uncluttered, free from permanent images and visual business.

The presented set’s colors and spaces are designed to support a variety of topics and presentation styles
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including:
- outer space, for lectures on space topics
- the atmosphere, for lectures on aeronautics or atmospheric sciences
- abstract architectural setting, for less formal discussion groups on various topics such as
approaches to dissemination of scientific and technological information.

- Froe standing panels.
The backdrop will be made of free standing panels. This allows for:
- mixing and matching of the panels to create desirable visual effects.
-portability of the set; it can be set up on stages in schools or other facilities such as the H.J.
Reid Center.
-sizing of the overall set; two or three of the panels can be used to create a backdrop for
presentations including live seminars or prerecorded narrated introductions to
informational videos. .

- For use with or without TV screen.

The TV screen can be used to show a stationary computer generated logo or image, used instead of a flip-chart
or over-hsad projector, and can be used to show video clips during a presentation. The TV can show images
inaded from the computer or the video equipment. However, when the TV is not desirable in a presentation, or
the set is taken somewhere out of the studio, the panels are simply moved closer together.

- Modufar Furniture for versatilily.
Using light weight, interchangeable pieces, furniture such as display tables and benches, a podium, and a
conference table will be easily built to suit the specific needs of each show produced in this studio.

- RMuktl-purposse studio set.
The topic of the video will be specified or emphasized by the imagery added to the set by hanging “cut-out”
iogos or images, projecting images on the TV screen, and displaying models or demonstration materials.

The intended purpose or mood of the video can be specified or emphasized by the geometry of the panels, as
demonstrated below, the TV images, the cut-out images, the choice and positioning of furniture, as well as
other set accessories such as plants or flags.

As described in the report, free-standing, interchangeable panels are what I proposed. As part of
this proposal a complete set materials list and an estimated cost were included.

Upon acceptance, I consulted with a man from Engineering and Construction Services,
Ralph Angel, who offered advice on the design of the panels as well as help in the construction of
them. His help is greatly appreciated. After the panels were built, I proceeded to paint them. The
furniture is still under construction but the materials are collected and the plans are drawn.

Picture Book Science Development:

Ms. Canright’s Picture Book Science series was at the beginning of the design stage when
1 entered the project. All that was written is that the series would consist of eight half hour shows,
each featuring a children’s story, a science lesson, and an introduction of an activity which the
children could pursue after the video at school or at home. This left a lot of room for creativity.

I spent the time during the first weeks of my LARSS internship brainstorming topic ideas
and preparing the fundamental content that would be included in those. The following is a list of
the topics 1 proposed:



TOPICS FOR PICTURE BOOK SCIENCE SERIES:

AERONAUTICS:
PROPULSION OF AIRPLANES:
- propellers: pushing on the air, (friction required)
- jets: expansion of compressed gases, (conservation of momentum)
LIFT & DRAG:
- forces involved in flying; discuss both flat plates and airfoils
- discuss similarities and differences
-both deflect air downwards and conservation of momentum requires, then, that they
go upwards.
-they send air downwards by different methods.
-flat plates: push air downwards from the bottom .
-airfoils: suction redirects air downwards by keeping it attached to the curved
wing surface
- other possible features to include in lesson:
-shape of wings, friction on wing, attached flow of air across wing, speed of air flow,
pressure differential
-conservation of energy, (how kinetic energy and rotational energy are both involved in
lift

)
CONTROL SURFACES and CENTER OF MASS:
- note historical challenge this posed to the development of flight
- discuss flaps, rudders, and other control surfaces
- discuss how the center of mass can change the pitch
HISTORY OF HUMAN FLIGHT:
- human fascination in flight throughout the world and history
- myths, art work, folk lore
- why humans can't strap on wings and fly (distribution of musculature of birds vs.
humans)
- first attempts at flight (balloons)
- first attempts at heavier than air flight
- first successes: Lilienthal, the Wright Brothers, Langley
- how fast flight has taken off (grown in popularity and availability) compared to the
time it took to get off the ground!

SPACE:
ROCKET PROPULSION (Expansion of mass vs. the use of friction):
- describe the physics of propeliers, that they push on the air much as a tug boat pushes on
water, or you push on the pavement when you run.
- friction required for this type of thrust
- explain that in space there is no air to push on; there's nothing!
- if rockets can't push on anything, how do they go forward?
- have to bumn fuel
- the expansion of compressed gases sends them forward
- actually relates to expansion of mass
- this is conservation of momentum
GRAVITY and ORBIT:
- gravity as a force
- relative factors
- distance between objects
- mass of each object
-orbit: (a balancing of the involved forces)
- inertial tangential force vs. gravitational force

ATMOSPHERIC SCIENCE:
CLOUDS:

- what they’re made of:
- particles on which they form
- water vapor

- effects on climate:
- HUGE cooling effect:

- reflecting sunlight back into space

-(reflecting high energy radiation back to space)
- HUGE heating effect:
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- trapping heat given off by the earth
- (reflecting low energy radiation back to the earth)
-the NET effect is a SLIGHT cooling one
- effacts of pollution on clouds:
- spewing f;nmre dust particles into space allows more cloud droplets to form; (cooling
effect)
- particles also trap heat which causes evaporation of clouds; (heating effect)
HOW DO WE KNOW WHAT WE BREATHE? (Spectrometry)
- explain how tall the atmosphere is and that it is hard to collect samples going all the
way up to space
-introduce a method used to collect information about our own atmosphere, spectrometry:
- a device (spectrometer), from the ground, looks up into the sky and records the
exact “color” (wavelengths) that it sees coming from the sun
- an orbiting satellite with this same device also looks up into space and records the
exact “color” that it sees coming from the sun
- the two “colors” are compared
- the difference is due to the gases in the earth’s atmosphere
- in labs, the color of gases can be recorded
- then you can tell which exact gases and how much are in the air.

I focused my efforts on studying the fundamentals of lift, which would be the topic of the first
book. I studied from Naval Aviator’s Aeronautic Textbook as well as other books from Langley’s
technical library. I also discussed the principles at length with a NASA scientist, Geoffrey
Considine.

Pulling out the fundamental ideas of something as complicated and subtle as lift proved to
be the most difficult part of the process. I am now convinced that the reason lift is not taught until
college level, and even then only a mathematically modeled version, is because the actual physics
is so subtle. Explaining the physics in a manner that would reach even K-3 graders became my
goal. Brainstorming for demonstrations accessible to all teachers and children was also a central
part of this process.

Another part of the process of science lesson design, was to study the National Science
Educational Standards. This book gave me a sense of what the children were capable of as well as
what their teachers would be focusing on in their lessons. The goal for the videos should be to
present different material but at an appropriate academic level.

In searching for the pre-published children’s books that would lead into the science lessons
by sparking the children’s interests in flying, space, or clouds, we realized that none completely
suited our needs. This led the other LARSS student, Kenneth Smith, and I to writing and
illustrating our own. Kenneth wrote a story about eight children which brought up questions on the
similarities and differences between kites and planes. I decided to write an ending to the story that
would answer the questions on the mechanisms of both kite (flat plate) and plane (airfoil) lift.

I also illustrated story. The illustrations took me a large part of the summer as the eight
children and their teacher were of widely varying ethnic backgrounds, which required some time
learning to draw in an obviously differentiating manner. Upon visually creating the eight children
and the teacher, I did 33 illustrations for the story. The drawings are black ink on white paper, a
technique chosen for a several reasons. For one, the technique is relatively fast compared to such
techniques as paints or pastels; children’s books of this length would tend to take a year to illustrate
if these more drawn out techniques were used. Also, the images can be easily scanned into the
computer, which will be ideal for making a video out of them. The studio, with the silicon
graphics computer, will have the capability of digitally editing the illustrations into the video. The




coloring of the illustrations also proves to be ideally done on the computer. To get extremely vivid
colors, transparent ink is the best option. The visually smoothest way to apply ink is through a
printer. By coloring the scanned black and white drawings with the computer, and then printing
them, truly bold illustrations will be created if hard copies are desired. As I will mention further on
in this report, publishing a book out of the story and including the science lesson as an insert or
integral part of the book would allow teachers to create this lesson live in their classrooms, or more
deeply instill the lesson by reviewing the material with the children multiple times. Examples of
the black and white illustrations are included as an appendix.

The science lesson following the story will elaborate upon the ideas which were briefly
explained in the story. Demonstrations of the principles will allow the children to relate the
principles involved in such phenomena as lift to occurrences that are visible in their everyday lives;
the demonstrations will help the children to assimilate the ideas. Also, activities which the children
can pursue afterwards in school or at home will be presented and explained.

I have prepared a general lesson on the similarities and differences of lift between kites (flat
plates) and planes (airfoils). The lesson still needs to be modified (simplified) for the use of it at
the K-3 grade level. I have, however, already gathered ideas for the demonstrations of the
principles of lift for airfoils and flat plates.

Now that the prototype for the Picture Book Science series is nearing the polishing
stages of the content, I can see two other possible uses of the created material, uses that would
align with the Office of Education’s goals. For one, as mentioned, the story and illustrations could
be published in book format with the corresponding expanded science lesson, demonstration ideas,
and activity ideas included either as an insert or as an integral part of the book. Another use of the
prepared material would be to share it with the teachers who visit Langley’s Office of Education
every summer as a way of preparing them to teach the material to their students.

97






99




100



’ . \ﬁ\ ) (‘c
o i 3 (AR

7
)
2

101







The OEOP
Duties of
Reasonable
Accommodation

Angela Coppedge
Vivian Merritt

Office of Director/ Office of Equal Opportunity Programs



104

Abstract

1. I was fortunate enough to be assigned two assignments during my ten weeks here
at NASA's Langley Research Center, in the Office of Equal Opportunity Programs
(OEQOP). One of my projects gave me the chance to gain experience in developing
calculation formulas for the EXCEL computer system, while my second project gave me
the chance to put.my research skills and legal knowledge to use.

2. The function of the OEOP is to ensure the adherence to personnel policy and
practices in the employment, development, advancement and treatment of federal
employees and applicants for employment. This includes veterans and disabled as well.
My initial project involved the research of hiring and promotion among the different
minorities and females employed here at Langley.

3. The objective of my first project was to develop graphs that showed the number
of promotions during the past five years for each minority group here on the Center. I
also had to show the average number of years it took for each promotion. The objective
of my second and main research project was to find and research cases regarding the
reasonable accommodation of disabled workers. The research of these cases is to ensure
that individuals with disabilities are provided the necessary accommodations that are
essential to the function of their job.



Body

The data needed for the graphs was extractedfrom Personnel Data Runs. This
data listed all the hirings and promotions from 1990 through 1994. Each employers'
grade, race, and gender was also shown. My job was to calculate the average number of -
years needed for a promotion within each race/gender group. This was done by
developing an EXCEL formula that would total up the number of promotions for each
group, and then average the actual time experienced for each promotion. I then
developed a graph, for each fiscal year, that detailed the number of yearly promotions and
the average number of years it took for each promotion. Through trial and error, I
discovered that the easiest way to develop the graphs was through Microsoft Word. With
this system I was able to control the design of the graphs, and produce a more
informative and effective linear representation.

The results of my work conclusively showed that the promotions of minorities
and women are not conpatible to their representation here at Langley. Most would argue
that the disparity is due to a higher number of male employees, however I found that
after women and minorities are hired they must wait twice as long as white males for
promotions.

For my major research project I had to find and study court cases and information
with relation to the reasonable accommodation of disabled workers. The facility used
most often was the Chief Counsel Office in Building 1195. I used their law books to do
preliminary research involving U. S. Acts and codes, and then pulled up recent court
cases from the LEXIS, and PERSONNET computer systems. These systems can be used
to obtain the background and decisions of either specific cases or cases regarding a
certain subject matter. My main goal was to present new requirements and rulings that
have become precedential setting due to the decisions of more recent court cases.
Through my analysis, I was able to assist the OEOP in their perpetual efforts to assure
reasonable accommodations to the disabled workers that they represent. They want to
afford accommodations that provide an equal employment opportunity, however this
accommodation can not create an "undue hardship." Therefore, the OEOP office must
look at the difficulty of providing the accommodation, as well as the cost of the
accommodation in relation to the employer's resources. This is of extreme importance
when considering the financial strains that have been placed on NASA and its employees.

My final result was over 200 pages of information. This information includes 11
cases, and numerous acts and codes. With this project I was able to obtain knowledge

about the legal aspect of the equal employment opportunities that not only affect disabled
workers, but of which all workers are entitled.
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ABSTRACT

Methane is an important trace gas because it is a greenhouse gas that affects the
oxidative capacity of the atmosphere. It is produced from biological and anthropogenic
sources, and is increasing globally at a rate of approximately 0.6% per year [Climate
Change 1992, IPCC]. By using National Oceanic and Atmospheric Administration/Climate
Monitoring and Diagnostics Laboratory (NOAA/CMDL) ground station data, a global
climatology of methane values was produced. Unfortunately, because the NOAA/CMDL
ground stations are so sparse, the global climatology is low resolution. In order to
compensate for this low resolution data, it was compared to in-situ flight data obtained
from the NASA Global Tropospheric Experiment (GTE). The smoothed ground station
data correlated well with the flight data. Thus, for the first time it is shown that the
smoothing process used to make global contours of methane using the ground stations is a
plausible way to approximate global atmospheric concentrations of the gas. These verified
climatologies can be used for testing large-scale models of chemical production,
destruction, and transport. This project develops the groundwork for further research in
building global climatologies from sparse ground station data and studying the transport
and distribution of trace gases.




INTRODUCTION

The concentration of methane (CHy) in the atmosphere, an important greenhouse
gas, is currently increasing at the rate of approximately 0.6% per year [Climate Change
1992, IPCC]. Table 1 shows the global sources of methane. Between 356 and 875
teragrams (Tg, 1012 grams) of methane are produced globally each year. Of this amount, as
shown by the table, between 240 and 575 Tg are produced from anthropogenic sources.
This amount constitutes 2/3 of all methane emissions globally. Because the concentration of
methane is steadily increasing, and anthropogenic sources are such a large fraction of total
production, it is important to understand man-kind's impact on the atmosphere. In order to
aid in this understanding, it is shown that it is possible to determine global methane
concentrations using sparse ground station data.

The basis of the project lies in methane measurements obtained from two sources.
The first data source was the NASA Global Tropospheric Chemistry Program (GTCP),
which was developed in recognition of the central role of tropospheric chemistry in global
change. Its goal is to promote an understanding of the troposphere and to assess the
susceptibility of the global atmosphere to chemical change. One component of the GTCP is
the Global Tropospheric Experiment (GTE). Focusing on the study of the global
troposphere, GTE consists of a series of airborne field experiments designed to (1) evaluate
the capability of instrument techniques to measure concentrations of key chemical species in
the atmosphere, and (2) systematically address tropospheric chemistry issues relevant to
global change. The GTE project has encompassed four major airborne experiments: (1) the
Chemical Instrumentation Test and Evaluation (CITE) experiments were conducted to
evaluate the measurement techniques of some atmospheric gases; (2) the Atmospheric
Boundary Layer Experiment (ABLE) explored the atmospheric boundary layer above major
ecosystems that are known to influence global chemistry; (3) the Pacific Exploratory
Mission-West (PEM-West) examined the impact of natural and anthropogenic emissions
over the Pacific Ocean; and (4) the Transport and Chemistry near the Equator in the Atlantic
(TRACE-A) investigated the distribution of trace gases over the tropical south Atlantic.

The second data source was the National Oceanic and Atmospheric
Administration/Climate Monitoring and Diagnostics Laboratory (NOAA/CMDL). In April
of 1983, NOAA/CMDL expanded its air flask sample analysis to include the collection and
study of methane in the atmosphere. Globally, there are 27 permanent ground sites
dedicated to this study. The Global Cooperative Air Sampling Network, which includes 44
total sites, collects samples approximately once per week (see Figure 1). All of these
samples were analyzed for methane and referenced to a standard scale at the NOAA/CMDL
laboratory in Boulder, Colorado. This data is now available via electronic archive.

The LARSS project involved data reduction and analysis of data from
NOAA/CMDL and NASA/GTE. From a public database, NASA/GTE and NOAA/CMDL
data were obtained. Using information about the ground stations and the measurements
taken there, global contour plots of methane levels were constructed. The findings show
that this low-resolution data can be smoothed and produce an accurate representation of
global methane levels. The basis of the project lies in the verification of this contouring
method. In order to verify the routine, NASA/GTE in-situ flight data was used, and its
findings were compared to those generated by the contour plots. It is shown that good
climatologies can be made using NOAA/CMDL ground station data, and that the high-
accuracy and resolution in-situ aircraft data from the NASA/GTE missions can be used to
validate the smoothing and contouring routine.
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DESCRIPTION OF DATA

The average values for monthly methane levels were obtained from the
NOAA/CMDL data archive for the years 1991-1993. A 72 by 36 array was used to
represent a 5° by 5° global grid. Because the data was limited, many missing points needed
to be replaced. To calculate these missing points, the program Spyglass Transform was
used. This routine replaced the missing methane values with values interpolated from those
that did exist. The weighted fill method was used to determine these missing data points. It
replaced the missing data with a weighted average of the real data within a certain range (8).
A spherical distribution model was used, in which the weight dropped off as the reciprocal
of the distance squared (1/d2) from the missing data value. The weighted fill was run twice
more on the new arrays created, both with a range of 4. The defined data points were
preserved so they would not be lost during this process. The final array created a global
climatological map of methane with no missing data points. Some sample plots are show as
Figures 2-14, in which the low values of methane are indicated by blues, intermediate
values are green to orange, and high values are red.

The data files for the various GTE missions were obtained by electronic means
from the Distributed Active Archive Center (DAAC) at the NASA Langley Research
Center. For each flight, methane levels were measured and recorded every five seconds.
This high resolution data were then time correlated with flight navigational data, and the
CH4 measurements were separated into 5° by 5° blocks and the number of CH4 samples
taken in each block, their average, and their standard deviation was then calculated.

The key step in this process was to verify the validity of the smoothed contour
plots. To do this, a correlation between the NOAA/CMDL ground station data and the in-
situ GTE flight data needed to be found. Since there was no set program to make these
comparisons, necessary IDL routines were developed on a DECstation 5000/200. The code
produces graphs of each global area studied, comparing the flight data to the ground station
measurements. This routine helped in making analyses for the objective.

DISCUSSION

Some measurements taken during some of the flights exhibited unexpected
variations. During Flight 4 of the PEM-West A mission, which went from the Ames
Research Center in California to Anchorage, Alaska, the methane measurements showed a
sharp decrease at approximately 2100 GMT (see Figure 15). But at this same time the
plane increased its altitude to over 35,000 ft., and a decrease was observed in some other
trace gas species being measured. A significant increase in ozone concentration also
occurred at this same time. This simultaneous increase in ozone, and a decrease in other
trace gases indicates that the flight entered the tropopause and possibly the stratosphere. In
this example, further evidence was provided by a temperature profile taken as the plane
descended from an altitude of over 35,000 ft. to approximately 1500 ft. This profile
showed a decrease in temperature with decreasing altitude from 35,000 ft to about 30,000
ft., which is characteristic of the stratosphere. Since data taken while the flight was not in
the troposphere would not be representative of tropospheric methane levels, this data was
excluded from the analysis and comparison with the globally contoured methane levels.



RESULTS

In general, the contours produced using the NOAA/CMDL ground station data
compared favorably with the flight data from GTE. Figures 16-18 show some of these
comparisons. The contour lines usually showed a 10-30 ppb higher methane concentration
than the levels determined from the flight data. The contoured methane levels show the
same trends seen in the flight measurements. In Figure 18, from PEM-West A Flight 4, it
can be seen that methane levels increased by approximately 72 ppb during the flight and
while the contour data show a 47 ppb change.

Figure 19 shows a plot of latitude versus the difference between the predicted and
measured methane levels. It can be seen that the difference between the predicted contour
and the measured flight data varies with latitude. At about 10°-15° N the average difference
is approximately zero, while above and below this latitude the predicted levels are higher
than the measured concentrations. In PEM-West A Flight 4, for example, the difference
between the two methane values started out at approximately 35 ppb at the beginning of the
flight and decreased to approximately 10 ppb at the end of the flight. A compilation of all
the flight measurements taken showed that the average difference between measured and
predicted values at the 40°-50° N latitude (the flight's starting point) was 23-33 ppb and
that the average difference between the values at the 55°-65° N was 8-20 ppb.

One point to consider is the global variation of methane versus errors in calculation.
On average, based on the actual values determined, there was a bias of 10%-20%. When
looking a global variations of methane (see Figures 2-13), it is noted that there is a
consistent concentration of 1650-1800 ppb. Therefore globally, there is an error of
magnitude of approximately 20%. The average difference between the flight data and
ground station data then becomes significant when considering global variations. For
example, from season to season and from pole to pole, one can expect to see a maximum
variation of approximately 200 ppb. Thus, if an error of over 20 ppb were found, one can
deem the calculation inaccurate. If a constant bias of approximately 10-20 ppb were
removed from all of the comparisons, this method of producing global climatologies and
their verification using in-situ flight data becomes more accurate.

CONCLUSIONS

Several issues remain to be examined from the project. It is noted in Figure 4 that
the difference between the contours and the measured flight data varied with latitude. The
graph shows a "double-hump” distribution of values, with a minimum value at 10°-20° N.
The cause of this "double-hump" can be explained by examining both Figures 1 and 19. At
10°-20° N, there are virtually no ground stations. Therefore, one can predict that
measurements in that area obtained from the smoothing process will be somewhat
inaccurate. In order to compensate for this, it would be beneficial to place further ground
stations in Africa, South America, and northern and central Australia. This would
dramatically improve the resolution quality of contouring using ground station data.

The contouring routine treated the globe as a cylinder, and not a flat plane. As
shown below, this was necessary to do this in order to connect data points that are at
opposite ends of a map that are actually beside each other.
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However, with limited software, it was difficult to treat the globe as a sphere. Because of
this, the predicted values in the high latitudes may be suspect. Therefore, it may be
beneficial to construct a spherical contouring routine to examine what changes became
evident using this new method. It must also be mentioned that only the northern and central
pacific regions, the United States, and the equatorial Atlantic regions during the months of
September and October were examined. Greater validity could be lent to the contouring
method if other areas and times of the year were be examined.

The capacity to validate global climatologies is significant for chain studies. Since
methane has a long lifetime in the atmosphere, and is therefore well-mixed, it is not
practical to use global climatologies to determine the sources of the gas. Instead, these
climatologies can be used to examine seasonal trends of methane, as seen in Figures 2-14.
The work can be further expanded to compare these seasonal cycles to estimated sources
from biomass burning. The methods used for this project can also be used to contour other
trace gases, such as carbon dioxide (CO,) and nitrous oxide (N20). In conclusion, the
project shows that using aircraft data, especially if globally distributed, is a good method to
validate global climatologies produced from sparse ground station data. It lays the
groundwork for further research in building global climatologies from sparse ground
station data and studying the transport and distribution of trace gases.
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Estimated Sources and Sinks of Methane

(Tg methane per year)

Sources
Naiural
« Wetlands 1i5 (100-200)
« Termites + 20 (10-20)
« Occan 10 (5-20)
« Freshwater 5 (1-25)
- CH,y Hydrate 5 {0-3)
Anthropogenic
+ Coal Mining, Natural Gas 100 {70-120)
& Pet. Industry 1
« Rice Paddies t 60 (20-150)
+ Enteric Fennentation 30 {65-100)
- Animal Wastes t 25 (20-30)
- Domestic Sewage 25 ?
Treatment T
« Landfills + 30 (20-70)
- Biomass buming 40 (20-30)
Sinks
Atmospheric (tropospheric + 470 (420-520)
stratospheric) removal T
Removal by soils 30 (15-15)
Autmospheric Increasc 32 (28-37)

+ indicates revised estimates since IPCC 1990

Houghton, J.T., B.A. Challander, and S.K. Varney (Eds),
1992: Climate Change 1992: The Supplementary Report
to the IPCC Scientific Assessment. WMO/UNEP/IPCC,
Cambridge Univerrsity Press, pp35.
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Abstract

The objective of this Langley Aerospace Research Summer Scholars (LARSS) research project
was to write a user interface that utilizes current World Wide Web (WWW) technologies for an
existing computer program written in C, entitled LaRCRisk. The project entailed researching data
presentation and script execution on the WWW and then writing input/output procedures for the
database management portion of LaRCRisk.
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Introduction/Background Information

A few years ago, Robert M. Baker wrote a risk assessment program in DBase IV called TeamRisk
that evaluated the security of computer systems at NASA Langley Research Center (LaRC) by
comparing a branch’s implemented protective measures against a database of NASA and LaRC
guidelines. Realizing that other NASA Research Centers might benefit by using such a program to
assess their computer security, he then wrote CentRisk, a program which allows a center to create
its own database of guideline protective measures.

However, because DBase is a DOS-based software package, both CentRisk and TeamRisk, which
together are known as LaRCRisk, were limited in use and availability to IBM PC-compatibles.
Consequently, last year Mr. Baker asked Jerry W. Park to write a version of LaRCRisk in C so that
it would be portable to various computer platforms (e.g., UNIX, DOS, Macintosh, etc.).
Considering that most of the larger computer networks at LaRC are UNIX-based, Mr. Park first
concentrated on developing a version of LaRCRisk for a UNIX environment, intending to
develop versions for other platforms at a later time. Also, since LaRC’s guideline database had
already been defined, he decided to focus on the TeamRisk module of LaRCRisk before
converting the CentRisk module.

In writing the program, however, he was limited to a crude user interface called “curses” because
it was the only C language library available on most other computer platforms. Once the program
was completed, he realized that different software packages did not have to be developed for other
computer platforms; a user on a platform other than UNIX could simply hook up to the UNIX
machine running LaRCRisk via a network connection. Nonetheless, Mr. Baker and Mr. Park
decided that the most efficient way to use LaRCRisk, due to the awkwardness of the interface,
was to have the branch wanting to do a risk assessment fill out worksheets describing the relevant
computer systems and other necessary parameters for the program. Mr. Park could then
personally enter the data from the worksheets and run LaRCRisk, generating reports to return to
the branch requesting the risk assessment. Until a more efficient system could be created,
conversion of CentRisk into C was indefinitely postponed.

This LARSS research project was to create such a system, i.e., if possible, to modify LaRCRisk so
that it would run off the World Wide Web portion of the Internet. The advantages of putting
LaRCRisk “on the Web” are as follows:

1. user-friendliness. ‘ :

2. LaRCRisk can be stored on a single machine and still allow the user to enter
data from a local computer.

3. Many users can access and use the same guidelines database.

The specific objectives of this project were therefore to 1) determine whether putting a multi-level
program such as LaRCRisk on the Web was feasible or not, 2) learn how to manipulate the user
interface provided by Web browsers (e.g., Netscape, Mosaic, Lynx, etc.), and 3) using Mr. Park’s
original code, write an appropriate user interface.
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Summary

Before a determination could be made concerning the feasibility of putting LaRCRisk on the
Web, more information had to be gathered concerning data presentation and script execution.
Data presentation is controlled by Hypertext Markup Language (HTML), which consists of tags
of different types embedded into the text of a WWW document; these tags control how the
document appears on the screen of a Web browser. Included in HTML is the capability of
obtaining input from a user online via a “fill-out form”; browsers which support this feature allow
the user to submit the form to a WWW server, which processes the data and generates a document
to return to the user as output. How the Web server processes that data and what kind of document
it returns are controlled by a “script,” a type of computer program. Scripts utilize the Common
Gateway Interface (CGI) in communicating with the Web server.

After researching HTML and the CGI and downloading some CGI codes from the National
Center for Supercomputing Applications at the University of Illinois at Urbana-Champaign
(NCSA), a trial program entitled LaRCRiskII was written to discover whether or not a multi-level
C program could be implemented on the Web. Upon the successful execution of LaRCRiskII and
the accompanying conclusion that this research project was indeed feasible, Mr. Baker and Mr.
Park were consulted as to the most efficient way to implement LaRCRisk. A modular approach
was then adopted: as LaRCRisk was composed of several levels, each of which obtained a certain
amount of data from the user and processed it, each level of LaRCRisk would become an
individual module, with each module being called in succession. These modules would be scripts
separate and distinct from each other that would accept input from the user via a form, save
appropriate data into files for later use, and generate a document (usually another form) to return
to the user. Using this modular approach, input/output procedures were written for each module as
it was converted to CGI format.

LaRC equipment and facilities used in this research project include a SunOS workstation,
computer time and space on two separate UNIX network servers, office space, and the technical
advice of several employees. '

The results were excellent; not only does the WWW user interface add user-friendliness, but
members of the same risk assessment team for the branch conducting the risk assessment can run
LaRCRisk in the comfort of their own offices. With the necessary documentation, LaRCRisk is -
self-supporting; it can be implemented so that risk assessments are done without the full-time
mediation of a contact person (though one will probably still be necessary to provide user
support). Furthermore, the Web version of LaRCRisk (which at this time only includes the
TeamRisk portion of the program) provides the necessary environment for the future conversion
of CentRisk into C, or another CGI language.
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Objectives:

During my summer experience in the LARSS program, I created a performance support
system showing the techniques of creating text in Quark XPress, I then placed the text into
Adobe Tllustrator along with scanned images, signatures and art work partially created in Adobe
Photoshop. The purpose of my project was to familiarize the Office of Education Staff with
Graphic Arts and the computer skills utilized to typeset and design certificates, brochures, cover

pages, manuals, etc.




During my summer experience in the LARSS progfam, I created logos, brochures, cover
pages, manuals and certificates using Quark XPress, Adobe Photoshop and Adobe Ilustrator.
By incorporating scanned images and photographs from Photoshop into Illustrator along with
text from XPress, I utilized all the aspects of typesetting and design. With over 60 projects
completed this summer, my skills as a graphic artist have been used by the Office of Education
extensively. That is why, as my final project, I am creating a step by step guide for typesetting
text, scanning signatures and photographs and designing page layouts.

To give you an idea of the role of each graphics program, I will show you it’s function.
XPress was used to typeset this portion of my paper. I also created the LARSS/ASEE banquet
program in XPress. It has typographical functions that allow total control over leading, x-
heigh, letter spacing, word spacing and so on. Mainly, it has a spell checker. That is it’s best
typesetting function. My title page was created in Illustrator along with all the viewgraphs I did
this summer. Illustrator’s design functions allow text and art to be manipulated, moved and
adjusted with ease. Text from XPress and photographs and line art from Photoshop can be
imported directly into Illustrator for quick and easy page layout. Photoshop not only allows
total manipulation of photographs, but it is also the connection to our ColorOneScanner. This
program captures signatures, photographs and line art to be exported to other programs for
incorporation into page layout designs or simply to be printed directly from Photoshop after
being cleaned up.

I will explain the operation of the scanner first. Here are the basics for opening
Photoshop and scanner with the ColorOneScanner:

1.  First, turn on the ColorOneScanner & then start the Macintosh.

2. Double click on the Hard drive to open the hard drive window.

3. Open the Applications window and open the Photoshop window.

4. Double click on the Photoshop icon to launch the program. It will take a few seconds

to open the program.
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9.

Go to File menu, scroll down to Acquire and move cursor over to OneScanner. The
scanner dialog box appears. -

Select the scan parameter. ie. 300 dpi, color or grayscale.

Click the preview box. The scanner previews your selection.

In the image field, select the area to be scanned by clicking, holding down & dragging
the cursor to select all of the image area you want scanned.

Click on Scan to capture the image.

The image is now scanned and ready for manipulation. First and foremost, SAVE the file.

It is most frustrating to lose a large scan simply because you did not save it directly after scan-

ning. Also, remember to save the image on the hard drive in a folder designated for your work.

You do not want to search for files that have been saved haphazardly.

Here are some tips for scanned signatures.

1.

After scanning as a grayscale image and saving, choose the pointer tool and select
the desired area by clicking at one corner of the image and dragging to the

opposite corner.

Go to the Edit menu to Crop, release and the image is cropped to your specifications.
Use the magnification tool to enlarge the scan to a view of 1:1.

Go to the Image menu to Adjust to Brightness/Contrast. The Brightness/Contrast
dialog box appears. Slide the brightness bar to the right to brighten the background of
the scan and the contrast bar to the right to darken the name in the scan. Hit OK.
You want a solid white background with a consistently black .signature.

Make any further adjustments necessary for a quality image.

Go to the Mode menu to Bitmap and hit OK, OK.

Save the file by using the File menu, Save As option. Under Format, save as an EPS

file. Replace the image and be sure the Transparent Whites option is clicked on.

When scanning a photograph, use the same guidelines but feel free to adjust the image



using any of the adjustment tools and filters Photoshop ‘offers with assistance from the Adobe
Photoshop User Guide.

Just as Photoshop has specific functions relevant to the graphic arts, so does Quark XPress.
XPress offers typographical freedom and expression. Creating text in XPress is simple and
allows multiple pages, importing of text and graphics from other programs and spell checking.
Although XPress does not allow for the diversity available in Adobe Illustrator, it is a valuable
tool for the graphic artist.

Below are the steps for entering text into XPress.

1. Turn on the Macintosh.

2.  Double click on the Hard drive to open the hard drive window.

3.  Open the Applications window and open the Quark XPress window.

4. Double click on the Quark XPress icon to launch the program. It will take a few

seconds to open the program.

5. Go to the File menu, select New and choose a Document format. Specify size,

columns, and margin specifications and hit OK. Be sure the Automatic Text Box
is clicked on.

6. Select the type/scroll tool, click in the Text Box on the page and begin typing.

7. Use the text bar at the bottom of the page or use the Style menu to change fonts, point

size, leading, alignment and word/letter spacing.

Any number of changes can be made to text in XPress; so be creative, remember to save
often and use the Quark XPress Reference Manual if you become lost or for suggestions to cre-
ating a typographical masterpiece.

With Photoshop and XPress having such specific graphic art qualities, it would be expected
for Adobe Illustrator to be just as specialized as well. But it is not. Illustrator will perform
many of the functions of the other two programs, just not as specialized. Ilustrator does text

as well as XPress, only Illustrator does not have a spell checker and has memory problems after
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using the Tab function. (So NEVER do Tabs in Illustrafor!!) And Ilustrator even goes farther

than XPress in it’s capability to “play” with text. You can type on a curve, in a box, rotate text,

skew text, have access to millions of colors not only for text but also for artwork. You can cre-

ate artwork and manipulate that artwork in Illustrator just as you can photographs in Photoshop.

Basically, Illustrator is the medium to bring all the other art elements together in. Much like a

canvas for a painter or a rock for a sculptor. Illustrator’s diversity allows many functions to be

available in one program and allows a document to be accurate typographically, visually and

artistically.

Listed below are the basics to opening Illustrator to create a certificate.

1.

2.

10.

11.

Turn on the Macintosh.

Double click on the Ha_rd drive to open the hard drive window.

Open the Applications window and open the Adobe Illustrator window.

Double click on the Adobe Illustrator icon to launch the program. It will take a few
seconds to open the program.

Iustrator automatically gives you an 8.5 x 11 page setup. For 11 x 8.5 certificates,
go to the File menu, to Page Setup and the Page Setup dialog box appears. Click on
the 11 x 8.5 page orientation picture.

Go to the bottom right corner where the rulers cross and drag the crosshair to the edge
of the page. This resets the rulers to correspond with the new page orientation.

Select the Text Tool Icon in the Toolbox, click on'the page where you want the text to
begin and begin typing. Use the ruler as a guideline for centéring text or graphics.
After entering text, use the Font & Type menus to change fonts, point size, leading,
alignment and word/letter spacing.

Go to the File menu to Import Text to import any text needed from XPress.

Choose the Pointer Icon from the Toolbox.

Go to the File menu to Place Art. A dialog box appears. Go to Desktop,




Macintosh HD, LogoslEtc., Logos and select the desired logo. Click OK. Repeat
with other logos, signatures, and/or scanned images from Photoshop.

12. Click and drag on the placed image to move it around on the page.

Remember that at anytime you choose a drawing tool, whether it be the pen, oval, box,
paintbrush or freehand tool, you must stroke and/or fill the object. Here is how to use the
Paint Style dialog box:

1.  Click on the object to be stroked/filled. (Click on the baseline of text to select it with

the pointer tool or triple-click on text with the text tool.)

2. Go to the Object menu to Paint Style.

3. The Paint Style dialog box appears. If you want to fill an object, click on fill and

select a color. Repeat for to stroke an object. (AlWays fill text with color,
never stroke.)

You can re-size an object or a place image by selecting the Scale Tool from the toolbox,
clicking on the corner of the image to be re-sized and dragging the image. Remember that
holding down the shift key while dragging will keep the object’s dimensions in proportion.
Always use the shift key when re-sizing a signature, scan or logo. If you goof, go the Edit
menu to Undo or hit the command and z keys together. .You can study the toolbox dialog box
on page 7 of the Adobe Ilustrator User Guide to learn the names and functions of each of the
toolbox icons, as well as other useful tips.

Not only does Photoshop, XPress and Illustrator incorporate all the elements of graphic ar%:s:
software into an easy and fun package, but they also provide concise, professional features that
allow the artist to present a total image. Learning typography and design as an art is fulfilling
and rewarding, not only on a professional level but also on an amateur one. As you learn how
to use the Mac and it’s various software “tools”, you gain a respect and admiration for the art

of graphics.
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Abstract

The Systems Analysis Branch at NASA Langley Research Center conducts a variety of
aircraft design and analyses studies. These studies include the prediction of characteristics of a
particular conceptual design, analyses of designs that already exist, and assessments of the
impact of technology on current and future aircraft.

The Flight Optimization System (FLOPS) [Ref. 1] is a tool used for aircraft systems
analysis and design. A baseline input model of a Lockheed C-130E was generated for the Flight
Optimization Systém. This FLOPS model can be used to conduct design-trade studies and
technology impact assessments. The input model was generated using standard input data such
as basic geometries and mission specifications. All of the other data needed to determine the
airplane performance is computed intemnally by FLOPS. The model was then calibrated to
reproduce the actual airplane performance from flight test data. This allows a systems analyzer
to change a specific item of geometry or mission definition in the FLOPS input file and evaluate
the resulting change in performance from the output file.

The baseline model of the C-130E was used to analyze the effects of implementing upper
wing surface blowing on the airplane. This involved removing the turboprop engines that were
on the C-130E and replacing them with turbofan engines. An investigation of the improvements
in airplane performance with the new engines could be conducted within the Flight Optimization
System. Although a thorough analysis was not completed, the impact of this change on basic
mission performance was investigated.




Introduction

The Systems Analysis Branch at NASA Langley Research Center is involved in the
design and analysis of new aircraft concepts and the assessment of technology impacts on
existing and future aircraft. One of the resources used in these studies is a library of computer
models, or specifically Flight Optimization System (FLOPS) models, of existing aircraft. These
models are used by engineers to evaluate new ideas and theories for improving aircraft
performance through the use of existing aircraft . This method produces reasonably accurate
results in a timely and cost effective manner which can be used to identify areas for future in-
depth research such as flight tests.

A FLOPS baseline model of a Lockheed C-130E was generated as an addition to an
existing library of aircraft models in the Systems Analysis Branch. The model can be used to
evaluate changes in basic mission sizing and performance resulting from changes in the airplane
configuration, weights, aerodynamics, or propulsion system. The model consists of a series of
input and output files, compatible with the Flight Optimization System, that closely reproduce
the actual airplane characteristics. FLOPS baseline development and associated derivative studies
were performed using the X-Windows based X-FLOPS tool found on the Systems Analysis
Branch’s Silicon Graphics workstations.

The C-130E baseline model was also used to conduct some limited design trade studies
and technology impact assessments through the implementation of an upper surface blowing
concept. The idea was to use turbofan engines to augment the air flowing over the upper surface
of the wing thereby increasing lift. This concept would decrease the runway length required by
this airplane for takeoff and landing and improve its low speed flight characteristics.
Unfortunately, no detailed data was obtained for takeoff and landing for the actual C-130E. For
that reason, only the basic improvements in mission performance with the new engines and
upper surface blowing concept could be investigated.

Approach and Methodology

The C-130E is a special operations military transport powered by four Allison T56
turboprop engines. The baseline model for the airplane was compiled by using available data on
the existing C-130E. The sources of airplane information included the Standard Aircraft
Characteristics Chart [Ref. 2], a MIL-STD-1374 Group Weight Statement [Ref. 3], Jane’s All
the World Aircraft [Ref. 4], the Propulsion Summary Characteristics Chart for the Allison T56
turboprop engines [Ref. 5], and other existing aerodynamic and thrust data for the airplane.

The source data was broken into four categories before it was put into the input file.
These categories were geometry, weights, aerodynamics, and propulsion performance, also
referred to as the engine deck. All of the known information from these categories except
aerodynamics was used to put together the input file for the initial model. It was intended that,
using this information, FLOPS would compute the aerodynamics internally. Initial FLOPS
executions were made to determine how the output for the model would compare with the real
data. The FLOPS model was then calibrated to reproduce the actual airplane mission
performance and other performance constraints. Comparisons were made between the internally
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computed aerodynamic data and the existing aerodynamic data to ensure that the FLOPS model
was reasonable. After the model was calibrated, the real weight data was taken out of the input
file. The model was then recalibrated so that FLOPS generated all of the weights and
aerodynamics internally given the specific C-130E airplane geometry and engine deck. This
calibrated model along with the output made up the baseline model.

The concept behind the baseline model is that most of the airplane data is generated
internally within the FLOPS program driven by key aspects of the airplane design. If design
changes are made, the program will automatically account for all of the corresponding changes due
to the initial design change. This feature is what allows the engineer to investigate the impacts of
new ideas and technology on the performance of an existing airplane. Other derivatives of the
baseline model were also made to allow investigations involving more isolated changes such as
replacing the current engines with more efficient ones. With the original baseline model, changing
the engines would change the design of the wings and many other components on the airplane.
These results would not properly reflect the design change made since it was not intended to
change the wing and other equipment just because the engines were changed. Derivative models
allow for changing specific airplane components while leaving all of the other components
untouched.

Both design trade studies and technology impact assessments were conducted for the
implementation of the upper surface blowing concept on the baseline model. The
implementation of this concept involved an engine change as described in the paragraph above.
The approach taken was to change just the engines on the airplane without changing any other
aircraft structure or systems. High by-pass ratio turbofan engines with approximately the same
static thrust rating as the Allison T56 turboprops were selected for this investigation. The
engines selected were the General Electric TF34 engines rated at 9000 pounds sea level static
thrust. Since only limited data was available for takeoff, landing, and other low speed flight
characteristics for the C-130E, only the major impacts of the new engines on basic mission
performance--range, speeds, and altitudes--were examined. This investigation would be
considered a design trade study.

The General Electric TF34 engines chosen for the upper surface blowing concept were
relatively old engines. New technology, if implemented on these engines, could reduce fuel
consumption and increase thrust. Using the new derivative model, the effects of the newer
technology on the performance of the engines were also investigated. The change in engine
performance directly affected the airplane performance. This would be an example of a
technology impact assessment.

Results

The baseline model was validated using a number of performance constraints and
parameters describing the basic design mission. These parameters were limited to a deviation of
5% from the actual value. These parameters along with their actual values and FLOPS baseline
model values are shown in Table 1.




Table 1: Validation of the FLOPS Baseline Model

Aircraft Parameter : C-130E (Actual) FLOPS Baseline Model
Gross Weight for 2000 n.m. range 152914 1b 152,723 Ib
Rate of Climb at S.L. 1630 fpm 1659 fpm
Rate of Climb at S.L. OEI 1000 fpm 951 fpm
Average Cruising Speed 287 kts 279 kts
Initial Cruising Altitude 21,200 ft 22,300 ft
Final Cruising Altitude | 37,700 ft - 37,000 ft
First Landing Weight , 134,766 1b 132,706 Ib
Total Mission Time 7.2 hrs 7.37 hrs
Max Velocity at Combat Weight (90087) 325 kts 319 kts
Combat Speed 301 kts 303 kts
Combat Ceiling 34,100 ft 34,400 ft
Service Ceiling at Combat Weight 36,750 ft 36,400 ft
Service Ceiling OEI at Combat Weight 30,400 ft 31,900 ft

The baseline model can be further validated by examining Figures 1 and 2. Figure 1 shows
a comparison of the actual C-130E drag polars and the drag polars computed internally with the
FLOPS model. These drag polars reflect the best available for constraint matching. The
maximum error between the two curves is 9%. This was the smallest overall error achieved
between the two polars while maintaining the 5% error constraint on performance. There may be
an inaccuracy in the engine deck which might have caused the discrepancy between the
performance matching and the drag polars matching. It was considered more important that the
performance results match than the drag polars in generating the baseline model; therefore, the
error in the drag polars was accepted. Figure 2 shows the payload-range diagram for both the
actual C-130E and the baseline model. These diagrams match very closely, indicating that the
model performance very closely reproduced that of the real airplane.

The results of the implementation of the upper surface blowing concept indicated an
small overall improvement in performance. This was the expected result, but without the
necessary takeoff, landing, and low speed fight characteristics data for the C-130E, the total
impact of upper surface blowing on the airplane could not be determined at this time. With the
replacement of the turboprop engines with turbofans, an increase in speed and altitude and
subsequent operational mission improvement was observed. A summary of the improvements in
performance with the addition of the upper surface blowing is presented in Table 2.
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Table 2: Improvements in Performance with Upper Surface Blowin

Change in Performance
Total Mission Time (2000 n.m. range) -42 min
Max Rate of Climb at S.L. +300 fpm
Max Rate of Climb at S.L. +360 fpm
Max Velocity at 18,000 ft +34 kts
Combat Velocity at 34,600 ft +39-kts
Combat Rate of Climb at 34,600 ft +215 fpm
Service Ceiling +4000 ft
Combat Rate of Climb at S.L. +740 fpm
Cruise Altitude (average) +4000 ft
Cruise Velocity (average) +29 kts
Operating Weight Empty -8700 1b
Fuel Consumed L +6000 1b

The results above were computed using the baseline reference gross weight to obtain a
meaningful comparison. The total mission time was based on a gross weight sized for a range of
2000 n.m with the GE TF34 engines. It is evident that the turbofans showed some marked
points of improvement in airplane performance. The turbofans did consume more fuel which had
a significant impact on range. The range improved slightly for heavy payload weights due to the
decrease in operating empty weight. As the payload weight went down, the range did not grow
as fast as with the Allison T56 engines due to the increased fuel consumption. This trend can be
seen in the payload-range diagram contained in Figure 3.

Since the General Electric TF34 engine was designed in 1972, two decades of significant
engine technology improvements would make the engine more efficient and powerful. Assessing
the impact newer technology would have on the engine/aircraft performance, the FLOPS model
with the TF34 engines was used to investigate higher engine thrust ratings and lower fuel
consumptions. Figure 3 shows the payload-range diagrams for several conditions. The
conditions include the baseline C-130E model and the derivative model with the TF34 engines at
their original thrust rating and thrust rating increases. It can be seen that increasing the power
output of the engines, or increasing thrust, does not have a significant effect on the airplane range.
The airplane performance otherwise did increase with higher thrust.

Figure 4 shows the effects of reducing the engine fuel consumption. Reduction in fuel
consumption does have a significant effect on range. The reduction in fuel flow did not make any
significant improvements in other aspects of airplane performance, though. This figure also
shows the possible effects of year 2005 technology. Improvements in materials and
manufacturing will allow not only large fuel consumption reductions, but also significant
reductions in thrust-to-weight ratios. This 2005 technology is represented in Figure 4 by a 50%
reduction in fuel flow and 15% increase in thrust-to-weight ratio.
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Conclusions

The baseline performance model of the C-130E was created for the Flight Optimization
System. The model was calibrated against known data to reproduce the actual airplane
performance. Variations of the baseline model were used to examine the implementation of an
upper wing surface blowing concept using high by-pass ratio turbofan engines. Variations of the
baseline model were also used to examine the impact of new technology on the engine/aircraft
performance.

The upper surface blowing concept had mixed benefits to basic mission performance.
The addition of turbofan engines to the aircraft increased cruising speeds and altitudes and
reduced the airplane empty weight. Unfortunately, the turbofan engines also consumed more
fuel. For full cargo missions, the range increased slightly due to the advantage of the lighter
operating empty weight. As cargo weights went down and range increased, the higher fuel
consumption negated the benefit of the reduction in empty weight and range performance
decreased significantly. The application of technology to increase engine thrust did little to affect
airplane range, although it did improve other performance characteristics. Technology to reduce
fuel consumption had a significant impact on aircraft range while leaving other aircraft
performance characteristics basically unchanged.
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ABSTRACT -

As a federal agency, NASA has a moral and legal obligation to the public to manage the
archeological heritage resources under its control. Archeological sites are unique, nonrenewable
resources that must be preserved so that future generations may experience and interpret the
material remains of the past. These sites are protected by a wide array of federal regulations
including the Antiquities Act of 1906 (P.L. 59-209, 16 U.S.C. 431-433), the Historic Sites Act
of 1935 (P.L. 74-292, 16 U.S.C. 461-467), the National Historic Preservation Act of 1966 (P.L.
95-515)(P.L. 102-575, 16 U.S.C. 470-470t), and the Archeological Resources Protection Act of
1979 (P.L. 86-95, 16 U.S.C. 470aa-47011). These regulations are intended to ensure that our
nation's cultural heritage is preserved for the study and enjoyment of future generations.

Once a site has been excavated, all that remains of it are the artifacts and associated records
which, taken together, allow researchers to reconstruct the past. With the contextual information
provided by associated records such as field notes, maps and photographs, archeological
collections can provide important information about life in the past. An integral component of
the federal archeology program is the curation of these databases so that qualified scholars will
have access to them in years to come. Standards for the maintenance of archeological
collections have been codified by various professional organizations and by the federal
government. These guidelines focus on providing secure, climate-controlled archival storage
conditions for the collections and an adequate study area in which researchers can examine the
artifacts and documents.

In the 1970's and early 1980's, a group of NASA employees formed the LRC Historical and
Archeological Society (LRCHAS) in order to pursue studies of the colonial plantations that had
been displaced by Langley Research Center (LaRC). They collected data on family histories
and land ownership as well as conducting archeological surveys and excavations at two
important 17th-20th century plantation sites in LaRC, Cloverdale and Chesterville. The
excavations produced a wealth of information in the form of artifacts, photographs, maps and
other documents. Unfortunately, interest on the part of the LRCHAS membership waned before
a report was written, and since 1982 the artifacts have moldered in a flimsy trailer with no
climate controls, which had once served as a field laboratory but which threatened to become a
tomb for the collection. A recent analysis of Langley's cultural resources by Gray & Pape, Inc.
recommended that the collection be organized, cataloged, and placed in a proper curation facility
in accordance with federal regulations.

My project for the LARSS program was to research curation standards, organize the
collection, catalog it, and prepare it for transfer to a facility which could provide adequate long-
term curation conditions for the artifacts and documents. The first phase was to organize the
artifacts, which were lying about the lab in various stages of cleaning, analysis, and conservation.
Once all of the artifacts from the various excavation units and levels had been regrouped, they
were cleaned and/or repackaged in archivally-stable materials. A basic catalog was prepared
which will provide interested parties with a rough idea of what we have and where it can be
found. Another aspect of my project was to organize the records left by the LRCHAS. Bundles
of papers, photographs, and field data found in every corner and drawer of the laboratory trailer
were put into order and, where appropriate, copies were made on acid-free Permabond paper for
longterm storage. Finally, the entire collection and most of the lab equipment was transferred
into a secure, climate controlled room which will serve as an archive and study space for
qualified scholars interested in exploring LaRC's rich historical heritage.




INTRODUCTION

Archeology provides us with a unique opportunity to study the past through the examination
of actual objects used by people in the past. Archeological sites constitute a finite, nonrenewable
resource of important information which cannot be duplicated or supplanted by standard
historical sources. The act of excavation effectively destroys a site, leaving only the artifacts
and associated records to tell its story. An important component of the federal archeology
program is the curation of archeological collections for the benefit of future scholars. Curation
is often given low priority in archeological circles, being considered less glamorous than field
excavation, but any archeologist who has had to work with previously excavated materials can
attest to the importance of proper storage and maintenance of artifacts and especially the related
records. These records can include field notes, maps, photographs, historical records, and any
other materials which provide information on the people whose remains are being excavated or
on the excavation process itself. Artifacts without records are like paragraphs cut randomly
from the pages of a book: interesting bits of information with no relation to any unifying whole.

Recognizing its role as steward for the shared cultural heritage embodied in archeological
resources, the federal government has established guidelines for the curation of federally-owned
archeological collections to ensure their preservation for future generations. These regulations
are spelled out in 36 C.F.R. Part 79 "Curation of Federally Owned and Administered
Archeological Collections" (seec Appendix B). In a nutshell, these guidelines require that
artifacts and records be stored together in a secure, fireproof facility with stable climatic controls
providing optimal archival storage conditions for their long-term preservation. The Society for
Historical Archeology's "Standards and Guidelines for the Curation of Archaeological
Collections" (see Appendix A) expands on the federal guidelines, specifying optimal methods
and materials for labelling, packaging, and storing these materials.

Ideally, an archeologist in the year 2095 should be able to come to Langley, sit down with our
collection, and find everything necessary to be able to make sense of it. As more and more sites
are destroyed by development or excavation, archeologists will increasingly come to rely on
previously excavated collections to conduct their research.

RCHE E E

The study of the history and archeological resources at Langley Research Center can be traced
to the mid-1950's, when two events occurred in the West Area that sparked the interest of NASA
employees. One was the 1955 demolition of Cloverdale, the last surviving colonial house in this
part of Hampton, which had stood where the bandstand is now located next to Reid Conference
Center for almost 300 years. The other was the construction in 1956 of the hydraulic test track
near Brick Kiln Creek, when a 17th century stone house foundation and colonial artifacts were
exposed by grading equipment. It had long been known that this area and the nearby brick house
ruin had once been the property of George Wythe, the famous colonial legislator, law professor,
and signer of the Declaration of Independence. A NASA employee, Lyman Stilley, saved some
artifacts which had been exposed in the track bed between the remains of the two houses, thus
forming the nucleus of NASA-Langley's present archeological collection.

In 1970, a group of NASA employees organized and formed the LRC Historical and
Archeological Society (LRCHAS) as an avocational pastime, with the goal of studying the
people and properties that had preceeded NASA in occupying this section of Hampton. Some
members focused on historical issues, researching state and county records offices for family
histories, wills, land patents, and deeds in order to document the human history and changing
patterns of land ownership in the region. Other members opted to study the material remains of
the past, and after consultation with the state archeologist and NASA officials, commenced the
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first instructional archeological excavation in Fall 1973 at the site of Cloverdale plantation. They
soon encountered a large trash pit which eventually yielded hundreds of artifacts dating from the
mid-17th through the early 20th century.

In 1971, the LRCHAS prepared the documentation necessary to have Chesterville plantation,
the birthplace and home of George Wythe, declared a National Historic Landmark. The site
included the 17th century stone house foundation and the remains of a brick house which was
built ¢. 1772 and burned in 1911. In the fall of 1974, they initiated a systematic shovel test
survey of the main area around the two house ruins in order to establish the site boundaries,
discovering an 18th century brick kiln and several possible outbuildings in the process. The site
was duly accorded NHL status, and the 13-acre site is protected as such to this day. .

In 1975, the LRCHAS initiated extensive excavation of the older stone house foundation in
order to further assess its archeological deposits and to prepare an exhibit for the upcoming
bicentennial celebration. The entire foundation was exposed through the excavation of thirteen
10-foot squares, of which two were selected for deeper excavation. Tens of thousands of
artifacts were recovered in the course of this project. In addition, the group constructed the
historical site markers which still dot Langley's landscape and prepared a drive-through historical
tour which became one of the Visitor's Center's most popular attractions. Excavations continued
on and off through 1981, by which time the bicentennial spirit had waned and with it the
enthusiasm of society members. Laboratory curation and analysis had been neglected for some
time, and by the mid 1980's the entire project had been essentially abandoned.

THE PRESENT PROJECT

When examined in early June 1995, the situation appeared hopeless. The last excavation unit
had never been backfilled, and a small tree had sprouted from the exposed site floor. In the lab,
artifacts were piled on every flat surface in sight: shelves, desks, worktables, the draining board
of the sink, and the floor. They were stored in every conceivable kind of container: cigar boxes,
Dixie cups, paper bags, cardboard boxes, plastic boxes, and sometimes just in open piles on a
desk. Artifacts from the two different sites were often found on the same shelf together, and
most had never been cleaned after excavation. Paper bags had sat in the non-climate controlled
environment of the trailer for so long that in some cases the provenience information on the bag
had faded beyond the point of legibility, and in many cases the bags were so dried out that they
crumbled when touched. Field records, drawings, maps, photographs, and artifact inventory
sheets were found to be in a similar state of disorganization, lying in drawers, on shelves, and in
piles on the floor. Photographs were faded and crumbling, written records that had lain exposed
to sunlight had faded, and evidence of rodent activity was everywhere. The laboratory building
itself was a flimsy three-room trailer with a door that could be opened with a screwdriver in less
than ten seconds. The structure was deteriorating, and stood a very real chance of being
destroyed by a strong windstorm.

Before dealing with the artifacts themselves, the files of the LRCHAS were organized in
order to get a feel for the operation of the society and to gain some idea of what could be
expected to exist in the collection. Minutes of meetings, memos, correspondence, field notes,
photographs, and other research materials were organized as best as possible. As the project
progressed it was often possible to label uncaptioned photographs or to determine the
provenience of unlabelled artifacts based on information gleaned from drawings and field notes.
Wherever possible, information from several sources was cross-referenced. For example, an
artifact found in the lab which had lost its identification tag was later identified, using a labelled
photograph and an entry on an artifact inventory sheet . In another case, a labelled stratigraphic
profile drawing of the site's basement wall provided the key to understanding a series of dozens
of photographs, an interpretation which was later borne out by a careful rereading of the field




notes . Often, an obscure reference noted in this initial stage of the project would suddenly make
sense weeks later when a corresponding piece of data was uncovered. It was quite a detective
story at times, and in the end it was possible to learn a great deal about George Wythe, his family
and property from what had seemed like a hopeless mess eight weeks before.

The artifact collection itself is especially rich, and together with the associated records, forms
a valuable resource for a variety of inquiries into this period of the past. Major functional artifact
classes represented in Langley's collection include the following:

Functional category Rel ifa
Food storage / preparation / consumption  ceramics, glassware, iron kettles and stove parts,
utensils of pewter, iron & bone

Architectural materials brick, nails, mortar, stone, shell, plaster, window
glass, lead window cames, iron hinges

Clothing and furniture Buttons, upholstery tacks, brass pins, thimbles,
buckles

Dietary remains bone and shell

Hunting /defense gunflint, bullets, gun parts, sword parts

Leisure activities pipes, marbles, porcelain dolls, bone dominoes.

These items of material culture, along with the contextual information gleaned from
geneology and documentary research, provide us with a window into the life of one of our
founding fathers, as well as his neighbors and successors in the region. Archeologists have
developed a wide array of analytical and interpretive approaches to material culture in recent
years, enabling deeper and more humanistically satisfying recovery of meaning from
archeological remains. Significant advances in archeological method and theory have occurred
even since the Chesterville excavations were abandoned in 1981, and these interpretive
capabilities can only be expected to increase in years to come.

The most basic step in archeological curation is to wash the soil from all artifacts, except in
rare cases where such action may damage residues of food or blood that could prove useful for
future analysis. After drying, the artifacts were placed in plastic ziploc-type bags, grouped by
provenience. Where practical, the artifacts from a particular provenience were separated into
artifact classes such as ceramics, glass, bone, etc., then all of those bags were placed in one large
bag and assigned a lot number for the entire provenience.

For the benefit of the uninitiated, provenience refers to the location in which an artifact was
found. This context is crucial in understanding the relationships between all the artifacts from a
site. The provenience, then, is the artifact's position in three-dimensional space. The excavation
unit, usually identified with an Excavation Record number (E.R. #), marks the horizontal
location, while the level, usually identified with an upper case letter, marks the vertical position
within the unit. The LRCHAS excavators worked in ten-foot squares based on U.T.M.
coordinates found on the NASA-LaRC grid map, so the horizontal position of the excavation
units can be precisely established. Following a practice common at the time, they left narrow
walls known as bulks to separate the squares; these bulks were later excavated in some cases, and
the artifact bags marked accordingly. The units were excavated in natural levels following
visible changes in soil color and composition, occasionally denoting sublevels if only a minor
change was noted. Thus, provenience 6AAA would have been above 6B, which was above 6BB,
6C, and so on. The only problem with using natural levels is that accurate detailed records must
be kept which describe the differentiating characteristics of each level (soil color, composition,
and artifact content) as well as its depth and thickness. Without these descriptions, there is no
way of knowing exactly where in vertical space an artifact was found, only its position relative
to the other levels within that unit. Unfortunately, this information does not appear to have been
recorded by the LRCHAS excavators. A few stratigraphic profile drawings have been found

159



160

which might provide this information, but time constraints in the current project precluded this
level of analysis.

Once all of the artifacts had been grouped with others from the same provenience, the
cataloging process commenced. Every provenience was assigned a lot number, and if a bulk
wall or feature within a level was excavated separately from the other artifacts in that level, it
was assigned a separate lot number (examples: 4B, 4B-West Bulk, 4B-South Bulk, 6C, 6C-SE
pit, 6C-NW pit, etc.). All artifacts from the same provenience should be cataloged under the
same lot number, and any deviations from this standard should be noted in the artifact catalog.

In the present case, rubble (consisting of brick, mortar, plaster, shell and stone) was cataloged
separately from artifacts (such as ceramics, glass, etc. ) for packaging purposes, so as to prevent
fragile artifacts from being crushed by the bulkier rubble. The rubble was cataloged in numerical
order from E.R. # 1 through E.R. # 13, followed by E.R. # 101, followed by the artifacts from
E.R. #1 through E.R. #13. Occasional deviations from this system occurred if, for instance, a
stray bag of artifacts was discovered after the rest of that provenience had already been cataloged
and packaged.

Artifacts were occasionally found with no provenience information, whether the container had
never been labelled in the first place or the label had simply faded over the years. These
artifacts were labelled "No Provenience” and each such group was assigned its own lot number.
Artifacts with no provenience have no analytical value, but are useful for a study collection or
for display purposes.

Ideally, every artifact should be permanently labelled with the site number and provenience,
so that if any become separated from the rest of the lot, they can later be returned to their proper
place. Many of the unique or most interesting artifacts from the Chesterville site were pulled
from the collection for displays and lectures, and the list of their proveniences has been lost, so
they are stuck in a display collection limbo. Anytime an artifact is pulled from its lot, a note to
that effect should be placed with the remaining artifacts and a separate list of "pulled artifacts"
should be maintained to provide double indemnity against information loss. When the pulled
artifact is returned to its proper place, the note can be removed from the lot bag and the entry
checked off from the list.

Once all artifacts had been organized, bagged, and cataloged, they were placed in standard-
sized acid-free archival quality Hollinger storage boxes. These are the archival industry standard
and should be used whenever possible for the long-term storage of archeological collections.
They are sturdy, they last much longer than any ordinary cardboard box, and they look nice
lining the shelves. They are expensive (about $4 per box), but well worth it.

The artifact catalog sheet lists the lot numbers, proveniences, contents,of each lot, and the
number of the box in which it is stored. This system facilitates a variety of collections
management tasks. A quick scan of the list can tell where all of the artifacts from a particular
provenience can be found, which lots are in a particular box, and give an approximate idea of
the quantity of a particular lot. For instance, lot 143 consists of 24 bags of rubble from
provenience 6BBB, and is stored in boxes 18, 19, 20, and 21. On the other hand, box 45
contains all of the artifacts (except rubble) from all of the levels in excavation units 1, 2, 3, and
4, comprising lot #'s 208-246.

The organization, cleaning, cataloging, and packing of the collection was carried out in the
trailer that had served as the laboratory and storage facility. Meanwhile, back at the Facilities
Planning and Development Office, LaRCs Master Planner (who also serves as Historic
Preservation Officer) was trying to find a new home on the Center for the collection. A variety
of choices were presented and rejected for a variety of reasons - too small, no climate controls,
inadequate security - until, finally a room that met the basic requirements was found. It will have
room for the present collection to be stored on shelves, with additional space for work benches, a



desk, and storage space for the tools and equipment left behind by the LRCHAS. Photographs,
maps, field records, historical background materials, and other research materials will be stored
along with the artifacts in a room that ean be used by qualified researchers who wish to study the
material. In theory, the collection should never have to leave that room, except for exhibits, as
long as the building stands. The Historic Preservation Officer will have authority over access to
the collection, which will be much closer to compliance with the guidelines of 36 C.F.R. 79.

Another alternative is to finish cataloging the collection and submit it to the Virginia
Department of Historic Resources (VDHR) for permanent curation. The Chief Curator for
VDHR, Beth Acuff, has indicated that that would ultimately be the best avenue to take. VDHR
has the staff, facilities, and resources to properly care for the collection in perpetuity and to make
it available to scholars in a central location along with other collections from throughout the
state. A one-time fee of $75 per box is charged for this service, and since LaRC's collection
currently includes 72 boxes, this would cost a total of $5625. This outlay may seem high at
first, but it would remove a great burden of responsibility from NASA's shoulders. In addition to
storage, VDHR takes responsibility for any future conservation needs or exhibit preparations that
may become necessary.

In either case, much work remains to be done before this phase of the project can be said to be
complete. The collection needs to be more thoroughly inventoried, and this information added
to the site files at VDHR. The Chesterville site, by virtue of its association with George Wythe
as well as its sheer richness, is an important resource for the region and the archaeological
community at large, and the results of its excavation must be disseminated to the public. It
would be feasible to write a report, perhaps to be published in the Quarterly Bulletin of the
Archeological Society of Virginia or a similar journal, based on the information at hand. The
existing records are spotty, but many of the original excavators are still employed at LaRC and
have indicated a willingness to assist in such an undertaking. Prompt reporting of archeological
investigation is an accepted standard in the profession; it fulfills our obligation to share
information with the public that funds much of our work. To excavate an archeological site
without publishing a report is irresponsible at best, and borders on treasure hunting at worst.
Either way, at least the basic site data must be published for the sake of interested scholars.

In all fairness, it should be noted that had it not been for the hard work and dedication of the
LRCHAS members, working on their own time with no reward except the thrill of discovery, we
would know nothing about any of these sites or about the people who lived here before the
arrival of NASA. While history and archaeology are not within the realm of NASA's mission,
the agency had done nothing to save or interpret the national heritage lying beneath its feet. On
the contrary, the Chesterville site was very nearly destroyed by facility construction before the
efforts of LRCHAS members led to its listing on the National Register of Historic Places and the
subsequent archaeological investigations. In spite of any shortcomings in their methods or
reporting, the members of the LRC Historical and Archeological Society deserve to be
commended for their research and hard work. .

Historian David Lowenthal has referred to the past as "a foreign country” which can be more
fully interpreted through the preservation and analysis of historic artifacts and sites. It is hoped
that the present archaeological curation program at Langley Research Center can bring us closer
to recovering the multiple meanings that the past held for the people that lived here before the
arrival of NASA.
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NASA LaRC HAZARDOUS MATERIAL PHARMACY

Student: Remy Esquenet
Mentor: Robert D. Brown
Office of Safety, Environment, and Mission Assurance
Office of Environmental Engineering

ABSTRACT

This report outlines the steps taken in the research and design of a pilot hazardous material
pharmacy at NASA LaRC. The purpose of the hazardous material pharmacy is to reduce
hazardous material procurement costs and hazardous waste disposal costs through the collection
and reissue of excess hazardous material. The results of this research show that a hazardous
materials reuse facility is feasible and potentially beneficial to LaRC.
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INTRODUCTION

In 1993-1994 the Office of Environmental Engineering contracted SAIC to develop NASA
Langley’s Pollution Prevention (P2) Program. One of the priority projects identified in this
contract was the development of a hazardous waste minimization (HAZMIN)/ hazardous
materials reutilization (HAZMART) program in the form of a Hazardous Materials Pharmacy. As
my LARSS project I was tasked with beginning the development of the Hazardous Materials
Pharmacy. '

A hazardous materials pharmacy is designed to reduce hazardous material procurement costs and
hazardous waste disposal costs. This is accomplished through the collection and reissue of excess
hazardous material. Currently, a rarely used hazardous material may be stored in a shop area,
unused, until it passes its expiration date. The material is then usually disposed of as a hazardous
waste, often at a greater expense than the original cost of the material. While this material was
on the shelf expiring, other shop areas may have ordered new supplies of the same material.

The hazardous material pharmacy would act as a clearinghouse for such materials. Material that
is not going to be used would be turned in to the pharmacy. Other users could then be issued this
material free of charge, thereby reducing procurement costs. The use of this material by another
shop prevents it from expiring, thereby reducing hazardous waste disposal costs.

APPROACH

Research on the project began by doing a literature search and by visiting some operational
Hazardous Materials Pharmacies in southeastern Virginia. The original contractor, SAIC,
supplied two documents from The Air Force Center for Environmental Excellence. These
documents are called “Hazardous Material Pharmacy: Commanders ‘How-To Guide’” and
“Facility Planning and Design Guide: Hazardous Material Pharmacy.” The operational
pharmacies that were visited were at Fort Eustis and at the Norfolk Naval Base.

The available literature and visits to operational pharmacies pointed out that hazardous material
pharmacies are usually involved in the supply of new hazardous materials as well as the reuse of
excess materials. NASA LaRC supply was contacted but they did not see the benefit of such a
project. Because of lack of support from supply it was decided that the hazardous material
pharmacy was only going to be a hazardous material reuse facility.

Putting a full scale reuse facility into affect immediately would be very difficult so a pilot program
was chosen for development. This would allow for the collection, storage, and distribution
mechanisms to be established while the pharmacy was still small and manageable. A pilot
program dealing with Operations and Maintenance at LaRC was deemed the best option.
Operations and Maintenance at LaRC is handled by a contractor called EG&G. EG&G was
chosen for several reasons. EG&G has demonstrated exceptional awareness of environmental
responsibilities and is an active participant in other pollution projects. EG&G has excellent
accountability procedures for issuance, use and disposal of hazardous materials. EG&G is




divided into many trades covering the entire center. Each trade uses hazardous materials and
could benefit from a hazardous material reuse facility.

EG&G’s environmental coordinator was contacted and the project was discussed. The various
trade shops were visited to evaluate their potential for participation in the reuse facility. A letter
was sent to the contract specialist in charge of EG&G’s contract, requesting EG&G’s official
involvement in the project. (See Appendix A) Copies of this letter were sent to key LaRC and
EG&G personnel. OEE and EG&G representatives then met to discuss EG&G’s participation in
the pharmacy. :

After an agreement was reached between OEE and EG&G a meeting was held to inform
representatives of all of the EG&G trade groups that this pharmacy project would be moving
forward. A list of excess hazardous materials was requested from each of the trades.

Research was also conducted to determine a location for the pharmacy. Property management
personnel at the Logistics Management Division (LMD) were contacted to discuss the use of
existing structures at LaRC. The use of prefabricated environmentally controlled hazardous
material storage units was also considered.

EQUIPMENT AND FACILITIES

NASA LaRC vehicles were used for travel to the Hazardous Materials Pharmacies at Norfolk
Naval Base and Fort Eustis. LaRC bicycles were used to visit various EG&G trade shops and
potential locations for the pharmacy. Training was received at the NASA LaRC Computer Lab
in Microsoft Excel. Microsoft Word was used extensively to generate reports and letters.

RESULTS

A temporary site for the pharmacy has been established. While in its preliminary stage it will be
operated out of the EG&G warehouse. Buildings 1270 B,C,D had been considered as a
permanent location for the pharmacy because they are currently being used for chemical storage
and are scheduled to be closed in October. After reviewing the structures they were determined
to be unacceptable because they do not meet safety requirements for hazardous material storage.
The best option for a permanent location was determined to be a prefabricated structure designed
for hazardous material storage. A suitable unit has been priced and funds have been allotted in

. next year’s budget. (See Appendix B) The final location of this structure has not been
definitively established. One possible location is adjacent to the EG&G warehouse, building
1187. Another possible location is behind the new pollution prevention building that is currently
under construction.

Lists of excess materials have been received from each of the EG&G trade offices. (See
Appendix C) These materials will be collected when suitable storage lockers have been placed
into the EG&G warehouse.
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OEE and EG&G personnel have agreed that EG&G personnel will run the daily operations of the
hazardous materials pharmacy while it is in its preliminary stage. During this preliminary stage no
additional manpower will be needed and no amendments will be made to the EG&G contract. A
list of available materials will be distributed to all of the trades on a bi-weekly basis. Any trade
will be able to take any material that is listed on the pharmacy inventory if they can show that the
material is needed for a specific work order. The material can then be issued free of charge.

The success of the program will be determined by tracking the material that passes through the
pharmacy. The value of the materials that are distributed can be totaled to estimate the reduction
in procurement costs for EG&G. The potential disposal costs of these materials can also be
totaled to estimate the reduction in hazardous waste disposal costs. The sum of these two figures
will provide an estimate of the total savings benefit resulting from pharmacy operations. :

If this pilot project proves successful it can be expanded to incorporate other areas at NASA
LaRC. Other areas that have been identified, through analysis of hazardous waste disposal
records, are the Operations Support Division, the Fabrication Division and Flight Dynamics.
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National Aeronautics and APPENDIX A
Space Administration

Langley Research Center
Hampton, VA 23681-0001

429 June 30, 1995

Reply to Attn of:

TO: + 126/David Jones. Contract Specialist, EG&G Contract NAS1-20243, Supply,
Construction, and ADP Contracts Branch, AD

FROM: 429/Head, Office of Environmental Engineering, OSEMA
SUBIJECT: Establishment of Hazardous Materials Pharmacy

The Office of Environmental Engineering (OEE) is in the preliminary stage of developing a
hazardous materials pharmacy program. OEE proposes EG&G participate in establishing a Center
pilot project.

A hazardous materials pharmacy is designed to reduce both hazardous material procurement costs
and hazardous waste disposal costs. This is accomplished through hazardous material collection and
reissue. Currently, a rarely used hazardous material may be stored in a shop area, unused, until it has
passed its expiration date. The material is then usually disposed of as hazardous waste, often at a
greater expense than the material originally cost. While this material was on a shelf expiring, other
shop areas ordered new supplies of the same material.

The hazardous materials pharmacy would act as a clearinghouse for such materials. Material that is
not going to be used would be turned in to the pharmacy. Other users could then be issued this
material free of charge, thereby-reducing procurement costs. The use of this material by another
shop prevents it from expiring, thereby reducing hazardous waste disposal costs.

If successful, the pharmacy concept could be expanded to include the entire Center. EG&G is
uniquely qualified to participate for several reasons. EG&G has demonstrated exceptional awareness
of environmental responsibilities and is an active participate in pollution prevention projects. EG&G
has excellent accountability procedures for issuance, use, and disposal of hazardous materials. The
Centerwide operations and maintenance activities conducted by EG&G are eminently suitable for
hazardous materials pharmacy operations. Successful pharmacies based on similar operations have
been established at the Norfolk Naval Base and at Fort Eustis, VA. OEE would not expect any
modifications or addmonal tasking to the EG&G contract for its participation.

We would like to meet with you and an EG&G representative to discuss this project. The OEE point
of contact for this activity is Leslie Holland at extension 48690. Please contact her to set up a

John W.
43342

cc:
134/AD

481/0SD

485/]. R. Carbonneau
485/3. L. Kirby

421/0SEMA
429/0EE
429/L. H. Holland 429/RMEsi]uenet:edd UFI:8800 (48690)
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APPENDIX B

The following unit is suitable for use as an exterior containment unit for hazardous materials. It
measures 16’ long, 9°9” deep and 8°8” high. It has a storage capacity of 28 - 55 gallon drums.
Two entrances are located on the 16’ side of the unit. The interior of the unit is divided into two
halves by a fire rated separation wall. One side is suitable for the storage of hazardous materials,
and the other side is suitable for storage of corrosives. Separate secondary containment and
sumps are built into each side of the unit in the event of a leak or spill. Thé unit is fitted with
explosion relief and dry chemical fire suppression systems. The unit is also air conditioned and
insulated.

Safety Storage Model 30

T T I e
Base Unit - Model 30 $13,000
Air Conditioning 2,800 BTU $ 2,800
Explosion Relief $ 750
Fire Rated Separation Wall $ 750
Dry Chemical Fire Suppression $ 1,775
Separate Sumps $ 155
Insulation $ 1,330
Explosion-proof Lighting $ 1,055
Corrosive Materials Liner $ 600
TOTAL $22.215.00

Manufacturer Information

Safety Storage, Inc. Northeast
341 Willowbrook Lane

West Chester, PA 19382
Representative: Art Fad
Telephone:  (610) 692-9151
Fax: (610) 692-9156
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APPENDIX C

August 01, 1995

EG&G’s inventory of materials to be placed into NASA’s Hazardous Materials Pharmacy Reuse

facility.
PIPE / WELDING SECTION

Selig’s Super Freee-All

Drain cleaner, contains sodium hydroxide.
poison / corrosive

1 ea. 5 gal. can

ELECTRICAL SECTION

Glyptal Inc.

74010 hardener
flammable liquid
5ea. 1 gal cans

Paint, aluminum, heat resisting, 1200 deg. F
flammable liquid
1 ea. 1gal can

Glyptal Inc.

74004 buff epoxy enamel
flammable liquid

2 ea. 1 gal. can

A/C, SHEETMETAL SECTION

Ethylene Glycol
6 ea. 1 gal. cans

Selig’s spray & wipe, Clean Up II
aerosol detergent, disinfectant
11 ea. 19 oz. aerosol cans

Paint aluminum, heat resisting, 1200 deg. F
NSN 8010-00-815-2692
lea 1gal can

Selig’s Formula 0-88

organic cleaner and degreaser
combustible liquid

1 ea 5gal can
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MECHANICAL SECTION

Dupont Axarel 6100
cleaning agent
combustible liquid

1 ea 5gal can

Dupont Axarel 2200
cleaning agent
combustible liquid
lea 5 gal can

BUILDING TRADES SECTION

Paint Enamel, interior, semi-gloss
4 ea. 1 gal. cans

Glidden Latex paint
6 ea. 1 gal cans

Pittsburgh Paints
DTM enamel / 100% acrylic
2 ea 1 gal cans

Bix spray-on stripper
paint remover
poison

1eal gal can

Pittsburgh off white
block filler / latex
1ea 5gal can

Pittsburgh pitt-guard
polyamide-epoxy coating
part A, 3 ea. 1 gal. cans
part B, 3 ea. 1 gal. cans

Plasite (white)
cold-set coating
flammable

3ea 1gal kits

Deveon “Z”

cold galvanizing compound
3 ea. 24 Ib. cans
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ABSTRACT

This report presents the results of an assessment of electromagnetic fields completed at NASA
Langley Research Center as part of the Langley Aerospace Research Summer Scholars Program.
This project was performed to determine levels of electromagnetic fields, determine the
significance of the levels present, and determine a plan to reduce electromagnetic field exposure, if
necessary. This report also describes the properties of electromagnetic fields and their interaction
with humans. The results of three major occupational epidemiological studies is presented to
determine risks posed to humans by EMF exposure. The data for this report came from peer-
reviewed journal articles and government publications pertaining to the health effects of

‘electromagnetic fields.




INTRODUCTION

Recently, a great deal of attention has been given to the possibility of detrimental health effects
resulting from exposure to Extremely Low Frequency (ELF) Electromagnetic Fields (EMF). The
first reports of the possibility of health effects resulting from EMF exposure originated in the
1960's from the Soviet Union. Researchers in the Soviet Union reported a number of varied
health problems in persons working in high-voltage power switch yards. In 1977, the United
States Department of Energy began researching EMF in response to concerns raised about the
safety of utility workers. Wertheimer and Leeper performed a study in 1979 that showed a
slightly increased risk of leukemia in children living near power lines in the Denver area. The
results of the Wertheimer and Leeper study were not replicated. Since the Wertheimer and
Leeper study, numerous epidemiological and biological studies have been performed to determine
if EMF poses a significant threat to human health, but to date no concrete evidence has been
presented to prove or disprove the possibility of detrimental health effects being caused by EMF.

Electromagnetic fields are virtually ubiquitous in our environment. NASA Langley Research
Center has numerous varied work environments which correspond to varying levels of worker
exposure to EMF. The purpose of this assessment is to present a review of existing studies of
EMF health effects, present the results of a survey of EMF levels at LaRC, and present ideas to
help in reducing EMF exposure at LaRC.

ELECTROMAGNETIC FIELD BASICS
Extremely Low Frequency (ELF) Electromagnetic Fields (EMF) are present wherever electricity
is being generated, transmitted, or used. The electromagnetic spectrum is divided into ionizing
and non-ionizing regions. Ionizing radiation includes gamma rays and X-rays. Non-ionizing

radiation sources include visible light, infrared light, radio frequency and extremely low frequency.

Non-ionizing and ionizing radiations are different from one another in how they are produced,
how they propagate, how they react with matter, and how they produce biologic and health
effects. Non-ionizing radiation is not strong enough to break chemical bonds in molecules and
form ions. The higher the frequency (expressed in hertz), the shorter the distance between one
wave and the next, and the greater the amount of energy in the field. A comparison between the
wavelengths of a microwave oven and power lines illustrate this phenomenon. A power line
operating at a frequency of 60 hertz has a wavelength of 3100 miles, while a microwave oven
operating at 2450 megahertz (one megahertz = one million hertz) has a wavelength of 4.8 inches.
Extremely low frequency electromagnetic fields include frequencies below 3000 hertz.

Magnetic fields are measured in units called gauss which express the magnetic flux density. A
unit called the tesla has been agreed upon as an international standard, but the gauss is used more
often by the general public. The material presented in this discussion will be given in gauss with
distances expressed in inches and feet.

Conversion Between Magnetic Flux Density Units
1 gauss (G) = 1000 milligauss (mG)
1 milligauss (mG) = 0.1 micro tesla
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In the United States, electrical power alternates at a rate of 60 cycles per second (hertz). This
alternating current (AC) behaves differently than direct current (DC). Direct current flows
directly from batteries to the device being powered while alternating current flows back and forth.
The earth produces its own DC electrical energy through thunderstorms and currents deep within
the earth's core. The DC magnetic field from the currents in the earth's core averages 500
milligauss (mG) which is higher than the magnetic field levels resulting from AC electrical power.

The earth's magnetic field has virtually no effect on human health because DC fields are not able
to create currents in objects in the manner that AC fields from electrical power do. AC fields
induce weak electric currents when they come into contact with humans, and have been the focus
of research pertaining to human health effects resulting from EMF exposure.

Electromagnetic fields are made up of both electric and magnetic fields. Electric and magnetic
fields behave very differently from one another even though they both result from the same
source, electrical power. Electric fields are produced by voltage. When an appliance is plugged
into an electrical outlet, an electric field is given off, even if the appliance is turned off. Magnetic
fields are produced by current, so an appliance must be plugged in and turned on to give off a
magnetic field. Electric fields can be shielded easily by conducting objects such as buildings.
Magnetic fields can only be effectively shielded by using nonferromagnetic, high-conductive
copper.

ELECTROMAGNETIC FIELD INTERACTION WITH HUMANS

Electromagnetic fields contact humans through the outer surface of the body. The fields then
induce weak electric currents that flow through the body. Electromagnetic fields are not capable
of penetrating cell membranes, they can only flow between cells. The human body has electrical
activity of its own from the heart and brain. The currents from extremely low frequency
electromagnetic fields are much weaker than the natural currents of the human body. The effects
that electromagnetic fields have on the natural currents within the body are not well understood.
The confusion lies in determining the exact mechanism by which electromagnetic fields interact
with cells.

Electromagnetic fields are not capable of causing any tissue heating because the frequencies of
ELF electromagnetic fields have frequencies 12 orders of magnitude less than very weak ionizing
radiation.

Acute Physiological Effects

In 1991, research was performed at the Midwest Research Institute to determine the effects of
EMF on human heart function. Healthy human volunteers were intermittently exposed to electric
and magnetic fields. The results showed a statistically significant slowing of the heart rate.
Exposure to the magnetic field (200 mG in strength) had a much greater effect than the electric
field. Significant variation occurred in the responses of each individual. The variation in response
was largely due to blood pressure and heart rate prior to exposure.

The researchers believe the change in heart rate was caused by interaction of the magnetic field
with the nervous system which exercises control over heart rate and function. While the heart




rate variations were statistically significant, they fall within the range of normal physiological
variations.

Such effects would only be of concern if they have negative effects on human performance that
might enhance the risk of accidents, produce a much stronger interaction with other stress factors,
or give rise to more extreme effects in individuals with pre-existing heart problems. Currently,
there is no evidence that the slight alteration in heart function caused by magnetic fields
constitutes a health hazard.

The pineal gland acts as a biological timekeeper for the human body. In a process known as the
circadian cycle the pineal gland secretes a hormone called melatonin. One of the major effects of
EMF to be discovered is that high level EMF can suppress the normal nocturnal rise of melatonin
in animals, and is believed to do the same in humans. In a study performed by Wilson et al. rats
exposed to 60 hertz EMF had reduced levels of melatonin production which disrupted basic
biological functions, behavior, and immune system response.

Several additional studies performed on pineal function show a significant effect to pineal gland
output, but they can't be replicated for unknown reasons. The replication problems may be due
to the sensitivity of pineal function. The pineal gland quickly responds to stress, light exposure,
temperature, and diet. The individual response of each organism being studied makes it difficult
to prove or disprove that a definite effect on pineal function is caused by EMF. Studies

performed to determine if EMF disrupts the human biological timeclock have been inconclusive.

Recently, a great deal of attention has been focused on the role of melatonin in cancer, particularly
breast cancer in women. Melatonin acts as a growth inhibitor of some types of cancer cells and
improves the efficiency of the immune system which can indirectly help the body fight cancer
cells, If EMF can inhibit melatonin production, it is possible that EMF can be thought of as a
potential promoter of cancer cells, but this will be extremely difficult to prove because of the
numerous variables that effect melatonin production

Effects on Cardiac Pacemakers

A number of studies performed in the early 1980's reported that electromagnetic interference can
effect pacemaker function by altering pacemaker impulse formation, causing a reduction in
pacemaker rate, or changing pacemaker operation from a need-based mode to a fixed-rate mode.
In 1986 J.C. Griffin assessed what is required to put a pacemaker at risk from electromagnetic
interference. In order for pacemaker function to be altered the user must have one of the few
unipolar models that is affected by EMF, be completely dependent on the pacemaker at the time
of interference, and experience the effects long enough to lose consciousness (at least 5 - 10
seconds). Only 10 - 20 percent of unipolar models are susceptible and only 20 - 25 percent of
pacemaker users are totally dependent, so risk levels of cardiac malfunction from electromagnetic
interference are relatively low. It has been suggested that standardization of pacemakers to resist
electromagnetic interference would be the preferred mode of protection.
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EPIDEMIOLOGICAL STUDIES

Epidemiology is the study of disease and its pattern of occurrence in human populations. Results
of epidemiological studies are reported in terms of statistical association between various factors
and disease. Epidemiology is an observational science, not an experimental science.

Principles of Epidemiology

Epidemiology is complicated by the difficulty of determining whether the results of a study
indicate a true causal association because of the effects of other factors not included in the scope
of the study known as confounding variables. A finding from a study is said to be statistically
significant if researchers are 95 percent confident that an association exists. A statistically
significant finding does not necessarily prove a causal association.

In most epidemiological studies pertaining to EMF researchers try to establish an association
between the occurrence of a particular health related outcome and exposure to EMF. Two
groups are assembled in an epidemiological study, the cases and the controls. The cases are the
group with a particular disease (such as leukemia). The controls are the group who do not have
the disease, but possess characteristics similar to those of the cases. This type of study is referred
to as a case-control study. The next step is to estimate the exposure of the cases and controls to
EMF. After exposure estimation, a calculation can be used to determine the relative risk ( odds
ratio).

Relative Risk = Incidence rate among exposed
Incidence rate among unexposed

The higher the value for the relative risk, the more likely it is that a particular factor (EMF) is
capable of causing disease.

Review of Occupational Epidemiological Studies

Research into occupational exposure to EMF was launched in 1982 when Samuel Wilhelm, an
epidemiologist at the Washington State Department of Social and Health Services found elevated
leukemia rates in 10 of 11 occupations involving exposure to EMF. Numerous studies have been
reported since this study, but no conclusive evidence has been found. Many studies conflict one
another or find relative risk values so small they are inconclusive.

The conflicting nature of the studies may largely be due to the fact that most studies infer
exposure assessment by job title instead of taking actual field measurements to determine worker
exposure. This paper will review three recent occupational epidemiological studies. These
studies were chosen because they have a large number of subjects, they are based on actual
measurements of EMF in the workplace, they are well designed, and they have been thoroughly
peer reviewed.

In 1994, Gilles Theriault published an occupational epidemiological study on EMF. The study
focused on cancer risk among electricity workers at Ontario Hydro, Hydro-Quebec, and
Electricite de France. The main priority of the study was to assess risk for leukemia, brain cancer,
and skin melanoma, but risks for all other cancers were also assessed. Large numbers of people



were included, an extended measurement campaign was performed, and a comprehensive
assessment of exposure to other cancer risk factors was included. Assessment of exposure to
other cancer risk factors included looking at past exposure to 47 toxic chemicals and cigarette
smoke.

The research team looked at 223,292 utility workers. Exposure estimation was aided by workers
wearing a personal exposure meter (dosimeter) for a full working week at various times of the
year. A total of 10,330 days of worker exposure measurements were obtained. The data
obtained from the worker measurements were combined with knowledge of present and historical
working environments (dating back to 1945) encountered by the workers being studied to
formulate an exposure estimation for each worker.

The median exposure to the workers was 31 mG-years. Workers whose exposure exceeded the
median had a statistically significant relative risk of 3.2 at the 95 percent confidence interval for
developing acute myeloid leukemia. No other associations were found for 29 other types of
cancer when the data were analyzed. Theriault assessed the significance of his study by stating
that even though he and his research team utilized all available means for exposure assessment and
collected an immense amount of data, the results were imprecise because no clear dose-response
was established.

Despite the fact that no concrete evidence to prove or disprove the theory that EMF can cause
cancer, this study is the largest and most comprehensive study performed to date.

In 1993, Sahl, Kelsh, and Greenland studied 36,221 electrical utility workers at the Southern
California Edison Company. The researchers assessed the risk of death in workers from leukemia,
brain cancer, or lymphoma from 1960 to 1988. The researchers combined personal dosimetry
with job histories to construct an exposure assessment for each employee.

Ten controls were used for each case of leukemia, brain cancer, and lymphoma The cohort (a
group of persons who share a common experience within the same time period) was made up of
all persons who worked at Southern California Edison for at least one year. The mean duration of
employment was 13 years. No association between magnetic field exposure and deaths from
leukemia, brain cancer, or lymphoma, as well as all other cancers was observed.

Matonoski et al. conducted a study of retired American Telephone and Telegraph lineworkers.

A total of 124 leukemia cases were identified from the mortality records of AT&T. Three
controls were selected for each case. Worker exposure was assessed through employment
histories and actual EMF exposure monitoring of lineworkers and non-lineworkers under present
working conditions. Each worker in the study was assigned a lifetime exposure score. For
workers with a lifetime exposure score above the median, a doubling in leukemia risk was
observed. Individuals who held jobs with intermittent peak exposures had a slightly higher risk of
developing leukemia than workers with a constant exposure level. Cable splicers had the highest
estimated mean exposure (4.3 mG), central office technicians had an intermediate mean exposure
level of 2.5 mG, and installers had a mean exposure level of 1.7 mG which was the lowest.
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Summary of Findings From Epidemiologic Data

While the studies presented in this report represent a significant improvement in design and
methodology over past studies, they have provided no conclusive evidence that an effect from
EMF exposure exists or does not exist. Theriault reported a slightly increased risk in acute
myeloid leukemia, but was skeptical that his findings were inconclusive. Sahl et al. found no
evidence of an association between EMF and cancer. Matanoski et al. reported an association
between levels and duration of EMF exposure and cancer, but stated that :

Problems will always exist in designing epidemiological studies pertaining to EMF due to the
retrospective nature of EMF studies, confounding variables, and the difficulty in finding a truly
unexposed population to act as controls. Interpretation of results will remain a problem until a
dose-response relationship between EMF and detrimental health effects is demonstrated.

RESULTS OF EMF SURVEY
Research to assess exposure to EMF in occupations other than electrical power workers is still in
its infancy. NASA-Langley Research Center has a diverse range of working environments and

occupations. This survey was performed to characterize the magnetic field strengths in facilities
at LaRC.

Methods

Measurements of magnetic field strengths were made at approximately 20 LaRC facilities.
Magnetic fields were chosen over electric fields because magnetic fields are believed to be the
more hazardous component of EMFs. Facilities were chosen after consulting with electrical
safety personnel according to the level of electrical power consumption. Electrical substations
and power lines were also included in the survey.

Area, point-in-time magnetic field measurements, often referred to as "spot" measurements were
made during a walk through survey at each facility. Efforts were made to cover all areas of each
facility. A significant level was considered to be above 1.0 mG. During the walk through, levels
were continuously monitored while walking at a slow pace. When a significant reading registered
on the display, it was recorded and the surroundings were assessed to determine the source of the
field. Often, the facility coordinator or safety head would aid in the survey process by identifying
areas that would be of potential concern in their facility. Every effort was made to perform
surveys at a time when equipment pertinent to the task of each facilty was in operation.

Instrumentation

All measurements were made using a handheld ELF gaussmeter (Model PLM-100WB)
manufactured by Macintyre Electronic Design Associates (Herndon, Virginia). The PLM-100WB
is a general purpose, single axis AC gaussmeter which measures the root-mean-square (RMS)
value of ELF magnetic fields. The survey was performed using the wideband mode where the
meter covers the bandwidth of 12Hz to 50 kHz to account for the harmonics often present in ELF
fields. The PLM-100WB has a probe (4.8" long x 0.8" diameter) separate from the unit to allow
for determination of the orientation of the field. Measurements were made holding the probe
approximately four feet above the floor, an arms length from the surveyor.



Results

The results of the survey will be presented by describing the data gathered at each facility.

1205 - Fatigue and Fracture Research Lab

Measurements taken throughout the first and second floor indicated background levels of less
than 1 mG. The test area (Room 114) has various instrument test strength machines that
produced levels ranging from 2 - 4 mG two feet away while the machines were in operation. The
electrical panels in room 114 had levels of 3 - 4 mG at a distance of two feet.

1208 - Aircraft Noise Reduction Laboratory

The survey of this facility indicated all background levels to be less than 1 mG. Levels found
were typical for any office environment. Elevated levels (under 20 mG) were measured in close
proximity to computers, clocks, and desk lamps, but levels fell off to less than 1 mG at a distance
of 1 foot from the source.

1212 (B,C,D) - Subsonic Tunnels

A measurement outside of room number 101 indicated a level of 1.3 mG. Investigation revealed
that the measurement was taken below the intake for the air conditioning system. All other
background levels in office areas were less than 1 mG. Room 139, an electrical panel room had
readings ranging from 4 - 16 mG, but no work stations were in the area of these levels so worker
exposure in this area is limited. Readings taken in the vicinity of the 14x22 foot Subsonic Tunnel
while in operation ranged from 1.2 to 5.1 mG. The substation located in room 107 in 1212C had
levels ranging from <1 mG to 3.5 mG. The high speed 7x10 foot Tunnel was not in operation at
the time of the survey.

1220 - Air Lab, Simulation Research Facility, Transport Simulator, and Visual Landing
Display System, Automation Technology

Measurements taken throughout the first and second floor indicated background levels of less
than 1 mG with the exception of two areas in front of room 109 with electrical panels where
levels ranged from 1.5 to 2.6 mG. The electromagnetics research area was not in operation at the
time of the survey, but a large computer drive was in operation in this area. Six inches from the
side of the drive, a level of 66 mG was recorded, but three feet from the drive the level dropped to
3.5mG.

1227 - Substation DL .

Measurements were taken at the fence surrounding the substation. Eight measurements were
taken at this substation with a minimum of 0.3 mG and a maximum of 5.4 mG.

1233 - Stratton Road Substation

This substation receives power directly from the two sets of overhead power lines entering
LaRC. Measurements taken at the four corners of the fence at the substation indicate levels of
less than 1 mG. The power lines were measured at ground level, three feet from the ground, and
six feet from the ground at the point where they entered the substation. The levels measured at
six feet were the highest, ranging from 13.1 - 16.0 mG. The measurements taken at the edge of
the right-of-way the power lines ranged from 1 to 2.5 mG.
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1236 - National Transonic Facility

A survey of the facility was conducted while the tunnel was in operation. Readings were taken in
the control room for the tunnel and in the area where the induction motors were located. The
control room had numerous computers and video display terminals, but no significant (>1 mG)
measurements were recorded. The induction motors had levels ranging from 24 - 72 mG.

1238 - Electronics Technology Lab

No readings greater than 1 mG were recorded other than measurements from within two feet of
video display terminals. ‘

1247 - Hypersonic Facilities Complex

Readings taken in office areas were less than 1 mG with one significant exception. In 1247B the
electrical panels in room 113 had readings of up to 140 mG. An office (room 114) was located
directly in front of room 113. Readings in room 113 along the wall which divided the two rooms
ranged from 6 - 12 mG. Readings were also taken while the Scramjet Tunnel was in operation,
but no significant levels were observed. Measurements taken in all other working areas were not
significant. The basement has a number of motors and electrical panels that ranged from 2.3 to
14.8

1251 - Unitary Wind Tunnel

All measurements taken in office areas and control rooms were less than 1 mG. Readings in the
area of tunnel drive motors and compressors range from 30 - 80 mG.

1253 - Substation S2

Readings were taken at the fence surrounding the substation. Levels ranged from less than 1 mG
to 4.1 mG.

1268(A and B) - Computer Complex

Readings taken in the basement range from less than 1 mG to 175 mG. The reading of 175 mG
came from the electrical intake for the building. Office areas had no significant background levels.
In 1268 B, the mechanical equipment room (room 1205) had several dehumidifying units with
levels ranging from 24 to 57 mG. Room 1215 had large computer drives with fields ranging from
less than 1 mG to 5.5 mG. The substation located behind building 1268 A had levels ranging from
2.5to 7mG. On the second floor of building 1268, room 2086 had large central computers with
levels ranging from 1 mG to 6.7 mG. Several areas could not be surveyed because of building
renovations. The penthouse had field levels ranging from 1.5 - 9.7 mG.

1270 - Printed Circuit Lab

Measurements ranged from 1.1 mG to 1.3 mG.

1271 - Engineering Support Lab

Measurements ranged from less than 1 mG to 1.7 mG.

1290 - Substation UWT

Fields from the power lines entering the substation measured 2.4 mG. Readings taken around the
perimeter of the substation ranged from less than 1 mG to 26.2 mG.

Discussion

The results of the EMF surveys at LaRC indicate a wide range of values, but the majority of the
surveys yielded values of less than 1 mG. The levels observed are several orders of magnitude
lower than the exposure guidelines of 5000 and 10000 mG issued by the International Radiation
Protection Association and the American Conference of Governmental Industrial Hygienists,




respectively. Furthermore, the levels observed correspond to the average residential exposure
which ranges from 0.6 to 2.5 mG.

Magnetic field measurements have a high level of spatial variability. Field strengths often change
by a factor of 100 over a distance of three feet from the source of the field. A great temporal
variability also exists in magnetic field measurements. The spot measurements made in this survey
reflect instantaneous magnetic field levels, so levels may be higher or lower from the recorded
values depending upon the power consuming equipment in operation at that point in time. Every
effort was made to survey facilities at a time when they were in full operation ( i.e. wind tunnels
and laboratories).

Background levels (away from power consuming equipment) were lower than 1 mG. The low
background levels occur because with the exception of the power lines entering LaRC that run to
the Stratton Road substation, all power distribution is accomplished through underground wiring
and all indoor wiring is adequately grounded.

No accepted protocol exists for magnetic field measurements. Spot measurements are valid to
identify background field levels and equipment which produces significant fields, but they can't
account for the total exposure a worker receives as he or she moves to different locations.
Personal dosimetry is the ideal method for exposure assessment because it allows continuous
monitoring of exposure levels for long periods, but dosimeters are expensive and are inconvenient
to wear for extended periods.

REGULATORY GUIDELINES FOR EMF EXPOSURE

The American Conference of Governmental Industrial Hygienists (ACGIH) and the International
Commission on Non-ionizing Radiation Protection (IRPA/INIRC) have issued guidelines for 60
hertz EMF exposure. These guidelines were based on known effects of EMF such as nerve
stimulation, and do not correspond to the small field strengths found in typical occupational
environments. These guidelines do not distinguish "safe” from "unsafe" levels because it is not
known what levels of EMF exposure (if any) constitute a health hazard.

The ACGIH Threshold Limit Values for 60 hertz EMF exposure state that occupational exposure
should not exceed 10 G (10000 mG) and workers with cardiac pacemakers should not be exposed
to levels in excess of 1 G (1000 mG). These levels represent the Ceiling Threshold Limit Value
which states that this level should not be exceeded during any pert of the working exposure.

The IRPA/INIRC guidelines are as follows:

Occupational

Whole working day 5 G (5000 mG)
Short Term (< 2 hours per day ) 50 G (50000 mG)
For limbs 250 G (250000 mG)
General Public

Up to 24 hours per day 1 G (1000 mG)
Few hours per day 10 G (10000 mG)
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PRUDENT AVOIDANCE OF EMF EXPOSURE

Until the risks posed by EMF exposure are known, it is wise to attempt to reduce exposure to
EMF. Prudent avoidance simply involves increasing the distance from a source of high fields or
reducing the time spent in the fields. Prudent avoidance can be accomplished with little cost or
inconvenience, and seems wiser than spending millions of dollars shielding magnetic field sources
when there may not be a threat to human health

Ideas for prudent avoidance at LaRC include:

- Moving work stations away from electrical panels.

- Move small desktop clocks, fans, and all other appliances with small motors at least three
feet from the work position.

- Workers should be advised to sit an arm's length (3 feet) away from their video display
terminal (VDT) while it is in use. When the VDT is not in use it should be turned off. It is not
necessary to re-boot to access data when the VDT is turned off.

-Work stations should not be in area surrounding drive motors, induction furnaces or other
machinery with high electrical consumption

- All VDTs purchased should be shielded for magnetic field emissions

CONCLUSIONS

No biological or epidemiological studies have shown firm evidence of detrimental health effects
resulting from exposure to extremely low frequency electromagnetic fields. Data from biological
studies has been conflicting, and the studies that demonstrated evidence of significant effects have
not been replicated. Epidemiological studies on EMF effects have suffered from inadequate
exposure assessment and from problems in accounting for confounding variables.

The survey of magnetic field levels found that present levels are orders of magnitude lower than
levels specified by current regulatory guidelines pertaining to EMF exposure.

At this point, the risks posed by occupational exposure to EMF are uncertain. The Department
of Energy is coordinating the EMF RAPID (Electric and Magnetic Fields Research and Public
Information Dissemination) Program in order to expand and accelerate ongoing EMF research
efforts in the United States. The RAPID program is conducting research on possible health
effects and addressing engineering-related issues such as exposure assessment and field
management. The results of The RAPID program studies will provide adequate information for
policy development at LaRC.

Until adequate information for policy development is available, a program for prudent avoidance
will reduce EMF exposure with little cost or inconvenience.
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1 EXECUTIVE SUMMARY

A marketing tool was created to expand the knowledge of LaRC developed polymeric
materials, in order to facilitate the technology transfer process and increase technology
commercialization awareness among a “non-technical” audience. The created brochure features
four materials, LaRC™-CP, LaRC™RP46, LaRC™-SI, and LaRC™IA, and highlights their
competitive strengths in potential commercial applications. Excellent opportunities exist in the
$40 million per year microelectronics market and the $6 billion adhesives market. It is hoped that
the created brochure will generate inquiries regarding the use of the above materials in markets
such as these.
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2 INTRODUCTION

2.1 TAG Background

The Technology Applications Group (TAG) at NASA Langley Research Center (LaRC)
was formed to facilitate the commercialization of LaRC developed inventions. TAG is
subdivided into three business units:

o The Patent Counsel Office, who assist LaRC researchers in the completion of the
patent application process to protect their inventions, and also provide information
about LaRC patents to both NASA personnel and the American business community.

o The Small Business Partnership Team, who encourage and fund the development of
innovative LaRC technologies through contracts with small (<500 employees) US-
owned businesses.

o The Technology Transfer Team, who promote the transfer of LaRC developed
technologies to the commercial sector, particularly for non-aerospace applications.

The project described in Section 2.3 was developed and supervised by a member of the
Technology Transfer Team.

2.2 Composites and Polymers Branch Background

As a branch of the Materials Division, the Composites and Polymers Branch develops
improved materials concepts for efficient acrospace structures, including polymeric materials to
be used as matrices for fiber-reinforced composites, adhesives for bonding structures, and high-
performance films for spacecraft. Currently, twenty-four scientists perform research activities
for this branch. As of August 1995, these researchers had filed patents for one hundred and
eighty-nine unique materials inventions, all of which are available for transfer to American
industry.

2.3 Project Description

The efforts of the Technology Transfer Team are supported by a variety of publications
detailing the advantages of utilizing a LaRC developed technology in industrial applications,
available through both print and electronic media. However, these marketing tools are often too
technical for a layman to understand. This causes an uneven disbursement of information, and
can leave public policy-makers, financial decision-makers in companies, and the general public
unaware of the benefits of technology transfer to American businesses.

The objective of the project undertaken was to create a multi-functional marketing tool,
highlighting polymeric materials developed by researchers from LaRC’s Composites and
Materials Branch, to be used by the Technology Transfer Team to educate a wide-spread
audience about general and specific benefits of the commercialization of these technologies. The
end result of this project was to be a brochure, written in layman’s terms, detailing the
competitive advantages of several LaRC developed polymers, and describing potential non-
aerospace industrial applications.



3 ANALYSIS

3.1 Project Methodology
Once the project was defined, a storyboard was created (Figure 1), from which a project
methodology was designed.

Figure 1

The first step was to interview the points of contact within the Technology Transfer
Team, to acquire a general background on the materials and current marketing efforts. After this,
time was spent in the NASA Technical Library and the Patent Counsel Office, so that basic
technical information on the materials and their competitors could be reviewed. Once this
material had been collated, interviews with the researchers took place. During the interview
process, the competitive strengths of the materials were discussed, as well as potential
applications. After these interviews were completed, it was necessary to investigate market and
sales volumes for the potential applications, requiring further research at the library and also
interviews with outside contractors who have been involved in the technology transfer process
with LaRC.

Once data collection efforts were completed, it was necessary to analyze the information
gathered, and determine which materials and applications should be highlighted in the brochure.
Materials which filled widespread, high potential market value applications were chosen to
represent the Composites and Polymers Branch, since they could generate great interest from the
industrial community. Upon completion of this analysis, brochure text was written, which then
received feedback from both the researchers and members of the Technology Transfer Team. The
results of these efforts are presented in Sections 3.3 through 3.5. After the text was finalized, a
brochure layout was designed, graphics were selected, and the brochure was published.

3.2 Utilization of LaRC Resources
Through the course of the project, information was gathered from the following contacts:
o three Technology Transfer Team members
o two Patent Counsel Office members
o twelve Composites and Polymers Branch researchers
o two Research Triangle Institute (RTI) contractors
o one Graphics and Design Section member
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The following facilities and physical resources were also used:

o NASA Technical Library, including STILAS and CD-ROM search capabilities
. WWW search facilities

s TAG publications

o RTI publications

s Composites and Materials Branch laboratories

o Graphics and Design section publishing facilities

Figure 2 details time allocations for project activities.

Figure 2
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3.3 Competitive Advantages of LaRC Materials

The following table lists the competitive strengths of the LaRC polymers included in the
brochure:

4LaRC Colorless Polyimides (LaRC

transparent
soluble
stable in high temperature environments
low water absorption

low dielectric constant

excellent insulative abilities

LaRC™-RP46 Polyimide o

lowest cost high temperature matrix resin
non-carcinogenic

twice as strong as competitors

easy to use/process

available in three forms

LaRC Soluble Polyimides (LaRC™-SI) a

high strength and flexibility

exceptional electrical insulation

structural and thermal stability from -280°F
to 400°F

moisture and flame resistant

chemical and environmental resistance
excellent adhesive strength

easy to process

LaRC Thermoplastic Polyimides (LaRC™-IA) | =

superior adhesive strength
thermally stable
recyclable

solvent resistant

high processability
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3.4 Potential Applications for LaRC Materials
Based on the competitive strengths listed in Section 3.3, the following table lists the
highest market value, non-aerospace applications of the LaRC polymers included in the brochure:

LaRC Colorless Polyimides (LaRC™-CP) o LCD and other Flat Panel Displays
o Microelectronics, including - Multi-Chip
Modules and Flexible Printed Circuit

Boards
o High Performance Wire Coatings
LaRC™-RP46 Polyimide @ Printed Circuit Boards

s Automotive Engine Components
o Kitchen Ware
o Adhesives

LaRC Soluble Polyimides (LaRC™-SI) o Protective Coatings and Adhesives

o Electronics and Optics, particularly for
Ultra-Thin Multilayer Flexible Circuits

o  Fabrication of Mechanical Parts

LaRC Thermoplastic Polyimides (LaRC™-IA) |© Fire Resistant Foams and Fibers, including
use in Residences and Protective Fabrics

o Films and Coatings for Printed Circuit
Boards and Wire Insulation

o Durable Moldings

Estimated 1995 market values for areas of applications are as follows:

o LCD and Flat Panel Displays = $20 million

©  Microelectronics, including printed circuit boards = $40 million

o Wire Coatings = $37 million

= Adhesives = $6 billion
3.5 Competitive Disadvantages of LaRC Materials

There are two disadvantages to be overcome when marketing the LaRC developed
materials. The first is a major obstacle for all of the above materials except LaRC™-RP46. Due to
economies of scale, it is difficult for the LaRC materials to compete with commercial materials
based on cost. Most commercialization opportunities will be based on performance advantages.
However, the second disadvantage affects these opportunities. Because NASA funding comes
from the public, including companies that produce competitive materials, direct comparisons can
not be made between materials developed at LaRC and existing materials. It, therefore, can be
difficult to effectively represent the performance advantages of LaRC developed materials,
particularly when competing with technologigs; that are perceived as industry standards.




4 RECOMMENDATIONS & IMPLEMENTATION

4.1 Technology Pull Strategy

Much of the technology commercialization work done by the Technology Transfer Team
follows “technology pull” techniques, where companies contact the TAG office regarding 2
technology which may fill a need of the organization. These inquiries are generated by a variety
of stimuli, including the publication materials developed by the Technology Transfer Team.
When an inquiry is received, the Technology Transfer Team should identify key non-technical
decision makers within the company, and provide them with information that will ease the “pull”
of the technology into the organization. The brochure created through this project is an example
of the type of information that could be provided.

The brochure, as well as other marketing materials developed for the layman, should also
be available to wide-spread audiences, so as to increase the level of awareness in the non-technical
community, and possibly increase the number of inquiries regarding LaRC technologies.
Distribution channels should include electronic media, as well as public displays. A further arca
of growth for this type of marketing tool is in non-technical journals and publications.

4.2 Technology Push Strategy

Because the Technology Transfer Team receives many inquiries through the technology
pull strategy, LaRC contracts out much of the commercialization work involving “technology
push” techniques, where individual companies are targeted for technology acquisition. A need is
created within these companies for the benefits that a LaRC developed technology could provide.
In instances where the Technology Transfer Team becomes involved with technology push
methods, it will be important for them to receive support for the transfer throughout the
company’s value chain.

For example, not only would the manufacturer of flexible printed circuit boards receive
information regarding LaRC developed technologies, but the company who purchases the flexible
circuit boards and the final consumer would also be provided with information. A brochure such
as the one created would help these “indirect buyers” of the technology understand the
advantages of having a LaRC developed technology within the final product. The acceptance
created within these sectors will ease the “push” of the technology into lower layers of the value
chain, and could be instrumental in unseating current technology leaders.
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5 CONCLUSION

Examining the market values for potential applications for materials developed by LaRC’s
Composites and Polymers Branch shows that there is a lot to be gained from commercializing the
LaRC technologies. Considering that American companies hold a minority market share in most
of the applications, there is even more to be gained on an economic level, where international
competitiveness and economic growth could be enhanced.

By creating marketing tools that reach a wide-spread audiencg and may be used in a
variety of ways, the Technology Transfer Team can expand the number of opportunities and
enhance the level of acceptance for LaRC technologies in commercial applications.




From Webster's Universal Dictionary:
cat's paw - one used by another as a dupe or a tool.
See also the official emblem of the great CLEMSON TIGERS!
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Abstract

As automated systems proliferate in aviation systems, human operators are taking on less
and less of an active role in the jobs they once performed, often reducing what should be
important jobs to tasks barely more complex than monitoring machines. When operators
are forced into these roles, they risk slipping into hazardous states of awareness, which
can lead to reduced skills, lack of vigilance, and the inability to react quickly and
competently when there is a machine failure. Using Air Traffic Control (ATC) as a
model, the present study developed tools for conducting tests focusing on levels of
automation as they relate to situation awareness. Subjects participated in a two-and-a-
half hour experiment that consisted of a training period followed by a simulation of air
traffic control similar to the system presently used by the FAA, then an additional
simulation employing automated assistance. Through an iterative design process utilizing
numerous revisions and three experimental sessions, several measures for situational
awareness in a simulated Air Traffic Control System were developed and are prepared for
use in future experiments. '



Introduction and Background

Just as in the field of aviation, in which the technological advances that make
aircraft safer and more reliable are the same ones that may have negative psychological
effects on the flight crew (Burt, in press), the FAA’s current efforts to upgrade and
automate many of the tasks involved in Air Traffic Control may have detrimental
psychological effects on controllers. As aviation situations become more automated, the
amount of involvement required of operators tapers off, which can lead to dangerous
states of awareness. In "monitoring tasks," (tasks requiring less active participation by
the operator when the automated system performs most activities and requires a human
operator only to monitor the system) mental engagement may drop to a level that
precludes satisfactory performance (Pope et. al., 1994). Among the effects of decreased
involvement are declined level of control or loss of skills (Endsley and Kiris, 1994);
however, more dangerous is loss of vigilance and other symptoms of "boredom"” that are
not associated with fatigue, especially a decrease in situation awareness (Pope and Bogart,
1992). When this occurs, operators of automated systems become slower responding to
errors, or may fail to notice system errors entirely. Additionally, as the decision-making
process becomes increasingly facilitated by automated systems, the operator may slip
from an active mode of information processing to a passive one. This, also, can lead to a
dangerous decline in situation awareness and may have a drastic effect on performance
(Endsley and Kiris, 1994).

In order to facilitate a study of these declines in performance using automated
systems, Endsley and Kiris (1994) defined five specific levels of automation. The first
level, incorporating no automation, leaves all decisions and actions to the operator. The
second level, dubbed "decision support,” calls upon the operator to make decisions and
actions, while the automated system makes suggestions. In the third, or "consentual”
level, the automated system makes the decisions and actions, but requires concurrence on
the part of the operator. The fourth, "monitored" level, sees all decisions and actions
made by the system, while the operator has only veto power. The fifth, fully automated
level omits the human from the process entirely.

In Air Traffic Control today, most tasks reside-in the first level. Currently,
automation is rarely used for anything beyond transmitting information. Most often,
even this process relies on outdated technology that Scientific American had dubbed
"winking, blinking, aged hardware" that is "often less powerful than the personal
computers used by agency secretaries for word processing" (1994).

In response to the rapid growth of air traffic that is quickly becoming too large to
be serviced by existing ATC technology, the FAA has undertaken a wide-sweeping plan
to update and upgrade, called Automated En Route Air Traffic Control (AERA). In
addition to communicating the location of aircraft, the AERA computers will notify
controllers of future conflicts, check for deviations, advise alternate routes, devise the
most time- and fuel-efficient routes, and communicate directly with the airplane. In one
textbook of air traffic control, the author tells us "as system capacity increases, and
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confidence is gained in the computer's capability, the AERA system may be permitted to
formulate alternative clearances, choose the most practical clearance, and transmit it
directly to the aircraft without controller intervention. The air traffic controller will only
be required to monitor system performance and to intercede in unusual conditions."
(Nolan, 1994) Software has been designed at NASA Ames Research Center to help steer
aircraft through traffic jams, advise the best sequencing for landing, and suggest landing
maneuvers for individual airplanes (Scientific American, 1994).

However, in light of findings that wamn of declining performance when decision-
making processes become automated, extreme caution must be taken. Although numerous
tests have been conducted on components of the new automated systems by NASA, and
the FAA (Credeur et. al.), and international agencies (Beniot et. al.), none have been
performed with an eye to the levels of automation as pertains to situation awareness.

So the question remains: What is the maximum level of automation that can be
utilized to improve Air Traffic Control situations without exceeding the point at which
controllers cease to be sufficiently involved and mentally engaged?

To answer this, an informal research project was conducted by this researcher in
the summer of 1994. From that study, it was observed that a more in-depth and
comprehensive means of data collection would need to be developed before the question
posed above could be answered with any certainty. Since there is no definitive means for
measurement of situation awareness in air traffic control, studies focusing on
measurement of situation awareness and measurement of air traffic controllers were
examined.

As early as 1980, David Hopkin discussed measurements of air traffic controllers
at length in a special issue of Human Factors dedicated entirely to ATC. He sited several
empirically proven techniques of testing air traffic controllers, from performance, errors,
delays and omissions to physiological indices to interviews, discussions, questionnaires
and case histories. One technique he favored was task performance as it pertains to
workload and involvement, stating that, “All (ATC activities) do not have equal
importance, and some, thought desirable, may often be postponed for awhile or omitted
altogether,” and that “measures of the least important activities of the controller may
provide the most sensitive indices of the effects of high task loading.” More recently,
Hopkin (1994) has stated that, “Measures of errors, omissions, the time scale of decision,
options considered and discarded, and tasks that are desirable rather than essential may all
be more sensitive indices of the benefits of automation in air traffic control and of its
other consequences than direct measures of core task performance,” and that, “measures
of performance that relate directly to these core tasks may therefore be insensitive to the
effects of automation and computer assistance, whereas more peripheral activities may be
changed greatly.”

As recently as March 1995, Mica Endsley discussed measurement of situation
awareness at length in a special issue of Human Factors. She began by establishing that
the criteria for a measurement technique for situation awareness must measure the
construct it claims to measure and not other processes, will provide the required insight in
the form of sensitivity and diagnosticity, and will not interfere with the process being



tested. Beyond that, the technique should be able to predict performance and be sensitive
to changes in workload and/or attention. Endsley then proceeds to analyze in detail
physiological measures, performance measures, subjective techniques, and questionnaires.
But the best measure of situation awareness, she concludes, is to freeze the simulation
briefly to quiz the operator on his/her awareness of many different facets of the
simulation and the information with which he/she should be familiar at all times.

To satisfy both sets of specifications as well as numerous others, a synergy of
data collection techniques was developed and/or adopted for the CATSPAu experiment.
Building on many of Hopkin’s and Endsley’s techniques, they are designed to test a
subject’s awareness of the air traffic control situation (See “Data Collection and
Analysis” below, and Appendices for details).

The CATSPAu experimental task itself was also altered to reflect more
realistically air traffic control situations that are in use/planned. A four-post system,
which many air traffic controllers use to simplify their task by filtering all incoming
aircraft through four main points on the radarscope (Erzberger and Nedell, 1993), was
applied. Also, the timing of the automated system was altered to more closely emulate
the Direct Course Error timer recommended as a part of the Final-Approach Spacing
Aids, designed by LaRC researchers in 1993 (Creuder, et. al.)

Beyond that, conclusions from last summer’s project were incorporated into
CATSPAu. Based on the number of subjects from those experimental sessions who
quickly lost patience with the automated system, additional instructions encouraged them
to adhere to its recommendations. Further, the extended training session detailed below
is reflective of last summer’s conclusions as well.

Approach and Equipment

Equipment and Facilities: The Air Traffic Control simulation software TRACON,
produced by Wesson Software, was run on an IBM PC with graphics capabilities. An
additional IBM PC was used to run a program that simulated “automated assistance”
written in quick basic by Dr. Ray Coemstock. Additionally, a headset and a second
monitor were used to aide a concealed confederate researcher to simulate higher levels of
automation. Data was collected by pen-and-paper means. All facets of the experiment
were conducted in the Human Engineering Methods offices and laboratory (Bldgs 1168
and 1268) at Langley Research Center.

Subjects: Three volunteer subjects, recruited from the pool of LARSS students and the
researchers’ personal contacts, were utilized. All three were male and ranged in age from
17 to 28. Subjects were screened to insure they had normal vision, had not been
diagnosed with Attention Deficit Disorder (ADD) or Attention Deficit-Hyperactivity
Disorder (ADHD), and had no prior experience with air traffic control.
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Experimental Design: Subjects performed a task similar to that of Air Traffic Control
by engaging in variations of TRACON, which realistically simulates the ATC radar
scope and contains a computerized version of the paper strips used in Air Traffic Control
(Wesson and Young, 1988). The experience of communicating with aircraft was simulated
by having subjects speak into a headset, and their verbal commands were translated to
TRACON keyboard commands by the concealed confederate.

From Endsley and Kiris’ five levels of automation, the first two were selected and
applied to ATC through TRACON: '

Level 1: No automated decision-making aides. Subjects engaged in TRACON’s ATC
tasks with no automated assistance, much as in status quo ATC.

Level 2: Suggestions from automated system. Subjects engaged in TRACON while an
automated assistant provided suggestions on the safest and most efficient commands,
much like the proposed improvements to future ATC environments.

Subjects completed a 45 minute training session on the use of the simulation
software and the philosophy behind ATC. Subjects then engaged in extended training
sessions that were similar in duration and demand to data collection. The data collection
sessions consisted of seventeen and a half minutes of TRACON at Level 1, and
seventeen and a half minutes at Level 2.

Data collection and analysis: Several types of measurement techniques were designed
and arrived at through an iterative process of testing and revision. A Freeze Technique
Questionnaire, quizzing subjects on the location of aircraft, and their destinations and
status (see Appendix A), was developed to administer to subjects at various intervals
during the simulation in which the program was paused and the screen was covered. The
Task Load Index (see Appendix B) developed and empirically proven by Hart and
Staveland (1988), was also administered before the simulation resumed. Errors, in the
form of missed approaches (aircraft that are not successfully prepared for landing at the
airport), were counted during the simulation. Omissions less vital to the overall success
of the task, in the form of hand-offs (aircraft that are not successfully passed on to the
next controller) , were counted as well. Finally, subjects were verbally de-briefed at the
end of the simulation regarding their comfort and confidence with respect to the
automated assistance they received.

Results and Discussion

Because only three subjects were run and conditions were altered for each subject through
the process of iterative design, no cross-subject results can be derived. However, Table 1
illustrates a sampling of the types of data that would be available using the final form of
the data collection techniques developed for CATSPAu. Data is organized by freeze
number for each condition by subject. Comparisons among the number of aircraft of
which each subject was aware and the number that were actually present can be made, as
can the destinations of current aircraft, number of aircraft about to enter the sector, and



status of aircraft next to landing. Additionally, errors, omissions, and TLX ratings
(composite) can be compared by subject and condition.

In the verbal de-briefing, two subjects reported that the automated assistant made
them less comfortable and confident and more pressured, while one reported the
opposite. These answers, however, seem to be directly related to the extent to which
each subject trusted the automation. When asked if they felt the automated assistant had
helped or hindered their performance, the subject who claimed it helped him relied almost
entirely on the automated assistant, the subject who claimed it hindered him frequently
strayed from the recommendations, and the subject who said it neither helped nor
hindered him later said that he used it as a self-check.

Unfortunately, due to the nature of the simulation, there are limitations that may
contribute to subject’s lack of trust in the automated assistant. The script that feeds
commands to the automated assistant receives no genuine feedback and is not dynamic,
and it cannot respond in any way to changes or deviations from the pre-planned flight
paths. In other words, once subjects begin to second-guess the automation, they cannot
surrender that control until they have cleared the individual aircraft from their sector.
Also, if the subject makes an error or fails to issue a command, the automated assistant is
unforgiving and cannot incorporate those mistakes back into the flight plan, thus causing
the subject to loose confidence in the system. This ability to allow for controllers’ errors
is vital to the success of any automation, and has been incorporated into currently
proposed automated systems for Air Traffic Control (Erzberger, 1992).

Despite these limitations, the techniques discussed above should prove to be an
adequate means of investigating the situation awareness of air traffic controllers in the
presence of automation. A future study that would utilize these measurement techniques
to test situation awareness in different levels of automation would ameliorate or
knowledge of human awareness in the presence of automation.
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Appendix B

Rating Scale Definitions

Title
MENTAL DEMAND

PHYSICAL DEMAND

TEMPORAL DEMAND

PERFORMANCE

EFFORT

FRUSTRATION LEVEL

Descriptions
How much mental and perceplual activity
was required (e.g., thinking, deciding
calculating, remembering, looking,
searching, eic.)7 Was the 1ask easy or
demanding, simple or complex, exacting of
forgiving?
How much physical aclivily was required
(e.g.. pushing, pulling, turning, controfing,
activating, etc.)? Was the task easy or
demanding, slow or brisk, slack or
strenpous, restiul or laborious?

How much time pressure did you leel chie to
he rate or pace at which the lasks ot task
elemnents occurred? Was the pace slow and
teisurely or rapid and frantic?

How successiul do you think you were in
acconmphishing the poals of 1he 1ask sel by
the experimenter (or yoursell)? 1ow
satistied were you with your performance in
accomplishing these goals?

How hard did you have 10 work (mentaliy
and physically) 1o accomplish your level of
periormance?

How insecure, discouraged, inilated,
siressed and snnoyed versus secure,
oratilied, coment, relaxed and complacent
did you feel during the 1ask?

Subject 1D:

Study ID:

Place a mark st the desired poinf on each scale:

MENTAL DEMAND

|I|LIII!II|II]III!EIJ

tow

PHYSICAL DEMAND

(I I I T T

|

High

b

Low

TEMPORAL DEMAND

(P T N I I

High

Low

PERFORMANCE

III[I!IIII'I’

Good

EFFORT

[T I T T T

Low

FRUSTRATION

lJll‘llllj]l'

High

Low

High

Non-landing a/¢
Per;ding ae
Pending a/c reported

Subject 1

Manual

Freeze 1

3 [Next-to-land a/c correct (y/n)

o |Missed approaches

n/a

Freeze 2

D
(%]

y

Automated

Freeze 1

yos 1

Freeze 2

|

|

Subject 2

Manual

‘|Freeze 1

yes 0

0

=
3 1 [
mlplnieising

Freeze 2

yes

Automated

Freezo 1

no 1

1

Freeze 2

no

[++]
s

Subject 3

Manual

l

Freeze 1

yes 0

1

-

Freeze 2

1 -

|

Automated

Freeze 1

|

SinNiNiwiaivioiojolo

-

yes

A RS © ’U\
& 1en B

|

—=inioialalninioinioin iNen-danding a/et reported

no 3

A
".D

N olw oo n v oinialAlconsscreen
~Nisigloistailininloin | o [A/e reported

Freeze 2

Niwinjaini={nvin|oinioln
Nlsioleinivipivioln]-

N

yes

-8
g
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